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PREFACE TO THE THIRD EDITION

THE diseases which animals may transmit to man remain of iter
est to the vetermanan and the physictan the research worker
and the health official Each 15 engaged swith a different phase of the
problem and views the subject from a different angle The thuird
edition as was the first 1s presented with each of them m mind to
afford 2 common meeting ground where each may understand the
problems of the others and thus through concerted effort reduce
the number of infections which man contracts from anumals

An attempt has been made to present each disease agamst a
buief historical background empl its d 1 and
means by which mfection may be prevented Sufficient baclenolog)
pathologv and climeal symptoms have been mcluded to balance
the other matenal

Certamn diseases such as bovine tuberculosis and glanders have
lent themselves to control measures and have practically ceased
to extst as menaces to man 1n the Umted States Other diseases on
the other hand have mcreased m mmportance During the Second
World War much mformation has been obtaed concerning the
spread and control of the richettsial and varus diseases New chapters
on these subjects mclude gamusht disease Q fever jungle
yellow fever Yymphocynic choriomenmgiis and milkers nodules
Other new chapters have been added on hsterellosis and Haverhill
fever Practically all the old chapters have been rewntten or
marhedly revised The arthropod borne encephaliides have been
combined into one chapter

Appreciation 15 here expressed to the vanous contnbutors who
have helped mn the preparation of the third edition An acknowledge
ment has been made at the begmning of the chapter which each
prepared In the first and second editions other persons made con
tnbutions some portions of which are carrted over mto the third
edstion Appreciation 15 Iikew1se expressed to them especially Drs
G M Dack Edward Francis W D Frost G W McCoy and Fred
W Tanner My own activities during the past years have curtailed
to some extent opportumties for personal observations and asso

.
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a PREFACE TO THE THIRD LDITION

e1tions with ammals and amimal disease With the assistance of the
contnbutors mentioned however an attempt has been made to

present the latest mformation concerning a very diversified group
of diseases

Tosas G Huowe
Chicago Ithnos
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‘THE DEVIATION OF MAN I'ROM THE STATE IN
WHICH HE WAS PLACED BY NATURE SEEMS TO
HAVE PROVEN TO HIM A PROLIFIC SOURCI OF
DISEASES FROM THE LOVE OI' SPLENDOUR

FROM THE INDULGENCES OF LU\URY AND
FROM HIS FONDNESS FOR AMUSEMENT HE
HAS FAMILIARIZED HIMSCLF WITH A GREAT
NUMBER OF ANIMALS WHICH MAY NOT ORIG

INALLY HAVE BEEN INTENDED FOR HIS ASSO

CIATES

‘THE WOIF DISARMED OF FEROCITY IS NOW
PII LOWED IN THE LADY S LAP THE CAT THE
LIITLE TIGER OF OUR ISLAND WHOSE NAT

URAL HOME IS THE TOREST 1S EQUALLY DO

MESTICATED AND CARESSID THI COW THE
HOG THE SHEEP AND THE HORSE ARE ALL
FOR A VARIETY OF PURPOSES BROUGHT UN

DER HIS CARE AND DOMINION

EDWARD JENNER LONDON 1796
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CHAPTER 1

TUBERCULOSIS®

TuE transmussibility of tuberculous mfections to other than nat
ural hosts constitutes one of the most important problems m
the control of this ubiquitous disease The ability of the respective
pathogenie species of Mycobacterum tuberculosis to mfect natu
rally one or more heterologous hosts makes tuberculosis m any
speciés of ammals a potential threat to others mmcluding human be
ngs, The fact that the organism of cattle tuberculos:s 15 cpable of
mfecting a diversity of species such as swme cats dogs canaries
parrots and human beings emphasizes the necessity of a comprehen
swve plan if tuberculosis 1s to be successfully controlled or eradicated
Likewise the human type of the tubercle baaillus 15 capable of m
ducing tuberculosis m cattle swine dogs and parrots The organism
of avian tuberculosis m addition to being pathogeme for most birds
1s capable of causing widespread destructive tuberculosis 1n swine
and sheep These facts make it evident that to elimmate tuberculosis
1 one species and 1gnore the disease m others 1s not hkely to solve
the larger problem Unless tuberculosis 15 elimmated m all species
1t 1s possible for the disease to exist m heterclogous hosts 1 which
the presence of tubercle bacilh constitutes a potential source of new
mfection perhaps for natural hosts

Natural occurrence of tuberculosis 1 most of the warm blooded
mammals and fowls and m such cold blooded animals as alligators
guanas turtles frogs fish and snakes makes 1t evident that few if
any spectes of animals have an absolute resistance to the disease
Furthermore mdividual resistance or susceptibility to tuberculous
1nfections varies within wide lumts and this fact should be taken
mto consideration before one draws conclusions as to whether a
grven species 1s susceptible to nfection with one or more of the
several bacteral tvpes of the causitive orgamsm

Prepared by Wilham 1 Feldman DVM MS§c DSc Divs nof Experimental
Medicine Mav F ndt n R cleter Minn






TUBERCULOSIS 5

fetures m common there ewst sufficient differences by which char

actenstic representatuves of the three tvpes mav be distingumished
from each other The distingwshing features may be observed by
the cultural behavior of the three types by tests of pathogemaity
and to a lesser extent antigemcally Distinctions based on alleged
morphologic charactensstics of the three bacillary types of the tubes

cle bacillus observed mucroscopically do not constitute rehable
cntens for distinguishing one type from another

Fic 1-Slant cultures represcntitive of three types
of Mycobacterium tuberculosts From left to nght the
types are bovine human and avian {From Feldman
W H  Avian tuberculosis mfections Biltimoie Wil
hams & Wilkins Company 1938 )

Culturally on sohd medums the essential charactenistics of the
three bacillary types of the tubercle bacillus may be summarized
briefly as follows

Human Type —This type 1s glycerophiic Growth s dry crumbly
warthke ar caulfiower ke Colomes are yellowssh The growth 1s

\ has a youghened surface and m1y be luxunant

Bovtne Type —Most strains are nongly ceroplulic on original 1sola

tion They grow much more slowly than the human type the culture

no significance i the producticn of tuberculosis m the hugter mammals, sncluding
humin beings Additional nf regardimg the relationship of tle  ote bacillus to
other patl ogen ¢ acid fast bacilly has been contnbuted by Bro he




4 DISEASES OF DOMESTIC ANIMALS AND BIRDS

Those confronted with the multiphaty of problems which so
umquely charactenze tuberculosis should be familiar with the patho
genesis of the different types of the causative agent thewr natural
as well as their heterologous hosts and the means of distmguishing
one type from the others The relatine susceptibility of different
spectes of ammals to each of the types of tubercle bacilh responsible
for natural 1wcquired tuberculosts in warm blooded anmals 1s shown
m table 1

LTIOLOGIC AGENT *

The causitne agents responsible for tuberculosts belong to the
genus Mycobacterum and are single celled rod shaped mrcro
orgamsms that when properly stuned have the distinctive chire
tenstic of retaning the stain m the presence of neids diluted m
alcohol This acid leohol fast property while possessed by certan
of the higher bacteria molds and ctinomyces, constitutes the most
distinguishing feature of the bacterrn that are known generally as
tubercle bacilh and which are responsible for tuberculous diseases
1 the various specics of tmimals mecluding human beings

The genus Mycobacterium may be conventently divided into three
categories (I)species that are pathogenie for warm blooded am
mals (2) species that are parisitic and pathogemc for cold blooded
ammals and (8) species that are saprophytic The saprophytic spe
ctes wre widcly distributed n nature especially m sor! and are of
mmportance to the studet of tuberculosts since they may be con
fused with pathogenic specics of mycobacteria Since we are con
cerned here prnmanly with tuberculosis a5 1t affects warm blooded
ammals wemiy imt our considcration of the genus My cobacterium
to the following vanieties  Mycobacterium tuberculosis var homuns
the natural host of which 1s human beings Mycobactertum tubercu
losis var bouis the natural host of which 1s cattle and AMycobac
terium tuberctlosis tar avium responsible for tuberculosis of fowl

Wihile the varous types of tuberele baclli have certain biologic

For those interested in detailed descriptions of the various species of the genus
Aycobuctenum ¥ 1t sre patl ogenic fr wamm blooded ammals He follovng miay be
e e e ey

(3
m: Fr:‘llﬂ(ﬁ Wetts (6) of England reported a discase of wild voles  ticrotus agrestis)
whuch is due tn a presiously undescribed seud fast bacillus The disease produced by
Vs organism resemd les tuberculous closcly and Brooke () suggested Mycobacteriun
tal erculosis rar murit as a sutable nime For 8 is Mycobiwcterum The orgarism s
et for guinea pigs and 5af bits sn moderat & res and so fur as Is hnown it Is of



TUBERCULOSIS 7

cntena for at least prelinmnary classification As has been shown by
Gnffith and Munro (2) by Stadmchenho Sweany and Kloeck (8)
and by others 1t 1s possible by the use of glycermated and non

glycenmated mediums to distnguish with relative accuracy the
bovine and humn types of tubercle bacillk The fact that most of
the typical human strams are eugonic ( grow reachly and luxurtantly)
while the majonty of bovine strans re dysgome (grow rather
poorly ) 1s an important difference 1n the two tvpes of mammahian
tubercle bacillh However the failure of most bovine stramns to grow
m ongmal wsolation 1m the presence of gheern while the human
type of the organism prospers on mediums contaimng this substnce
15 of the utmost importance m distinguishing the two tvpes by cul

tural methods For this reason all materials suspected of contaming
bovine tubercle bacilh should be cultured m both glycennated and
nonglycermated mediums

Strains classified as bovine or as avian as a result of cultural dif
ferences and physical appearance must be subjected to tests of
virulence 1 suitable laboratory ammals 1f unequrvocal proof of
bacillary type s to be « stablished Only by determiming the suscepti
bility of gunea pigs rabbits wnd chuckens for a given stram of tu
bercle bacilli can acceptable evidence of 1ts bacillary type be ob
tawmed It must be gmzed h that o 1ly there are
encountered strams that do not possess the requisite characteristics
to permit thewr defimte classification as bovine human or avian
stramns Such strams frequently have the physical appearance of one
or the other of the recogmzed bacillary types of tubercle bacilh
but fail to express the degree of virulence for rabbits gumnea pigs
or chickens that 15 necessary to establish their exact 1dentity Such
strams must be recogmzed as bemng of reduced virulence or as bemg
atypical and therr true 1dentity cannot be determmed by present
methods *

The procedure for determiming the bacillary type of tubercle
baealli by tests for virulence requires that young cultures represent
mg 1if possible the ongmal isolation growth be used A weighed
amount of the culture should be evenly suspended 1n sterile physio
logic solution of sodwm chloride ¢ For convemence 1 makmng sub

The quest on of atyp al strams of tubercle bacill has been discussed by Pnce
(9) by Rich {5) and by Stadn chenko Sweany and Koeck (8)
{ Miscibility of bovine and human straws of tubercle bacilli may be facilitated by

the add ton of a few d op of sterle ox b le to th b
theadd ton P of stes A e we ghed cells | 15t prior to gnndimg



6 DISEASES OF DOMFSTIC ANIMALS AND BIRDS

15 of more delic tte character, morst, ghstening ind shmy Growth s
seldom luxuriant and 1 nonchromogemc when the organism s ong
wmally ssolated

Autan Type —Growth 15 mowst unctuous, shmy and Jucunant It
15 relatively rapid when compared with the slow growth of the two
mammahan types This vanety grons well both with and without
glycenn and eventually the growth becomes ochraid

Aycobacterium tuberculosis 1s strictly acrobic and the orgamsm
grows best in medwms contuning eggs or potate The optumal tem
perature for the growth of human and bovine tubercle bacilh 1s
375 C wlile the avian vancty of the orgamsm grows best 1t 40°C
The growth charactenstics of the three tvpes of tubercle bacith
responsible for tuberculons m warm blooded wnmmals when grown
on sohd medwum arc Wustrated i figure 1

Other essentinl differences hetween humw boune and vwm
tubercle brall wre summanzed m table 1

Tabde { —Sunstary oF Sowr Ivpowtast DirFerrners Derwrex Avin . Hoan avw
Bovise [onws of [ubErc1s Baciuu

CraracTraTIc Avian ! Hosan f Bovine
€ rmthindml Telbide formation Pellsede formartion Pelhcle formation
mediem with rumbty y withgrowthhim with gronth bm
granular growth ited {> eurface ite §tosurface
s nthottom
M ety with 1Swpentmewy  VQupen sndifficult | Su pen ton difficult
addine s dutsn Orguut mum | Organnms form Uts, smsms form.
Orly & tobuted | clumps clumps
Tuberculn ~nt ' Morewntencefor  Moresten efct | Moreanten efor
s Wm ) g usthan mamm shan than mammalsin than
1 rheter logous for vaan tuber for avan tuber
tubereuha cuhn cubn
1 athogeniity orulent foretn ko Nonp thogeme for ) Nonpathcgeme for
ens s nd rabints 1 r(x?ri».cn Atk ¢ of n:n Mark
| “hehth patto- el virnlent f 1 rdly wirulent T v
Pogrmefirgmres gunes g but amner 1y and
e <nly shightly so rabbns
{or rat bnts

v

Then te ting tuherele harlh fer oty ogeraeaty o 1cke ns and rabints should be
oculated intrvensu Iy gumes e subeutaneon ly

DETFRMINATION OF TYPE
As mentioned previously the physical charactensties of tvpical
human, bovme and awian struns of tubercle bacilh vary sufficentlv
undcr proper conditions of artificial cultis ttion to provide important
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erttena for t least prehmmnary classification As hias been shown by
Gnffith and Munro (2) by Stadmchenho Sweany and hloeck (8)
and by others 1t 15 possible by the use of glycennated and non
ghycennated mediums to distinguish wath relative accuricy the
bovine and human types of tubercle bacilli The fact that most of
the typical human struns are eugome (grow readily and luxursantly)
wiile the majonty of bovme strams are dysgome (grow rather
poorly ) 15 an importwt differcnce 1 the two types of mammahian
tubercle bacilli However the fmlure of most bovine strawns to grow
m ongmal 1solation 1 the presence of glycerm while the human
type of the organism prospers on medjums contammg this substance
15 of the utmost mmportance n distinguishing the two types by cul
tural methods For this reason all materials suspected of contaming
bovine tubercle bacill should be cultured m both glycennated and
nonglycerated medums

Strains classified as bovine or s avian as a result of cultural dif
ferences and physical appetrance must be subjected to tests of
virulence m switable laboratory ammals 1f unequnocal proof of
baaillary type 1s to be established Only by determinming the suseepty
bility of gwmnea pigs ribbits and cluckens for 4 given stram of tu
bercle bacilli can acceptable evidence of 1ts hacillary type be ob
tamed It must be recogmized however that occasionally there are
encountered stramns that do not possess the requisite characteristics
to permit thewr definite classification as bovine human or avian
stramns Such strains frequently have the physical appearance of one
or the other of the recogmzed bacillary types of tubercle bacilh
but fail to express the degree of virulence for rabbits guinca pigs
or chichens that 1s necessary to establish their exact identity Such
strains must be recognized as being of reduced virulence or as bemng
atypical and their true 1dentity cannot be determined by present
methods

The procedure for determinmng the bacillary type of tubercle
bacilli by tests for virulence requures that young cultures represent
mg 1f possible the ongmal isolation growth be used A weighed
"mount of the culture should be evenly suspended 1n stenle physio
logie solution of sodium chlonde § For convemence m making sub

The question of atyp cal strams of tubercle bacilh has been discused by Price
{9} by Rich (5) and by Stadmichenho Sweanv and K)>eck (8}
+ Miscibility of bovine and human strains of tubercle baculs may be facihtated by

the addit on of a few drops of stenle ox bile to the weighed cells just prior to gnding
w the mortar
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sequent dilutions the reltion of the amount of flurd to the bacteriz
should be adjusted so that 1 ce of the suspension represents 1 mg
of bacterry From the onginal suspension dilutsons contammng 01
mg and 001 mg are prepared

The standard test ammals for typng tubercle baeilh are gumer
prgs rabbuts and cluchens It 1s essential that the ammals used be
free from naturlly acquired tuberculosis This 1s of the utmost 1m
portance While naturally required tuberculosis 1s of rare occurrence
i gumnea pigs md rabluts the same 1s not true for chickens In
many parts of the United States tubereulosis of chichens 1s exceed
mgly prevalent a fact which has not always been taken into con
sideration by some workers who have reported the occurrence of
avian tuberculosts m human bemngs It should be the rule of every
laboratory that no chichens should be used for virulence tests for
acd fast bacilh unless the cnchens have fmled to react to an intra-
cutancous wjection of avian tuberculin ® When possible 1t 15 pref-
erable to use young rather than old birds

Each typing senies of ammals should consist of at least two guinet
pigs two rabbuts and two chickens Each gumen pig should recene
subcutmeously 0 1 mg of the bacternal cells The rabbts and chick-
ens should be moculated intrayenously, each ammal recenving 001
mg of the bacteria The guine1 pigs should be hilled for necropsy
eight weeks after moculation, unless they have succumbed before
this time Rabbits and chickens hving after minety days should be
Killed for necropsy

The results of the test for virulence may be mterpreted wath con
fidence 1f one heeps in mind the susceptibility of the respective spe
cies moculated to the bovme human and avinn forms of the tuber
cle bacillus

Brefly the salient facts may be stated as follows Gumea pigs
are markedly susceptible to both the human and bovine tvpes of
tubercle bacill: but have a high resistance to avian tubercle bacilli
Rabbits are Inghly susceptible to the bovine and avin forms of the
organism but have a very lunted susceptibility to the human tvpe
of the baaillus Chickens have a high susceptibility to the avian tu-
bercle bacillus but have a fonmdable resistance to the forms respon-
sible for human and bovine tuberculosis Differences 1n the results
of tests of virulence that distinguish the respectve aerd fast bacille

The procedure for conducting 1 tubercnl n test 1 chickens has been described by

Feldman (10)
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responsible for tuberculosis 1n warm blooded anmnls are summa
nzed m table 2

Table 2 —RELATIVE VIROLENCE ¥OR LiporaToRY Annils of THE Fovr Trres oF
MrcoBacTERIA RESPONSIBLE FOR TTRERCTLO 15 OF W aRrst BLOODED Anniars

ANnnL
Bactuiary Tee
"Cumerpig | Rabbat | Chicken | Vole
Human [t R 0o | ]
Bovine + + \ 0 | +
Avian 1 B + + 0
ol , o o 0 +

Explanation of symbols

0 = \ery re niant

= = Shehtly susceptible

+ = Dehnitely susceptible

Fmally when one 1s mterpreting the results of a typmg study by

tests of virulence 1t must be emphastzed that typical strains of tu
bercle baciih when moculated 1nto susceptible ammals produce
progressive disease usually with widespread dissemination of the
process to the-organs of predilection An alleged bovine stran that
produces only localized lestons 1 gumnea pigs and only mimmal
foct m the Tungs of rabbats lacks the virulence necessary to qualify
as 2 bovme form of the organism regardless of its cultural charac
tenistics Lakewsse an alleged avian stramn of tubercle bacdly that
does not produce wrdely dissemmated progressive disc ase m rabbits
and m previonsly tuberculin negative chickens cannot be accepted
as a representative of the avian species Idenhfication of types of
tubercle bacilli based on morphologic charactenistics of the cells
physical charactensties of the culture and tests for sensitiity to
avian or to mammalian tuberculin must be considered presumptn e
Convmeing evidence of the 1dentification of a given stram can be
established only by properly conducted tests of virulence

TUBERCULOSIS OF CATTLE

From the pont of view of economic loss hazard to human health
and the ubiquitous character of the disease tuberculosis 1s without
question the most important disease of cattle T'he msidious develop
ment of the mfection the tenacity of the causative agent and the
fact that heterologous hosts are frequently mfected provide factors
that complhicate the control and eradication of tuberculosis of cattle

Incidence ~While precise mformation regarding the true inex
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dence of tuberculosis of cattle in the vanous countries 15 not asaul
able sufficient data are 2t hand to justify the belief that the disease
1s distrabuted throughout the envilized world The meidence in dif
ferent countries varies greatly depending on (I) the type of animal
husbandry practiced (2) the commerenl exchange of cattle from
one country to another without proper reguhmr) supervision and
(8) the presence or absence of 1 militant and effective vetermary
program of eradication and control In broad geographic terms the
greatest concentration of tuberculosis m cattle oceurs 1n the so
called low countries of Western Lurope including Englind and
Scotland and the lowest ncidence 15 to be found m the United
States

According to a report (11) dated 1942 bout 40 per cent of the
cows of Great Bnitun are infected with bovine tuberculosis and
furthcrmore the annual loss from tlis disease due to replacements
the herd condemnation of meat and loss of productivity amounts
to about £3 000 000 ($12000000) Of orminous sigmficance to hu
man health 1s the report m 1937 that in Great Britan five of every
1000 dairy cows ehmunate tubercle bacilluin the milk (12) More re
cently m 1938 Gnffith (13) reported that the prevalence of tuber
cle bacilh in the mlk of dairy cows in Great Britamn when deter
mined by guinea pig moculttion tests vaned from 1 or 2 per cent
to as high as 18 per cent

There can be no doubt that bovine tuberculosis constitutes the
most serious problem confrontng the dary mdustry of Great Brit
am Pasteurization so far as prachiced has reduced the danger to
human bemgs from the ingestion of milk from tuberculous anmmals
However this safeguard 1s generally not appheable to the rural
population and 1gnores the more important and fundimental aspect
of the problem which 1s the source of the infection

In Irance as m other countnies of Western Europe tuberculosis
of cattle 1s exceedmgly prevalent The hnghest incidence of mnfection
occurs among dairy cattle mamtamed under conditions of perma
pent stabling According to Van Is (14) tuberculin tests made be
tween 1904 and 1921 of cattle supplying milk for Panis revealed the

resence of tuberculous mfections ranging from 212 to 4175 per
cent What the madence of tuberculosis m cattle may be at the
t time 1 France 1s problematic It 1s Iikely that the disease

resen
r d 1ts control remams an important unsolved

1 still widespread an
problem
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In contrast with England and Scotland where tuberculosis of
cattle 1s rampant the mcidence of the disease i Filand 1s stnk
mgly low According to Pikkaramnen (15) the mcidence m 1936 was
24 per cent and 1 1938 1t hnd been reduced to 0 1 per cent Meager
data concerning the presalence of tuberculosis of cattle in northern
Italy ndicate that cattle are commonly infected with this disease
De Gara (16) who reported m 1942 on the occurrence m Italy of
the bovine type of fection 1n human bemgs emphasized the dan
ger of dnnling raw milk and mentioned that 1n one senies thirty
seven (68 per cent) of 544 samples of market milk contuned tu
bercle bacilli The same author quoted Casco as having found bo
vine tubercle bacilli i seven of nine specimens of bovine feces and
m two of nne specimens of salna of bovine animals From data
avarlable m 1929 Van Es gave the average inadence of tuberculosis
among cattle of Germany as 25 per cent Information concerning
the preralence of tuberculosis of cattle m Africa 15 merger In 1940
Carmichael {17) mentioned that in the Distnict of Ankole Uganda
the infection among cattle had reached serious proportions as many
as 70 pcr cent of the animals 1n different herds reacting to tuber
culin *

That tuberculosis occurs among the cattle of India 15 evident from
the report m 1942 of Mallich Aggarwal and Dua (19) In a suney
of Amntsar 1t was found that 25 per cent of 1234 dairy cattle re
acted to tuberculin

In 1941 Webster (20) reported on the prevalence of tuberculosis
among cattle 1n the territory contiguous to Melbourne Australin
In 1930 and 1931 some mnety daury herds contaming about 3 000
ammals were tuberculin tested and 7 41 per cent reacted In 1839
and 1940 among 28000 cattle tested compnsing 727 herds the
merdence of infection was found to be 28 per cent

According to Vaccarezza and Arena (21) the rate of tuberculous
infection 1n cattle m Argentina1s high In 1941 more than 22 000 000
pounds (10000000 kg ) of meat were condemned on ccount of
tubercul m national slaughtering blish In Buenos
Aures 25 to 40 per cent 1n La Plata 15 to 25 per ccnt and m Cordoba

122 per cent of the samples of raw milk contaned tubercle bacalh
Fortunately in these areas 1t 1s the general practice to boil milk
mtended for human consumption

For additional mformation on the occt rrence of tuberculosts among cattle mdige~
nous i the tropics see an earher report by Carmichael (18)
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In Canada although tuberculosis of eattle 15 exceedingly preva
lent m some of the provinees the disease m most of the Domimon
15 gradunlly being brought under control In a report by Cameron
(22) 1t was stated that a thied of the cattle of Canada are under
official supervision for the control of tuberculosis and that practi
cally all eattle supplymg milk to the larger citics have been tuber
culin tested At the time of Cameron s report 1n 1938 1t was beheved
that the ineidence of bovine tuberculosis in Canadn did not exceed
8 per cent Cameron mentioned the varibility of the mcidence i
the vanious provinces and disclosed the rather starthng fact that m
New Brunswick and m Prince Cdward Island 100 per cent of the
cattle were reactors to tuberculin Obviously 1n an area where the
concentration of mnfection 15 so great the public health aspect of
the problem assumes very significant proportions

In the Umtcd States tuberculosis 1n cattle has become 1 relatively
rare disease Although the mcidence of bovine tuberculoss for the
country as a whole was never 1s Ingh as 1 many other parts of the
world 1n some areas of the United States the infection was formerly
present to an alarming degree  According to Russell and Hastings
(23) 1n 1901 the madence of tuberculosis among cattle s deter
mined by the tuberculin test vaned from 4 to 50 per cent The lugh
est maidence occurred among the darry herds where dairymg was
practiced most mntensively while the range herds were practically
free of the mfection

As a result of the concerted and militant plan of eradication set
up co operatively between the respectine states and the Federal
Government in 1917 the Umted States has -t the present time prob
ably less tuberculosss of cattle than any other country m the world
According to Wight (24) * 8105 480 cattle were tuberculin tested
during the fiscal vear ending June 30 1945 These cattle represented
484749 herds located in the vanous states and Hawan the Virgm
Islands and Puerto Rico The percentage of cattle reacting to the
tuberculin test was 024 Indhcative of the pavaity of tuberculosis
among dairy and breeding cattle m the United States At the present
time are further data reported by Wight which show that of 147 346

dary and breedimg cattle tuberculin tested during the fiscal year
1944 to permut interstate shipment only ten were reported as re
actors

~Gimet ‘Tuberculosis Eradication Division Unuted States Department of Agrieul

ture
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Turther evidence of the low mcidence of tuberculosis 1 cattle 1n
the United States 1s given by the figures of the ment mspection serv
1ce of the United States Department of Agnculture representing
ammals other thin tuberculin reactors that were slwghtered for
food at X ederally supervised establishments during the fiscal year
1915 Among a total of 14504 806 cattle slaughtered, lesions con
sidered tuberculous were found 1n 5830 (0 04 per cent) Only 3380
(001 per cent) of the carcasses were condemned nd 159 carcasses
were passed for human consumption after thorough cooking

The remarkable dimnution in the mcdence of tuberculosis
among cattle in the United States has been achies ed by the ruthless
appheation of the one sure method of eradicatng tuberculosts
among domesticated ammals—the tuberculin test and the slaughter
of the reactors ® According to Wight (26) since the tuberculosis
erachcation plan was imtiated 1 1917 a total of 279 235490 cattle
have been tested with tuberculn up to June 30 1945 The number
of amimals that reacted to the tuberculin test was 3891930 The
total amount of money expended to accomphsh this stupendous
and mmportant tash mcluding funds 2pproptiated by the counties
states and Federal Government was approumately $250 000 000
Considering the results achieved the cost has not been excessive
That the task could be accomplished provides truly an wmazing
example of mans ability to utilize the hnowledge of science by
tegrating the efforts of the veterinary and the medical professions to
free his environment of formidable and msidious factors that
threaten his life and economc well bemng However the guns made
1 controlling bovine tuberculosis can be advanced or mamntained
only by recognition of the fact that constant vigilance 1s necessary
As long, as a single tuberculous amumal evsts the possibility of the
transmission of the infection to healthy ammals and to human be-
mgs casts The goal should be complete elmmation of the disease

The Pathology of Tuberculoss of Cattle {—1It 15 the opimon of
those who have mvestigated the pathogenesis of tuberculosis of
cattle that in adult ammals the mfection in the majonty of mstances
1s primanly 1 the lungs and that the tubercle bacilli reach the par-
enchyma of the lung by w1y of the respiratory tract (1 28 29 30)

For g detuled and nteresting 1ccount of the attack agimst bovine tuberculosis
the reader should consult t! e book by Myers (25)
1 Limitation of space does not permit a detailed account of the pathalogy of tuber

calosis for additional 1 1format on see Van Es (14) and Hutyra Marek and Manninger
2
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In suchling calves according to Nicherle most of the pnmary infee
tions occur 1 the gastro mtestnal trict (including the contiguous
lymph nodes) In Nieberles senes of 100 suckling calves the pri
mary focus occurred m the lung in 13 per cent of the animals

Tic 2 —\Mulple caseocalcareous tuberculous nodules m the
lung of a bovine (Courtesy of Dr Harry W Schoemng
Burew of Anunal Industrty United States Deputment of
Agnculture )

Being i most mstances a chromie progressive disease tuberculo-
sis causes destruction of the tissues in the immediate vicmty of the
ongmal focus and may become cascous fibrocaseous cavitatmg or
caleareous (fig 2) From the softemng destructive pnimary focus
spread to adjacent regions by continmty or to distant situations by
hematogenous means frequently occurs As 1 consequence no tissue
of the anumal 15 immune to the formation of tubereulous lesions al
though the sites of predilection re lungs hwver spleen serous mem
branes and hidnevs {fig 8) Rarely the muscalature 15 2ffected

° 1o Stamp (30) m 1944 Nieberle {28) expressed the appos te port of
»,xvagf::S;gn%hm pulm%mry infection sn the calf 15 much more frequent than alimen

‘nr{'}nlf:cz;l;:szwn of tuberculosis of the musculature of cattle 1s cousidered on p 88
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In ddition nd of great importance to hum-n helth the piren
chymn of the udder may be the site of tuberculous foct from which
infectious matenal finds 1ts wy nto the mik ® (fig 4) In the

o
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Fic 3 —Extensive plenral and pentoneal lesions of tuberculosis
caxcass of a dary cow (From Van Es L Bovine tuberculosis Cir
cular 23 University of Nebriska College of Agniculture Experiment
Station Lancoln Nebrasha Revised 1929 )

udder the disease mny 1ffect all four quarters The supramamm ry
lvmph nodes may or may not be mvolied f The discase may be
chronie or acute and invarably leads to extensive tuberculous m
volvement of the duct system (fig 5) As Stamp (31) pomted out
m all cases of tuberculosis of the bovine udder the lesions are open
and sufficient functioning lactating lobules persist to provide for the
secretion of at least some milk which of course invanably contams
tubercle bacilli Although the disease 1s trinsmitted to the udder by
the blood stream local spread through the duct svstem probably
occurs m all cases In practically all mstances the excretion of tuber

For an admurable descniption of tuberculosis of the bov ne udder see the report of
Stamp (81)

t According to Stamp (1) the 1 ol ement >f the supramammary lymph nodes
doe not mdicate tl t the udde 15 tuberculaus In fact the condition of the supra
mammary lymph nodes accord ng to Stamp 1s of o dugnestic valie n detecting
tuberculos s of the bo 1pe udder
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cle bacilli m the milk denotes demonstrable lesions m the udder
However Topley and Wilson (8) pomnted out that tubercle bacith
may occur m the milk without demonstrble gross or microscope
lesions mn the mammary glwnd Whether tubercle bieilli cm actually
pass through the wtact tissues of the parcnchyma of the udder
should be subject to investigation It seems more hikely that when

Fic 4-Ext and severe tut \! ! nt of the udder

There has been considerible destruction of the parenchymal tissues
which have been repliced lfargely by caseccaleareous Iesions of tu
herculosis (Courtesy of Dr Harry W Schocming Bureiw of Ammal
Industry United States Department of Agriculture )

the orgamsms are present in mulk as 1t 15 drawn from the udder
alterations of tissue are present even though they may be exceed
ngly difficult to find

The fact that boume tuberculosis when m 1 progressne state
causes destruction of tissue which may cause the morbid process to
break through wnto channels leading to the extertor of the body
provides an wmportant circumstance favorable to the transmission
of the disease to other animals and to human beings Lesions of the
lungs may ulcerate mto the broneht and tubercle bacilli be elimt
nated with the expired aur durning coughing or the bacilh may be
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swallowed with mucous secretions and subsequently be elimnated
with the feces ® Tuberculosis of the hdney may cause sufficient
destruction to permut the discharge of infectious matertal mto the
renal pelvis and hence egress with the urme In tuberculosis of the
testes the semen may be infected and if the disease affects the re-
productive organs of the female the vaginal discharges are likely
to contam tubercle bacilli If the disease 1s present m the intestnal
mucosa or 1n the liver the orgamsms find therr et with the fecnl
discharges

Fic 5 —Chronie nodular tuberculos:s of the udder of a cow Mmmmal
calcification has ocourred and acid fast bacillwy forms were demon
strable among the cellular detnitus (x55) (Courtesy of Dr ] § Beng
ston Bureau of Ammal Industry Umted States Department of Agn
culture }

To recprtulate In tuberculous cattle the mfective bacteria may
occur m 1 varety of materals excreted or secreted by the ifected
amimal These matenals include discharges from the respiratory
tract muitk urme semen agmal discharges and feces If infected
any and all of these may serve 1s 1 medum for the transmisston of
tuberculosis to previously nominfected hosts From every pomnt of

In a study of feces from 391 af parently healthy cows m five counties m England

w lll);\ms and Hoy (32) d mo strated tul'ercle ba il n the feces of six (153 per
cent
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view the tuberculous boome 1s potentrally a highly dangerous
anynal

TRANSMISSIBILITY OF BOVINF TUBLRCULOSIS TO OTHER
SPECIES OF HOST

As mentioned previouslhy one of the features of the organism re
sponstble for tuberculos:s of cattle 15 1ts abihity to prosper n certan
heterologous hosts 1 which 1t my produce consequences s serious
as those posstble 1 the natural host

Transmussibility  Cattle to Human Beings —The development of
our knowledge concerning the virulence for humn beings of the
baaillus of bovine tuberculosis has becn slow and has frequently
been mterrupted by the temporary acceptance of opimons to the
exclusion of facts Several ycus before hoch (33) announced the
discovery of the tubercle bacillus 1n 1882 Villemm (34) prosed by
animnl experiment ition that tuberculoss 1s 2 contagious disease and
15 the effect of a specific causatine agent Twenty five yeurs after
Koch s discovery the danger to human bemgs of milk from tubercu
lous cattle was generally accepted This pont of view was in
fluenced considerably by hochs (83) statement made at the tiume
he 1cported the discoverv of the tubercle bacillt that ‘bovine
tuberculosis 1s 1denticil with the disetse m man and s thus a
disese transmussible to man

At the Brtish Congress on Tuberculosis held in London i 1901
Koch (85) reversed lis former posstion and sud 1 effect that
human tuberculosis differs from that of cattle and cannot be trans
mitted to bovines * Furthermore koch held the view that the
susceptibihity of humnn beings to bovine tubercle bacill 1s uncertam
and 1f mfection of human beings with the bacillus of bovine tuber
culosis occurs 1t must be very rare Fmally he sud I should
estimate the extent of nfection by the milk and flesh of tuberculous
cattle and the butter made of this rmlk 1s hardly greater than
that of hereditary transmission and therefore do not deem it
adwvisable to take any measures against 1t

hochs pomnt of view as to the ummportance of the bovine tu
bercle bacillus as a hazard to humn health was opposed by the
officals of the London Congress This opposition was shared by
many emment scientists who attended the Congress mecluding Lord

in 1898 reported the results of Jus stud es that hnd est1bl shed defi

Smuth (86 b e een homan and bovine tubercle bacill

autely differences
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Laster and at 1 generl meeting of the Congress Ruenel (37}
reported the first secorded mstance of hwmg ssolated from 1 human
bewy, 1 tuberele bicillus that wis proved to be of the hovine
variety *

Fic 8 ~Pulmorary tuberculosis of the nght lung of
2 young womwn due to the bovme vanety of the
tubercle baaittus The paent had work.ed for several
years as a dairy mud, starting 2t the age of four
teett years Both lungs were extensively afiected
{From Myers } A Mans Grextest Victory Over
Tuberculosrs  Springfield  Nhnoss  Chales €
Thoms 1940 )

A mater f fut Ravenel {37} reported at the Congress Bse cases of probable
bov ne tuberculosts 1w human be ngs one pat ent was Ravenel s laboratory asustant
three patier ts were yeterwarit s tad ane Wwas a cattle cax ¢leaner The disease wn aft
but one case wis 3 cal zed Later Ravenet eported before the Patholog ca} Society of
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The question of virulence of bovine tubercle bacll for human
bemgs became so pertinent after hochs address at the London
Congress on Tubcreulosis that an official agency was formed to
ascertamn the facts Thus there came into bemng the Royal Commss
stont on Tuberculosis In the several years of its enistence the Toyol
Commussion made 2 notcworthy contribution to the hnowledge of
tuberculosis Exhaustive and careful studies were made on cultures
of tubercle bacilh obtained from cases of human, bovine and avian
tuberculosis and the results constitute a great amount of essential
{fundamental information that has served as a guide for subsequent
workers The final report of the Commussion w15 ssued 1n 1911

In an mtermm report published by the Comnussion 1n 1807 the
mnportance of the bacillus of bovine tuberculosts to human bemngs
was emphasized by the following statement  Cow s mulh contammng
bovine tubercle baeill 15 clearly 2 cwse of tuberculosis and fatal
tuberculosis m man Our results clearly pomnt to the necessity of
measures more strngent than those at present 1 force bemg taken
to prev ent the sale and consumphion of such ik ¢

Several members of the British Royl Commussion on Tubereu
losis continued to cxplore the problem of the transmussibility of
bovme tubercle bacitl for many vears after the activities of the
Commussion had ceased Among these was the late A Stanley
Gnffith whose persistent and mehiculous work and the conservatne
mterpretation of whose resnlts were probably more responsible for

\

the final ndictment agamst the bacillus of bovine tub as
2 menace o human health than were the efforts of any other
wmdnidual

It 15 of lustoncal mterest to note that, although Roch at the
International Congress on Tuberculosis 1 Washngton mn 1908 did
retreat somewhat from s previous dogmatic msistence that the
danger of the bacilh of cattle tubercolosis for human bemgs 15
neghgible be did mamtam that sabisfactory proof of chrome pul
monary tuberculosis m human bemgs due to bovine tubercle bacidls
had not been estabhished § According to Cnffith and Munro only
fwo cases could be quoted at the time ( 1508) and m one of the
cases 1t appe ared hkely that human and bovine tvpes of the tubercle
case of tuberculous memng tis in a child seventeen mantt s of zge from

bacilh were obtaned and proved by cattle woculation t sts to be of
(1) 1solated bo 1)e twbescle bacilh from 2 chald m 1905

Thiladelphia 2
whom tubercle .
the bovine vatiety Smith

* Q:ned from Gnffith (38
1 Quoted by Muno avd Walker {9}
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were both present and consequently valid proof that the bovine
tubercle bacillus contributed to the causition of the disease wns
Inching A few months later m February 1909 Gnffith (38) m
Lngland obtamed unmuxed cultures of bovine tubercle bacilh from
the sputa of two men twenty one and thirty one years of age
respectively In 1913 Gnffith 1solated (10 Edinburgh) bovine tuber
cle bacilli from a gl sixteen years of age who had pulmonary
tuberculosis and m 1916 another mnstance of pulmonary tuberculosts
due to the bovine tubercle bacillus was reported by Wang (40)
(also of Edmburgh) the patient being a man forty one years of
age
gAlthough Roch eventually modified s views regardng the
danger of the bacilli of cattle tuberculosts to human beings the
mfluence of Ius earlier behef was well entrenched hoch s erroneous
views must be held largely accountable for the tragic consequences
that ensued from the earher failure of a more general recognition
that bovine tubercle bacilh have a considerable pathogematy for
human bengs and are capable of producmg m human beings a wide
vanety of tuberculous mfections mecluding pulmonary forms of the
disease

The frequency of the bovine type of tuberculous mfection m
human beings 1s dependent on the meidence of the disease m cattle
and the quantity of raw milk consumed Regardless of the anatomic
situation of the resultant disease the most likely source of bovine
tubercle bacilli responsible for mfection of human beings 1s one or
a combimation of the following raw or improperly heated milk
from tuberculous cows the products of mlk from tubercalous cows
contammated air expired from the lungs of tuberculous cattle or
human bemgs mfected with the bovine type of mfection In add:i
tion 1t should be recogmzed that butchers and meat mspectors
whose duties expose the unprotected shin of the arms and hands
to virulent material when handling tuberculous carcasses are n
danger of cutaneous wnfection Thus the possibility of occupational
tuk 1 must be recogmzed * In fact several cases of bovine
tuberculous mfection of butchers have been reported by Saenz
(42)

Hermansson {41) noculated guinea pigs w th water ;n wh ch a meat mspector
had washed his hands after examining carcasses of tuberculous cattle and demon
strated the presence of virulent tubercle bacill: Smular tests showed the presence of
tubercle bacilli n the water used by butchers to wash their hands and m the water
used to wasl towels used by the meat mspector
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Table 3 ~Tue PERCEATACE oF Bovine TURERCLLOSIS AvonG Cases oF HLaAs AnD
BoviNe TUBERCULOSES IN Man 1y Disrrene COUNTRIES 0F THE W ostd (DATA Cost
1Fp BY Irue 43)

B Bovine
Cotvmn Tora l J1IBYINY 1——-——————\ l o
umber et cent
Irance 1083 10, 25 J 26
Germny 10, t 1007 128 136
Netherlinds 767 701 | 133 t 8C
Smatzerlind [ C I 01 17 78
Sneden ! 11 | 14 Q 0
Norw 1y [T 101 6 56
Poland | o ’ 14 1 69
Sty § | s 2 29
Spun ‘ 9, 0 N 53
Hungary 334 | 328 N 18
Greere P11 3 ] [
Auwtrin o) 210 34 121
Japan 73 261 | 4 29
Uuited State 146% 1202 10 1z
Cundy , 901 817 | 4 60

|

In Italy there were €4 1ty pic 1l stram

In presenting evidence mermmnnting the braith of bovine tuber
culosts 15 1 cause of tuberculous mfections of human bemgs no
attempt will be made to gnve 2 complete review of the hterature
An admirable review of the subject was published by Price (13)
1939 Prices review was based on an annlysts of reports pertaming
to about 18 000 stramns of tubercle bacilli studied 1n vanous parts
of the world Ier study led to the concluston that the total propor
tion of human tuberculosis mduced by the bovine tubercle bacillus
15 approumately 10 per cent

Thus figure while serving to emphnsize the important sigmificance
of the virulence of bovine tubercle bacilly for human bemngs m
adequately incuminites this type of the orgimsm m the over lf
preture of tuberculosis m those countries where the opportuntics
for infection with bovine tubercle bacilli are greatest As one might
evpect thereis a definite parallehsm an different countries between
the inaidence of tuberculosis m cattle and the bovine type of tu
berculous mfection 1 human beings Thus the greatest number of
reported cases of human tuberculosis of bovine origin have oceurred
m the British Xsles where as mentioned previously about 40 per
cent of the cows are tuberculous * Conversely the lowest incidence
"o Tuch (5) 1 commenting on the high mcidence of the bovine type of ifection 1
human bewgs m Great Britam wrote This well known fact 15 1 sad commentary

1dity * Rich powted out that 2000 f ildren die annually In Gredt
lxl\gxon';:: e eame tuberculosis because of the Tack of soca responsibil tv on 6 ¢ st
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of tuberculosis due to the bovine tubercle bacillus 15 1n the Umted
States where the disease m cattle as mdicated by the tuberculin
test has been reduced to the low figure of 024 per cent

Data on the percentage of bovine tuberculosis among cases of
human and bovine tuberculosis i human bemgs i vanous coun
tres of the world as compiled by Price are given n table 8 It must
be recogmzed that the figures given m table 3 represent only ap
proximations of the true proportion of bovme tuberculosis 1 human
beings but they provide sufficient evidence to leave no doubt that
tuberculosis m cattle 15 a mennce to humn health Undoubtedly
the figures mdicating the proportion of bovine tuberculosis in hu
man beings grven for the Umited States (117 per cent) are too hugh
so far s the present situation 15 concerned The most recent reports
mcluded m Prices compilation were published in 1933 and the
study m which the largest number of bovine mfections were found
was reported 1n 1910 (44) The true proportion of human mfection
with bovine tubercle brcill n the Umted States 1t the present time
1» problematic bat frag; ary d uggests that 1t 15 ex

Table 4 —PERCENTACE 1% FAGLAND OF THE Rovine TYPE OF INFECTION Awone 1498
sEs OF LYtraPUIMONARY Hevay Tuserctlo 13 (( mreFiTH 33)
{ PercenTacE oF Cases 1v DiF
FERENT AGE GROUPS IV WhiCH
Tue Boviye Tire OF Biciius

VariErY oF TUBERCULO Is

oR Sounce oF MATERIAL Casms Was Foono
Testh 1| 5tol5
5 years yeurs Altages
Ademitis (cervieal) 126 %09 534 500
Lupus 191 84 414 487
Serofuloderma 60 533 133 36
Bone and joint w23 %95 191 195
Genito-unnary >3 — — 171
Meningeal %65 231 245 36
Necrap ses 187 256 155 25
Miscellaneous 23 ‘l 333 91 87

tremely low especially among children the age group in which the
bovme type of mfection 1s most prevalent i European countries

The magmtude of the public health problem which tuberculosis
m cattle creates 1n the British Isles 1s evident from the mformation
which Gnffith (38) compiled n 1937 from the reports of several
mestigators The data pertaming to England are presented m table
4 while data for Scotland are shown m table 5

of powerful dairy mterests wh ch have frustrated all attempts to enact legislation mak
1ng pasteurization of m Ik sold to tl e publ ¢ compulsory
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The data presented mn table 4 nd table 5 pertun only to cdra
pulmonary mfection due to the bucillus of bovine tuberculosis
While the statistics m table 4 and table 5 do not disclose the exact
number of eases of the bovine type of mfection among patients of
fifteen y cars of age or less 1t1s generally known that the bovine type
of tubercle bacill affects the younger age groups more frequently
than st affects adults It 15 1lso recognized that infection of human
bemngs with the bacillus of bosine tubereulosis produces i most in
stances tuberculous cervical ademtis tuberculosis of the shin tuber
culosis of the pertoneum or tuberculosis of the bones and jomts

Table 5§ —PERCENTAGF 1N ScoTLAND OF ThE BoviNe TrrE oF INFECTION Avosa 873
ASES OF EXTRAPULMONARY Hustay TubERCULOSIS (GRIFFITH 38)

I Pencenrace or Cases 1v Dirren
ENT AcE Grours v Whien THE

VARIETY OF TUBERCUIONSIS Bovine Type of Baciirus W as Forsn

ok SOURCE oF MATERIAL Cases
| Tess than vtolp AN

years years Ages
Ademtis (cervieal) 93 6o 0 623 516
Lupus 13 1000 714 692
Boneand joint 218 462 289 98
Genito-urinary 42 — — 310
Menwmngeal 20% 314 140 296
Necropsies 200 336 385 324
Miscellineous 14 — — 4

While 1t was recognized that tuberculosis of the bovine type might
affect almost any tissue of the body pulmonary disease due to this
organism was considered of infrequent occurrence until the impor
tant investigations of several workers especinlly Grffith and his col
leagues in Britun and Jensen of Denmark proved the situation to be
otherwise (fig 6) Accordmg to Griffith (38) up to 1922 only four
cases of human pulmonary tuberculosis due to the bovine type of
the tubercle bacilli had been established In 1922 Munro found two
dditional cases among 100 cases of pulmonary tuberculosis studied
(88) The latter findmg according to Gnffith provided n impetus
which mitiated prolonged and extensive nvestigations by many
workers These studies produced the important information that
1 countrics where bovine tuberculosis 1s presalent and where milk
1s consumed 1n 1 raw state so as to provide frequent exposure
pulmonary tuberculosis due to the bovine tubercle bacillus may
be expected to occur m a small to a considerble percentage of

C:‘?re;e evidence Presented by Gnffith and Munro (2) m 1944 con
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cerning the role of the bovine tubercle bacillus i human pulmonary
tuberculosis 1s most mmpressive and belatedly provides n unequiy
ocal answer to hochs skepticism regarding the ability of this type
of the tubercle bacillus to produce pulmonary disease i human
bemngs Gnffith and Munro s report was based on 2 study of 6963
cases of pulmonary tuberculosis m Great Bntam In every mnstance
tubercle bacilly were 1solated from the sputum and the baeillary
type of each stram was determined by appropnate laboratory pro
cedures Some of the more important findings follow (1) In Scot
land among 2 769 cases the percentage of pulmonary wfections due
to the bovine tubercle bacillus was 58 the highest percentage of
bovine mfections bemng m the Orkney Islinds (258 per cent) and
the lowest percentage (4 4 per cent) 1 the aity of Aberdeen where
1t was beheved that many of the mfections had ongmated m rural
areas (2) Among 3671 strains of tubercle bacillh obtuned from
patients 1 England seventy nime (2 15 per cent) were bovine m
ongin (3) In Wales the bovine type of infection was found m two
of 203 cases while m Eire an exammation of 320 cases chd not
dusclose any instance of bovine infection (4) In the senes studied
a total of 241 cases of pulmonary tuberculosis affecting human be
mgs were due to mfection with the bacillus of bovine tuberculosts
This figure represents an e dence of 85 per cent of the total
number of cases myvestigated (5) The strams from 232 of the 241
cases were fully virulent by animal tests of pathogemeity while
nine strams showed varving degrees of attenuation (6) Previous
cervical and abdomnal tuberculous ademtis and imvolvement of
bones and joints mn a considerable proportion of the cases suggested
the almentary canal as the portal of entry of the mfection (7)
There was no doubt that the great majonty of the patients from
whom bovine tubercle bacilli were obtamed had been mfected
through the agency of cow s milk (8) In five mstances both human
and bovine strams of tubercle bacilli were obtamed from a single
patient (9) The possibility of mfection from one human bemng to
another was presumptive 1 a few mstances but not proved
(10) Pulmonary tuberculosis m human beings caused by bovine
tubercle bacilli was mdistingmshable climically diologically and
by postmortem exammation from pulmonary tuberculosis due to
tubercle bacills of the human type (fg 7)

That the bovine type of tubercle bacilli constitutes a problem of
major mportance n the epidemiology of tuberculosis of human
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bemngs 1 Denmark 1s evident from the data presented m table 6
Data obtained from extensiv e studies of the problem in other North
European countries disclose the fact that mfection of human beings
and especially children by bovine tubercle bacilli 15 of cammon
oceurrence Ruys (45) for example, working among Dutch children

Fic 7-Thorax of a man nmeteen years of age
who worked on a farm near Lund Sweden There
was no tuberculosis mn the man s family but the dis
ease was present among the swme and the cattle
of the farm where he worked Sputum from this man
yrelded tubercle bacilh of the bovine type (From
Myers J] A Mans Greatest Victory Over Tubercu
losis Springfield Ilmors Charles C Thomas 1940 )

from large towns and rural districts who had pulmonary tubercu
losis found that 1n 9 per cent of the cases the disease was due to the
bovne type of the bacillus Among adults from large towns who had
pulmonary tuberculosis the proportion of bovme infection was 1 per
cent while among adults from sural areas the proportion of the
bovne type of wfection m pulmonary tuberculosis was 6 per cent

The proportion of infection due to bovine tubercle bacillus 1n cases
of extrapulmonary tuberculosis was 20 per cent for both rural and
urban patients *

rt Ruys (46) mentioned that about 85 per cent of all cattle shaugh
eclln amA'xhn::;g(x)n m KQ&} and 1934 were tuberculous and that 40 per cent of
;elxooomcame 1n the provinces tested with tuberculin reacted positvely
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During a period of three vears Hedvall (47) mvestigated the
occurrence of pulmonary tuberculosis due to the bovme type of the
tubercle bacillus 1mong patients . southern Sweden About 3 800
specimens were exunined and 746 scparate cultures of acid fast
bacilli were obtuned Sixty five strans were bovine i character
The age of the patients who had the bovine type of mfection vaned
from seven months to sicty eight years and the majonty lned m
rurnl areas

Lange (48) working at the Robert hoch Institute Berln deter
mined the type of tubercle bacilli present 1 the sputa of tuber-
culous patients who as 2 7 of thei P —mmlkers
vetermarans and butchers—were especally hable to exposure to
tuberculous cattle During the years 1927 to 1937 sputa from 171
patients were studied and cultures of acid fast baeilli were obtamed
from 148 When finally classihed by appropriate tests 136 strams
of tubercle bacill of human type were reveiled and nine struns of
Lovine ongin were recogmzed In three of the cises mixed enltures
of human and bovine tubercle braill were recarded The ages of
the patients vaned from seventecn to fifty one years

Table 6 —IncipENCE 1v DEARARK OF TiF BOVINE [¥rE oF INFECTION AVoNG 2 948
CasEs o Huas TunFReuLo t {(JENSEN AND FRIMODT Mot 1ER QUOTED BY PRice 43)

Les Tras | 15 70 20 0 Yrans

\ e AcEs 15 YEams Sean Asp Monz
AmiErY oOF

TeBERCULOS | Total | Bo- | Per | To-| Bo-| Per | Total| Bo-| Per | To-| Bo- [ Per

vine] cent | tal | vine] cent, viwe] ces t| tal | vine| cent

Resprratory 18°1| 88| 48432| 20| 67(1007| 50| 50|385| 9| 23

Honeand jont, o6711001185] 9%} 211245( 25} 57T)274]214] 23 j112

Lymphnodes 51(123(490] so| 66|825| 97| 47{4s5[ 74| 10|13,

Meningeal 301) 75)217[176| 531330 077 13[141| 36| 4111

Total {2036 301 | 133786 [ 177 |22 | 1451 | 167|118 | 700 | 47 | 66

That there was an occuprhional factor 1n Langes series may be
mferrcd from the following Among sity nme mulkers who had
pulmonary tuberculosis human tubercle bacidli were present i sixty
cases the bovine tubercle bacillus was the causative agent m eaght
cases and 1n one case both human and bovine types of the baallus
occurred  Among forty patents comprising butchers and veten:
narnans thirty seven were mfected with tubercle bacillh of the hu
man type onlv ene with baull of bovine tuberculosis and n two a
mixed human and bovine nfection occurred In 2 third group
totalling thirty mine patients composed of masons carpenters and
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others all infections were found to be duc to the human type of the
orgamsm Lange quoted the report of Goeters 1 Leipzig, who ob
taned At necropsy materal from 118 cases of pulmonary tubercu
losis 2nd 1dentified the bovine type of nfection 1n six In four of the
six cases of bovine type of infection the subjects had been adults

In France although numerous reports leave no doubt of the
reservoir of potential mfection which ewsts mn the bovine popul
tion the mecidence of the bovine type of nfection m human beings
1s much lower than one might expect The fact that cow s milk 1s
scldom consumed i France without previously being heated un
doubtedly accounts for the relatively low maidence of infection of
human bemgs by the bacillus of bovine tuberculosis In 1939
Saenz (42) reported on the role of the bovine tubercle bacillus in
human tuberculosis 1n Trance Saenss data showed that among
903 cultures of tubercle bacilh 1solated from vanous types of clin
1cal tuberculosis among human bengs of whom more than a halt
were children only twenty two (24 per cent) were of bowne
origin * Except for scven of the cases of bovine infection m which
the patients were butchers who presumably were occupationally ex
posed to the mfection 1n most of the cases of bovine infection the
patients were children Saenz also reported on twenty four cases of
fupus 1n only two of which were the lesions due to bacilli of bovine
ongin and he mentioned that 1n other countnes bovine tubercle
bacilli account for 50 per cent or more of the cases of Jupus

The occurrence wn Italy of fection of human bemngs by the
bacillus of bovine tuberculosis was desenbed m 1942 by de Gara
(16) In addition to summanzing the findings of previous mvest
gators de Gara included m his report an account of cases that he
had mvestigated 1 (table 7) The dath shown mn table 7 mdicate
that 1 Italy the bovine type of infection does not constitute any
large part of the problem of tuberculosts as it apphes to human
beings However the fact that the disease slowly smolders m 1ts
naturl host makes 1t 2 constant menace to at least a certain propor
tion of the rural population who may Iive or work 1n close contact
wth tuberculous ammals and to those who wlile presumably drik
g onlv cooked or adequately heated milk may forget or disregard

° he twenty two strains of tubercle bacill designated as of the bovine
1 el;)ak Sa:le:zf \lw:re lden?l’ﬂed by ammal moculation tests which fact provokes ccrtan
,Zpemymns regarding the true baaillary type of some of the strains

} Work done at the Hygieme Institute Univers ty of Milan
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this important safeguard Evidently 1n Italy pasteurization 1s not
practiced except mn the larger e 1es and as a

milk 15 rendered safe by the household practice of bmlmg 1t to
prevent sourng Indicative of the hazard are de Garas figures
showing that tubercle bacillh were found i 68 per cent of 544
samples of market milk De Gara stated that more than 1 000 strams
of tubercle bacilli had been typed m all Italy and the mcidence of
the bovine type w1s found to be 4 8 per cent

Table ~ —PercENTACE OF Bovine TUBERCULO 13 1N ITAIT (0E GaRa 16)

Torat | Bovnns Trre
VARIETY of TUBERCTLOSI3 NouMeer f—— e ——
EXAMINED Number | Per cent
Bone and jomt 8 1 1250
Cervic 1l lymph node a7 1 3
Other extrapulmonary 7 14 65
Pulmonary 67 20
Total | we 36 | 4o

Du Toit and Buchanan (49) stated that tuberculosis of cattle 1s
of common occurrence 1 South Afnea However mfection of hu
man beings with the bacilli of bovine tuberculosis has rarely been
demonstrated Du Toit and Buch llected from the 1
of South Africa mformation to the effect that of 242 strams of
tubercle bacilh obtaned largely from tuberculosis of bones and
jomnts lymph nodes and meningeal lesions onlv one—that denived
from a case of tuberculous meningitis—proved to be bovime m
Orlgln

Carmichael {17) who studied pulmonary tuberculosis m the
natives of Uganda mentioned 1 survey by Wilcocks m 1939 m the
territory of Tanganyika m which the sput of sixty seven natives
affected with pulmonary tuberculosis were studied and all strams
were of the human type Carmichaels own observations mnclude the
fact that the cattle of the district of Ankole were severely infected
with tuberculosis as many as 70 per cent of the ammals reacting
positively to the tubcreulin test Using cultural methods and the
maculation of ribbits Carmichael determined the baailary tvpe of
283 stramns 1solated 1n cases of pulmonary tuberculosis only four
were of the bovine type

Webster (20) reporting m 1941 on the relative meidence of hu
man and bovine types of tuberculosis among the people of Victona
Australia stated that among 183 adults affected with a varety of
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others all mnfections were found to be due to the human type of the
orgamism Lange quoted the report of Goeters 1n Leipzig who ob
tamed at necropsy matertal from 118 cases of pulmonary tubercu
losis and 1dentified the bovine type of infection n siv In four of the
six cases of bovine type of mfection the subjects had been adults
In Trance nlthough numerous reports lewe no doubt of the
reservorr of potential infection which eusts m the boyvine popula
tion the incidence of the bovine type of infection 1n human beings
1s much lower than one might expect The fact that cow s milk 15
seldom consumed 1 France without previously bemng heated un
doubtedly accounts for the relatrvely low ncidence of infection of
human beings by the bacillus of bovine tuberculosis In 1939
Saenz (42) reported on the role of the bovine tubercle bacillus 1n
human tuberculosis n France Saenzs data showed that among
903 cultures of tubercle baailli 1solated from varous types of chn
1¢l tuberculosis among human beings of whom more than a half
were children only twenty two (24 per cent) were of bovine
ongm * Except for seven of the cases of bovine infection in which
the patients were butchers who presumably were occupationally ex
posed to the nfection 1 most of the cases of bovine nfection the
patients were children Saenz also reported on twenty four cases of
lupus 1 only two of which were the lestons due to bacilly of bovine
orgn and he mentioned that mn other countries bovine tubercle
bacillh account for 50 per cent or more of the cases of lupus
The occurrence mn Italy of mfectton of human bengs by the
bacillus of bovine tuberculosis was described mn 1942 by de Gara
(16) In addition to summarnizing the findings of previous nvestt
gators de Gara included 1n his report an account of cases that he
had mvestigated } (table 7) The data shown in table 7 mdicate
that m Italy the bovine type of infection does not constitute any
large part of the problem of tuberculosis as 1t applies to human
bemgs However the fact that the disease slowly smolders m 1ts
natural host makes st a constant menace to at least a certan propor
tion of the rural population who may live or work 1n close contact
with tuberculous antmals and to those who while presumably drink
g only cooked or adequately heated milk may forget or disregard

11 of the twenty two strams of tubercle bacill: designated as of the bovine
t eb{:tsaaenz were identified by ammal moculation tests which fact prosokes certam
rgen a{mns regarding the true bacillary type of some of the strans
T Work done at the Hygreme Institute ‘Untversity of Ailan
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culosis have been 1dentified from pulmonary and extrapulmonary
tuberculous disease in Argentina The fact that boiing of mulk 1s
generally practiced probably accounts for the apparently low rate
of infection of hum-m beings by tubercle bacilli of the bovine type
Indicative of the part that milk from tuberculous cows may have
m meapacitating children are the results of 4 study by Price (8) 1n
Toronto Canada Reporhing 1 1933 Price had accumulated data
duning the previous thirteen years on 500 tuberculous elnldren and
found that 9 6 per cent of the extrapulmonary tuberculosis was due
to the bovine type of mfection The youngest chuld in Price s series
was six and a half months of age and without exception the cluldren
came from an environment that did not provide for the pasteunza
tion of rmilk
The most recent i estigation 1n the United Stites of sufficient
scope to provide significant data on the occurrence of tubercle
bacilli of the bovine type i human pulmonary tuberculosis was
reported by Beattie and Nicewonger (51) in 1942 A total of 366
strans of tubercle bacilli from the sputa of persons m sanatoriums
and hospatals in various parts of Califorma were studied The strains
were screened by cultural methods and those that were dysgome
or not typically eugonic were subjected to tests for virulence m
rabbits No strams considered to be bovine 1 type were found
Earlier reports on the incidence of mfection with bovine tubercle
bacill 1n human beings i the United States vary as follows Of the
564 cases of tuberculosis reported by Park and hrumwiede (44) m
1910 the bovine type of infectious agent was present in 7 6 per cent
In Aronson and Whitney s (52) series and m the report by Van Es
and Martin (53) the mncidence of the bovine type of infection was
38 and 39 per cent respectively In 1933 Chang (54) reported the
results of 2 study he had made at a sanatorum mn Massachusetts
s results indicated that m pproumately 1 fourth of the 200 cases
studied the infective orgamsms were of the bovine type The figures
of Chang are defimitely unusual and probably do not represent 1
true mdication of the extent of mfection of human bemgs with the
baeilh of bovine tuberculosis generally througt the Umted
States at the present time As a matter of fact 1t 1s generally be
Lieved that at present ifection of human beings with the bacilli of
bovine tuberculosis 15 of rare occurrence Perhaps the subject should
be investigated further by determining the type of tubercle bacillt
present 1n the sputa of elderly persons who have been infected with
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clinical forms of tuberculosis no nstance of bovine type of mfection
occurred Among 123 children, eleven (89 per cent) were affected
with the bovine type of the tubercle bacillus The tissues affected
m the cases m which the bovine form of the organsm was the
mfectne agent mcluded tonsils and cervieal mnd mesenterie lymph
nodes According to Webster m Victorin the bacillus of bovine
tuberculosis has little or no part 1n the cusation of osseous tuber
culoss
According to himura and kondo (50) hitasato was the first in
Japan to mvestigate the role of the bovine type of the tubercle
bacillus m human infections A total of 152 cases were studied but
mn none was the bacillus of bovine tuberculosis recognzed Kimura
and hondo summanized the work of various Japanese authors on
the incidence of bovine tuberculous mfections 1 human beings m
relation to the total number of cases in which determmation of the
type of fecting organtsm was mide They found as of Februarv
1939 that a total of 1323 cases of tuberculosis (in all of which the
patients were Japanese } had been studied bactenologically and that
the humn type of the mfecting agent had been present mn 1310
cases while 1n only thirteen cases (098 per cent) were bovine
tubercle bactlli recogmzed The varieties of tuberculous diserse
from which the thirteen strams were obtuned consisted of the
following lung and pleura one strun bone and jomnt tuberculosts
two stramns  tuberculous cervical lymph nodes two stramns tubercu
losts of the gento urmary tract one stramn tuberculosis of the shin
seven strams The authors attributed the low rate of infection with
the bovine type of the tubercle bacillus largely to the fact that the
Japanese do not consume as much raw mulk as the inhabitwnts of
certam European countries where the rate of mfection 1s many
tunes that for Japan
Although reports dicate that tuberculosis 1s prevalent among
the cattle m Argentina relatvely few instances have been reported
1n which the bovine type of the tubercle bacillus has been obtaned
from tuberculous human bemgs According to Vaccarezza and
Arena (21) the bovine type of nfection i human beings was first
recognized n Argentina by Ligmers m 1904 The same authors
uoted Porre and Arseno-Carranza as having studied 150 strams of
tubercle bacillt obtamned from the sputa of patients suffering with
pulmonary tuberculosis none was bovme m type Vaccarezza and
‘Arena mentioned that m a few mstances the bacilli of bovine tuber
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culosis have been identified from pulmonary and extrapulmonary
tuberculous disease m Argentina The fact that boilmg of milk 1s
generally practiced probably accounts for the apparently low rate
of infection of human bewngs by tubercle bacills of the bovine type
Indicatwve of the part thit milk from tuberculous cows may have
m mcapacitating children are the results of 2 study by Price (9) m
Toronto Canada Reporting n 1938 Price had accumulated data
during the previous thirteen years on 500 tuberculous children and
found that 9 6 per cent of the extrapulmonary tuberculosis was due
to the bovine type of mfection The youngest cluld m Prices senes
was six and a half months of age and without exception the children
came from an environment that did not provide for the pasteuniza
tion of milk
The most recent mvestigation i the United States of sufficient
scope to provide sigmficant data on the occurrence of tubercle
bacill of the bovine type i human pulmonary tuberculosis was
reported by Beattie and Nicewonger (51) m 1942 A total of 366
strans of tubercle bacll from the sputa of persons mn sanatoriums
and hospitals 1n various parts of California were studied The strams
were screened by cultural methods and those that were dysgonic
or not typically eugonic were subjected to tests for virulence m
rabbits No strans considered ta be bovine m type were found
Earlier reports on the mcidence of mfection with bovme tubercle
bacillt in human beings 1n the United States vary as follows Of the
564 cases of tuberculosis reported by Park and hrumwiede (44) m
1910 the bovine type of mnfectious agent was present m 7 6 per cent
In Aronson and Whitney s (52) series and n the report by Van Es
and Martin (53) the mcidence of the bovine type of infection was
38 and 39 per cent respectively In 1983 Chang (54) reported the
results of a study he had made at a sanatortum 1n Massachusetts
His results indicated that m approximately a fourth of the 200 cases
studied the infective organisms were of the bovine type The figures
of Chang are defimtely unusual and probably do not represent
true mdication of the extent of mfection of human bemgs with the
baalli of bovine tuberculosis generally throughout the Umted
States at the present tme As a matter of fact 1t 15 generally be
lieved that at present mfection of human bemgs with the bacilli of
bovine tuberculosis 1s of rare occurrence Perhaps the subject should
be mvestigated further by determming the type of tubercle bacills
present 1n the sputa of elderly persons who have been mfected with
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tubercle bacill for perhaps two or more decades and who were
concervbly infected before the era of widlespread tuberculin testing
of cattle and the pasteunization of milk

From the foregoing incomplete review of reports and mvestiga
tions that have yielded information on the infectivity of bovine
tubercle bicilli for human bemgs several pertment facts brcome
apparent (1} Mycobacterium tuberculosis var boots 1s an impor
tnt pathogen for human bengs (2) A review of the hterature by
Price reveals that among approuimately 18000 cases of human
tuberculosis 1n which the type of the infectious agent was deter
mined the bacillh of bovine tuberculosis were responsible for the
anfection i 10 per cent of the c1ses (8) The bovine type of nfec
tion 1n human bengs occurs most commonly 1 Great Britam with
Denmark next 1 order of frequency (4) Cases of bovine tuber
culous mfections of human beings have a rather widespread geo
graphic distribution although 1t must be emphasized that with the
exception of the countries of Western Europe the problem has been
msuffictently explored (5) The orgamism of bovine tuberculosts 1s
capable of producmg m human bengs every form of tuberculoss
of which the human type of organism 1s capable (6) Children e
much more commonly infected by the bovine type of the tubercle
bacillus than are adults The mncidence of the bovine type of mfec
tion 1s highest among children less than five years of age ® (7) The
usual portal of entry of bovine tubercle bacilli m humn bemngs 15
by way of the alimentary canal where the bacillt find their way
through the medsum of contaminated milk and other dairy products
This probably accounts for the extrapulmonary situation of the vast
majonty of infections with bovine tubercle bacillin man (8) While
the extrapulmonary forms of tuberculosis predomate in the sta
bistics dealmg with human infection with the bacillus of bovine tu
berculosts  several hundred cases of genuine bovine pulmonary
tuberculosis 1n man have now been established (9) According to
Price lesions of extrapulmonary tuberculosts m a cinld m the b
sence of demonstrable tuberculosis n the parenchyma of the lungs
or the tracheobronchial lymph nodes should be regarded as due to
the bovine type of the mfectious agent until proved otherwise (10)
e v Hibsle Flo o bpiaaed on e Lans o re

of cluldren to the nfectious agent smce milk constitutes a large part of the
flr&n:;r:hldfen and the greater degree of natural resistance to tuberculosis possessed

by adults
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According to Gnffith (13) the latent period of bovme pulmonary
tuberculosss of thmentary ongin may varv from less thin one year
to twenty s or more (11) The tuberculous dairy cow 1s a serious
menace to human health and should not be tolerated by an informed
society

Transnussibihty  Man to Bovine —Tuberculosis bemg a conta
gious disease it would be remarkable mdeed if bovine tubercle
bacilli could be passed successfully only from the natural host—the
cow—to other cattle and to human bemngs Gnffith and Munro (2)
gave a brief account of an nstance m which a herd was bemg
tested repeatedly-with tuberculin and the reactors were bemng elimt
nated Every new test revealed that some previously negative an
mal had become a reactor Although the source of the continuing
infection was not suspected the herdsman was known to have been
affected with pulmonary tuberculosis due to the bovine type of the
orgamsm and 1t 15 hhely that the contagion m this case was from
man to ammal

£+iother example of the role of human beings n the transmisston
of bovine tuberculosts to previously nommfected cattle 1s the 1
portant observations reported m 1944 by Tice (55) of New York
State In this mstance 1n spite of repeated tubercuhn tests the re
moval of all reactors and strict measures of samtation infection
continued to occur m new additions to the herd and 1t was not until
three complete herds had been slaughtered on account of positnve
tuberculin reactions that the owner was suspected as the possible
source of the nfection Investigation revealed that the owner had
been a patient at a tuberculosis sanatorum for a few weeks just
prior to the first tuberculin test of the dairy herd Subsequent study
of sputum from the owner of the dairy and of mfected lymph nodes
from cattle that had reacted to tuberculin revealed tubercle bacilh
of the bove type ‘The evidence i Tice s report mdicates defimtely
that the owner had contracted pulmonary tuberculosis from his
ongmal herd and had subsequently infected three new or replace
ment herds withm a pertod of two and a half years Tices observa
tion emphasizes the importance of medical examination of human
bemgs who may have access to the premises of 2 dawry 1n which
repeated tuberculm tests reveal the presence of tuberculosis of ob
seure ongn

A few cases have been reported m which human tubercle bacill
were demonstrated as the wfective agents 1 naturally mfected
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cattle Feldmn and Moses (56) reviewed the hiterature up to 1941
and reported a case of therr own In many of the ten cases reported
1t was known that exposure to human bemgs suffering with pul
monary tuberculosis had occurred In most of the cases the mfectve
process had remaincd localized i one or more Iymph nodes of the
bovine reeiprent although m one nstance lesions occurred m the
lung bronchial lymph nodes and 1 one of the mescnteric lymph
nodes

1t 15 obvyous that persons who have active pulmonary tuberculo
sts should be excluded from premises frequented by cattle The
possibihity of transmittmg the human type of tuberculous mfection
to cattle 1s rather remote but there 1s the greater possibility that as
t consequence of infection with human tubercle bacilh eattle may
be sensitized to tuberculin

Transmssibility Man to Man —Gnifith and Munro also discussed
the possibihty of pulmonary tuberculosis of the bovmne type bemng
dissemmnted from one person to another The evidence m support
of this hippenmyg sf circumstances are uspicious 1s impressne Cer
tunly the sputum of a patient who has pulmonary tuberculosis of
the human type plays an important role i the spread of the disease
from person to person and there 1s no reason for believing that
sputum contaiming the bosine form of the tubercle bacillus would
be less contagious From the pomnt of view of virulence for human
bewngs 1t 1s generally agrecd by those who have had most expen
ence with the subject tl at the bovme variety of the tubercle bactllus
1s not less virulent for human beings than are bacilli of the humm
type To quote Grfith and Munro It would be very surprising if
these bialh are not sometimes transmutted to healthy persons
through the inspired air  Cumming (57) presented evidence sug
gestmg that air borne infection with the bovine tvpe of tubercle
bacill does occur m dairy workers Gnffith and Munro recounted
mstances 1 which strong presumptne evidence eusted for the

mn to man  transmussion of the bovme type of mfection

In 1939 Munro (58) reported a case i which 1t appeared Iikely
that there had been transmission of the disease from father to chld
The child two and a half yews of age had recened no other than
psteurized milk and bovine tubercle bacdli had been cultured
from the sputum of the father who was exceedingly careless mn s

ersonal habuts and practiced no safeguirds to avoid mfecting hus

children Chmcally the cluld gave evidence of tuberculosts of an
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wkle jomt and roentgenographically there were signs of mmmal
tuberculosis 1n the lungs Bovine tubercle bacill were cultured from
gastric contents obtammed by lavage and from the urime of the child

Ruys (45) reported a case m which pulmonary tuberculosis was
detected i a human bemg The tuberculosis was due to the bovine
vanety of the tubercle bacillus and 1t appeared that the infection
had its source from a friend who had open pulmonary infechion also
due to bovine tubercle bacillh

Detection of Bovne Type of Infection in Human Beings —Since
there are no recogmzable clinienl roentgenographic or pathologic
fetures that provide reliable means whereby one can distmgumsh
defimtely human from bovine forms of tuberculous infection n
man laboratory procedures are necessary for the precise diagnosis
As was mentioned previously most mammalian strains of tubercle
bacilli can be typed as bovine or human on the basis of certam
cultural features of the two forms of the organism Most struns of
the human type grow best mn a medum contumng glycerm but
bovine struns on ongmal 1solation—with very few exceptions—pre
fer a nonglycermated medium Furthermore most struns of the
human ty pe of the tubercle bacith are eugonic and conversely strams
of the bovine form of the orgamsm are dysgonic m therr growth
propensities It must be kept 1n mmd that the distingwishing fea
tures of various stramns of tubercle bacilh bused on the characters
Just mentioned constitute presumptrve rather than unequivocal
proof of the vartety of tubercle bacillus under consideration To
obtam conyinemng proof of the true character of a tuberculous
fection 1t 15 necessary to moculate at least gumea pigs and rabbats
following the procedures mentioned previously (p 7) With the
results of a properly conducted ammal test availble an mnvest
gator should be m a position to type or classify definutely the vast
majonty of stramns of aad fast bacill responsible for mammahan
tuberculosis

Vanous atypical strains of tubercle hacilh and instances of muxed 1nfections with
human and bovine types of tufercle bacill a ¢ considered m the review art cles by
Prce (42) and by Gnffith and Munro (2)

1 Guffith commented on certam features that should enable the exper: nced worker
10 recogmize pre umptively bovine tubercle bacillk present 1n sputum of man Accord
mg to Gnffith (08) 1f the bacilli m a stamed flm [ reparat on of sputum are mostly
short and uniformly stamed and sometimes oce 7 mn small (lumf)s the infectve agent 1s
almo t msanably bovine n engim Gr fath recogmized tt e unrel ab 1 ty of such cntena
for he stated  Unfortunately one cannot rely upon morphology for the detection of
cases of bovine pulmonary fubercul 55 However such crena may provide sug
€ stivel nt for add t on 1 stud es of unusial st a s of acd fast bnml?’
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Control of Infection from Cattle to Man —As was mentioned pre
viously milk from tuberculous cows 1s frequently contammated
with tubercle bacill: Butter cream and cheese made from infected
1ulk likewsse contan the mnfecting orgamsms for varying periods
Lven of the milk from tuberculous cows 1s not infected before 1t 15
excrcted from the udder, there 1s always the possibilits of the milk
becoming infected from extraneous sources of which manure m the
dwury barn or m the barnyard 1s most tmportant Data assembled
by Williams and Hoy (59) show defimtely that dung from tuber
culous cattle and even from cattle that were apparently healthy
contuned tubercle bacilli virulent for guinen pigs The contamma
tion of mulk by barnyard filth occurs farrly commonly and should
fecal matenal contaming tubercle bacill: fall mto the milk from
the soiled surface of the udder and sides of the cow the milk at
once becomes dangerous to human health unless 1t 1s subjected to
heat sufficient to hill tubercle bacill ®

A sound and wcll proved method of safeguarding the public from
the tuberculous dairy cow 1s the periodic tuberculin testing of all
cattle and the slaughter of those ammals that react positivcly to the
test As a further safeguard the proper pasteunization of mulk m-
tended for human consumption should be compulsory Tonney
White and Danforth (61) compiled data on the occurrence of
tubercle bacilli in market milk and found that of 16 700 symples of
milk exammed 8 66 per cent contamed the mfectious orgamsm The
specimens were collected from several large centers of population
and the studies were made by a large number of investigators work
ing from 1898 to 1925 The mncidence of contammated milk vaned
from 27 per cent of specimens positive to 61 5 per cent positne It
should be pomnted out that with a few exceptions the specimens of
milk exammed for tubercle bacill: 1n the studies compiled by Ton
ney White and Danforth were obtamed n European cities at a
peniod when the danger of the bovine type of tubercle bacill to
human health was not generally recogmzed and as a consequence
but hittle had been done to exclude tuberculous cows from the dairy
herd The data compiled by Tonney White and Danforth while
not reflecting the present extent of contammation of milk by bovine

tubercle bacilli 1n our Amencan cities do provide formidable evt
dence that milk, unless produced under the strictest symtary and

Maddock (80) showed that in some instances virulent bovine tuberele bailh can
sunve a period of six months exposure n sail 1 soul and dung muxture and in dung



TUBERCULOSIS g

regulatory control may not be a safe food for human consumption
Pasteunzation of milk at 145 F for thirty minutes renders tubercle
bacith nonviable In addibon the thermal effect on many other
mik borne wfections that might witiate iflness among consumers of
the mik 15 an mmportant attnbute of the pasteurization process
With modem equipment pasteunization of milk 15 an economical
and efficient proredure for rendenng mlk safe for human consamp
tion without impanng to any measurable degree s value as 2
Iughly mportant and nutntions food For satisfactory results pas
teunzation plants should be opurated under some pubhe health au
thonty and mn stniet conformty with regulations designed to provide
manmal effiency
Unless pastennization 15 properly done a great deal of evil may
result as 2 consequence of the safety that »s ymphed of the phrase
“pasteunized sk 15 used mdiscnminately * Modem equipment
proper supervision and frequent nspections are the essential factors
for obtaming pasteunzed milk that 1s safe and clean
The hterature contams many reports of the efficacy of pasteurrza
fion 1 hiling tubercle bacilliin cow s milk Rowever the reparts of
Price after a long expenence with the situation 1 Toronto and the
surrounding province of Ontane Canxda should provide unequno
cal evidence of the effectiveness of proper pasteurization n elimi
nating tuberele bacilh from the milk supply of a large aty Relative
to the situation at Toronto Price wrote as follows 1 1939 bice
1916 when pastcunization w1s made compulsory there has not been
a single proven case ¢f bovine mfection 1 the generation of chsl
dren using caty milt ” Thos statement was based on the careful study
of the etiologie tactor 1 a senies of 500 tuberculous children whom
Price had mvestigated durmng a period of thirteen years She found
that tubercle bacilh of the bosme type were responsible for § 64 per
cent of the pul v tubercul i 1t was of much
gmfl that without excep huld fected with the bovine
type of the orgamsm hd their residence elsewhere than m the aity
of Toronto Price also established the fact that the children wfected
wath bovine tuberele baalh had consumed raw milk for some time
or had always been fed raw mmik
Yurther evidence of the ability of the pastevrization process to
tender bovine tubcrcle bacilh nonviable was abtaed by Price by

Accrrdirg 1> Tays 1451 Boer found ftat nndequ tely pasteunnzed roilk mav con
*an b ng tuber Te bacill and hen e provide ta the consam © & false sense of secunity
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subjecting to tests m gumnea prgs 200 samples of pooled raw milk
which were obtuned from the pasteunization tanks prior to heating
In 26 per cent of the samples the presence of virulent tubercle
bacilli was demonstrated by the animal inoculation tests After heat
mg the milk from which the previously mentioned samples were
removed to 145°T for thirty minutes and cooling 1t quickly 100
addihonal samples w ere removed and used to moculte gumen pigs
None of the samples utilized 1n the second series of ammal moculr
tions produced signs of tuberculosts m the rcoipients °

Another factor to be considered 1n the possible transmissibihity of
tuberculosis of wmmals to human beings 1s the infectnaty of the
musculature and other edible tissue of meat productng ammals
Tuberculosis 1n anmals 1s ordinanly not a sclf hmiting disease The
mfectiv e agents are conveyed from an mmtial leston to other situt
tions of predilection by continuity by the lymphatics and by the
blood strenm If the disease 1s severe and of widespread distribu
tion 1t 1s hikely that at some phse of 1ts progression the tubercle
braill had 2 hematogenous spread and 1s 1 consequence all tissues
are Iikely to have recenved a deposition of 1 few to many tubercle
bacill: It 1s true that certain tissues such as the smooth and struated
muscles have considerable ntrinsic resistince to tuberculous infec
tion and 1t 15 exceptional that 1 focus of the disease will deselop
and prosper mn the musculature For this reason lestons of tubercu
losts are found most frequently 1 the Iymph nodes and parenchymal
organs such as the lungs Iner spleen mimmary glands and testes

Apropos of tuberculosis of the musculature of cattle Day (62)
recorded the meidence of the disease observed at the Branch Patho
logical Laboratory of the Umted States Department of Agriculture
Chicago During 2 period of twenty three years a total of twenty
five cases mvolving the voluntary muscles were encountered In
fifteen of the cases the lestons were found among cattle slaughtered
m Chicago Five of the ammals were bulls two to six years of age
three were steers two to three years of 1ge two were heifers two
years of age and fifteen were cows four to ten years of age In all

“The most reliable method for detecting tubercle bacallt in ik 15 by tl e moculation
of guinea pigs A 50 to 100 cc sample of the suspected mulk 15 centrifuged for thirty
mimutes at 3 000 rpm The cream and the sediment are mixed the interve ung flurd
& discarded and the resultant matenal diided m two equal portions and used to
imoculate two healthy guinea pigs subcutaneously Unless death accurs before the
animals are hlled for necropsy eight weeks after 1 10culation and examined for signs of

tuberculosis
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cases Irsions of tubereulosis were found elsewhere in the respectise
carcasses and 1n fourteen of the twenty five cases the disense was
generalized thronghout the mtemnal organs In view of the many
mithons of cattle carcasses examned by Federal meat mspectors m
the slanghtering establishments in Chicago duriag, the period when
Diys matersal was obtamed the fact that only fifteen cases of tu
berculosis mvobsing the soluntary musculature were found 15 m
dicatr e of the ranty of this form of the discase

In the United States and mrny other conntnes 1 svstem of meat
mspection 15 provided under either loeal or central governmental
supervision to prevent the use by human bengs of meat or meat
products that re unwholesome The efficacy of such mspection de
pends on the competency of the mspecting personnel and the con
trol that the msperting authonty exeraises over the slmghtcnng
establishment where the meat mspection 1 muntamed

The meat mspecnon senace dmmstered by the Unied Staies
Department of dgnculture is probably the finest i the world How
ever Federally supervised meat mspection 15 required only for meat
prepared for food by concerns engaged m mterstite commeree and
15 nat avadable for about 35 per cent of the nitions meat supply
whuch 1s sold within the state in which 1t 15 prepired The Intter 15
offered for sale erther without the Lencfit of any mspection what
ever or under city county or state mspection which 1s frequently
wadequate owmng to lack of tramed personne] and the fulure of
publie health authanties to msist that meat sold withn the state
should have as vdequate mspection s that sold outside the state

In m pecting meat of tuberculous munals to determune whole
someness for human consumption the Federal inspector 1s guided by
cegulations which wre based on the prmaple th it no meat shall be
sold far foad 1f 1t contams tubercle bacith or if there 15 1 reasonable
passibility that 1t contaws tubercle baaith or if 1t 15 impregnated
with the toxic substances of tuberenlons or assoiated septic mfec
tons Furthermore cogmzance 15 taken of the fact that m most
envihized countries meat 1s not eaten in the yow state and that the
temperature necessary for crobing hlls any tubercle bacill: that
mpht concenably be present * To be effcctne meat mspection
should mclude both mtemortem wnd postmortem esamin ttons

For data pn\n)m\‘% 1 te presence of rulent tnbercle bacdh m mas le 1eant
Viood splecs bnar ar “)'n\p\\ rodes of @ Vit ety of food animals affected wath tabtr
ilos ¢ see reprrt by M fler and 19 wara (63)
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TUBERCULOSIS IN MAMMALS OTHER THAN CATTLE

Dogs ~Dogs are apparently equally susceptible to the bovine
type and to the human ty pe of tubercle bacillus The dog has a high
resistance to the avian type of the tubercle bacillus and 1s exceed
wgly diffficult to mfect with this type even expenimentally (10)

Fic 8 ~Multiple nodular lestons of tuberculosis of
the lunys of an adult dog There was present also
a large tuberculous mass m the wll of the termmal
portion of the ileum Infcction was due to the hu

man tvpe of the tuberclz bacillus

Tuberculoss 1 dogs produces few symptoms that wre charactenstic
and as 1 consequence the disease 1s seldom recogmzed while the
affected ammal 1s alve The etiologic agents capable of producing
tuberculosis m dogs are also pathogeme for man The disease
dogs frequently affects the lungs where the Iestons commonly un
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dergo necrosis with extension of the bicith laden cellular detnitus to
the larger respiratory channels Consequently the tubcreulous dog
1s 2 potential danger to human bemgs and especially to children
who frequentlv fondle and play with thewr canime pets m an intimate
Tanoer °

The exact maedence of tuberculosss m dogs 1s unknown This 15
especaally true m the United States where only an oceastonal case
has been reported \ost of the figures relating to the madence of
tubcrculoss i dogs are dernved from the observations of myvest
gators 1 Lurope mcludhng Great Botam A compitation of 182
eases m which the bacillary tvpe of the wfecting agent was deter-
runed 1s shown 1 table 8
Tl §~Tyres (r Trpescis Bactits 1 187 Ca #5 oF NatoRsLLy Mquimes To

»ERCILO 33 3% Dogs (Lepvan ann Coor 6l
i

Bacitzary Trr.
Grocrarme Anra

Human | Towne | Avin
England an 1Seotiand LT f )
Continentat Furne 103 a 1
Duteh Eact Inds « o a a
United States 3 { 1 i o

Fotat . 137 4

From the data prescnted m table 81t 1 evident that the frequency
of mfection of dags with the hum m type of the tubercle baclus 15
about three times as great as the frequency of mfection wath the
bovine type However this does not mdicate that dogs are more
resistant to the bovine than to the buman type of wfection The
dispanty 1n the merdence of the two tvpes of the infecting agent m
this sencs of cases ¢ best be explamed on the basis that there
probably was a greater opportumty for exposure to mfecticus ma
tenal contaming tubercle bacill of the human type Scott (64)
vestigated the prohable source of exposure to 100 tuberculous dogs
and found that fiftv one had hived 1 restaurants or cafes where
Buman sputum was at 2l tunes present on the floors and twenty
eight had hved m mtimate contact with sich persons

Some of the charactenstics of tuberculosis 1n dogs may be sum
manzed briefly as follows (1) The disease oceurs most freque ntly
m anunals from one to five years of age (2) Symptoms while not

For 414 tional 41 form nor > tuberculosis m dogs the followirg mav be con
sulted Soott (B4) Feliman and Code (63) ard Lowell and Whte (683}
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pathognomonze my mclude loss of weight cough and enlargement
of the lymph nodes of the head and neck (3) The lungs and
tracheobronclual Iymph nodes are affected m about 60 per cent of
the eases (figs 8 md 9) Other organs of predilection melude the
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Tic 9 ~Tuberculous nodule near the periphery of a lung of a dog
{x70) Same case as shown in figure 8

Liver and the ladneys The pleura pericardium and pentoneum are
mvolved less frequently than the organs previously mentioned (4)
The morbid anatomic changes may be those of caseous granuloma
tous nodules exudative tuberculous pneumonitis or circumseribed
neoplastic ihe masses the l1st oceur especrally n the Iner and
kidneys Microscopreally grant cells of the Langhans type fre
quently associated with tuberculosis m many other mammils do
notoccur (5) Acid fast bacill wry forms are often numerous n prep
arations made from the caseaus portions of the lesions

In the diagnosis of tuberculosis n dogs consideration should be
gwen to (1) possibilities for infection as a consequence of contact
with 1 human bemng who has active pulmonary tuberculosis or by
the ingestion of contaminated cow s milk or tissue contaming bovine
tubercle bacill (2) suggestive symptoms such as loss of weight and
cough of +artable duration and (3) the results of the tuberculm test
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In conducting 1 tubercubn test on dogs 01 ¢ ¢ of a1 100 dilution
of tuberculin (OT or PPD) should be jected mtracutaneously In
amimals n the terminal stages of the discase or those mn poor gen
eral health due to mange or distemper the sensitivaty to tuberculin
may be suppressed

The public health aspect of tuberculosis i dogs, while only pre
sumpine, 15 however worthy of consideration So far as 1s known
10 mstance of transmission of the mfection from an mfected dog to
a human bemng has been reported yet as mentioned previously the
possiility of transmssior from ammal to man exists In tuberculous
dogs having pulmenary lesions mn which there 15 bronchiogeme
spread or exudatn e tuberculous p 15 countless numbers of
tubercle bacilli must find egress with the respiration and excretions
and mic with the salwa Many of the orgamsms are undoubtedty
swallowed and eliminated with the feces In severe destructive tu
berculosis of the kidneys tubereulous bacilluna 35 probably fauly
common These facts should be sufficient reasons for excluding tu
berculosis i the diagpost deration of sich dogs m which the
disease 15 suspected Obviously a tuberculous dog should be de
stroyed

Cats ~Tuberculosis 13 an uncommon disease among cats espe
cally m the United States Statistics from Furopean sources indi
cate that the mardence of tuberculous infection ameng eats 1s about
2 per cent This fiigure will vary with different geographic locations
and 1s largely dependent on the prevalence of tubercle bacilli m the
milk supply Cits have a formidable resistance to infection with tu
hercle bacilli of the human and avian types but are susceptible to

the bovine type of the organism ° Avarlable evidence mndicates that
n most mstances the mfection i cats has sts portal of entry by way
of the digestive tract This comades with the fact that n districts
where bovine tubercle bacilli occur 1n the milk tuberculosis also
occurs among cats 1k contaning bovine tubercle bacilli and con

sumed by cats 1s the obvious source of most fections m these

ammals
uf.

gasding the pathol h 1stics of natural
tuberculous mnfections among cats was contnbuted by Dobson (63)

huwabara (67) attempted to infect a senes of cats with human tubercle bacills
by moculation by feeding and bv e posing cats for tw » to three years i the homes of
tubercutous patients In none of the ammals did tuberculosis develop Progressive tu
berculosis developed ameng; all cats moculated with bovine tubercle bacill
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pathognomonic may mclude loss of weight cough and enlargement
of the lymph nodes of the hend and neck (8) The lungs and
tracheobronelunl lymph nodes are 1ffected m 1bout 60 per cent of
the cases (figs 8 wud 9) Other organs of predilection melude the
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Fic 9 —Tuberculous nodule near the periphery of a lung of a dog
{x70)} Same case as shown in figure 8

Iner and the kidneys The pleura pertcardjum and peritoneum are
involved less frequently than the organs previously mentioned (4)
The morbid anatomic changes may be those of caseous granuloma
tous nodules evudabve tuberculous p 15 Or € 1bed
neoplastic ike masses the lst occur especially m the Iiver and
kidneys Microscopically gunt cells of the Langhans type, fre
quently assoctated with tubeiculosis m many other mammals do
not occur (5) Acud fast bacillwry forms are often numerous in prep
arations made from the caseous portions of the lesions

In the diagnosis of tuberculosss 1n dogs conssderation should be
given to (1) possibalities for infection as a consequence of contact
wath a human being who has actiee pulmonary tuberculos:s or by
the ngestion of contamunated cow s milk or tissue containmng bovme
tubercle bacilli (2) suggestne svmptoms such as loss of weight wnd
cough of vanable duration and (3) the results of the tuberculin test
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pleural effusion w two tuberculous peritomtis 1d m one case there
was a tuberculous nodule m the small intestine Dobson was unable
to demonstrate acid fast bacilli in the siliva or the unme of the m
fected cats

The prthologie character of tuberculosis m cats 15 that of a dis
semn tted mibry or nodular process that 15 commonly chrracter
1zed by liquefrction (fig 10) Although the route of entry of the
mfective agent 15 through the mucosa of the intestine the intestime
may be without demonstrable lesions In some instances severe tu
berculous ententis my occur but this would ppear to be due to
remnfection from the presence of tubercle bacill in the ingesta as a
consequence of an ammal that has open pulmonary tuberculosis
swallowmg 1ts own mfective respiratory secretions It 1s Iikely that
m the lungs the primary focus occurs subpleurally Extension of the
process mto the pleura and beyond may produce a purulent or
Bbrinous pleural reaction The pleurt becomes greatly thickened
and m1y eventually consist of a dense structure of fibrous con
nective tissue without distingmshing signs of tuberculosis

As the disease progresses m the lungs diffuse and staking pneu
monitis may ensue As a consequence large regions of the lungs
become solidificd These eventually caseate or hiquefy with the de
struction of pulmonary tissue and the formation of cavites En
trance of tuberculous debns mto the bronchioles may occur As a
result bronchogenie spread of the mfection 1s probably fauly com
mon

Except m the early miliary form the tuberculous character of the
lesions may not at once be recogmzed microscoprcally Grant cells
of the Langhans type do not occur When caseation 1s present re
gons of caseation sometimes become caletfied but this 1s uncom
mon Appropriately stuned tissue may contun acid fist bacilh m
suffictent numbers to be seen microscopically

The disease seems to have a special predilection for the lungs
judging from the severity of the reaction m these organs In m
stances m which tuberculous pneumombis 15 present large regions
of the parenchymal tissue are distorted and destroyed beyond recog
nition

Generally spealung the pathologic character of naturally ac
quured tuberculosss among cats 1s similar 1 many respects to Mocn
lation tuberculosis 1n the highly susceptible gunea pig The disease
1n both species 15 widely disscmnated and highly destructive and
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workmg at Edinburgh, Scotland Dobson observed the disease m
eleven of a total of 505 cats examned In every mstance the bovine
type of the organism was the etiologic agent The sexes were about
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Fic 10 —Pulmonary tuberculosis of the cat a Milary type
showing a moderate number of small discrete tuberculous
foc: (x4) b Nodular type showmng large tuberculous nodules
near the peniphery The center of one nodule has undergone
considerable caseation necrosis (x8) (Prei;axed from matenal
Lindly supplied by Dr J T Stamp Royal [Dick] Veterinary
College Unversity of Edmburgh)
equally represented The symptom most commonly observed was
emaciation In Dobsons series the lesions occurred most frequently
1 the mesentenic lymph nodes lungs spleen kidneys and liver In
three cases 1 Dobson s series open cutaneous lestons were present
Tuberculous lymphadenitis also occurred 1 one mstance there was
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disease m swine has 1ts ongin i most mstances from tuberculous
chichens which are permitted the freedom of the farm premses and
as a consequence deposit fecal material containing tubercle bacilh
more or less promiscuouslv throughout the barnyard and hog lots
In addition garbage fed to swme farrly frequently contains un
cooked viscera of tuberculous chichens wlich have been dressed

for human cmlsumptmn

Table  —THE NUMBER OF Sw1\L SLALGHTERED LnpER FEDERAL SUPERVISION SHOW

1¥¢ THE PERCEATAGE 1N WoieR Lrsions oF TuseRcuLo 1 WERE FOUND aND tAE

PERCENTAGEs OF THE Torat NUMBER RILLED 1% DiFFERENT 1 EtRs THAT WERE Cov
DEMMED OR DTERIIIZED

PERCENTAGE | PERCENTAGE Con
YEAR NoMBER TTBERCTLOTS DEMNED OR
STERILIZED
1917 40 210 847 989 041
1922 39 416 439 1430 039
1927 42 650 443 1354 031
1932 45 802 427 1138 018
1937 36 226 300 948 008
1942 50 133 871 796 0054
1043 56 8F7 050 708 0046
1913 74046117 691 o2
1945 49 468 108 719 0046

Data suppled through the courte y of Dr A E Wight Tubereulosis Eradication
Division Umited States Department of Agrtculture

Tuberculosis of swine due to the human type of mfection prob
ably occurs rather mfrequently although precise mformation re
garding this 1s not available In a study on the type of tubercle
bacillt responsible for tuberculous lesions 1n garbage fed hogs 1t was
shown that among 264 ammls exammed after slaughter 28 4 per
cent had tuberculosis Subsequent studies to determme the type of
the mfecting orgamisms 1 each of the diseased carcasses showed
that 74 5 per cent of the bactenal strams were of the avian type and
255 per cent were of the human type (71)

Generally speaking the bovine tvpe of the tubercle bacillus 15
capable of producing m swme a more seere and more widely dis
semmated tuberculosis than either of the other two forms of the
orgamsm However 1t has been shown that although asian tubercu
losis m swime 15 predommantly a localized dsease of the lymph
nodes the disease may become widely distrsibuted with mvolvement
of the e spleen lungs and hudneys (72) (fig 11) When mnfected
perorally swine are less susceptible to the bacilli of human tubercu
losis than to exther of the other two types Natural mfection of swine
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there are many simulinties m the microscopie Appensance of the
Iestons 1 the various organs

In spite of the absence of known mstances m which tuberculous
wnfection of cats has been communicated to humn beings one can
not 1gnore the possibility of this occurnng The tuberculous cat
Like the tuberculous dog must be considered as 1 potential source
of tuberculous mfection to mn and particularly to children Espe
crilly hikels as 1 source of nfection to man would be open cutane
ous lesions the discharge from which contuns numerous tubercle
baaills

Swine —The susceptibility of swine to Mycobacterum tuberculo
sis 1s umque 1n that this wumal 1s susceptible although to variable
degrees to each of the three common types of tubercle bacilh re
sponsible for tuberculosis i warm blooded anmmals } Because of
thus fact the inerdence of tuberculosis i this common domestic ant
ml provides an index to the 1meunt of tuberculosis 1n cattle min
and chickens m a given community It must be recogmzed how
ever that the preceding statement 15 subject to at least one reserva
tion 1 that the possibility for esposure constitutes 1n mmportmt
factor 1 the relttive madence of infection by the respective bae
iy types of the orgamsm

A fauly swtistactory concept of the meidence of tuberculosts
swine m the Umtcd States duning the past twenty erght yeurs m1y
be obtamned by referring to tible 9

The meidence of imfections due to each of the respective bacill iy
types of the tubercle brcilh among the tuberculous antmals repre
sented i table 9 15 not known However observations by Van Es
and Martin (70) showed that 1n tuberculous swine from Nebraska
the wian tubercle bacillus was responsible for more than 88 per
cent of the mfections Furthermore wlile the bovine type of m
fection m swme has steadily declmed as tuberculosts has been
eliminated from cattle the tota} percentage of tubrculosss m swine
has continued 1t 1 relatively ugh level The impression at the pres
ent tume which has been supported by evperimental evidence 15
that 1n the Untted States tuberculosis of swine 1s caused mn the vast
majonity of mstnees by the orgamsm of avian tubcreulosis § The
¢ adtonal snformation regarding, tuberculasts in cats will be found m the report
b’h(:fealx}:::\%q‘nvggx‘g?\i susceptibality of swine to the vele | 1allus is 1ot availal Je

| X Getaled acepunt of s wan tibescalosi a0 swame \ 1l be foiid n the monograph
by Feldman (10}
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human and avinn forms of the orgamsm Although only a few cases
have been reported of horses bemg mfected naturally with avian
tubercle bacilli severe and fatal infection can be accomplished ex
penmentally by the intravenous mjection of fully virulent bacill
of the avian type (10)

In Amenca tuberculosis has been but rarely observed 1 the
horse most of the cases reported have been of European ongm
Fven m Furope the evidence fails to indicate that tuberculouis in
horses 15 of common occurrence Indicatie of the mfrequency of
equine tuberculosis are figures from German sources (10) In the
period from 1904 to 1924 the meidence of tuberculosis i cattle was
1898 per ent 1n swine 210 per cent n goats 085 per cent
sheep 0 16 per cent and 1 horses 0 14 per cent

The cases reported mdicated defimtely that bovine tubercle ba
cillt are responsible for the great majonty of tuberculous mfections
mhorses In aseries of fifty five cases reported by Goffith (73) from
England bovine tubercle bacill were obtaned in all except two In
one of the latter the causative agent was the human type of the
tubercle bacillus and 1n the other avian tubercle bacill were :dents
fied

Since the bovime tubercle baculus 15 the orgamism mamly re
sponsible for tuberculos:s in horses 1t 15 evident that the occurrence
of the disease 1 the horse 15 largely dependent on the occurrence of
tuberculosis m cattle The extremely low incidence of tuberculosis
m cattle m the Umted States provides adequate explanation for the
paucity of the disease 1 horses m this country

Although a horse affccted with the bovine type of tuberculosis
with mvolvement of the lungs and kadneys could become a hazard
to human health the possibility of horses in the Umited States be-
coming infected 1s so shght as to make equine tuberculosis of no
sigmficance to public health However the possibility of the trans
nussion of the bovine type of mfection 1n the horse to previously
nommnfected ¢ittle mamtuned on the same premises 1s worthy of
consideration 1n situations where the source of infection 1n cattle
cannot be explamed

Sheep and Goats —Tuberculosis 15 extremely ire m sheep Ac
cording to Feldman (10) among 147 000 000 sheep staughtered m
abattoirs under Federal supervision from 1928 to 1936 tuberculosis
was recogmzed in less than fifty In European countres the discase
1s Iikewnse seldom encountered
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with human tubercle bacilh seldom results 1 more than locahzed
tuberculous ademitis The Iymph nodes of predilection are the mes
enteric the submaxllary and the cervienl

Swine affected with human or botme tubercle bacilly are not nec
essartly 1 serious hazard to human health provided the carcasses of
such 1imals are subjected to a proper postmortem examimation by
a qualificd meat nspection service It must be recognized however
that lusions of tuberculosts m swine due to the bovine or to the

Fic 11 -Numerous nodular lesions of tuberculosis of the spleen of
a swme Infection i this instance w1s due to the avian type of the
tubercle bacillus

human type of the tubercle bacillus constitute a possible occupa
tional hazard for slaughterhouse employees and meat mspectors
Meat nspectors especially are likely to come m contact with m
fectious material smce handling of diseased viscert and hvmph
nodes with the bare hands 1s a routine procedure Manspulation of
diseased tissues cannot be avorded and the possibility for cut meous
infection evists

When mnfection of swme by human tuberele bacilli 1s known the
fact should be of mterest to those concerned with the public health
If the dissemmation of human tubercle baeillt 1s oceurri 1g 1n 1 com
munity m sufficient numbers to produce tuberculous lesions m
swine, 1t 1s reasonable to beltes e that the source of such pathogens
15 2 potentinl danger to humn beings

The public henlth aspect of the avian type of tuberculous infec
tion 1 swine 1s probably neghgible smce as will be pomted out
later human beings appear to be hughly resistant to this type of the
tubercle bacillus

Horses —Horses have a low to moderate susceptibility to the bo-
vine type of the tuberele bacillus but are relatively resistant to the
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m chickens 1s chartctenzed by its msidious course its chronicity
the presence withm the lesions of exceedingly large numbers of the
1fectious bacterta and ulcerative lesions of the mtestine which pro
vide 1 favorable circumstance for 4 gross dissemmation of the m
fectious agent mixed with the fecal maternl

The mfection 15 1cquired m most instances by the mfectn e agent
entering the digestive tract with food or water although infection
by the respiratory tract has been reported Lesions occur most fre
quently m the mtestmes the spleen liver lungs and bone marrow
Occasionally cutaneous lesions hate been observed

The pathologic character of the disease m chickens 15 that of dis
crete granulomatous nodules of vanable sizes A few to many nod
ules may occur along the mtestines and firm yellowish elevated
foc1 are present usually 1 the spleen and hver (fg 12) In some
cases the progression of the mfection 1n the spleen or liver 1s so
great and so rapid that rupture of the organ tales place as a conse
quence of the hypertrophy When this happens fatal hemorrhage
usually ensues

Tuberculous chickens are likely to be thin or even emaciated The
asease can be detected best m the living bird by the tuberculin test
using avian tuberculm although chichens i the later stages of the
disease may fail to renct to tuberculin The appearance at necropsy
of the lesions of tuberculosis m chichens leaves no doubt as to the
nature of the disease The appearance of the lesions 1s charactenstic

The disease can be controlled by denymg the birds the freedom
of the farm prenmises and by the application of hygienic measures
m poultry husbandry A tuberculosis free flock of young chickens
confined to clean and noncontammated enclosures will probably
remain free from tuberculosis The yearly addition of young though
nonmfected chickens to a previously estabhshed flock where tuber
culosis exsts and where the birds range unrestricted throughout the
barnyard will insure the perpetuation of the disease

Where tuberculous chickens exist there 1s abundant opportumty
for the wfection to spread to other chickens and to suscepuible
heterologous hosts As mentioned previously the fecal material
abounds mn tubercle bactlli which have a considerable ability to re
mamn viable outside the body of the host for a long time It 15 known
that the orgamsm of avian tuberculoss will remam viable and
pathogenic 1n the litter and soil of an infected barnyard for several
years after the p have been cc d
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Sheep are known to be susceptible to both the avian and bovine
types of tubercle bacilli While natural mfection due to the human
tvpe of the orgamism has been reported 1t 1s generally believed that
sheep are farrly resistant to the bacillus of human tuberculosis

On the basis of mited statistics acquired tuberculosis m goats
appears to be extremely mfrequent Among approuimately 317 000
goats examned at necropsy by the Federal Meat Inspection Service
only one case of tuberculosis was encountered However the fact
that goats are highly susceptible to the bacillus of bovine tubercu
losis 15 sufficient reason for not considering too Iightly the part that
goats mav play in the transmission of the bovne type of tuberculous
mfection to man If associated with tuberculous cattle goats are
likely to contract tuberculosis Golden 15 quoted by Myers (25) as
having demonstrated six tuberculous goats m a herd of forty two
The baaillary type of the mfectious agent was not mentioned but
1t 15 reasonable to assume that 1t was bovime The fact that goats are
susceptible to the bovine ty pe of the mnfective agent should mahe 1t
obvious that goats used for the production of mulk for human use
should be subjected to the tuberculn test As a further safeguard
My ers recommended that goats milk should always be pasteunzed
1f 1t 15 to be used for human consumption

The reported cases of naturally acquired tuberculosis m goats
have been due 1n most instances to the bovine type of the orgamsm
The avian type of mfection has been 1dentified 1n a few cases The
goat has a marked ressstance to the human type of tubercle bacillus

TUBERCULOSIS OF CHICKENS

Tuberculosis of chickens 15 widely distnbuted throughout most
of the northern hemisphere and 1s one of the most common and 1n
some arcas one of the most serious diseases affecting the domestic
chicken The disease 1s particularly prevalent m the North Central
portion of the United States where m some districts 60 to 70 per
cent of the flocks are affected

Chichens are susceptible only to the avian type of the tubercle
bacillus However the orgamsm of avian tuberculosts 1s virulent 1n
rarymg degrees for several heterologous hosts ncluding certan
mammals such as swine and to a lesser degree cattle  The disease
For a compreh ccount of tuberculosis fn chickens sec the monograph by
Feldman (10)

1 A review of the pe
e bacidli for cattle may

rtinent informati n regarding the patt ogematy of avian tubcr
be found 1 the monograph by Feldman (10
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AVIAN TUBERCULOSIS 1N MAN

One of the most ymportant yet most confusing questions eoncem
mg tuberculosis m chichens 15 whether or not the infectron 15 com
municable to human bemgs The question has been the subject of
much speculation and a careful review of the hiterature res eals that
many indeed of the cases of alleged 1vina tuberculous mfections
man have been erther madequately desenibed or mcompletely or
meorrectly studied As a cansequence the reviewer must sf he is
cartieal come to the conclusion that mfection of human bemngs with
the avian type of the tubercle bacillus has not m most mstances
been proved by acceptable evidence Feldman (10) reviewed the
cases reported up to 1938 and concluded that 1 the majonity 2
diagnosis of avian tubercle bacillus infections was guestionable or
erroneous  Rach (5) analyzed the dita presented up to 1944 and

tuded that if p bereulosis 1s ever produced m the
human bewng by the avian bacillus st must be only very rarely

In spute of the shepticasm that logacally follows 1 entienl examima
tion of the evidence presented to support mast of the reported cases
of alleged avian tubercle bacill mfections m man 1t must be ad
mitted that m a few cases at Jeast 11an tubercle bactll have been
demaonstrated from morbid materials dennved from human bemngs
However while the possibility of wfection of man by the orgamsm
of chicken tul tosts must be gmzed 1t 15 also true that the
pathogenicnty of this type of the tubercle bacillus for the vast ma
jonty of human bemgs 15 practically sl That an occasional mfec
tion m man may and probably does occur seems to be true but m
comparnisen with the virslence of the hwman and bovine tvpes of
the tubercle bacillus for man formation avalable at the present
tme mdicates that the avian type 15 practically without signifi
ecance

Imestigators should not however consider the question settled
and should subject suspected matenal to proced that will ehost
results that can be mterpreted with confidence The extreme ranty
of wfections of human bemgs with avian tubercle bacilly and the

sheptiossm of many who doubt that such mfection eser oceurs make
1t exceedingly important that every alteged case be firmly estab
Iished by convincing data To establish the hacdlary tvpe of some

The questim of the possible relatr n of Hodghin s disease ta a 120 tabesculons m
foction has been discussed by Feldman {10) and by Ruuh (5)
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The question whether eggs laid by tuberculous birds contam avian
tubercle bacilli has been the subject of considerable mvestigation *
The accumulated evidence mdicates that occasionally avian tuber
cle bacilli are present 1n eggs from tuberculous hens Ths does not
occur often—probably 1n less than 1 per cent of the eggs lad by m
fected chichens

Fre 12 —Naturilly d tut 1! of the 1bd 1 viscera

of 1w adult chicken A Nodular testinal lesions B Liver C Spleen

Assuming that 1 small percentage of eggs from tuberculous hens
contain virulent tubcrele bacillt and accepting the fact that most of
the eggs from chickens are consumed by human bemgs 1t 15 impor
tant to know the temperature necessary to render the bacilli non
viable The temperature necessary to obtam an egg that 15 soft
boiled 15 not sufficient to kill the bacteria some survive 1n the zone
between the soft and firm portions of the egg Time and tempera
ture suffictent to obtan eggs that are hard boiled are ordmarly
sufficient to kill avian tubercle bacill that may be present How
ever there 1s some ¢vidence to indcate that the time of boiling must
be extended to ten mmutes to msure the desired results

* For a detaled consideration of the questton of eggs containng avian & bercle
bacill see the review by Feldman {10}
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strams of Mycobacterium tuberculoss 15 not a simple matter and
frequently extensive studies are necessary to determine defimtely
that a grven stram 15 or 15 not one of the commonly accepted types
While several factors are of importance n the type identification of
tubercle bacilli the most convinemg evidence 1s obtamed from
properly conducted tests of pathogematy (Procedures for the de-
termmation of types of tubercle bacilh are given on page 6 ) ¢

ITEMS OF NOTE

1 While 1t 1s generally recogmzed that there cust three bacillary
types of tuberculous wnfection the ability of each of the three
types to produce progressive tuberculosis 1n certain heterologous
hosts 15 not well appreciated If this fact 1s fully understood and
1ts importance completely retlized the necessity of a compre
hensive plan of control and eradication of tuberculosts becomes
evident Ideally the goal should be the elmmation of tuberculous
mfections from Il species

From a public health pomt of view tuberculous cattle constitute
the most mmportant ammal source for tubercle bacill: that are
virulent for man In the Umted States bovine tuberculosis has
been reduced to a very satisfactory level yet so long as a single
focus of nfection remans there exist the essentials necessary for
the dissemmation of the mfection The attack agamst the tuber
cle bacillus must be prosecuted with vigor and wathout compro-
mise An attitude of complacency or one in which satisfaction
with past achicvements takes precedence over the importance of
the task yet to be done will defeat any plan of approach no mat
ter how adequate 1t may appear to be

Fimally 1t 1s appropriate to emphasize that the remarhable
achievement of the vetermary profession m practically elim
nating tuberculosts from cattle in the United States constitutes 1
notable example for the guidance of physictans who are con
cemed with elmmating tuberculosis from human bemngs The
problem must be attacked nationally and with vigor with the
thought ever n mmnd that tuberculosts 1s a highly contagious dis
case Those who have the disease in the contagious phase must
be wgrggated from those who are not infected

[

W

Requrements for a diagnosis of avian tuberculous infections 1 man are outhined
1lso by Rich (5)
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Exp les de sa Specifi et de Son labiite Pans J B
Baillre & Fils 1868 pp 7 631

Jocn R Address before the Sccond General Meeting Tr Bt Cong
Tubere 1902 1 23-35

Swvurrn TreosaLp A Comparative Study of Bovine Tubercle Bacall: and
of Human Bacilh from Sputum ] Exper \Mcd (July Sept) 1898
3 451511

Ravener M P Transmussion of Amiml DlSC’“;Sn to Man through Milk

ub Health Apr) 1941 32 174162
cﬁﬁfﬁﬁﬁ S Bo\1{|c Sl'uli)Jerculos:s m Man Tubercle (Sept) 1987

18 529543




CHAPTER X

ANTUHRAN®

Awnm).x »s pnmanty 7 dhseuse of ammls secondanly mun s m
fected from an ammal exther by dwect or indirect means Other
destguations for the disease which have been used are malignant
pustule splenic fever chasbon murrun and wool sorters disease

HISTORY

The onigin of anthrax 1s Jost m antigmty About 1491 ne Moses s
quated s threatenmng Pharoah with w epiderme wmong his horses
eattle and sheep as follows

Behold the hand of the Lord 15 upon thy cattle whach 15 m the
Beld upon the horses upon the asses upon the camels upon the
oven and upon the sheep there shall be = grievous murram” (1)

The disease 15 considered by many authors to have been anthrax
The severty of the outbreak 1s dicated by the statement that all
the cattle of Egypt died

Classteal wrtters m the centunes that followed alfuded to out
breaks among ammale that i all probability were anthrac Homer
wentions 1t Vargsl desenibes 1t quite accurately 1n epdemic form 1n
ammals Fappoerates Galen an8 Phny descnbe cubuncles whch
are constdered anthrax by modern authonties Numerous wisters
duning the medieval ages mention devastating eprdenics of the
disease m ammals Not until near the end of the susteenth century
however was it suspected that the disease was transmussible to man
In 1613 1 the south of Earope 1t developed mto a scourge which
carnied off 66 000 people In ancient Anglo S 1von records there ap
pear accounts of recipes charms and ancantations for the cure ar
prevention of ‘black bun s anthrax was then called

The begning of sctentific htertture on anthrax ss marked by the
publication of Charbon Mahn by Toormer m Dyon France 11

Prepared by Henny Field Smvth M D DrPit
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DISEASES OF DOMESTIC ANIMALS AND BIRDS

Chse Report of a Spontaneous Infection m an Adult Bovine Am Rev
Tuberc (Mar ) 1941 43 418 424

Cuovnimve W M Pulmonary Tuberculosis m Darry Farm Workers and
Others coming much 1n Contact with Cattle Type of Causal Orgamsm
n 14 Cases Tubercle (Feb) 1933 14 205 207

Muxre W T Epidemuological Aspects of Pulmonary Tuberculosis due
to Bovine Type Tubercle Bacilli Edinburgh M ] (Mar ) 1939 46 165
179

Witiams R S and Hox W A Tubercle Bacili m the Freces of
Apparently Healthy Cows ] Hyg (Nov ) 1927 27 8739

Maooock E C G Studues on the Survival Time of the Bovine Tubercle
Baaillus 1n Sail Soil and Dung 1n Dung nd on Grass with Expenments
on the Prehmmnary Treatment of Infected Orgamc Matter and the
Cultrvation of the Orgamsm J Hyg (Jan) 1933 33 108117

Tonwey F O Wrrte | L and Danrortn T F Tubercle Baalh m
the Raw Milk of the Chicago Dairy District Am | Pub Henlth (M)
1927 17 491 493

Day L E Tuberculosis of the Voluntary Muscles Bureau Vet (Julv)
1932 8 12

Moreer M and Isurwara T Ueber den Tuberkelbacillengehalt der
Muskulatur des Blutes der Lymphe und der Flerschbeschaulich Nicht
Infiziert Erschemenden Organe Tuberkuloser Schlachttiere Zentralb!
f Bakt {Ong) (July 16) 1914 7+ 393 455

Scorr H H Tuberculosis n Man and Lower Ammals Med Research
Couneil Special Report Sertes 1930 149 1 270

Ferosan W H and Cobe C F Tuberculosis n Dogs with 2 Report
of a Case m which Surgical Procedures may have Influenced the
Pathogenesis ] Tech Methods (July) 1942 22 4956

Loviit R and Wirre E G Naturally Occurring Tuberculosis i Dogs
and Some Other Species of Arumals I Tuberculosis m Dogs Bt
J Tubere (July Oct) 1940 34 117 133

Ruwapara T Susceptibility of Cats to Tubercle Bacilh hutasato Arch
Exper Med (Nov) 1938 15 318 829

Dosson N Tuberculosis of Cat ] Comp Path & Therap (Dec 31)
1930 43 310 316

LoverL R and Warre E G Naturally Occurning Tuberculosis in Dogs
and Some Other Species of Antmals IT Ammals other than Dogs Brit
] Tuberc (Jan ) 1941 35 28 40

Van Es L and Martiy H M An Inquiry mto the Cause of the Incre ise
of Tuberculosis of Swine Research Bull Unn Nebriska Call Agrie
Exper Sta Lincoln 30 1925 78 pp

Feuosan W H - Tvpes of Tubercle Braillh 1in Lesions of Garbage Fed
Swme Am J Pub Health (Nov) 1939 29 12311238

Feuonan W H  Generalized Tuberculosis of Swine due to Avian Tuber
e Baclll ] Am Yet M A (M) 1938 92 681685

Grrrrrn A S Types of Tubercle Bm_l'h m Equme Tuberenlosis
| Comp Path & Therp 1937 50 159 152



CHAPTER 11

ANTHRAX"®

ANTID'(AX 15 pumanly a disease of anmals secondanly man 15 m
fected from an anumal erther by direct or indirect means Other
designations for the disease which have been used are malignant
pustule splemc fever charbon murrun and wool sorters disease

HISTORY

The origin of anthrax 1s lost in antiqumty About 1491 nc Moses 1s
quoted as threatening Pharoah with n epidemc among his horses
cattle and sheep as follows

Behold the hand of the Lord 1s upon thy cattle which 15 m the
field upon the horses upon the asses upon the camels upon the
oxen and upon the sheep there shall be a grievous murram” (1)

The disease 15 considered by many authors to have been anthrax
The seventy of the outbreak is mdicated by the statement that all
the cattle of Egypt died

Classical writers m the centunies that followed alluded to out
breaks among ammals that m all probability were anthrax Homer
mentions 1t Virgil describes it quite accurately in epidemic form m
ammals Hippocrates Galen and Pliny describe carbuncles which
are considered anthrax by modern authorities Numerous wnters
during the medieval ages mention devastating epidemues of the
disease m ammals Not until near the end of the sixteenth century
however was 1t suspected that the dise1se was transmissible to man
In 1613 m the south of Europe 1t developed into a scourge which
carried off 60 000 people In ancient Anglo Saxon records there ap
pear accounts of recipes charms and incantations for the cure or
prevention of ‘black bain as anthrax was then called

The begmning of scientific hterature on anthrax 1s marked by the
publication of Charbon Malin by Tourmer n Dijon France m

Pr pared by Henry Field Smyth MD DrP 1l
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1769 The Academy of Dyjon offered a prize ess1y on the subject
which resulted in some remarhably accusate descriptions of the dis
ease 1 man and amumals Chabert (2) 1n 1780 distmguished dif
ferent forms of anthrax m man from other septic conditions of the
shin and Barthelemy 1 1823 proved the contagious nature of the
disease m animals

The cause of anthrax at this time w1s 1 moot pomnt, theones being
bound up m all the hazy and illogictl notions of the pre Pasteur
period Delafond (3) a French vetermariwn held that anthrax m
sheep was caused by an excess of blood circulating 1n the vessels
due to too copous and substantial feeding Heusinger (4) was of
the optmion that anthrax in man was due to 2 malnal neurosis de
pendent upon various conditions of the soil and climate Other 1deas
mcluded the influence of soil summer heat storms, insamitary con
ditions of the stables and the like

Among such a confusion of 1deas wath anthrix killing off from 25
to 50 per cent of the flocks of sheep and so prevalent mn France and
other European countries that farmng was almost at a standstll
(5) a period of observation and mvestigation began about 1850
which culmmated i the identification of the anthrax bacillus by
Roch m 1876 (6) and the production of a preventive vaceme by
Pasteur 1 1880 (59)

Historically anthrax has 2 double sigmficance It was the first dis
ease of man and amimals shown to be caused by a micro orgamsm
and the first disease agamst which a bacternal vaccine was found to
be effective

THE ETIOLOGIC AGENT

Anthrax baailli m the blood swere first seen by Pollender (7) m
1849 His description was not published until 1855 however and
meanwhile Davame and also Rayer (8) had called attention to these
pecubar bodies about twice the size of a red blood corpuscle which
were present m the blood of infected amumals Bravell (9) i 1857
and Delafond 1n 1860 (3) both observed the same organisms but
none of the mveshgators up to this time reahzed their full sigmfi
cance The researches of Pisteur mto the field of what was destined
to become the science of bacteniology stmulated Davamne (10)
~gain to take up the study of these orgamsms In 1863 he demon

tr hat only the blood of ammals sick with the disease con

trated
iqmed the orgamsm (10 ) and i 1873 he showed that when this
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Blood was passed through 4 el filter 1t was harmless for other
anmmnls (10 ) In 1876 Robert hoch (8) cleared up the whole matter
by cultnvating the orgamsms outude the body m pure culture and
agan producing the disease

Fic 18 —Anthrax eolomies natusal size on surface of plam agar FX e

twenty four hour growth made duwect From suspension m sahne solution
of blood from case of anthrax m cattle Mote irreqular shape of colomes

smany with tads {comet shap~d} (From Stem CD Vet Med 1313
38 130-139)

Bacillus anthracis 1s one of the Targest org imsms among the patho-
genie bacterin measurmny, from 1 to 1 25 macrons m thiekness 1nd 5
to 10 mucrons m length It has the further distinction of bamg ove
of the most remistant of orgamsms 1mong the pathogens In ts spore
stage 1t has been found to survive m 2 dned condition for many
years {11} Graham Sruth {12} testing anthr v spore survss a} found
that with dried spores exposed to ddffuse sunkght at room tempera
ture 50 per cent we ¢ 11¢canable of cernunation after a fow wonths
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a considerable portion of the remamder germmated after 10 years
but all seemed to be dead m 23 years Chemical dismfectants are
not very effective agamnst the spores except m sirong solutions or
over long periods of time—liquor cresolis compositus 5 per cent
seven hours carbolic acid 5 per cent two days mercury bichlonde
10 per cent twenty minutes, and formaln 10 to 20 per cent ten

FEBS
g ﬁ/ ~ i:.::’

\ 1 \r '{

t ‘% ; 4 4 =
EL‘.A wd ;5 f{

e

i s 7%

4 —Staned anthrax bacillh and spores A bacilli m sheep blood (methyl
f;i bllue) x 1700 B bicilli n gumnea pig blood (Giemsas stam) X 1600
C bacilly in gumea pig blood (Hastings stan) X 1600 D sporuhting organ

leen {from case of anthrax n cattle) X 1400 E anthrax spores
}S;;‘;(:S;:‘u:g 9; 1(900 F bacilli m blood stamed with methvlene blue {photor
h taken with polanzed ight) X 2000 Gand H so-called shadow or ghost
iy % 1500 I bacilh from spleen of gumnea pl% {note long chams) X 1400

f(uft‘;?:;smm CD Vet Med 1943 38 130-139
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mmutes Todme 05 to 1 per cent will stentize shans m twa houes or
less (13} In dry a the orgamsms are destroyed at 200°F mn 24
hours {14} The vegtative forms free from spores, are casily de
stroyed by the usual methods of disinfection

In cultunng other luss resistant types of bactersa will overgrow
Baellus anthraus but when these have been dustroyed by the cor
rect degrec of heat, 1t 15 eastly cultiated on all ordinary nutnent

14 ¥ s
¥ . g,
R R A el
N by L Gt
2 [S é-v - Py 3t
4 BEE e ed vt

Fic 15 ~Anthrax colomes on surface of plam agar plates esghteen hour
guwth made direct from suspension m satine solubion of spleen swab from
case of anthrax m eatde 4 small and medium ivegulas shaped calonses
patural size B small colony (note graund glass appearance) x 10 € hige
camet shaped colony {note gmuné:r glass appearance) X 10 D portion of
colony € showang barder x 30 I border oip:ulanyc ~ 100 (From Stem
CD Vet Med 1043 33 130133 }
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media formmng charictenistic colonies which are not difficult to
wdentify These colones have a ground glass or medusa head ap
pearance curled with marginal filaments always returning to the
colony and not showing free ends In filiments of a 24 hour culture
cell dnisions are not easily seen when exammed under the oil 1m
merston lens through a cover glass Spores do not develop until after
24 hours on standard agar As with several other pathogens two
types of colomes h1ve been noted rough and smooth the rough or
R type bemg more virulent After the use of some antisepties R”

colones may disappear and only the S type remamn comeident
with loss of virulence

It has recently been shown that there 15 a defimite antagonism be
tween the anthrax orgamsm and the colon bacillus (15) When al
lowed to grow 1 mixed culture the anthrax orgamsms not only de
crease m relatnv e number but also 1n virulence A simlar antagonism
has been shown between anthrax and Pseudomonas aerugenosa and
also one of the mycaides group of organisms

While generally referred to as an aerobic organssm the anthrav
bacillus can be grown anaerobreally under which condition it has a
somewhat altered morphology produces no spores and 1s less viru
lent (16) This corresponds somewhat wath its behavior 1n man as it
1s 1 non spore former 1n the body formmg spores only when having
an bundant supply of oxygen This fact 1s the basis of the regula
tion s to the disposal of anthrax infested carcasses mentioned later

GEOGRAPHIC IREVALEN\CE

Anthrax occurs m 2l parts of the world In certain European coun
tries where restrictive measures have been enforced together with
preventive vaccination as m England France and Germany the dis
ease i ammals 15 now rither infrequent In other parts of the world
especially the Asiatic countries of Stbera Persia Tibet China Indn
and Arabia where samtary science has not been developed anthrax
1n anunals 1s very prevalent Tt occurs m many parts of South Amer
1ca Africa and Austraha Legge (17) hsts as countnies most likely
to supply nfected maternals such as wool hawr hdes and shins
Chima India Central Asia Straits Settl ts Persta Mesop 1
Asia Mmor Japan Russia Egypt and Africa Amernican experience
would add South Amenca and Mexico to this Iist

Questionnaires sent out 1n the spring of 1939 by Smyth have thus
far shown that Great Britamn Germany Trance Poland Belgmm
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Fic 16 ~Photomicrographs of an anthrax colony re
moved from surface of plun agar plates by wmpres
sion method fised mounted and stame d with methyl
eneblue A colony from anthrax field stran (X 45)
B border of the sune colony (X 145) G extreme
margn of a portion of the border shown n B Note
the wavy haulike paralld] arrangement of bactenal
flaments composmg upper and lower loops (< 400)

D upper loop shown 1n € highly magnified to show
arrangement of mdividual bacterla composing the
long chams (X 1600) (From Sten CD Vet
Med 1943 38 130-139)
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Italy Norway, Denmark Sweden Esthoma Finland Australia
Philppine Islands India Turhey, Siam Jwa Sumatra Umon of
South Africn khodesia, Celebes Moluceas, Irag Belgmn Congo
Guatemala Puerto Rico and Hawau have ammal anthrax more or
less prevalent

In the previous five years New Zealand had had no ammal or

human eases, Borneo nane Libena four cases 1n animals but none
mman and the Netherlands three cases 1 man but none 1 ammals

The outlooh however, becomes somewhat more hopeful for the
future when 1t 1s considered that preventive moculation of liestock
1s being practiced to some degree n 23 of the 27 countries men
tioned above This measure 15 being used very extensnely m the
United States but as vet we continue to have many outbreaks of
ammal anthrax and human anthrax ansmg from the handhing of
domestic materials 15 not uncommon

Anthrax occurred n North America quite early in the days of the
colomes Carpenter (18) traced the mfection mn Lowsiana back to
the time of 1ts settlement by the French It was believed to have
been prevalent among the deer of that region The cattle were like
wise attached annually so that by 1835 1t ewsted mn all parts of the
stite Carpenter states however that it seems not to have been
even nohiced m the medical annals of America ” In 1835 he reported
1 large number of human cases Later references mn that state as
well as other lower Mississippr and Gulf States mn the years that
followed mdicate that anthrax was more or less endemc m that
region (19) The first human case m the United States of which
there 1s record occurred m Philndelphia in 1834 (20)  Murrun
or anthrax was at that time preyalent among cattle fed on the com
mon Several persons who skinned such ammals deyeloped lesions
on the hands

In New England Osbomn (21) could find no mention of anthrax
1n the colomal records of Massachusetts In 1832 1 report appeared
by a physician i S2lem who had seen six different cases in previous
years (19) I'rom 1853 to 1869 at Walpole Massachusetts 26 cases
occurred traceable to a hair factory (21)

Numerous references hwve appeared since that time medreal
Titerature mdicating that anthrax has ewsted especrally in the north
ern states of the Atlantic seaboard in California and 1n the Central
Gulf States In Lowsiana 1n 1924 20000 head of eattle penshed
from the disease mn 43 out of 64 panishes (22)
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Ammal anthrax tends to appear m river valleys Stewn (23) states
that 1t 15 prevalent 1 southeastern South Dakota northeastern e
braska the Texts Gulf coast the delta region of the lower Mis
sisyppt and 1n the Missisnippt volley 1 Arhansas Mississipps and
Lowsisna an aBl of which areas wadespread outbreaks sceur from
time to me Streams are often contammated with surface dramage
from anthrax soil and may earry the wlection to distant pomts es
peenlly duning floods and overflons The outbreaks usually occur
when Ivestock are n pasture and tend to follow hot dry summers
m which normally swampy areas are dued up and the regular
growth of herbage becomes scanty necessitating grazing close to
the sl

Smyth as Chawman of the Committes on Anthrax of the Indus
tral Hygiene Section of the Amencan Publie Health Assocribon
has been reportmg anthrax madence m the Umted States snce
1919 and m October 1939 presented a 20 year summary 1919-38
{24) In the first fve year period 1919 23 only 15 states reported
human cases but forther mformation since obtamed added 10 to
this hst In 1824 28 27 states seported human cases 1929-33 85
states and 1934-33 37 states all of the states replymg o the ques
tiosmare for the first tme

In October 1944 a further detaled report for the 1939 1043
penod (24 ) added Alnbama and the Distriet of Columbna for the
first time to areas reporting human cases At some tine dunng the
twenty five year pentod every state eveept Idaho and South Crro
hina has reported one or more human cases In the 1933 1943 penod
29 states reported 408 human cises OF these 816 cases were of m
dustnal ougm {from hndes wmd shias wool and hawr) and Al but
two of these oeeurred m the six states of Delaware Massachusetts
New Hampshiwe New Jersey MNew York and Pennsyhama

From table 10 wlich shows the geogriphic distnbution of am
mal and human anthrax m the United States 1t may be seen that
w1th the possible exception of Idahe there 15 not 2 state sn which
either aninal or human anthrax has not been recogmzed i the
twenty five year period preceding 1944 In each succcedmng five
vear penod new states which had not previously reported human
cases of agnieultural ongm kw e so reported until now 1t least theee
qutrters of the states have o veported so that although the Iarger
number of human cases are of mdustrial ongsn they e concen

trated w a few states wd axe quckly recognzed and promptly
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Table 10 —GEOGRAPHICAL DISTRIBUTION OF ANTIRAX 1\ THE UntTED STATES 1919 1943

ANtyaL Houas '
ANTHRAT ANTHRAX
Occurrina | Oceurring
STATE ® " ComMENTS
S8 |82 58| a2
22 |gaf = 88
Abama T x| = F
Artzona - - + +
Arkansas + + + +
Ca}n(mgm + 4+ 0+ |+
olorado + + + +
Connecticut T+ = + =
Delaware + ? |l + | 4 J Noanimalanthraxin 1942 0r 1913
Tuman eases chiefly industnal
bc — | = I = | + [ Probablesource harbrush
Flonda FI A T
Georgin + + + + _
dho — [ = 7= |7 | Dignoss hhsputed
Hinors + 0+ + o+
ndiana, -t - i ;
"
L I N o
T 7 + — [ No reports recenved te ammal ¢t ¢s
_,;;msx.ma _t + I i
ine z
faryland + 130 ¥
Massachu etts + + +_|_ 4 | Human caseschefly industnal
Michigan = g ¥ =
+ |+ P+ -
ecoun, B e O O o
ontana | F | [ % | % | Dugnosisdr puted
Nebra ki + |7+ | #7| "7 I Doubt completeness of reporting hu
i man cases ammal anthrax previ
3 + [+ P+ ] = ent
hixnldf;mpslum + - + + { Human cases chiefly industnal
Nen Jersey + + + + | Human ca e chiefly industrial
New Mewito ? ?_|_+ [_+ [ No reports recerved re anmal cne4
New York + T+ + |7+ | Tluman cases chiefly industnal
N Carolina + |+ o+ | £
N Dakota [+ + ] +1+
Oka [ H 1
ahoma ~_ I+ i
Gegn | & ) F [

+ + | + | + |Fumaneca escheflyindustnal
ﬁ%’éﬁlg’lﬁ’l&? _; T r } I J\o reporta recenved re ammal eases
§ Carohina -0 -1 -

+ L+ b+ I+
PR T 7 [ 7T+ [ 7 lTiuman case diagnowns di puted No
'i'ennww + + + I + ammal cases 41 43 previous rec
Utah [+ + 1 +1 %] ordsdestroyed
L5 N e et e e
Washington + - + -

Te thargmn + = ot
Wsconin tf | T [ +
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treated while the more serious problem hes in the widely scattered
cases of agneulturil ongin

THE DISEASF IN ANIMALS

Practically all \mmals domestic and wild are subject to anthrax
to a greater or less degree Sheep and cattle are the chief sufferers
but other domestic animals such as horses goats and even hogs may
contract the discase on oceasion Dogs have been known to become
mfected through eating the carcasses of animals dead of the disease
Fowls are practically immune except under adverse conditions such
as those 1 Pasteurss classical experiment where the body tempera
ture was lowered several degrees by partial immersion of the bird in
cold water In his 1939 report (24) Smyth refers to anthrax con
tracted from minks 1 commercial minkenies where anthrax mfested
horsemeat had been fed to the anmals and a report from Siam re
fers to anthrax in elephants The small Inboratory ammals such as
gumea pigs mice and rabbits die very quickly after moculation

Infection of anmmals ordinanly takes place by ingestion of the or
gamsm rather than by contact Pastures m which infected cattle
have roamed may remam contammated for years and prove fatal to
any stock turned thereon to graze Pastures contaminated by tan
nery wastes have been described by Eichhorn (25) and by others
as a menace to cattle as are streams mto which tannery wastes
are discharged and from which cattle or other ammals may drmk
Anthrax organisms may be carned from place to place by birds and
small ammals They have been found on the beaks and feet of
buzzards which have fed on ammals dead of the disease Tle dog
cat opossum and chicken all may harbor live spores mn the feces
after eating infected flesh and thus serve as dangerous carmiers 1
spreading the contagion to new terntory Morris (26) cites a case m
which 1t was clammed that virulent pores were found m the feces
of a dog eight years later Infection by mgestion may occur from
eatmg hay forage or other crops which have been grown on m
fected pasture land or otherwise contammated with anthrax spores
Smyth (24 ) reports a small epidemic 1n cattle 1n Maryland due to
feeding infected blood meal Ten Hoopen (27} states that the ma
Jonity of cases of anthrax among Dutch cattle arc traceable to 1m
ported infected fodder As stated in Smyths 1934 report 80 per
cent of cases reported i Great Britain arsse on premises upon which

the disease has not existed within the previous five years The use
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of artificsal fecdstuffs ppears with great frequency 1n issociation
with such outbreaks bone meal seeming to have been the source of
ifection m several mstances Kelland (28) suggests that the use of
mmported feed i 248 out of 395 anthrax outbreaks 1 ammals
Englwd and the simultaneous use of imported feed and artificial
manure 1 40 more, may be sigmficant

Biting flies may be a factor 1n the spread of anthrax not only from
mmmal to vmmal but also from ammal to man Anthrax spores have
been found to remam alive i fhies for 20 dnvs being found 1 the
feces Infection through abrasions cuts and scratches can likewsse
spread the discase but such factors are of small importance m am
mals compared to ingestion

The disease mn ammals may appear mn three forms—apoplectic
acute or subacute Washburn (29) describes these different condi
trons 1s follows

“The apoplectic form 1s most frequently scen attaching cattle or
sheep at the beginming of an outbreak before the anmmals of the
viamity have developed any degree of naturil immunty to the m
fection Here the ammals present symptoms of cerebral apoplexy
They reel and fall bloody hqud flows from the body opemngs and
death soon follows If the body 15 opened and search 1s made for
evidence of disease 1t may be quite impossible to detect any definite
Iestons or change n the tissues

“The ncute form of the diserse develops more slowly  but becomes
well established 1n twelve to twenty four hours after the premom
tory symptoms are noticed In these cases the fever 1s mtense (104
to 107°F ) The wmmal 1s greatly prostrated Cerebral congestion
causes cxcitement which 1s followed by drowsimess and staggenng
gait There 1s frequent passage of bloody urme followed by con
vulsions and death In this type of the disease as well as m the
apoplectic form post mortem exammation of tl ¢ carenss may ful to
reveal iy defimte lesion

“The third form of anthrax the subacute 15 the most common
The symptoms 1se like those of the acute form except that they are
of slower development Instead of becommg established m twche
to twenty four hours onc to seven days may be required The fever
15 very Jugh Sertous calics are often present Local anthrax tumors
appear externally first near the shoulders neck and herd and are
usunlly due to local mjury or brussing which gives nise to a collee
tion of bacilh within the blood vessels of the part whose resulting,
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mflammation grves nise to the swellmgs or cubuncles These tumors
are at first hard and circumsentbed but later become cold insenst
ble diffuse and fiuctuating An evamunation of the carcass of an
ammn] dead of the subacute form wall probably show many lesions
or alteriions Hemorrhages may be found sn almost all parts of the
body Serous nfiltrations may be present benesth mucous mem
branes and shin There will be swelhng of the spleen the Iner and
the hadnevs and the blood will be of a muddy or tarry appearance
and ncoagulable The cavities of the body contan more or Jess
bloody effusion and the lymphatie glands are swollen 1nd contun
small hemorrhages The red blood cells have become broken down
m large numbers nd the serum of the blood has been markedly
reddened The walls of the intestimes may apper perfectly normal
but hemorrhages are frequently seen especially m the walls of the
duodenum

“The subacute form 1s the one most commonly met and 15 the only
form which responds favorably to treatment Death ensues so quickly
m the other two forms that ~ttempts at treatment are of but hitle
use

Isolated or sporadic cases are usually of the subacute form and
are frequently limted to the formation of a tumor or carbuncle at

the pomt of the body at wlich the wfectise germs first gamn thew
entrance

ANTHRAN IV MAN

The number of human eases of anthrax 11 the United States 15
not large Tagures gathered from vrtous stue health deputments
by Smyth (24) would ncicate that there are probably less than a
hundred cases annually In the first decade of this century Butish
authorities placed anthrax mortality 1n Europe at about 25 per cent
(30) Holtzmann (31) showed German esperience 1 the tannerv
ndustry for the penod 1927 1832 to average 93 per cent fatahty as
compared to 12 per cent for the same wdustry i the Unated States
during the same period (24) Anthray fatahties in the Unated States
(24} have decreased from approxunately 20 per cent m the 1910
1820 period to about 8 per cent 1n the 1939 1943 penod This i
Provement has occurred almost entirely in the tinnery and woolen
mull cases which have shown better thwn a 50 per cent decrense m
fatalty rate over 2 pertod of twenty years this rate now baing be
tween five and six per cent m these mdustnes Tlus drop 15 un
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Table 11 —Axatowic DisTRIBUTION oF Privary ANTERAX Leston v 937 Cases

EGGE)

PERCENTAGE

Site DIsTRIBUTION
Head and face 416
Neck 312
Upper extremty 204
Lower extremity 19
Trunk 19

doubtedly due to earher diagnosis and more prompt and efficient
treatment Most of these cases occur in large plants having then
own plant physicians and tramed foremen who are on the look out
for the shghtest lesions Such plants are for the most part located
m or near medical centers where adequate medical service ¢ be
obtamed promptly Sunmlar improvement m fatahties from other
sources m which diagnosis and treatment are usually delay ed such
as m longshoremen agricultural workers and nonmdustral cases
(1e shaving brush cases) have not been noted and reman from
20 per cent to 50 per cent
Human anthrax nfection 1s usually through a shin lesion gen
erally a shght abrasion scratch or small wound on an exposed sur
face producing pnimarily the local lesion of malignant pustule
carbuncle or charbon Less frequently fection may enter the up
per Tespiratory tract 1n the form of dried spores m dust from wool
sorting or from storage lofts for dried skins or hair and produce the
massive pneumonia of woolsorters disease Less often still i man
ternal anthrax may take the form of an intestinal infection result
g from the mgestion of ymproperly cooked meat Milk 35 rarely
responsible for human anthrax infection as wfected cattle are ust
ally too 1ll to be secreting milk
Solowieff (82) reporting autopstes on 22 cases of imtestmal an
thrax states that the lesions are usually hnited to a comparatwvely
small section of the bowel most frequently the cecum and djacent
art of the small mtestme Jean (83) reports one case of renal
anthrax with multiple kidney abscesses unsuccessfully treated by
excision
Occasionally no portal of entry 1s recogmzable and infection may
localize or at least predommate as a memngitis Cernaianu (34)
states that the bram 1s much more receptive to anthrax bacills than
the shin McCowen and Parker (85) report a fatal case of anthrx
menmgtis withno evident external lesion Several sumlar cases have

been noted n the United States



ANTHRAN w3

Internal anthrax of 1wy type 15 usuath fatal although prompt
energetic treatment mav occasionally be successful One case has
been reported {36) of pulmonary anthrax i 1 two and one haif
year old child diagnosed by finding anthrax orgamisms in the spu
tum The chald recor ered under serum therapy but wath damaged
wision the ey es apparenth bemg affectcd at the start Another case
of pulmonary and intestinal anthrax deseloping sfter a pnmary a
Me lesion recos ered after treatment with scrum and arsenmscals {24)

The external form of nthrax presents a very tvpierd chimesd pre
ture In two or three days after contrct with mfected materal a2
small reddush bhster appears surrounded by an aren of erythem
At thes stage diagnosts 15 not always easy unless the serous fmd 15
eamined bictenologscally Thus showld be dane 2t once simee ey
diagnosis 15 of the most evtreme maportwice Chnical dignosis
becomes almost certan however withm 2448 hours with the
very charactenstie further development of the lesion The center
becomes mfiltrited and durk red wcreasing rapidly 1 size and the
tenter soon becomes black In fact the name anthrav s demved
from thus charactenstic black center The lesion may hecome ne wly
teoanches m drameter surrounded by 1 31de area of oedema which
later becomes hard but not particularhy pamful unless touched
Systemie manifestations fever and prostration often occur out of
Proportion to the size of the lesion If adequate treatment 1s not 1n
stituted early infection tends to spread ripudls through the vim
phaties to the circulation resulting m an almost alwavs fatal bie
teremia Scuare ended rods may be cultured from the locnl lesion
of discharging from serum from the oedematous wea and Iater or
Post mortern from the blood and mtermal organs & lwer spleen
hudney ete If the carbuncle has a stoughing necrosed centre the
¥ods will contain central spores but otherwsse organisms from body
tissues do not show spores when freshly stuned

The most usnal sites for local festons wre the head neck and upper
extremities being the most exposed areas Legges Industnal Mol
dies (17) gues the distibution of primary lesions 1n 837 cases re
Forted in England (table 11)

Osboms Massachusetts figures (21) correspond to these exvcept
that nec, lestons were more frequent thm head and face These
Bve more detarled distribution areas Smv th reports s to the foca
tion of prumary lesion i 640 cases {tble 12)

Human anthrax may be dered from drrect contact with anumal
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secretions exeretions or infected hissues, or by contict with ammal
products as hudes shins or hair or may be transmutted by biting
flies from anmals to man

Table 12 —Locarion oF Privany ANTiRAX Tr 10N 1 640 Cases (Swvrn)

Total internal anthrax 1 17 of total
Pulmonary 4
Pulmonary and ntestinal 2
Intestinal 2
Meningeal 3

Total external anthrax 629 £83 of tot)
Face hend and neck 300 4919, (of externi] e1 es}
Upper extremity 264 120
Lower extremity 23 36>
Chest abdomen and back 23 365
Multiple lesions 9 14
Not stated 1 01

Duning the years (1919 43) covered 1y the Smyth reports (24)
few human cases have been reported in the United States as at
tributed to infection from ammals other than sheep cattle horses
and mules and none from animal products other than hides wnd
shins of cattle goats horses and mulcs horse harr, imported wool
blood meal and fertilizer As yet no cases have been traced to hogs
or hog bristles Many cases were reported due to shinming or au
topsywng cows sheanng sheep butchering and nulking Other cases
occurred 1n rendenng plants and from the use of fertihzers the
material 1n one mstance beng wool waste Cases were reported
from cattle feed 1n one nstance 1 blood meal one case developed
n a cordage factory from handling sisal fibre from Mexico probably
nfected from ammals One gul in Lowsstana apparently developed
a fatal case while carving statuettes from horse bones One man be-
came nfected while caring for a dog that had fed on 1 dead sheep
another while carmg for a sick. mule- The recent cases contracted
from minks have already been mentioned. One man thought he be
came nfected from frog hunting but being a Mississippr farmer
he was more likely mfected from farm animals Another man who
had 1ntestinal anthrax blamed 1t on eating a wild rabbit but ac-
cording to hus physician he was 1 sheep herder and more hikely m
fected from dust from sheep Sull another case of 2 dress clerk i m
Ohio store was laid to bites from her pct cat but the et was not
shown to be infected and no source seemed evident

There are a few cases on record where anthrax has passed from
one person to another but they are comparatively rare One case
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was reported of 2 three year-old child contrcting ocular anthrax
while steepmg with ber father who had an anthrax lesion (24)
‘There hase been seyeral wnstances veported of famhal anthrax (24)
In Pennsyh ama n 1950-81 10 + famly on a small farm seven cases
developed The first case was reported as small pox with multiple
shin fesions rather unusual but died of menmgitis with anthrax
organisms salated from the cerebrospinal flud  the secand case
overlapping the frst and alsa fatal was first dragnosed as envsipelas
a third case with maltiple shan lesions and anthras bactenemia re
covered after serum treatment as did four other subsequent cases
All seven cases occurred 1n two months with a return case m the
next year 1n one of the four Recurrences have been xeported by
three other writers (37 88 39)

Butes of bloodsuching wnsects may at times be a factor but such
cases often can be traced to an wfected anmal rather than ta an
wfected person upon whom the msect has previonsly fed

Bates from pets whnch have recently fed npon the carcasses of
ammals dead of anthrax have been known to cause anthrax mfec
tion This again 1s of animal onigin

Contact with the ammal may be quite direct as a farmer canng
for o sick ammal or shianing one which has died from the disease
It may be more remote as handhng hides which have been shipped
long distances Cases are recorded of workmen m tauneres carry
1ng the wfection home to members of thew familes though eseap
g th Ives Such a happemng may be due to 2 housewnfe
mending or washing her husbands work clothes and the fact that
s has occurred 15 a strong argument for hanng work clothes anto-
claved and laundered at the work place The contact man be tery
remate such as a man hving 10 g hotel in alarge Gty and rarels even
seemg an anmal becoming infected by a shwing brush made from
hair of an infected animal in China

ANTHBAX AN INDUSTRIAL HAZARD

Human antbrax in the Umted States 1 pnmanlv an wdustral
hazard, Workers m the hide shan leather hasr and waol mdustries
show a greater number of c1ses than in other cccupations folfowed
by transportation worhers farmers and vetennasians

Statisties collected by Smuth (24) from 1919 to 1943 showed
that wn the Srst five year penod the majenty of cases were in tan
nerres nearly al} of which are Iocated m Delaware Massachusetts
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secretions excretions or infected tissues or by contact with ammal
products as hudes skans or har or may be transmitted by biting
flies from amimals to man

Table 12 —~LocaTion oF PROARY AnTHRAX Lecton 1n 640 Cases {Syvrm)

Total internal anthrax i ] 17% of total
Puimonar, 4
Tulmonary and intestinal 2
Intestinal 2
Menmgeal 3

Total external anthrax 69 ©8 3% of total
Face head and neck 300 49 17 (of external cases}
Upper extremity 264 120
Lower extrenuty 23 36,
Chest abdomen and back 23 365
Multiple lesions 9 14
Not stated 1 01

During the years (1919-43) cosered by the Smyth reports (24)
few human cases have been reported i the Umted States s at
tributed to mfection from ammals other than sheep cattle horses
and mules and none from ammal products other than ides and
skuns of cattle goats horses and mules horse harr, imported wool
blood meal and fertilizer As vet no cases have been traced to hogs
or hog bristles Many cases were reported due to shinming or
topsymmg cows shearing sheep butchermg and milhing Other cases
occurred n rendering plants and from the use of fertihzers the
material 1n one mnstance being wool waste Cases were reported
from cattle feed 1 one instance a blood meal one case deseloped
m a cordage factory from handling sisal fibre from Mevico probably
ifected from ammals One gl 1n Lowsiana apparently developed
a fatal case while carving statuettes from horse bones One man be
came mfected while caring for 1 dog that had fed on 2 ded sheep
another while caring for a sick mule: The recent cases contracted
from minks have already been mentioned. One man thought he be
came infected from frog hunting but bemg 1 Mississippt farmer
he was more likely infected from farm ammals Another man who
had intestinal anthrax blimed 1t on eating 1 wild rabbit but ¢
cording to his physician he w1s a sheep herder and more Iikely n
fected from dust from sheep Still mother case of a dress clerk 1n an
Ohio store was laid to Iutes from her pet cat but the et wis not
shown to be mfected and no source scemed evident

There are a fow cases on record where anthrax has passed from
one person to another but they are comparatively rare One case
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normally have few or no cases It 1s to be expected that followng
the close of World War II wath mncreased actuity mn goat skin tan
ning and mereased 1mportations of bales of goat shins which may
have been long stored under favorable conditions for anthrax bacillt
growth and therefore permeated with bacilh there will agam be a
decrded merease 1n tannery anthrax
Very few cases in this country have been reported due to finished
leather and none of these were proved by 1solating the orgamsm
from the leather In one case fimshed leather was shipped to a
wooden heel factory where one of the employees developed an
thrax and i another anthrax developed after a glove finger stuck
to a lesion made by treating a wart Smyth has always been sheptt
cal of anthrax spores surviving the usual tanming processes and as
far as 15 known none of the cases reported as due to finished leather
have been praved by the 1solation of the organism from the leather
Contrary to the tannery situation that m the woolen and hawr 1n
dustries showed an 1ncrease m anthrax durng the depression penod
n spite of decreased actiity With increased actwvity due to war
demands the number of cases shot up to 237 mn the 1939 1943 pe
niod from 51 1n the previous period The reason for this merease
will be seen 1n a quotation from Smyth s 1927 report which stated
that a2 marked mcrease m wool anthrat m this country was pre
dicted when Great Britain opened her disinfecting station in Laver
pool (1n 1921) All wool and harr that enters England from countries
where anthrax 1s mdigenous must pass through this government
station and be dismfected before 1t reaches the industrial plants
This 15 done at a fixed charge which 1s pmd by the ymporter 1t was
predicted that this practice would result i dwverting considerable
wool commg from anthrax infested regions and likely to be infccted
itself and that we would 1n this country recerve a good deal more
of this infected wool than we did previously Apparently this 15 the
condition and 15 a strong argument for the establishment of our own
diswfecting station for wool and hair 7
One case was attnbuted to carrymg fimshed rugs although no
orgamsms could be 1solated from the rugs Another was attnbuted
to rags imported from Eurepe for use mn paper making Various
cases were attributed to scoured and so called sterithzed wool the
sterthzing” process used bemng madequate The outbreak of seven
cases with one death 1n a small pnmitive mdustrial village m Penn
sylvania among wool carpet yarn mill emplovees (24) was reported



76 DISEASES OF DOMESTIC ANIMALS AND BIRDS

New Jersey, New York and Pennsylvania While the percentage of
tannery cases dropped from 53 i the first five year penod to 19 m
the last five year period anthrax due to contact with wool and hair
tcreased from 15 to 58 nearly all of these occurring 1 woolen mills
n Massachusetts, New Hampshire New Jersey New Yorh and
Pennsylvima with over half of such cases m the Jnst period occur
ring 1n Pennsylvama Agneultural anthrax or anthrax due to duect
contact with mfected anmals, has also appeared to increase over
the years and to be recognized m an mcreasing number of states
although much of this apparent increase may be due to better diag
nosis and reporting While such cases may appear whereser animal
anthrix1s known (which 1s practically mn every state in the country
as shown n table 10) the lnrgest number of cases seem to occur m
Calforma Lowsiana Tevas and probably Mississtppi whose report
Ing 1s not sabisfactory

In Pennsylvania over a twelve year period (1910 21) Smyth wnd
Bricker (40) found that among 13 839 men worhing 1n tanneries,
1040 were directly exposed to mfection and of thus Iatter number
123 cases of the disease developed a rate of about 11 per cent

While there has been 1n apparent decrease m tannery anthrax
the degree of anthrax hazard m industry vanes with the degree of
prosperity nd 1ts resultant mdustrial activity Durmg the long de
pression period the decreased mdustrial activity doubtless accounted
for the reduction m anthrix cases while during the war period the
demand was largely for the more durable cattle hude leathers and
relatively few goat shins were processed Goat skns are by far the
greatest source of tannery anthrax being imported from countries
where anthrax 1s more or less prevalent and are always Iikely to
have anthrax mnfestation 1n some of the shins mn spite of consular
certification that the arer from which they were shipped was free
from anthrax at the time Smyth has personally 1solated anthrax
spores from vanious shms so certified The large cattle lde tanneries
have very hittle anthrax since most of them are packer controlled
and newly all of their raw matenial comes from healthy cattle
slaughtered for food under Government supervision Durng pros

crous penods however, with greater demand for leathers many
hides collected by traders through the country or on the ranges
come to tanmng and w ith them comes anthrax as Smyth has per
sonally observed (24) These tanneres are smaller and more widely
seattered and less Iikely to be on the outlook for anthrax smee they
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of 35000 allegedly sterthzed brushes from Japan A personal com
muntcation from the North Dakota Health Department stated that
mveshigation by them and the United States Public Health Service
showed that 1 considerable proportion of these were contammnated
by anthrax spores Many of this shipment were traced and with
drawn from sale In the 1939 1943 period there were no cases re
ported from this source although two cases were attributed to a
hair brush and a toothbrush

As an 1illustration of the way m which such shaving brush mfec-
ton may remarn for years a latent danger the London Letter of the
Journal of the American Medical Association for August 10 1935
notes that three years previously a consignment of 12 shaving
brushes came mto Lambeth and was found infected Eleven were
seized but the twelfth had been sold and could not be traced Every
one of the eleven contamed anthrax Eventually the twelfth brush
was found but unfortunately not until after cavsing a fatalty A
boot repairer had used this infected brush daily for two years at
last becoming mfected only after cutting himself One other case
wns also reported m 1935 (45)

FREVENTION AND CONTROL

The prevention and control of wnthrax in man depends upon
three factors eradication of the disease mn ammals elmmation of
mdustrial infections and finally earlier diagnosis and more prompt
and energetic treatment of mfected cases

The eradication of anthrax m animals 15 a difficult task but 1s
bemng phshed as an 1n the ammal industry
Vacemnation of sheep horses and cattle in infected areas 1s the most
useful measure known Such vaccmations do not afford protection
for more than a year and must be repeated

Pasteur in his early work used for a vaceine live anthrax orgamisms
attenuated by growing at high temperatures In 1902 Sobernhemm
used Living virulent anthrax bacilhi at the same time giving an mjec
tion of ant: anthra< serum Eichhom (46) 1n the United States has
prepared a spore vaceme of Pasteurs No 2 strain (attenuated to
Lill a gumea pig but not a rabbit) which 1s used together with a
potent anti anthrax serum helser (47) beheves that m heavily n
fected districts a greater immumity 15 required than that obtamned
with the Pasteur No 2 strain and recommends a more virulent stram

At the Vetermniry Congress 1n 1934 there was considerable discus
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n 1934 Cases hue also been attributed to the use of w ool w1stes as
fertilizers

Hoffmann (42) m Germany reports finding anthrax bacilli in the
textile ndustry on goat hair on textile machmery and on fimshed
yarn One cannot help wondermng if with the decided ncrease m
anthrax 1n the woolen industry 1n this country some of the untraced
cases here may not have been infected from clothing

Industrial anthrax infection may occur m those workers not di
rectly handling wfected shins hides wool or har Smyth m his
1934 report Iists four cases in mechanics nfected while doing repar
work 4 machimst and a carpenter 1n Massachusetts a paint cleaner
m New York and a stock y1rd worker i hansas One case 15 also
given of 1 New York laborer cleaning out a sewer one of an insur
ance mspector i Massachusetts two of laboratory workers and one
of a man presumably infected from handling a fertilizer 1n Mame

ANTHRAX FROM SHAVING BRUSHES

Durmg World War I and 1n the years that followed there was
much excitement over anthrax from shaving brushes both m this
country and n England The source of nearly all the hair for shav
mng brushes was horsehair from Siberin and China where anthrax
was quite prevalent (43) During the course of shipment m normal
times the material was cleaned and disinfected usually m France or
Germany With the advent of World War I shipments were made
directly to the United States across the Pacific T'ulty or careless
processes for msuring protection agamst the disease were respon
sible for a considerable number of cases

The first recorded case of anthrax from 2 shaving brush was on
July 9 1915 1n a Brtish soldier (44) From that time on simlar
cases occurred not infrequently mn both the Bntish and American
forces as well as the enil population In the United States troops
there occurred during the war 149 cases of anthrax with 22 deaths
due to shaving brushes In New York Caty from 1919 to 1923 there
were 32 cases reported from this source In Ilhnois Hull exammed
one lot of three dozen brushes every one of wlnch was contamnated
with virulent anthrax spores

This hazard formerly so widely spread and justly fewed and
guarded agamnst had until 1938 very materally lessened due to
strngent regulations as to the sterihzation of hair for brushes An
other outbrenk however occurred 1n 1938 39 triced to importation
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tion m pure cultwie 15 recommended The following procedure 1s
suggested

Make broth culture of suspected materinl ncubate 24 hours heat
and hold m water bath at 80 C for 10 minutes to lill non spore
formers

Inject 05 to 10 cc subcutaneously i abdomen of gumea pig
Pig may die m from 24 hours to 7 diys Hold noculated ammal un
der observation 8§ days before regarding as negative If pig dies
mmerse completely 1 10 per cent formaldehyde for 4 half hour
before autopsy and autoclave cage before cleaning

Autopsy 1f postve should show gelatmous edema at site of
moculation mcrease of serous flnds and congestion of mternal
organs especially large dark friable spleen Gram positive rrregu
larly stamed square ended rods smgle or m short chains without
spores should be found m smears from edematous area cut surfaces
of liwer ludney and spleen and from heart blood Confirm by
charactenstic colonies on agar and by growth i bowllon gelatin
and litmus itk

Always confirm diagnosis by moculation of second gumea pig
with pure culture 1solated from heart blood or from liver spleen or
lidney The second animal should die 1n from one to four days with
the same findings as the first (For further detals of laboratory
diagnosis see Stemn 23 )

In Europe however much dependence seems to be placed upon
the Ascol1 precipitin reaction (50) rather than amimal inoculation
This reaction depends on the use of a heat stable antigen obtamned
from organ extracts of ammals dead from anthrax and probably
contaming specific polysaccharides from encapsulated orgamsms
These extracts give a precipitate with ant anthrax serum (51)

The elmmation of mdustrial mfections depends chiefly upon the
proper disinfection of all raw matenals likely to be mfectnve the
disinfection of the workplace and the education of employers and
emplovees as to the need of prompt care of all skin wounds among
workers hable to mfection

The primary consideration should be the prevention of mfectve
materials reaching the workplace which of course concerns chuefly
the disinfection of wool hair skins Iudes etc Many devices have
been suggested for the sterthzation of hides none of which have
been entirely satisf: v Two derations are of prime 1mpor
tance economy of cost which will make the process come withm
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sion nd favorable report on the use of the so ealled Carbazoo ¢
cime devised by Mazzucchr (48) This consists of 1 suspenston of 2
virulent anthrax culture m sapommn  The saponm encourages erly
formation of gelatmous edema at the site of injection wiich acts s
a bamier agamnst the rapid dissemination of the baalli Tlis was
given its first practical test 1n 1929 It was then frecly distnibuted m
Italy and between 1931 and 1934 over ten mullion animals were vac
cmated some in hewly mfected aves No deaths were recorded i
these distnicts from s acamation or from nitury] infection Eicbhom
(49) reported over 500 000 yvacemations 1n the United States with
equally good results This 1 rceme has smee come mto use m most
Europew countries parts of Afuct and Japan

Stemn (23) of the U S Bureau of Amml Industry states

“The selection of the anthrx biologic to be used on a given lot
of wnmals should be left to the loeal vetermarim or State Livestock
sanitry officials who because of their expenence and knowledge of
the local conditions are 1 1 posttion to know wiich products are
best suited to the needs of the herd Each of the immunizing agents
mentioned has a particular field of usefulness and also defimte it
tions

Fields once infected with anthrax bacill are dafficult to cleanse
These should be turned to other purposes than grazing wherever
possible Earthworms winch were once thought to be 2 factor m
carrymg anthrax spores from the depths of the soil to the surfice
are prabably not 1 factor 1 the spread of the contagion Amimals
ded of the disease should not be camed to new localtties but
shauld be chsposed of on the premuises They should erther be burned
or buned deeply with quick hme without opening the eareasses or
removing the skins In the absence of oxygen spores re not easily
formed and the vegetatne forms of the orgamsm are ewsdy de
stroyed When the skin 1s opencd spores form wath the access to
oxygen and the problem of destruction 1s greatly increased How
ever any regulations requining the proper safe disposal of the car
casses of ammals dead from a transmussible disease must fail to
produce the desired result unless the sud discase 13 dingnosed ante
mortem More than one cattleman or other ammal owner has be
come nfected from autopsying an ammnl for the purpose of making
a diagnoss

For the recogmtion of anthrax in suspected matenals as ammal
assues hides skins harr et the use of culture methods for ol
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tion 1 pure culture 15 recommended The followmg procedure 15
suggested

Make broth culture of suspected matenal mncubate 24 hours heat
and hold 1n water bath 1t 80 C for 10 minutes to hll non spore
formers

Inject 05 to 10 cc subcutaneously 1 abdomen of gunea pig
Pig may die m from 24 hours to 7 days Hold moculated ammal un
der observation 8 days before regnrding as negatnve If pig dies
mmerse completely m 10 per cent formaldehyde for 4 half hour
before autopsy and autoclave cage before cleaning

Autopsy 1f positne should show gelitinous edemn at site of
moculation 1ncrease of serous fluds and congestion of internal
organs especally large dark friable spleen Gram positne uregu
larly stamed square ended rods smgle or m short chams without
spores should be found mn smears from edematous area cut surfaces
of ver lidney and spleen and from heart blood Confirm by
charactenstic colonies on agar and by growth m bouillon gelatm
and litmus mlk

Always confirm diagnosts by moculation of second guinea pig
with pure culture 1solated from heart blood or from Liver spleen or
ludney The second animat should die m from one to four days with
the same findings as the first (For further details of laboratory
diagnosis see Stemn 23 )

In Europe however much dependence seems to be placed upon
the Ascol: precipitin reaction (50) rather than ammal inoculation
This reaction depends on the use of a heat stable antigen obtamed
from organ extracts of ammals dead from anthrax and probably

g specific poly harides from psulated organmisms
These extracts give a precipitate with anti anthrax serum (51)

The elimmation of industnal mfections depends chiefly upon the
proper disinfection of all riw matenals likely to be infective the
dismfection of the workplace and the education of employers and
employees as to the need of prompt care of all skin wounds among
workers liable to mfection

The pnmary consideration should be the prevention of wfective
materials reaching the workplace which of course concerns chiefly
the disimfection of wool hair shins Indes ete Many devices have
been suggested for the stenlization of hides none of which have
been entirely satisfactory Two considerations are of prime 1mpor
tance economy of cost which will make the process come within
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the possibility of commercial use and lack of mjury to the hides and
skins Horsehair and wool can be sterihzed quite satisfactonly as 1s
done at the central disinfecting station m England

The government disinfecting station at Laverpool (41) 15 plnned

ANTHRAX

A CURABLE 1afection if Treated m Tume

NOTE THE THREE STAGES
DO NOT LET IT PASS THE FIRST STAGE

1 ¢ STAGE 2nd STAGE
o 5oy
] spkda 4
Rty
~3 Lt
3 d STAGE

NEVER Touch a Pimple or Sore until the hands are care-
fully washed
WASH 1 Bichloride Solution or other Solution provided
for the purpose of preventing infection
PORT at ONCE to the Superintendent the first Ind:
RE cnlusnncf infection ANY Indication is IMPORTANT

17 —Copy of a poster used by the Unted States Depart
i‘:nt of L’:b}zlr to sﬂ?eguard workers m the tanming industry
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to recerve all wool and hair imported from countries where anthrat
15 prevalent Matenal 15 washed 1n a hot alkalme suds m a wool
washing machme followed by 2 hot 2 per cent formaldehvde solu
tion nd storage for several days m a holding room The British feel
that such 1 central cooperative government plant 1s the only safe
and sure means of disinfecting raw wool and undressed hair as the
small dressers and spiners will not and can not carry out proper
methods

In the Umited States government regulations (52) ongmally re
quired the disinfection of horsehur and wool from suspected sources
by subjection to dry heat at 165 F for 15 minutes but nspectors
now require a 24 hour holding period preceded by washing i hot
neatly bolling alkahne suds Autoclaving with steam under pressure
1s much more certam than this but may be objected to by some
manufacturers using horsehair for brushes for fear of setting a curl
m the hair The English formaldehyde method 1s much more satis
factory

The problem of disimfection in tanneries 1s a more difficult one
because of the possibihity of mjurng the hides 1 the process No
thoroughly sttisfactory method has as yet come mto general use m
the United States The English Seymour Jones method (53) of soak
mg for 24 hours 1 a 1/5000 bichloride of mercury solution with 10
per cent formic wexd requires a two weehs holdmg perod after
treatment to msure success The Austran Schattenfroh method (54)
of soaking 1n a 2 per cent hydrochlonc acid and 10 per cent sodium
chlonde solution for 48 hours at room temperature cin be depended
upon to kill anthrax spores but 1t leaves a harsh sk which 1s hard
to tan satisfactorily

Besides the Schattenfroh method the U S Bureau of Ammal
Industry (52) has also permitted dismfection of goat skins n a milk
of ime (151bs burnt lime or calerum hydroxide per 100 gallons thus
malung at best a 2 per cent caleum ovide suspension) for 12 hours
and of cattle lides m 1/1000 hichloride solution for 12 hours
neither of which methods can be depended upon to dismfect com
pletely (55)

Smyth (13) has shown that 1o0dme 05 to 10 per cent or wdme
vapor will completely disimfect hides without 1njury m two hours
The cost was at the time his work was done (1923) prohibitive
but simce this work was reported the price of 1odine has dropped to
only 2 fraction of its former level and wall probably drop still more
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the possibility of commerecial use and Inck of injury to the hides and
shins Horsehair and wool can be stenlized quite satisfactonly as 1s
done 1t the centrl disinfectng station m England

The government disinfecting station at Liverpool (41) 1s plnned

ANTHRAX

A CURABLE Infection if Treated m Tume

NOTE THE THREE STAGES
DO NOT LET IT PASS THE FIRST STAGE

st STAGE nd STACE
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3 d STAGE

P

NEVER Touch a Pimple or Sore until the hands are care-
fully washed

WASH 1n Bichloride Solution or other Solution provided
for the purpose of preventing infection

REPORT at ONCE to the Superintendent the first India

cation of infection ANY Indication 12 IMPORTANT

17 —Copy of a poster used by the United States Depart
fn‘l:nt t:f l.n\gr to safcguard workers n the tanming industry
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taken out of the tannery unless first dismfected The best method
of disinfection 15 by steam under pressure m an autoclave using 15
pounds pressure for 30 munutes
Tannery worhers and workers m hair and uncombed wool should
be required to wash ther hands thoroughly with soap and hot water
before lunching and they should take showers before changing to
street clothes Adequate washmg facihiies should be provided A
Philadelphia tannery has 1 washroom and shower room located be
tween the locker room for street clothes and the room where work
clothes are put on and tsken off When not i use work clothes hang
on pegs 1 the open room 1 order to dry Workers should not be
permutted to take lunches 1nto the work rooms but should be pro
vided with lunch tables and chairs or henches in a room separated
from the worhing area
Employees should be instructed to pay attention to every shin
wound even the most trivial and to apply to the plant dispensary
or a near by physician to have such skin breaks disinfected at once
(10dmne 15 excellent for this) and covered with a protective dressing
These should be. kept under observation by phvsician or nurse until
completely healed No one should work with unprotected open
wounds of any kind If the wound cannot be properly covered by an
mmpervious dressing rubber finger stall or glove the employee
should quit work until st 1s healed Skin infections cannot occur
through unbroken shin Cuts after shaving should be properly pro
tected and workers should be mstructed to keep their hands way
from their faces while at work especially if they have cuts or open
pimnples on the face
The successful control and cure of those cases developing where
adequate protection has not been afforded depend upon exrly diag
nosis and prompt effictent treatment
While m the well established anthrax pustule diagnosis can be
made by inspection yet wherever possible dragnosis should be con
firmed bacteriologically by the finding of rregularly staned Gram
positive rods 1 the secretion from the wound or 1n serum obtamed
from a small puncture mto 1 formmg lesion or when bacteriemia
has developed 1 a blood smear When mn doubt surely 1nd alwavs
if possible morphologic diagnosis should be confirmed by 1solation
of the organism 1n pure culture and by ammal moculation Freshly
1solated virulent anthrax should hll a gumea pig m one to seven
days usually under four days After the death of the anunal
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In view of this this work should be carned further n an effort to
prove 1its feasibility on a commeraial scale

Robertson (58) n 1932 reported cxcellent results m the disin
fection of dry hudes with hydrogen sulphide gas but long exposures
were necessary to msure results (7 to 16 days depending upon tem
penture) No statements are gven as to gas concentration and no
tests are reported on a commeretal scale

Provided a generally satisfactory method for disinfecting skins
and Iides can be developed 1t should be crried out 1n central
government stations 1t ports of entry or even better at disimfecting
stations under nternational management at the S]nppmg ports of
countries of ongin for the greatest protection of all handlers

Since we have not thus far succeeded m preventng mfective
matenal from reaching the workplace our second consideration
must be to prevent the worker from becomng nfected

In tannenies soak vats are lihely to hold infection once acqmired
over some time These should be pertodically completely druned
scrubbed thoroughly whitewashed and allowed to be 1dle for one
or two duys At the samie time the platform around them and under
the milhing drums should be whitewashed and the drums rnsed
with strong milk of me Lime 1s suggested because, though not hll
1ng all spores 1t will greatly reduce their number and residual hme
will not harm skins that go nto liming vats later

In an effort to protect potable water supplies the U S Bureu of
Animal Industry asked tanners who did not regularly disinfect shins
to disinfect their efluents with Iiquid ehlorme but this as far from
economical owing to the lngh chlorine demand of the organic matter
present and mexdentally 1t offers no protection whatever to the
tannery workers It requies up to 250 parts per mullon mulble
chlonne but Tilley and Chapin (56) obtuned effective disinfec
tion of effluents with chlonnated compounds getting results with
50 parts per million avulable chlorme in di chloromethylamine ind
di chloroglycme

As a protection to the consumer MacDonald (57}, on the basts of
expenimental work recommends the stershzation of carpets mn the
factory on the sizing machme with the use of hot formalin solution
This agam offers no protection to the factory worker making the
Cag)l(:)'thmg worn by workers I wet processes and by handlers of
untanned shins espeenlly 1n goat shin tanneries should not be
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so trexted For thirty or forty vears serum remamed the most effec
te trextment known and was emphatically recommended as the
treatment of chowce
The eurly practice of combining excision or cauterizition with
the use of serum which 1s shll sometimes practiced 15 to be con
demned Another practice usually carnied out until a decade or so
ago was the mjection of serum about the lesion as well as its ad
mmstration travenously but the generally accepted policy today
1s one of “hands off the local fesion  Immobihization of the patient
during the mfective stage to avord possibihity of blood stream infec
tion has alway s been considered important by practically 2}l physi
cians who have treated any number of cases Nevertheless m spite
of these two widely accepted poliues one phisician who has
within the past three years successfully treated some thirty cases
by one method strongly ads ocates only local injections of 10 15 c ¢
amounts of serum about the lesion repeated in 24 hours 1f indicated
the total amount depending upon the size and response of the le
sion In esght of these cases so treated he reports no time lost from
cmployment and in scveral others the time lost was less than one
week
The recommended treatment with anti anthrax serum 15 10 20 c ¢
ntravenously as « desentizing dose followed by 50100 cc m two
hours If indicated the Irger dose may be repeated in 24 48 and
T2hours depending upon the spread of the vesicles and the swelling
of surrounding tissues
Sesere serum reactions very frequently result either immediately
after admimstration of the first dose or from five to ten duvs later
and for this rewson many physicins now prefer chemotherapy to
serum
In 1917 Penna et al (65) m Argentina reported the use of non
specific normal becf serum with good results and 1n 1926 Villegas
Ruiz (66) reported sumlar results with the bactenophige of
D'Herelle These tr were app ly not adopted in this
country
In 1926 and 1933 two Brtish wnters reported on the use of
neoarsphenamme  Prjper (67) obtained excellent results with neo
arsphenamine alone and Eunch (68) treated over 200 cases with
bined serum and neoarsph with a fatalitv rate of 5 per
cent Meshtschanmoff (69) treated 21 patients succ essfully with
neoarsphenamine In thus countrv arsemcals were not used before




86 DISEASES OF DOMESTIC ANIMALS AND BIRDS

the organism may be 1solated from all hody tissues and fluds

When anthrax 15 suspected however treatment should not be
delayed pending positive diagnoss, but begun at once

As to the most effectrve means of treitment developments m
new methods are progressing so rapidly that any recommendation
made here mught well be outmoded almost before pubhcation

In the early days of anthrax the recommended treatment was
the removal or destruction of the lesion by exciston cauterization
or mjection of 50 per cent phenol about the lesion This was how
ever soon found more or less meffective especially when not prop
erly carned out or carnied out too late Often the nfection was
spread to other tissues through such manipulation

After hoch s discovery of the anthrat bacillus i 1876 (6) Pasteur
(59) successfully vaccinated sheep agamnst the diseise m 1880 wnd
about the same time Toussamt (60) discovered that blood from
ammals dead of the disease when heated and mjected nto other
anmmals would protect them agamst mfection Vaccmation of am
mals has been successfully carried out sice that time but 1s this
1s accomphished by the use of attenuated cultures (hilled cultures
not bemg very effective) humans are not vaccmated agamst this
disease because of the danger of occasional mncrease in virulence of
the culture

In 1895 Marchoux (61) m France prepared an efficacious ant:
anthrax serum which would cure sick ammals but because of the
more acute course of the disease 1n antmals than 1n man even today
treatment of ammals with serum 1s not too successful and not prev1
lent It1s worth trung however if the animal 1s highly valued or
1t may be that sulfa drugs may soon prove useful i treating anumals
These are discussed later

In 1895 Sclavo (62) m Ttaly produced a serum that has been
widely used for the cure of anthrax mn man His ongmnl serum
however has been modified by the use of ass serum instead of horse
serum In this country today we use an anti anthrax serum pro
duced by moculating horses with virulent organisms With the ad
vent of this specific serum the fatality rate for anthrax was cut
sharply Sclavo (63) m 1903 published statisties showing a fatality
of 6 per cent 1n 164 patients treated with serum as agamst 24 per
cent for Italy as a whole In 1911 the Butish Mimstry of Health
(64) mn a report on 800 cases of anthrax gave the fatality rate for
serum treated cases as 4 per cent agamst 48 per cent for those not
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ment were given 15000 umts were given wmtramuscularly every
three hours for one week smears appearing negative for anthrax
bacills m 24 hours and cultures proving negatw e after four days

Except for those cases treated by serum alone the following fig
ures may be connidered only suggestrve since no rates should be
based on less than 200 cases for any degrec, of accuracy but they do
give some 1dea of results obtamed by various treatments from case
records sent n to Smyth

No oF  Tataury

THEATMENT Cises  Rame
None wrong diagnost 25 88 per cent
Non specific local treatment mntison excision cautery 60 283

erum only 519 86
Arsemical “anly [
Sulta Drugs only 61 47
Serum and Arsemeal 72 83
Serum and Sulfa Drogs 32 91

Lucches: (70) gives the following critena for the 1deal treatment

1 Tt should not harm the patient

2 1t should produce the lowest mortahty

8 Tt should cause the shortest absence from emplovment

4 It should be the lewst expensive

5 It should be easily given

And to this we would add that it should be redily available

It would seem from the mformation at hand at present that to
meet these requirements neoarsphenamine would be the treatment
of choice Serum 1s not alwavs readily available and promptness
of treatment 15 extremely smportant It 15 also costly and produces
more or less severe reachons While sulfathiazole 1s easily admms
tered by mouth and meets the requirements 1t must be admims
tered every three or four hours for perhaps a week as must also
P ilin while neoarspt need be ad ed only two
or three tunes wathin approximately two days and appears to pro
duce the lowest fatlity rate

It mght be advisable since promptness of treatment 1s so neces
sary to admmnsster sulfathiazole orally at once while awating hos
b and the ad whon of neorsph

In the woolen mill industry m which 237 of the 408 cases during
1939 1943 occurred the fatility rate was definitely lower than it
was for the rest of the country although many cases were treated
by each of the accepted methods Simce these undoubtedly recewed
earher diagnosts and treatment than the others it 15 evident thit
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1932 and then only a few cases Smce then, however they have
been used more extensively with apparently excellent results In 2
few cases mapharsen and neosalversan were used but the most
satisfactory and most widely used arsenical 15 neorsphenamme
gnen mntravenously 06 grams imtially and 09 grams the followmng
day repeated m 24 hours if wdicated No reactions have resulted
from this treatment as with serum and recovery has been more
prompt (70)

Until very recently at least st has been considered advisable m
very severe cases to combme the use of serum with neoarsphena
mine and 1n such cases smaller doses of each are given than when
erther 1s used alone

Of 62 cases for which Smyth has records treated by arsemcals
nlone none was fatal even though one patient was moribund when
brought m Of 72 cases treated with serum and arsemcals six were
fatal although one of those recoverng had not only an ankle lesion
but also a positive sputum and stool It 1s begmning to appear that
serum 1s not a necessary adjunct to neoarsphenamine for ful
treatment

In the past few years sulfr drugs have been quite successfully
used In 1939 two papers one by Cruichshank (71) and one by May
and Buch (72) on experimental work with mrce showed sulfanilt
mde and sulfapyridine effective 1n treating these antmals Neopron
tost! sulfimlamde sulfapyndine sulfadiazine and sulfathrzole
have all been used but the most widely recommended 1s sulfathia
zole 8-4 grams by mouth mitially with 115 grams every 3 4 hours
up to seven days 1f indicated In 1942 Gold (73) published his re
sults on the treatment of 40 cases with various sulfa drugs He feels
that recovery 1s more prompt with sulfathiazole than with any other
treatment <nd that this 1s the treatment of choice

Of 61 cases for which Smyth has records treated wath sulfa drugs
alone three were fatal while of 82 cases treated with serum and
sulfa drugs three died although one of those who recovered hada
blood stream infection

Very recently pemailln has been used and may prove extremely
effective although too few cases have as vet been reported to allow
conclusions In August 1945 the American Medical Associztion
d the use of pemaillin m the treatment of anthrax
rds of only four cises so treated with no fatalities

(with Jesion on the face) n which detuls of trent

any
(74) approve
Smyth has recol
In the one case
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while there 1s doubtless some difference 1n the efficiency of the van
ous methods of treatment the really cardinal factor 1s the prompt
ness with which treatment 1s instituted

ITEMS OF NOTE

Anthrax 1s primanly 1 disense of ammals
Practically all human mfections nise from contact with ammals
erther direct or remote
Anthrax m man m the United States 1s primanly an mdustral
hazard at the present time but agncultural anthrax 15 1lso ap
parently of mcreasing 1mportance
The anthrax bacillus 1 its spore stage 1s among the most resistant
of pathogenic bactena
The control of anthrax m man depends upon the promulgation
of educational measures among the industnal worhers exposed
to wfection together with better devices for stenlization of
fected harr hades and wool and also upon the control of the dis
ease mmong domestic animals
The shaving brush must not be disregarded as a hazard
For treatment mmmune serum arsemicals and sulfa drugs are
now bemg used the freatment of choice probably being neoars
phenamine
8 Promptness of diagnosis and treatment are of even greater impor

tance than type of treitment
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70 Luccnmest P F rr At The Treatment of Anthrax Symposim on
Anthrax Bur of Industr Hyg Pa Dept of Health Apr 1 1941 pp
2933

71 Cruicksuanx | ¢ Chemotherapy of Experimental Anthrax Infection
Lancet Sept 23 1939 2 681-682 Quoted by Wyatt and Epstem
Vhasconsm Medical Journal Feb 1941

72 May H B and Buct § € Action of Sulfonamndes mn Expermental
Anthrax Lancet Sept 23 1939 2 685686 Quoted by Wyatt and
Fpsten Wisconsin Medical Journal Feb 1941

73 Gowo H Rewiew of 60 Cases of Anthrax with Report on Therpeutic
Use of Sulfonamide Compounds Arch Int Med Nov 1942 70 785

74 heerer Coesten § Ev aL New Dosage Forms of Pemcillin JAM A
Aug 18 1945 p 1162



CHAPTER III

BRUCELLOSIS®

Bnm‘tu.osxs 1s 1 disease of anmnls and man ciused by one of
the three species of the genus Brucella The known species of
this genus are Brucells mehtensis Brucella abortus and Brucella
sts The chief host of Br melitensis 1s the goat of Br abortus the
cow and of Br sws the hog Each of the species 1s mnfectious for
all domestic animals with the exception of Br abortus which does
not appear to nfect hogs

The disease m cattle 1s known as Bangs abortion disease” Br
abortus 15 the spectes largely responsible for this disewse It 15
characterized by mflammatory changes of the mucous membrane
of the uterus and fetal membranes resultmg as a rule in the pre
mature expulsion of the fetus A chrome mnterstittal mastitis 15
produced 1n the udder of the cow

The disease n man 1s known as undulant fever the symptoms
being chiractenized usually by a protracted febrile condition with
a tendency toward recurrence Indeed the symptoms are so incon
stant and confusmg thit no one of them cn be said to be typreal
and a differenti] diagnosis 1s almost smpossible 1n most cases with
out serological aid

A multitude of names have been uscd to describe these conditions
mn man The following terms are found in the literature associted
with the geographic il distribution

Malta feser Maltese fever Mediterranean fever Danubian fever
Neapolitin fever Rock feser Gibraltar fever Chyprus fever Bangs
fever From the clmical mamfestations the terms undulint fever
and febns undulans have been used bectwise of the wave ike 1
cessions of fever and Mediterranen phtlusis from the bronclutis

Frepored a1 Forest Huddicson DV M PI D Mefigan State Gullege Last
Lansing Mich o1
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anemiz2 and mght sweats suggestive of tuberculosis Other similar
names suggesting chimeal mamfestations are Bruces septicerma
melitensis septicemia febnis melitensis and bilious remuttent fever
In Texas and New Mexico the termmology has differed somewhat—
slow fever goat fever continued fever mountun fever Rio Grande
fever and dust fever (because 1t was supposed infection was con
tracted m the dust filled goat pens) The diagnosis 1s often confused
with other diseases which has led to such designations as intermittent
typhoid feser or tvpho malanal fever The diseases for which undu
lant fever 1s mustaken are tvphoid paratyphoid malana tubercu
losis rheumatic fever influenza septicemua leptosprosis and some
times kala azar and amoebic Iiver mfections

The relationship of Bang s disease of cattle and brucellosis in hogs
to human infections has but recently been recogmzed The diagnosis
has usually been mistahen for other diseases as tuberculosts typhord
fever malana 1nfluenza rheumatic fever or articular rheumatism
until laboratory exammations of blood serum have proved otherwise

The tarm  undulant fover” 1s found 1n the hterature to designate
human cases infected with any of the three orgamsms and 15 gen
erally accepted all over the world to deseribe this form of mfection

HISTORY

Undulant fever has probablv eusted for many centuries Hippoc
rates described a disease 1 man characterized by protracted fever
with a tendency to relapse which somewhat resembled tuberculosis
and which was not very fatal It 15 probable that the disease was
undulant fever Nothing further 1s recorded of 1t however untid
1816 when Bumett deseribed 1t under the name of remmttent ma
lanal fever

In 1863 Marston described 1t m detaml calling it Mediterranean
remittent fever In 1886 Bruce isoluted the causative orgamism
which Hughes named several years later (1892) Micrococcus mel
tensis In 1897 Wnght and Semple described the agglutmation test
for undulant fever resulting 1n a distinct advance in the diagnosis
of the disease The first accurite knowledge ot its eprdemology
connecting the discase with goats was the result of the study of the
Brtish Commussion for the Investigation of Mediterranean Fever
Six reports were put out during the years 1905 1907 It was shown
that 1n the Island of Malta goats milk ws the usual source of infec
tion i man 10 per cent of the goats were found to be excretmg
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the orgamsms 1n the milk Further tests on small groups showed 50
per cent of the amimals were mfected
Infectious 2bortion hkewise probably has 4 record of great an
tiquity The disease m Europe has been known for centuries where
the mfectiousness of the malady m cattle together with the losses
caused by 1t are related by Moscall n 1567 by Lawrence mn 1805
nd by Skellet n 1808 The Complete Farmer 1 1807 stated that
1t 15 considered certamnly contagious and when 1t happens the
bortion should be immediately buried, and the cow hept s widely
aprt as possible from the herd and not recerve the bull that goes
with them Numerous other mnvestigators added to the knowledge
of the discise durmg the next century—Jonatt m 1837 and Barlow
mn 1851 St Cyr i 1875 stated hus belief m a specific agent and the
next year Frinek commumicated the disease to healthy cows by m
troducing the discharge and fetal membranes from borting am
mals Tlis work was corroborated by Lehnert (1878) and Bruuer
(1880) Nocard m 1888 isolated two organisms— short bacillus and
1 micrococeus—but fauled to reproduce the disese m healthy m
mals with erther one
Bang assisted by Stmbolt m 1896 discovered the etiological
agent which w s named Bacllus abortus The disease could be re
produced at will with pure cultures of this orginism when admin
1stered to susceptible anmmals and from the uterme discharges the
sime orgamsm recovered Numerous my estigators sice that time
hae confirmed these findmgs
The agglutnation test as well as the complement fixation test was
first used by several mvestigators for the diagnosis of the discase 1
cattle 1n 1909 nd 1910 follow ing the description of similar tests for
the dingnosts of glanders 1 horses Among these were MeIwdyem
and Stochkman Holth Gnnstead Wall Zwick and Brull
The date that Bangs disease was mtroduced nto the United
States 1s not known but 1t must hwve been quite early in the nstory
of the colonies along with imported cattle
The first suspicion that 1t was related to human health was the
demonstration of abortus organisms in cows mulk by Schroeder and
Cotton of the United States Department of Agriculture i 1911 The
same ver Mohler and Traum co-workers of the above ivestigators
published the results of the first 1solation of the orgamisim from the
tonsil of 1 child In 1913 Larson and Sedgwick showed the presence
of agglutimns and complement fixing bodics 1n the blood stream of
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cluldren In 1918 Ahce Evans at the United States Department
of Agriculture demonstrated the close wdentity of Brucella abortus
of cattle and Brucella melitensis of goats and later the relationship
of the abortus orgamsm to human nfection

THE ETIOLOGIC AGENTS

One of the strange occurrences m the lustory of bacteriology was
the failure over a period of more than twenty years to wdentify two
orgamsms which are so closely relited as to be almost mdistinguish
able Indeed not only was the relationship overlooked but two dif
ferent genenic names were used to designate them this m spate of
the fact that the resources of bacteriologists were later taxed to the
utmost to find distmguwishing charactenstics

Brucella melitensis was 1solated by Bruce working m the Island
of Malta in 1887 as the causal orgamism of Malta fever of man Ten
years later Bang in Denmark discovered Brucella abortus as the
cause of infectious abortion of cattle Brucella suts was 1solated from
aborted swine fetuses by Traum m 1914 The differences m geo
graphic distibution of the diserses 1n the anmals primauly af
fected m the climeal mamfestation of the diseases and finlly m the
fact that Bruce mncorrectly described his organism as a micrococeus
all served as definite barners agamst 1 comparative study of the two
orgamsms

Alice Lvans m 1917 working m the Dairy Division ot the Jmited
States Department of Agriculture began the study which has smce
proved so valuable i both vetermary and human medicine She was
makng - study of the bacteril flora of cows milk when the problem
of Brucella abortus was confronted During 1 conversation with Dr
Eichhorn Chief of the Pathological Diviston 1t was suggested that
a comparative study of Brucella abortus and Brucella melitensis be
made This was done with the astonishing results that the two or
gamsms were indistingmshable evcept by gglutmin absorption
tests

The nomenclature of the two organisms 15 confusing Followng

are some of the designations
Micrococcus melitensis Bacillus abortus
by Bruce 1887 by Bang 1897

Bacilit s melitensis Corynebacterium abortus endemics
by Jordan 1912 by Preisg 1903
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Bacterlum mehtensis Bacterium abortus

by classification of Society of Amen by classification of Society of Amer
can Bacterologgsts 1918 1can Bactertologrsts 1918
Alcaligines mehtensis Alcaligines abortus

by Castellan and Chalmers 1919 by Castellan2 and Chalmers 1919
Brucella melitensis Brucella abortus

by Meyer and Shaw 1920 by Meyer and Shaw 1920

The term  Brucella has been accepted by the Society of Amen
can Bacteriologists and 15 used in Bergevs Manual of Determmnate
Bacterology

The outstanding features of the orgamsms are their great pleo-
morphism  sometimes assumnmg the form of cocer (which misled
Bruce) and at other times the form of bacilli and the difficulty of
sepiriting struns of human bovine porcime caprme or equine
angn by morphologteal cultural brochemieal pathological or sero-
logical means

In primary cultures the melitensis organisim 1s rather easily grown
by the ordmary laboratory methods while the aborfus organism re
quires m atmosphere of 10 per cent ciurbon diowde for the best
results After twehe to fifteen trnsfers on culture media it will
grow at atmosphernic CO_ tension

The term paramelitensis, which 1s 1 dissocuated phase of meliten
s15, was suggested by Negre and Ravnaud to designate those struns
which were similar to mefitensis i morphologiel cultural nd bro
chemical behavior but falled to agglutinate or agglutimated only

shghtly 1 mel serum P I s org; absorbed ag
glutinins from melitensis scrum only partsally
A serologpcal classification of bers of the mel abortus

group w1s mide by Evans Among 68 struns of orgmsms from
human bovne caprme porcme and equine sources aght dfferent
groups were found by means of agglutimns absorption test The re-
port concludes (1)

“The majonty of bovine and poreme stramns fell into one large group (33
stramns) which 1s designated vaniety abortus Fyve struns of human ongin were
of this v anety

Another group 1mportant i this country wmcludes strans of humn bovine
caprin and equune onge (12 strans) It1s designated variety melitensis A

“Three groups which were found to be prev ilent in the \Mcditerrane n coun
tries did not occur rmong the struns recenved from comntrics outside of those
regions One of those groups Is designated vanely meltensis B another which
mncsponds with the descriptions of the so-called pummclltuuh 15 designated
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anety paramelitensis another serologic group 15 designated parasbortus be-
cause 1t 15 serologically closely related to the abortus vanety and exhibats ag
glutmation peculiarities Itke those of the vanety paramelitensis™

Simple agglutination tests cannot dishinguish these different vane
hes and groups

A sunple and accurate method for distmguishing the three species
of Brucella has been devised by Huddleson The method wvolves
the employment of aniline dyes m a certamn concentration mn tryp
tose agar which mhibit the growth of one species but not the other
Basic fuchsim 1 a final concentration of 1100000 mmhibits the
growth of Br sws Thionin 1n a final concentration of 1 100 000 m
Tubuts the growth of Br abortus The growth of Br melifensts 1s not
affected by the two dyes

The three species may also be distinguished one from the other
by elementary chemical analysis Although the three species are
very closely related serologically no one has yet succeeded m
changng one species to another

GEOGRAPHIC PREVALENCE

Br mehtensts occurs among goats and man m many of the sub
tropical countries—m countnes bordenng the Mediterranean n
South Africa China the Philippines Peru and m Jowa Indiana
Anzona Texas and New Mexico m the Umted States It has been
said that the disease does not exist n Europe north of 46 lattude
but outbreaks have been known to occur farther north Evans draws
attention to the cunous fact however that although goats mlk 1s
widely used in Hungary Switzerland Czechoslovakia and Southemn
Germany the prevalence of undulant feser cannot be compared to
that in the neighborng countres to the south

Bangs disease 1n cattle 1s widespread It 15 an important cattle
disease 1n the British Isles France Switzerland Germany Denmark
Belgum Austna South Africa the Umited States Argentma Mex
1c0 and Canada Possibly the cause of this 1s because the cattle
mdustry 1s more particularly confined to these areas The warmer
countnes are also afflicted however as reports have come from
Italy India Palestine and the Dutch East Indies Infections m man
from bovine sources of course follow the distribution of the disease
1 cattle

Outbreaks of abortion m swine are confined to the mddle west
and the western co1st of the United States
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SEASONAL PREVALEANCE

There 15 probably no seasonal presalence for this group of dis
eases erther mn cattle or man i the United States In the Island of
Malta there are about four times as many cases of undulant fever
m humans during the summer months 1s durmg the wnter months

BRUCELLA MELITENSIS IN ANIMALS

Goats show no morbid symptoms of the diserse Unless man had
been mfected the diseise m goats would never hve been suspected
Ammals fat and 1n apparently good health will show positive ag
glutmation reactions i the blood during life and at post mortem
there can be demonstrted the mehtensis orgamisms m the tissues
In some mstances, when goats die of the disease, there 15 congestion
and degeneration of the Iner hvpertrophy of the spleen and swell
g of the abdominal Iymphatic glands and mastitis At other times
wfected ammals exiubit mdefinite symptoms such as lassitude loss
of flesh cough and lameness Dubos states that abortion may take
place in 50 to 90 per cent of the anmmals when a flock 1s first 1
fected Brucella mehtensis 15 present n the milk unne blood and
tissues of mfected goats The excretion 1 the milk may be mtermit
tent disappearmg for 2 week or mare at 1 time then reapperng
I enormous numbers

Sheep rank close to goats n susceptibility Cesarr (26) recounts
that 49 out of 429 sheep 2t Avevron gne posthve agglutination
tests while in two other mstances 7 out of 74 and 6 out of 12 were
positive

Horses are very susceptible to infection with two of the species
of Brucella (Fitch et 2l ) (33) The mfection 1s focal in type caus
ing fistuln of the withers poll evil and abscesses m the region of the
sternum and fetloch In Sicaly 20 per cent of the horses gase feeble
agglutimation reaction while Dubois reports 2 per cent positive tests
m horses This does not indicate however actual cases of infection
A large percentage of horses will agglutinate the orgimsm shghtly

Mules are also very susceptible In the Island of Malta Rennedy
found 37 posine agglutination reactions among 87 mules Cesart
tells of two men taking care of such mfected mules both of whom
contracted undulant fever neither of the men had come m contact
with goats

Cows have been foun 1 naturally mfected 1n the Island of Malta
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excreting orgamisms of melitensis 1 the mulk Evans moculated a
pregnant heifer with @ culture of the melitensts orgamsms mducing
abortion and obtaming the organism from the fetus and colostrum
Dogs may give an agglutmation reaction to melitensis as hgh
as 1 600 In the Island of Malta hennedy found 9 such reactions
among 114 dogs From one he 1solated the mclitensis orgamsm
from a mesentenc gland Dogs have been found wnfected with Br
suts and Br abortus Bruce found among 22 cats 5 positive reactors
from the mesenteric gland of one of which be isolated melitensis

Table 13 —SWSCFPTIBILITY OF ANTMAIS TO Br MFIiTEnsis BrR aBortUs anp BR. suis

(Fiuddle Hn)
BR_AnoRTUS
Br MELTEN 15 (Boviesy Br sus
Srectes

Large D | SmulD | Targe D | Smalt D | Targe D | Small D
Man Fhtt | A = | ++++ |+t
Monkey | bt | A MESss g RaE s
Bovin R R B R 1
Goat B o R B I
Swine it | F 4+ - =t ++
Rabbit 444 | b | AR R
Guneapig | 44+ | 41+ | 4 +++ [ FHH4 | HHH4 | 44
Rats ot | At | A | A A
Mice B e B ST o s B o B o o
Horse ? 74t | b | R

Lerge D = large do ¢ Small D = small do

Rabbuts guinea pigs rats and mice are susceptible to artifical
mfection but are not often found naturally infected

Poultry have been found naturally mfected with Br melitensis
1m France and with Br aborfus and suts n the United States

Torstenson (27) observed that cats dogs gumea pigs and gray
rats kept m contact with nfected goats gave neg:tive evidence of
mfection mdicating that such ammals rarely contract the disease
naturally although subject to artificial infection

Monkeys as well as man easily acquire the disease

Brucellosis (melitensis type) 1s an animal disease problem m the
United States 1s found m goats m Texas Anzona Colorado and
New Mexico and m hogs m Jowa

The first expertence with the disease m this country was n 1905
The Umted States Department of Agnculture delegated one of its
members to go to Europe to procure a supply of goats with which
to build up the milk goat mdustry After inspecting several sources
Dr Thompson selected sixty one females and four males from the
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Islind of Maltr arnving with them n New lork i September
1905 Dunng this time the British Commusston for the Imestigation
of Mediterranean fever had established the fact that Maltese goats
were carriers of Br mclifensis As soon as the British Commussion
learned of the importation of such goats mto the Umted States 1t
nformed the Secretary of Agnculture of the dinger The goats were
immed:itely quarantmed upon their arrval An investigation made
by Mohler and Hart upon the urine and milk as well as agglutma
tion tests of the blood revenled the fact that several anmmals were
mfected Efforts to eliminate the disease from the herd so that some
of the goats might be snved were unsuccessful and eventually 1l
were destroyed

The fact that Br melitensis existed endemucally i the Umted
States was not established until 1911 when Gentry and Ierenbaugh
(3) discovered the discise m humans 1 the goat rarsing section of
Texas tricing the infection to goats the blood of which gave posi
tive agglutination tests Mohler and Erchhorn (1) who confirmed
the above observations estimated that undulant fever hnd eusted
m Tevis ind New Mevico for at least twenty five years In 1925
Holt and Reynolds (5) of the Umted States Army mnestigated
twenty two counties 1n Texas New Mexico and Arizonn long the
nternationi] boundary In seven of these counties no goats were
found but m the other fifteen Br mehtensis mfcction was demon
straited Tour counties north of the border counties were hhewse
found to harbor infected goats

BRUCELLA ABORTUS I\ ANIMALS

Brucellosts or Bang s disease m cattle 1s the most senious disese
nest to tuberculosis with which the mmal mdustry has to deal
In the United States it exists everywhere 1n range cattle as well s
dury cattle The economic loss resulting from ats ravages was
estimated 1n 1927 by Edwards and Coffee (30) to be exghty mllions
of dollars 1nnually

In Missour1 over 1 period of ten years 15000 cattle were tested
for Bang s disease 30 23 per cent of which gave positive agglutna
tion reactions (28) At the Storrs Experiment Station n Connecticut
291 per cent of cattle purchased reacted to the disease Nincty per
cent of the herds n that state were at one ime nfected In Penn
cording to Munce 65 per cent of the cows that were

sylvama ace
)
butcher on account of their fulure to reproduce were

sent to the
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sent because of Bang s disease In Michigan 12 per cent of the cattle
are reactors to the agglutination test but as Huddleson pomts out
all such animals m1y not be mfected In Ilhnois about 10 per cent
of cattle reacted 1n 55 herds tested by Grabham The Commuttee on
Bovine Infectious Abortion of the American Vetermary Medical
Association lists six states as practieally free from mfection—North
Dakota Wyommg New Mexico Alabama Mississippt and West
Vigmma (6)

The disease 1n cattle has no particular clnical symptoms except
those associated with the act of aborting The health of the cow
does not seem to be impured and the death rate 1s ml

The most sertous consequences of mfection are dimimshed milk
supply either through + lessened flow due to the diseased condition
of the udder or bemng dry for a long pertod loss of calves sterility
either temporary or permanent and septic conditions of the uterus
or udder disorders due to parturition occurring while the glands are
actwvely secreting Brucelle abortus has an affinty for embryome
tissues and 15 present m the uterus of wnfected pregnant anumnls
After abortion 1t may disappear from the uterus but can still be
found mn the udder Here 1t mav remam several years causing
sertous damage to the muilk producing tissue and appeanng regu
larly 1n the milk It 15 also found 1n the utenne discharges accom
panying abortion

Bulls are susceptible to mfection at times Buck Creech and Lad
son (7) found the semmal 1esicles of 4 bulls nfected out of 325
examined The lesions are often so extensive that permanent sterthity
results

Infection of swine with Br swis was first noted m 1914 by Traum
and confirmed 1n 1916 by Good and Smth (8) from which time 1t
has become ncreasimgly prevalent in the United States especially
1n the Middle West and on the west coast The stramn of Brucella re
sponsible for poreine mfections 1s more highlv virulent for hogs than
15 the bovine stram

Sheep and goats have been reported by Schroeder as susceptible
to mfection with Brucella through contact with cattle The animals
abort as do cattle Foxes likewise have been reported by Mac
Fadyean and Stockman as aborting when they have come into
contact with the infection

Horses are subject to an nfection causmg abortion which should
not be confused with the type of mfection discussed here Salmo
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nella abortus equi 1s « member of 1 distinetly different group of or
ganisms
The control and pres ention of Bangs diseasc i cattle 1s of vast
mmportance economically The extent of mfection m ny herd may
be determmed by means of the agglutination test on the blood
serum of each ammal A single test however 1s not suffcient to
discover all animals harboring the germs Several weeks or months
m1y elapse after an ammal has been infected before 1t shows a
positive 1gglutmation reaction The test must be repeated two or
three times therefore At mtervals of six weeks or six months before
all infected ammals are eliminated
Herds cn be cleared of infection by ehminating the nffected
ammals and carefully and thoroughly disinfecting the premmses
Subsequent tests should be made to pick up any ammnls that may
have been mussed on the first test
Herds that are entirely free from mnfection may be kept m that
condition by strict attention to certain detuls The disease 15 usually
mntroduced through the purchase of infected cows or pregnant heif-
ers Bulls and unbred heifers are said to be of less danger m spread
g the infection The role of the infected bull at the time of service
has been much discussed It 1s muntuncd by observers that if the
service tahes place on neutral ground there 1s small chance of the
cow becorming infected The infected semen from the bull or vaginal
discharge from the cow contammating the premses 1s of greatest
sigmficance The agglutmation test should be used before any new
ammal 1s admitted to an umnfected herd Other routes of mfection
are hay nd grun produced on farms where the discase eusts drun
age from 1n fected pasture bedding from railrond stock cars scat
tered along the track and neighboring pastures nd unpasteunized
mulk from creameries used to feed calves
The use of vaccmes to immumze cows agumst Bang s discase has
recerved much attention but results so far are disapponting Im
rocedures for adult Is are still in the experimental
stage Since 1938 there hnve been many reports pertuning to the
use of 1 Brucella vaceme developed by Cotton Buch and Smuth (34)
for the immunization of c1lves agunst Bings discese The vaceme
1s known as strain 19 It has been conclusnvely shown that when
calves are treated with this type of vaceme 2 lnrge percentage de
velopa high degree of resistance rgunst infection and that 1t per
sists for one or more vears Strain 19 v aceme 1s now used extensnely
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m the Umted States and foreign countries as 1 means of reducing
the spread of Bang s disease m cattle and presenting abortion

HUMAN INFECTIONS

Brucell J

m man to Bruce 1s a “disease of long
duration characterized chmcally by continued fever profuse per
spration constipation frequent relapses rheumatic or neuralgic
pains swelling of jomts or orclutis bacteriologically by the presence
m the blood and organs of Brucella mehitenss anatomically by con
gestion of the spleen and other organs ” These symptoms however
are 5o mnconstant that as Crag states (9) no one of them can be
sad to be typical of the disease A differential diagnosis 15 almost
mpossible m the majonity of cases without the aid of the micro
scope and the serum test ”

The human disease caused by Brucella melitensis does not differ
markedly from that caused by Brucclla abortus and suts The aver
age duration of mfection 1s twelve weeks Br suis mfection tends
to produce abscesses m the glandular tissues and bones The symp
toms of one have no specinl charactenistics to distinguish them from
symptoms produced by the other type

The Brucellae have not been found ordmnarly to locate m the
gemtals of the human race Belyea (10) however describes one
such case i which the Br abortus was wsolated from the vagmal
discharge Carpenter reports one case of tbortron m a woman due
to Brucella

The mcubation period 15 from esght to ninety days The patient
becomes aware of general malaise muscular paws and feser which
1s usually hagher m the afternoon The course of the disease may
drag along for some time bemg mustaken for any one of several
mfections such as tuberculosis malania or typhoid fever Very often
there are recurrences of fever after a lapse of several days or weeks
of normal temperature

Undulant fever has been of considerable importance 1n past years
as a human affhction m southern Europe and other sem: tropical
climates While the discase had been prevalent for centuries 1t was
not until 1905 that the goat was defimitely hnked up with the affic
tion Following out the suggestion of the British Mediterranean
Fever Commussion Malt fever among the Bntish military and
naval forces stationed on the Island of Malta was entirely elimmated
through the single expedient of prohubiting the use of raw goats
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nella abortus equi 1s 2 member of 2 distmetly different group of or
ganisms

The control and prevention of Bangs disease m cattle 1s of vast
mportance economrcally The extent of mfection m my herd may
be determined by means of the agglutmation test on the blood
serum of eich animal A smgle test however 1s not sufficient to
discover all anmmals harboring the germs Several weeks or months
may clapse after an amimal has been mfected before 1t shows 1
positive agglutnation reaction The test must be repeated two or
three times therefore at mtersals of six weeks or ste months before
all infected ammals are eliminated

Herds e be cleared of mfection by ehmnating the affected
ammals and carefully and thoroughly dismfecting the premuses
Subsequent tests should be made to pich up any ammals that may
have been missed on the first test

Herds that are cntirely free from infection may be kept m that
condition by strict attention to certam details The disease 1s usually
introduced through the purchase of infected cows or pregnant heif
ers Bulls and unbred heifers re smid to be of less danger 1n spread
1ng the mfection The role of the mfected bull at the time of service
has been much discussed It 1s muntamed by observers that if the
scrvice takes place on neutral ground there 1s small chance of the
cow becoming infected The mfected semen from the bull or vaginal
discharge from the cow contunmiting the premises 1s of greatest
ssgmficance The agglutmation test should be used before any new
ammal 1s admitted to an uninfected herd Other routes of infection
are hay and gram produced on farms where the disease eusts dram
age from an infected pasture bedding from railroad stock cars scat
tered along the track and neighboring pastures nd unpasteunized
milk from creameries used to feed calves

The use of vaccines to immumize cows agunst Bang s disease has
recenved much attention but results so far are disappownting Im
munmzation procedures for adult animals are still in the e'(penmcnml
stage Swnce 1938 there have been many reports pertunmg to the
use of 1 Brucella v accme developed by Cotton Buck and Smth (34)
for the tmmumzation of calves aganst Bang s disease The vaccmne
1s known 1s stran 19 It has been conclusnely shown that when
calves are treated with this tipe of vacene 1 Jarge percentage de

) degree of resistnce aganst mfection and that 1t per
w used cxtensn ely

velop a hugh
sists for one or more vears Stram 19 vaccmne 15 no
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States The patient was an Army nurse 2nd 1t was presumed that the
mfection was contracted from canng for sick soldiexs recently 1e
turned from the Philippes It is entirely possible however that
thas was a case of bovwe rather than caprine onigin
The first actual keowledge of endemuic vndulmt feser due to
goats 1n the Umited States resulted from the mn estigation of Gentry
and Ferenbaugh 1in 1011 {3) 3t was established that the disease not
only existed at that time sn the goat rasmg temtors of Texas but
also had exsted for some tune under such nunes as goat fever slow
fever contmued fever Rio Grande fever et Menean goat herders
attributed the fever to dnnlang raw goat s milk and eseaped the dis
ease by bailing the milk Stnce that time sporadic cases of the dis
ease have been reported from the Mewiean border
The first eprdemic of undulant fever on record m this country
of caprine ongm occurred i 1822 s Phoemx Anzona {13) In
Apnl of that year a herd of goats was brought to the ity for the
speaific purpase of selling goats mdk The industry was wpparently
cuaste popular the demand rising to 830 guarts dals by June Dur
mg May June and July ctses of an unknown febnle condition hept
occurning untll August when the definite diagnosis of undulant
fever was established and the sale of goat s ik prohubated Amoug
400 or 500 people who had used goats itk ovex a pertod of four
months there were 40 hnown cses
The relationstup of brucellosts of cattle to public henlth was
doubtful question for several years Credit Jargelv belongs to mem
bers af the United States Department of Agriculture for finally
solving the problem
In 1911 Schroeder and Cotton of the Bureau of Antmal Industrv
were attemptmg to demonstrate tubercle bacilh m mulk by guwea
p1g moculation (14) Some of the myected ammals showed lesions
that mught be mstaben for tuberculosis but which contamed no
aeud fast baoill Other mvestigators had also encountered simlar
lesions The pecuhar malady was transmissible through 1 series of
gumen pigs but ats cuse ws not at Bist apparent Atlast however
there was wsolated after many attempts Bacillus abortus of Bang
The argamsms were shown to be quite comsmon m mdh. and to be
exereted over periods of several vears duration by otherwsse ap
parently healthy cows Among seventy seven samples of market
mulh exght or 105 per cent harbored the organisms
Mobler and Traum (15) sn 1911 attempted to demanstrate the
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methods by which the disense 15 transmutted {Meyer)

milk The prevalence of the disease in the cvil population on the
other hand continued unabated Horrochs (11) states that undulant
fever practically disappeared from Gibraltar since the practice of
importing goats mlk was stopped Sttt relates that on the slip
which carned the original consignment of 65 goats from \alta to
Antwerp destimed for the Umted States n 1905 several cases of
undulant fever appeared among the crew due to mulk from these
infected 1mmals Two German engmeers however who boiled the
goats milk escaped infection

Undulant fever of caprine engin 1n the Umited States has never
been a serious public health problem From time to time eises of
infection ongmating elsewhere hwe appeared Thson desenbes a
case 1 1898 the source of mfection being Cuba In 1903 Craig de

scribed the first case which 15 known to have ansen m the United
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relation of Bang s disense to fruman mfection by means of serologie
but bloed sp from forty two persons were neg
atine Of fifty siv adenoids nd tonsils from children moculited to
gumer pigs one specimen praduced lesions m the expenimental ams
mnt from which Bacillus abortus was sobhted Thus the first human
miection was demonstrated
Larson and Sedgwick (18) m 1913 made complement fixation
tests on the blood serum of 425 cluldren finding 73 positne with
Buocillus abortus antigen Agghutination tests run on the syme spect
mens grve parillel results In a later report mn 1915 they showed that
mn the onginal group of 423 cluldren those receiving mifk from n
abortion free herd were negative while the clddren recenving
muced market mulk gave a hugh percentage of positnve seactions
The demonstation of abortus bazith m mik md mmane bodies
m the blood stream of cluldren was confirmed by several investiga
tors
Cooledge (17} m 1916 found amaong fourteen persons that of six
who used raw mudk three gne positive blood tests of four usmyg
pasteunzed mull one gave a postave blood test while of four drmk
mg no milk all were negative It was discovered that agglutinms
were present m the milk of one of the cows connected with the
above study and it was suggested that possibly the ingestion of
anhbodses from the cow by way of the imlk were absorbed into the
blond stream and wete responsible for the positive tests An expen
ment lasting oner exght weeks where seven persons consumed large
quantities of mulk rich in anttbodies failed to esttbhsh the conten
tion
Following the publication of Miss Exans {18) seport n 1816 on
the 1denbity of the abortus and melitensis orgamsms mterest i the
possibility of human nf from Bangs disease of cattle was
renewed but st was not until 1924 that the first authentic case 1o man
was deseribed by Keefer (1) In rapid succession after that other
human eases were reported till several dozen were cetmulated m
the seientific Interature by Huddleson (20} Moore and Corpenter
{21} Evms (1) Gage and Gregory (22) hnowlton {23} Hull and
Black (24) and others
The prevalence of human ifectson with Br abortus s dsfficult to
determme Jt would appesr that posstbly 1t 1s more common than
ordimanly reabized Among 69 blaod specrnens from fever patients
which were submitted for the Widal test but found negative Black
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Table 1; —INcIENCE_OF BRuCELLOSIS 1n Man
Nouper oF Cases Rerortep 10 The Pustic Hestrn Servics sy State Heaure
OFFICERS FOR THE YxARs 1935 T0 1943 AND JAMUARY NOVEWBER 1944

Jarvary
Srate 1935 (1936 | 1937 [ 1938 [ 1939 | 1040 | 1941 | 1942 | 1913 fro Novix
BER 1044
Alabama obl 43[ 48[ 591 59| 70| 45| 70[ €3 83
Arizona 4] 35| =) 31] 39] 29| 21) 18] 18 27
Arkinsas 16( 3>( 30( 23( 36( 21y 22{ 22( I3 31
California 150 172) 188 243| 279) 250| 318] 222| 243 308
Colorado 1 3 5[ 16| 37| 50 36| 12/ 43 46
Connecticut. 591 997 T} 96) 71! 9o1] 123 72| ™ B
Delawnare 9 —| — 6 3 5 1{ — 3 1
Dist of Col 2 1 1 4 & 5 3 4 1 2
Florda 681 16( 37| 42| 837 46| 21( 37 36 23
Georgi 62] 60! 58| 82{ 121| 123) 123] 120) 9§ 161
Tdaho 4] 14 8| 16
Ilmois 1441 81| 107( 212| 23.! lu5| 217
ndiang log 15 0] 52] 58 & 2.
0wy n2| 13[ 137 12¢) 1881 220] Joé
\ansas 98( 97( 82} 133 103| 170 114
hentucky 30} 46| 30| 44 19| 22| 20
Lout 11na 490 37| o6 60| 7| 73] 61
ame 201 13( 28| 2c| 28| 28] 33
aryland 37 41 441 61 O 280 3%
15 achusetts 42 43| 37| 40| 2| &
g 3| 89| 78] 149] 202| 113| 14
15| 84| 89| 87| 93| M43] 180
PP ] 21| 23{ 32/ 25| ‘30| 28
15s0nr1 6a| 36] 34 32| 26 25
antann [ TR Y T 1
ebraska 2 1 2; — 2] 17
evada 1 2 7 2 1 2
ew flamp hire 1y — 4 6 2( 16
en Jer<ey 4] 64) 67| 52| 62| 76| 61
ew Meweo | 12| 11| 8| 17| 13| af
ew York 12301 212] 190| 203 203| 2un| 258
orth Caroliny | 31| 23| 26| 200 2o{ 11| 12
orth 12 1kota [ 2| 2| 1} 8] 3 7
Ohio €9 791 66{ 91 1 12| 16
Qklak yma 10/ 96| oolissel 872! N2l 17
[ 190 21| 19 02| 20 7 3
Pennay lvaniy e8] & | 91] 109[ 121 108| 82
Rhod Thwmd | 1of 12] 16| 9] 18] 12| 11
South Carolint 1] 0] 14} 28{ 32| 33} 1
South Dakota 3 4 2| 3 = 4] 9
Tenne ce 91 2orf 16) 24§ 220 39¢ 27
exas 46| 43) 198| 238| 327 3.1) 330
Ttah sl 3| 5! 12| 28; M| n
\ermont o7 24! 41| 42| 30| H 61
Virgma as{ 83| a7l sal 22 23! 16
Wa ington 3,] a3; 20| 40] 25] 28] 4o
West Virpma 3 = 7 3 2 3 XS
Wicon in 75| 106 93| 79[ 102 114] 130
Y yomwng 1 2| 1f 4p 13] 10| 3
Total % 008 (2 090 [2 675 [4 379 {3 ,01 [3310 13481
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results obtamed 1 a state where prehmunary testing has shown at
fest 90 per cont of the dawry herds to be infected with Br abortus
and approvmately 60 per cent of the ik supply only s pasteur
1zed mdicate that mfection of man with B¢ aborfus 1s relatwely
rare provided wy £ cn be attached to the agglutmation
test {25)

Despite the fact that routine serolagic tests do mot mndicate =
hugh mexdence of brucellosts m man m the Usuted States the num
ber of cases reported by state health agencies to the United States
Public Health Service contirees to mevense exch year In 1929 only
952 cases were reported while dunng the year of 1943 5445 eases
were reported

Undulant fever 15 not confined to adults alone Of the total pum
ber of eases reported by the Supenntendent of Health of the Ml
tese Istands during the year of 1936 40 per cent occurred m chit
dren under five years of age

In the Umted States Evans found only 4 cases m chaldren under
9 years of age out of 53 stucked The mardence of the disease ac
cording to sex depends upon the source +nd occupation as well as
the ifecting spectes In the lsland of Malta there 15 no difference sn
the sex madence of the disease In the Unmited States abaut twice
as many cases have been reported m males as m femmales This 1s
due to the fact that certun occupations bring more males m contact
wnth wnfective matenals

‘Undulant fever m the United States 1s a disease that ys confined
laxgelv to rural sections where muilk s consumed unpastourized as
other contact with anumals may occur although many cascs hmve
been found 1n urban populations Carpenter studied 155 cases find

g that 70 per cent had bren danking raw math

Hogs have been shown to be a source of human infection with the
sws orgavism Vs Evans (1) reperts two cases i 1924 ane from
South Dakota m a mieat inspeetor who had been wmspecting hogs for
the last ezght years and one from Connecticut 11 4 man who hed
been shaving ears and quartenng” hogs MeAlpie and Slanetz
{29) have found ali cultures 1solated from mm 1 Connecticut to
£l ipto the suts group They alse call attention to the fact that the
madence of Brucella wiection m man 1s fagher i stutes where the
swane mdustry 1s Jarge ¥t s possible that cows may become mfectcd
with the sun species from close contact with swime and thus pass on
the infet tion
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nd Hull obtuned positve abortus agglutimation tests and historzes
m five

Severnl studies have been made to determme the exact status of
the prevalence m the human population Miss Evans obtaied blood
from 500 patients suffering from 1 varety of diseases whose serum
had been submutted for the Wassermann test There were 59 gving

sotcen

Tiistt Dp tm t [ 47 Ttu
Fic 19 —Lesions 1 guine pigs cased by Brucella
abortus

positnve reactions m the 1 5 dilutton but not above 1 40 Onc p
tient g1ve undoubted evidence of infection bemng positive 1n 1 320
dilution The others werc regarded 1s having ingested ifected
cow s milk which cwscd shight mnfections but not necessanly notice
ble linesses

Litterer in Tennessee tested 1000 blood specimens submtted for
the Wassermann test finding 107 to rcact i 1 diution of 1 10 or
greater Carpenter i New York State tested 4 000 symular speeimens
of which 7 per cent were posiive m Iugh dilutions MeAlpine and
Michle 1n Connectscut using routine hlood samples submutted for
the Wassermann test studied 20 259 specimens finding only 127
or 06 per cent positive n 1 100 dilution They conclude that these
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chief objection to this agent 15 the severe mflammatory reaction
necrosss and sloughng which occurs 1 many mdividuals showing 1
positive reaction
Brucellergen Allergic Test —Brucellergen was developed i the
laboratory of the Department of Bacteriology at the Michigan State
College This agent has been studied on more than 20000 mdi
viduals Its accuracy and rehability in detectng Brucella allergy 15
now well estabhshed In all suspicious cases or cases m which un
dulant fever 1s suspected the first procedure to follow m arriving
at a diagnoss 15 the performing of an intradermal test with Bru
cellergen
Brucellergen should be kept in the refrigerator when not m use
The vl should be thoroughly shaken before the hqud s unth
drawn The liqud should be removed from the vial under strict
aseptic precautions to mamtamn the sterihty of the remaming por
tion The syninge and needle should be sterthzed by boiing
The test 15 made by mjecting about 01 cc of the fnd mtra
cutaneously mn the lateral surface of the forearm using a 26 gauge
needle The local reaction 1s charactenzed by a ewrcumscnbed ery
thema edema and induration The size of the local reaction may
vary from one to six centimeters 1 diameter The reaction should
be read twenty four hours after mjection and agam at forty eight
hours if the first readng 1s negative It may persist for seven duvs
There 1s rarely 1if ever any necrosis or sloughing of the tissue at the
pomt of the local reaction In the mfected the local reaction my
not be accompamed by 1 more marked manifestation of the present
symptoms Those who are very hypersensitne wall show  systermc
reaction along with the local reaction Those who have not been
sensitized to Brucella and who are probably susceptible to mfection
show no local or systerie reaction Often one sees i certain normal
mdividuals an erythema about one half to two centimeters m
dameter with no edema around the pomt of the mjection It has the
appearance of a non speaific reaction
Brucellergen contams phenol as a preseryatine
System for recording and nterpreting skin reactions following
wntradermal test —
E = Erythema no sigmficance
1+ = Edema and erythema one centuneter m diameter positive
2+ = Edema and erythemn one centimeter or more 1 diameter
and mild systemic reaction positive
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Studies made by Jordan (32) m Iowa of 1564 cases of undulant
fever over a period of seven years show conclusively that con
tact with infected ammnals 1s the most important source of the dis
ease mn man The mcidence of the disease i farmers who had
contict with animals ws found to be seventeen cases per 100 000
mn farmers wives 09 i urban dwellers 08 and 1 packing house
workers 1311

Laboratory workers handling cultures of abortus or mehtensis
orgamsms hayve become infected from time to time More than the
ordinary preciutions of hboratory hygiene are necessary when
working with thus group of orgamsms

Inter human transmussion of undulant fever m Europe has been
found neghgible with the disease never more than one remos e from
the goat The same 1s probably true of the disease i this country of
bovine or porcine origin

LABORATORY DIAGN\OSIS

The agglutination test used according to the test tube or rapid
method 1s a simple and accurate means of dingnosing the discise
m ammals A positive reaction an 1 titer of 1100 15 mdicatnve of
actine infection A positive reaction in dilutions of 125 or 150 15
constdered suspicious Ammnals reacting i the latter dilutions
should be tested agam after an mterval of 60 days If the reacting
titer 1s lngher they should be considered infected

The agglutination test 1s 1 lughly satisfactory method for ding
nosing undulnt fever i man 1 the Island of Malta A posttive re
1ction 1n a dilution of 1 100 mndictes retive nfection Many cases of
the chromc form of the disense m the United States ful to show a
posttiv e reaction to the agglutnation test For the diagnosis of such
cases Huddleson nd assoctites hne developed an intradermal al
lergic test and an opsome blood test

Allergic tests made intradermally m human bemgs detect
Brucella scnsihization due to pist or present mfection A positive
test made with any agent does not mdicate actne mfection
Brucelle allergy develops m humn bemngs before the onsct of
symptoms and may persist many yecars after recoveny
Allergic agents halled suspension of Brucella cells Bruccllergen

1d of protem )] from Brucella cells
\Vé-nk suspensions of Mlled Brucella cells have been used and
r many years for detecting Brucella allergy The

a

recommended fo
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total of 25 polymorphonuclear cells 1s exammed different sections
of the spread "and each cell s grouped 1 one of the four following
groups

Negatn e—When no phagocytosis occurs

Shght—When 1 to 20 bacteria are seen m the cell
Moderate—\When from 21 to 40 bactena are seen 1n the cell
Marked~When the number of bactent m the cell 1s 1bove 40

An mdndual reacting to the skin test 1s classified 15 infected 1f
less than 40 per cent of the cells show marked phagocytosis as
questionably mfected or mmmune 1f 40 to 30 per cent of the cells
show marked phagocytosis as immune 1f 80 per cent or more of the
cells show marked phagocytosis If an individual reacts negatively
to the shin test and the cells of the blood m a phagocytic system
show very little if any phagocytosis such cases are clissified as
susceptible to Brucell infection

The foregoing mterpretation will not apply m many cases of melt
tensis infection Very often one observes a lugh opsonte activity 1
active mfection

PREVENTION AND TREATMENT

The protechon of the public agamst infection with undulant
fever whether caprine bovine or porcine origin 1s possible All
mulk for human consumption should be properly pasteurized Man
15 not very susceptible to Brucella abortus of bovine ongm—there
fore the fact that the dairy herd 1s infected with brucellos:s 1s not
sufficient cause to reject the milk from such animals for human con
sumption A sufficient number of human mfections occur however
to require the destruction of the orgamsm This 15 easily accom
phshed by 30 minutes exposure to a temperature of 142 F

The pasteurization of milk m country districts or on the farm
where brucellosis exists among the cattle 1s more difficult for the
process must be carned out on a small scale usually by a busy
housewite m addition to a multiple of other duties Boiling may be
substituted for pasteunizing The danger of infection 15 too great
to be ignored

The sale of goat s milk should be prohibited where undulant fever
15 known to ewst unless it 15 pasteunized Man 15 very susceptible
to mfection with Brucella mchitensis Milk from goats shown by test
to be free from the disease should be pasteurized as an added pre
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8+ = Edem 1nd erythema one centimeter or more n diameter
and marked systemic reaction positive

If the climeal symptoms shown by the mndividual are not suff
ciently tvpical of the disease although a positiv¢ intradermal action
15 obtuned the results of the intradermal test should be clanfied by
performmg an opsonic blood test on the patients blood A satisfac
tory procedure for performing the test 1n question and to be used
m conjunction with the mtradermal test m detecting Brucella sus
ceptibility immunity or mfection has been worked out at the Micht
gan State College

Opsonic Test —5 ce of blood are drawn from the patient and

pliced 02 c ¢ of a 20 per cent sodium cutrate solution The blood
1s shiken thoroughly n order to prevent clottng The specimen
should be examined within twelve hours after collection prosvided
1t has been Kept mm 2 cool place Place in a small test tube 01 cc of
the atrated whole blood and 0 L c ¢ of the suspension of 1 48 hour
growth of a smooth phase stram of Brucella m physiological salt
solution The density of the suspension should be 1 em as measured
by the Gates apparatus The blood and bactenal suspension are
thoroughly mixed and then placed 1n a water bath 87 C for tiurty
mmutes The cells should be resuspended by shaking after the
period of incubation Directly after removing the tubes from the
mncubator a small amount of the mixture 15 removed by means of a
finely drawn capillary pipette to which 1s attached 1 small rubber
bulb A drop of the cells 1s placed at one end of the thoroughly
cleaned and polished glss shide and drawn across the shde by
placing the end edge of another shde 1n front of the drop nd at
such an angle that the spread thins out and terminates 1t or near
the opposite end Blood films should be dned as rapidly 1s possible
to prevent shrinking of the leukocytes Rapid drying may be ob
taned by placing the shde in front of a small electric fan The shdes
are stamed by covering the spread with 05 cc of Hastings stain
(Hartman and Leddon Company Philadelphi) After an evposure
0£30 seconds 1 ce of distilled water buffered to a pII of 615 1dded
to the stan on the shide and thoroughly miced At the end of ten
mimnutes the spread 1s gently but thoroughly washed free from stan
with distilled water and dried m front of an electric fan The
Brucella opsonic actty of the blood 1s determined by cnmmmg\;
spreads under an o mmersion objcctive with 1 12X oculwr A
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dous economic importance mn ammal mdustry n the Umted
States

8 Protection of the public agamst undulant fever 1s easily afforded
through proper pasteunzation of the milk and by reframmng from
handling borted fetuses and fetal membrines and mfected am
mal tissues
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caution MR from nfected goats, when 1t 1s necessary to use 1t
should be boiled

For those persons whose occupations expose them to nfection
such as laboratory workers or employees at abattorrs where hog car
casses 1re handled only eternal vigilance 1n personal hygiene will
protect them

Thus far no treatment has been found which will alter the course
of the disease in ammals It 1s known that approuimately 12 per cent
of cows showing an agglutmation titer of 1 500 mdicating nfection
will withm one year agam become negtne to the test Such 2
change i titer suggests recovery from infection

Numerous biological and chemrcal agents have been proposed for
the treatment of the disease m man The majonty of the proposed
agents have been used on only a hmited number of cases and never
under controlled conditions

Huddleson 1nd assocrates have developed a culture filtrate called

Brucellin  which has been given an extensive trial on cases i the

Umted States and the Island of Malta It has been studied on cases
along with controls i Malta

The results thus show that 1t reduces the duration of the discise
to less than 20 days in 80 per cent of cases The most obstinnte cases
are those 1 which the disease has persisted for three months or
more before treatment

ITEMS OF \OTL

—

The abortus stus melitensis group of orgamsms 15 widely dis
tributed over the world

TIIC common pnrenhgc Df caprme bO\ me and pOTClnc struns 18
mdicated by many characteristics

Brucella melitensis residing Iong years in the goat as a host has
developed virulent properties for man

Brucella abortus residing long years in the cow s a host infects
man at rather seldom ntervals

Brucella suis 15 very pathogeme for man It 1s more virulent than
abortus strun for all ammals

Bruccllosis of goats 15 a problem of semu tropical countries Its
sigmificance n the Umted States 1s relatively small beng con
fined chuefly to the Mewican border

Brucellosis of cattle 1s a problem of all climates Tt 1s of tremen
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CHAPTER IV

GLANDLRS”®

GLANDERS also known as farcy 1s primanly a communicable
disease of solipeds (horse ass and mule) Secondanly man
may become mfected through occupational contact with diseased
animals or through handlng diseased tissues and laboratory cul
tures of the crusal bacillus

HISTORY

As a disease of the horse and other sohpeds glanders appears to
have been recognized at a very early perniod It 15 mentioned m the
writings of Hippocrates between the years 450 Bc and 425 ¢
and by Anistotle a century later From that tume the disease has been
frequently referred to 1n vetermary literature

Dunng the fourth century (ap ) Apsyrtus and later Vegetws m
the fifth century described glanders as bemg contaglous and recom
mended the segregation of affected ammals Solleysel (stable master
to Lows XIV) between 1667 and 1682 expressed the view that 1t
could be transmmtted through the air Caspard de Saunter m 1734
regarded the contagion as bemg conveved either by direct contact
or indurectly through contammated harness water troughs and feed
mangers Viborg mn Denmark during the year 1797 published a
systematic description of glanders n which he defimtely referred
to an infectious prineiple bemg present m the nasal discharge and
the secretions from pustules and ulcers 1 the shin He hkewise
considered glanders and farcy to be one and the same disease con
tagrous in character and transmssible through direct contact and 1n
directly through contammnted feed mangers water troughs hamess
and stable utensils Unfortunately durimg the eighteenth and nine
teenth centures conflicting opimons became evident as to the exact

Prepared by C D McGlray VS MDV DVSe O tuo Vetetnary College
Guelph Ontano
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29 McALrive J G and SLanetz C A Sniteenth Annual Report of the In
ternational Asso of Dairy and Milk Inspectors 1927

30 JAMA 1927 88 407
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CLANDERS IN HORSES

Glanders was widely prevalent m most countries until about
1924 when 1t became noticeably less frequent It shll prevails 1
some parts of Lurope Asia and Africa The prevalence and dis
tnbution of glanders have tlways mereased durmg and following
all the great wars 1 different parts of the world —the Croil War m
the United States —the Brish Egyptan War —Afghamstan and
South African Wars —the Spamsh Amencan War and the World
War of 1914 1918 Following the First World War the spread of
glanders became intensified 1n Europe particularly n Russia From
the vear 1905 a vigorous policy for the control of glanders has been
enforced n the United States and Canada wath the result that the
disease 15 practically nonewstent mn North Amenca

CAUSE AND TRANSMISSION

Glanders 15 caused by a specific bacterrum originally known as
Bacillus maller and now designated ether as Malleomyces malle:
or Pfesfferella malles Ordmanly 1t 1s spoken of as the glanders bacil
lus and described as a small slender gram negative rod non spore
forming and non motile and growmng readily on ordmary culture
media The growth on agar has the physical appearance of clover
honey on potato media the growth resembles buckwheat honey

In the affected ammal the bacillus 15 present m the nasal dis
charges and suppurative discharges from the pustules and ulcers
(farcy buds) which develop on the skin of the legs and sometumes
on other parts of the body as well as 1n the lungs and the bronchial
and submaxillary Iymph glands Glanders 1s chiefly spread through
the ordmary cliannels of horse traffic and the infection can be mtro
duced to the premises through the medum of both chmeal and
non clinical cases Close cohabitation between the affected and non
affected always results m an mereasing number becommng infected
etther 1n the stable or at pasture Natural mfection may oceur
through the following channels —

1 By ngestion wnto the digestive tract This regarded as the
most common mode of infection results from the consumption of
feed or water contamimnated with nasal discharges

2 By woculation through the skin Shght abrasions of the shin or

mucous membrine become mfected with the nasal discharges or
pustular secretions
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ongm of glanders One group expressed and supported the view that
the disease was of contagious ongin while another group vigoroushy
upheld the opposite view

In 1749 Lafosse (semor farner to the hing of France) published
A Memorr of the Glanders in Horses i which he described the
disease 1s simple loeal 1 character and non contagious The Alfort
school of veternarians m France were, at that ime strong advoc tes
of the spontancous ongm nd non mfectiousness of ghnders Sub
sequently however m 1840 Renwlt and Bouley of Alfort reported
that glanders was contagious In Englind the London school of
vetennary surgeons was also divided 1n 1ts views and 15 late as
1860 Percival published a comprehensive description of glanders
(covenng 200 pages) i which he stated  No doubt his ever been
entertuned by me of the spontancous ongm of glnders and farey—
of their orygin part from the mfluence of contagion  He attnbuted
the cause and origm to bad ventilrtion 2 muasmn, and overcrond
mg
On the other hand White (1842) pubhshed 2 convincng account
of chmeal glinders and declared 1t 2 contagrous disease Likewise
Gerlach (1868) and Bollinger (1874) demonstrated that glanders
only resulted from direct or mdirect contact with an affected am
mal The defimte assertions first made by Viborg in 1797 werc
ultimately confirmed by the discovery and identification of the
causal orginsm Bacillus maller m 1882 by Loefller and Schutz m
Gamny and about the sume time by Bouchard Capitn and
Charrin m France

An important contribution was made 1 1891 when two Russian
vetermarians Ralning and Helmmn and independently Leonard
Pearson 1n the United States produced from pure cultures of the
bacillus the product called Mallen This product was found to
cause a reaction when mjected into glindered animals—thus ntro
ducmg the mallemn test as a diagnostic agent for the detection of
latent cases The discovery of mallein preprred the way for the
ultimate control and eradication of the disease

SUSCEPTIBILITY

Glnders 1s pnmanl\ a diseise fecting equines (horse mule
and donkey) Mans 1lso susceptible The suppression of glinders
1 horses results in the disappearinec. of the disease in man Cattle
sheep and swine possess 1 natural immunity to glanders
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Shin lesions Climeal cases are charactenzed by shin lestons con
sisting of nodules pustules and ulcers on the skin especially of the
Tund leg below the hock and on the mner thigh

Fic 20 ~Reactionary edema of the eyehds profuse lactimation and
purulent conjunctnitis following an mtradermal njection of mallem
mto one of the lower eyelids of a glandered horse The so-called intra
palpebral mallem test

Resprratory lesions Nodules and ulcers may be present on the
surface of the respiratory mucous membrane especially on the nasal
septum turbmated bones larynx and trachea

Pulmonary lesions In the majority of cases the lungs are the seat
of the disease and are embedded wath tubercle Iike nodules When
meised the nodules show 1 necrotic yellowish centre contaming pus
Frequently there are defimite glanderous pneumonic areas m the
lung with suppurating foe1 dischargmg mto the bronchal tubes
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3 By mnhalation into the respiratory tract While this 1s possible,
1t 15 not considered as the essential er usual mode of infection m
ammals

SYMPTOMS AND COURSE

Glanders n the horse usually follows a chromie course with a
varable period of mcubation extendmg from several weeks to sev
eral months The incubation pertod appears to be relatn ely shorter
mn the mule and the donhey Horses kept closely stabled and worked
hard develop clinical symptoms mn a shorter period than do horses
wiich are hept outdoors on the open range As 2 result 1t 1s cus
tomary to speak of two types of the disease (1) climcal and (b)
non climical or latent glanders

(a) Clintcal cases are recogmzed by defimte symptoms com
monly known as the cardwal signs of glonders” (1) A chrome
nasal discharge from one or both nostnls with or without visible
ulceration of the nasal septum (2) Chronic enlugement and
duration of the subm 1allary Iymph glands on the side of the lower
jaw corresponding to the nasal discharge and usually without out
ward suppuration (3) The presence of pustules wnd ulcers (farey
buds) on the shin of the legs and sometimes on other parts of the
bod

(l};) Non clinical or latent cases are essentinlly pulmonary mn
type and the lesions remain 1w a concealed state n the lungs i the
form of tubcrele like nodules and suppurating foct In many of
these latent cases the affected ammal shows only shght signs of
chrome lung trouble (altered thoracic breathing) but may spread
the infection through respiratory secretions for a period of several
months before showing recogmizable symptoms These cises are
actually more numerous than climeal cases and can be detected
only by the application of the mallemn test

POSTMORTEM APPEARANGES
Cases of glanders can be diagnosed by means of the mallem test,
and a post mortem exammnation 1s not alway s necessary or even de
sirable, except when performed by a shilled person using proper
precautions, owing to the extreme danger of infection while making
An autopsy under field conditions The post mortem appearinces
depend on the nature of the case and comprise one or more of the

followng gross lesions
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Shan lestons Climeal cases are charactenized by skin lestons con
sisting of nodules pustules and ulcers on the shin especually of the
Tund Jeg below the hock and on the mner thigh
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Fic 20 —Reactionary edema of the eyeds profuse lacnmation and
purulent conjunctivitis following an mtradermal myjection of mallewn
1to one of the lower eyelids of 2 glandered horse The so called mtra
palpebral mallern test

Respiratory lesions Nodules and ulcers may be present on the
surface of the respiratory mucous membrane especrally on the nasal
septum turbimnated bones laryny and trachea

Pulmonary lesions In the majonty of cases the lungs are the seat
of the disease and are embedded with tubercle like nodules When
inersed the nodules show a necrotic yellowssh centre contanmg pus
Frequently there are defimte glanderous pneumome areas mn the
lung with suppurating foct discharging nto the bronchial tubes
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Lymphatic lcsions The submrclley Ivmph gland ss frequently
found to be enlarged 1nd mdurited and while 1t seldom forms an
abscess 1t may on cross section be found to contun 1 small amount
of easeous pus Iihe material The bronchial and inguinl glhnds may
be similarly affected

Other lesions Lestons may be found occasionally 1n some. of the
other organs—the Iner spleen nd hidney

DIFFERENTIAL DIAG\OSIS

Glanders should be differentinted from such diseases as are char
actenzed by nasal discharge and ulceration of the legs namely
dental cartes strangles purpura lymphangitis

Dental caries with pus n the facial smuses In these cases the
nasal discharge 15 quite profuse more so than 1n glinders and his
n offensive odor The nasal discharge m glinders has very hittle
odor The mallemn test can be applied where the diagnosis 1s doubt
ful

Strangles This 1s essentially an acute febrile respiratory disease
of young horses characterized by profuse nasal discharge d b
the development of an acute diffuse pamful suppurative swelling
m the inter mwxllary space Irregular or atypieal cises i which the
course of the disease 1s protracted are the most Iikely to be mistaken
for glinders

Purpura haemorrhagica This disease may be climenlly distin
gushed from glinders by the presence of petechiie on the nas1l
mucous membrane and conjunctn 1 together with the charctenistic
edematous swellings on the body and legs

Lymphangitis All forms of lymphangitis accompanied by uleera
tion of the lcgs should be differentiated from glainders by mens of
the mallem test

THE POSITI\[" DI\G\OSIS OF CLA\DLRS

While glinders mav be dirgnosed by the presence of clinte il
symptoms the use of the mallemn test 1 essential for the deteetion
of htent cascs and as an md m the routme diagnosis of doubtful or
suspected cases There are three recogmsed methods of 1pplyng
the mallem test

The subcutancous mallem test In the application of this test 25
c ¢ of dilute mallemn are mjected subcutaneously 1nto the flat surfice
of the neck Temperatures are taken before ind after the myection
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In the glandered horse this test produces m from eight to twelve
hours a definite thermal reaction and 2 distinet pamful swelling at
the pomt of mjection

e - €

Afe U ¢t g
Fic 21 -A typical case of cutaneous glanders
(farcy) affecting a hind leg

The ophthalmic mallew test In the application of this test the
mallem 1 liqud or tablet form 1s placed 1 the fornix of the eye
A positive reaction 1s fested by the develop of a purulent
conjunctivitis i the treated eye 1 from six to twelve hours
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The palpebral ntradermic mallem test In the appheation of this
test the mallemn 15 mjected mto the loose fold of shin below the
margmn of the lower eyelid A positive reaction 1s mamfested by
marhed swelling of the eyelid accomped by a pronounced muco
purulent secretion from the eye The reaction becomes mamfest in
from twenty four to forty exght hours

A Hutjae dXNrk

Fic 22 ~The local reaction following an imjection of mallemn sub
cutneously m the neck of a horse affected with glanders The so
called thermtc or subcutancous mallemn test

Other methods of test In addition to the foregomng, allergic mal
Jem tests several Iboratory methods have been used m the dagno-
sis of human glanders and farev —agglutination precipitin and
complement fixation tests and laboratory culture exammations

CONTROL AND ERADICATION

hould not be per
Therapeutic treatment of glanders m horses s

mmeflr:xls’ st only leads to further spread and hinders the proper con
trol of the discase The only effective policy for the suppression of
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ift Hutyeod it 1

Frc 23 —Mucopurulent reaction following the mstillttion of
fid mallem or millem pellet mnto the conjunctnval sac of a
horse affected with glanders So-called ophthalmic mallem
test
ghinders 1s compulsors notification and mmmediate slanghter of all
reactors to the mallemn test followed by disposal of the carcasses by
hunal or cremation and the thorough cleinsing of the stables and
yards Contact horses on the same premuses which do not rexct to
the mtial test should be held under quarantine pending a retest ;n
two or three weeks Any additional reactors discovered on the retest
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The palpebral intradernuc mallen test In the application of this
test the mallem 15 injected nto the loose fold of shin below the
margm of the Jower eycld A positive reaction 15 mamfested by
marked swelling of the evelid accompamed by a pronounced muco
purulent secretion from the eye The reaction becomes mamfest m
from twenty four to forty exght hours

v

AftrfutyoadX &
Fic 22 —The local reaction following n njection of mallen sub
cutaneously 1n the neck of a horse affected with glanders The so
called thermc or subcutaneous mallen test

Other methods of test In addition to the foregoing llergic mal
Jein tests several Inboratory methods hve been used n the diagno
sis of human glanders and farcy —agglutination preciprtin and
complement fixation tests and laboratory culture exammnations

CONTROL AND ERADICATION

Therapeutic treatment of glinders 1n horses should not be per
mtted as 1t only leads to further spread and hinders the proper con
trol of the disease The only effective policy for the suppression of
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have been appallingly ugh for a time owing to Inck of control over
the disease n horses

SOURCES OF INFECTION AND TRANSMISSION

Glinders most frequently occurs 1 man through oceupational
contact with ffected horses or from making an autepsy on a dis
eased ammal and occasionally while making or handling laboratory
cultures of Malleomyces maller The majonty become infected
through abrasions of the shin or mucous membrane~either by the
nasal discharge or the secretions from pustules on the shin of an af
feeted ammal Transmussion of the infection may also take place oc
casionally if the affected ammnl coughs or snorts dwrectly m front of
the face mto the eyes and possibly the nose and mouth Transmission
of glanders from one person to another has also been reported as
occurring 1n both men and women while attending and nursing
others having the disease Thus 15 most hikely to occur when the
exact nature of the disease has not been recognized nd when proper
precautions are not taken to prevent mfection

SYMPTOMS AND COURSE

The penod of meubation m the mayonty of eses nverages from
one ta five davs Cases have been reported m which the incubation
penod could not be determined exactly and was considered to be
several months In such mstances 1t would seem reasonable to as
sume that thev were m reality latent cases and should be regarded
as such The onset and mamfestations of glanders 1 man follow
the same general typical course 1n most respects Withm a few davs
followng mfection prodroml constitutional disturbinces develop
mamfcsted by fever maluse fatigue loss of appetite jaundice
nausea headache and rheumatic puns in the legs In another few
days defimte physical signs begin to develop in the form of an eny
sipelatous swelling on the face and the bmbs or pamful nodules
and phleg; it son (cellubtis) The nodulhr eruption
wereases rapidly and soon 1s followed by a generil pustuliwr erup
tion on the shin over the fice and on the legs arms and other parts
of the body There 15 also nasal mvolvement 1n which the nasal
mucosn becomes reddened and swollen followed by a muco puru
lent viscous discharge from the nose The nasal discharge 15 some
times streaked with blood and associated with uleeration of the
nasal septum and other parts of the nasal structures Ly mphatic m
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should lIikewsse be slughtered Other contact or exposed horses
must be traced and tested to prevent new outbreaks Under this
poliey of compulsory notification test and slaughter glanders has
been effcctvely controlled and eradicated i the Umited States
Great Britamn and Canada In some parts of Europe Asn and Africa
where 1t hns not been so dealt with the discase may still prevaul

GLANDERS IN VAN

While glanders 25 1 disease of the horse appears to have becn rec
ognized nd referred to from a sery exly peniod (by Hippocrates)
no specific description of 1t 1s 1 dise1se of man 1s defimtely recorded
until the carly part of the Jast century This 1s known as the Travers
case reported dunng the year 1830 and relates to a vetermary stu
dent who becaime infected while dissecting a glandered donkey m
London From that time cases of glanders i man began to attract
more 1ttention and many authentic cases hwve since been reported
m medieal and vetermary hterature Wilham Hunting Cluef Veten
nary Inspector to the London County Council published in 1908 a
comprehenste treatise on glanders 1 the horse He also ncluded
an appendix relating to glanders 1n man describing ten cases which
he knew to have occurred between 1903 and 1905 A comprehensne
monograph A Study of Chromic Glanders in Man  was published
mn May 1906 by G D Robins M D of the Royal Victors1 Hospital
Montreal In s treatise Robins reports 156 cases collected from the
literature available at that time Bollinger also published an account
covering 120 cases In Mamitoba two cases were obseryed and de
scribed by McGilvray 1n 1905 and 1906 There 1s also the well known
Guger case S H Guger 7 vetermary pathologst at the Punab
Vetermary College becime mnfected while makmg an examination
of a glandered horse He suffered from the dsease for 1 pertod of
nearly two years and underwent 45 operations mcludng the ampu
tation of 1n arm After recovering he pubhshed a graphic account
of hus 1llness and suffernings

The Health Department m the City of New York reported 406
cases occurring 1n the five year peniod from 1920 to 1924 The con
trol of glanders m the horse population resulted m 2 rapid decrease
1 the disease among the human population This 1s stnkingly illus
trated by comparing the vital statistics for New York before and
after the year 1924 In 1918 following the conclusion of the first
World War the meidence of human glanders n Russia 15 said to
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described as an intensely panful and loathsome disease from which
few recover

DIAGNOSIS

‘When glanders 15 suspected enquiry should be made to find out
whether the patient had possible contact with glandered horses or a
case of human glanders had made an autopsy of a diseased horse or
examned diseased tissues or had undertaken laboratory expen
ments with cultures of Malleomyces maller

Glanders may be mistaken for the following diseases and wrongly
diagnosed

Duning the prodromal stage tvphoid fever rheumatism jaundice

Dunng the 1arious stages of pustular eruption smallpox tubercn
losis syphilis erysipelas lymphangitis pyemia yaws mehoidosis

The followmng methods of test may be used for the diagnoss of
glanders m man

Blood serum tests The complement fixation test the precipitin
test the agglutiation test

Cultural hods A bacterological 1on may be made of
the suspected pus and cultures made for the solation of AMal
leomyces maller

Animal inoculation Male gunea prgs moculated intrapenitoneally
with the pus from a case of glanders frequently develop an acute
swelling of the testicles and tumea vaginalis in two or three days
This 15 known as the Straus gumnea pig test

THERAPEUTIC AND SURGICAL TREATMENT

The medicmal treatment of glanders m man has included the use
of many drugs largely tonic and palliative such as strvchnme
quinmne ron potasstum 10dide ammomum carbonate sodium ben
zoate sulphur 10dne mercurial and arsenical preparations Surgt
cal treatment 15 necessarv mn the majonty of cases Muscular ab
scesses should be swabbed with zine chlonde and freely opened up
to provide drunage Ulcers and other diseased foct should be, cau
terized erther with the thermocautery or with a strong solution of
carbolic acid Where there 1s nasal mvolvement the nasal passages
miy be tmigated with solutions of potasstum permanganate boric
aad or sulphamlamide or by insufflation with 10doform or aristol
In selected cases the use of sulphonamides and anti biotic agents
similar to penserllin might be further explored—no relable data have
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volvement 15 also common 1n the course of which the cervical sub
maxllary axllary and ingumal glinds may become swollen The
final stage of the disease 15 that of a severe pyemia characterized by
the appearance of suppurating pustules covering the body ntra

P Lt oy it

BB MGy

Fic 24 —The pustular mamfestation on the ums of a human
case of generalized glinders

m“SCll]af anCeSSeS metastatic Pneumonm (harrhoen emaciation
and fatal collapse These symptoms characterize the typical course
of acute glanders m man lasting usually from two to four weeks In
latent or chronic cases the symptoms are quite similar in chnracl}er
but are prolonged over a greater length of time extendmg to mont 1;
and occastonally several years m the form of a pverma from w}ui

a few have ultimately recovered Glanders 1n man may be tersely
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4 The disease m man oecurs usually through eccupatio vl contret
with horses

5 Control and prevention m man depends largely wpon eradication
of glanders m horses
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been brought forward at the date of this pubhcation Phlegmonous
swellings of the face arms and legs may be benefited by the applt
cation of saturated solutions of magnesium sulphate or pachs satu
rated with Dakins solution Brological treatment also offers possi
bilities through the use of autogenous vaccines and immune sera
Watson and others have reported favourable results m several cases
following the use of serum from hyperimmunized horses The use of
mmmune serum s deserving of speeial mention s bemng of some
curative value

PREVENTION AND CONTROL

The prevention of glanders in man 1s concomitant with the con
trol of the disease m horses Where glanders 1s suspected among
horses those 1 charge should report such cases to be dealt with
under the regulations for the control of contagious disease which
require compulsory notification mallem testing and the slaughter
of reactors Attendants in charge of 2ffected horses should be warned
agamst the careless handling of horses showing 7 chromie nasal dis
charge or an eruption of pustules and ulcers on the shin particularly
the legs Laboratory workers should exercise proper precautions m
handling diseased tissues and m experimenting with laboratory cul
tures of Malleomyces maller The bacillus m pure culture should be
regarded s highly nfectious since % considerable number of labora
tory worhers have contracted glanders mnfection In cases of human
glnders attendants should t1ke every precaution while feeding
handhing and dressing the patient and mn the proper disinfection
and sterthzation of mstruments bandages garments bedclothes and
table utensils It s worth repeating that the preventron of glanders
i man depends essentially on the eradication of the disease m
horses by the application of the mallemn test and the ymmediate
slaughter of all reactors By this method of control glanders 1s no
longer a prevalent disease of wimals and man in North America—-1
striking List 1mn the supy of a disease transmitted

it
from ammals to man

ITEMS OF NOTE
Glanders 1s primarily 1 disease of the horse ass and mule
9 The disease was widely prevalent 1 most countries until About

1924
8 It has been eradicated 1n the Umted States and Canada by de

struction of nfected animals

[
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In the Umted States the eustence of the disease had been sus
pected for many years As eatly as 1885 Smth (12) isolated from
hogs dead of hog cholera the closely allied mouse septicemia organ
ssm which has been confused with the swine erysipelas orgamism
Other mvestigators had similar cxpenences In 1920 Ten Broech (3)
found orgamsms of this group m pigs dead of hog cholera but failed
to differentiate between the two species It was generally beheved
therefore that swine erysipelas did not enst m the United States
In 1921 Creech (2) defimtely established the fact that the disease
did exist 1 the United States by isolating Lrysipelothric rhusio
pathiae from several hogs which showed typical symptoms of dia
mond sk disease ” Rlauder (13) m 1926 agamn called attention to
the disease In 1950 there was an outbreak n South Dakota smce
when swme erysipelas has been recerving more and more attention

THE ETIOLOGIC AGENT

Erysipelothrie rhusiopathiae (Bacillus erysipel: suis Bacillus
husiopathiae sts) 1s classified by Bergey (24) among the lugher
bactena of the order of actinomycetales The orgamsm 15 02 to 04
microns wide by 1 to 15 mucrons long appears as a straight or
shghtly curved rod It 1s not motile and does not form spores It 1s
esily cultivated on the ordmary laboratory media aerobically as
well as anaerobically and 1s gram positive Long threadlihe forms
may be seen m old cultures

While the orgamism 1s destroyed quickly by bohng water and
within a few mimutes by the usual disinfectants 1t 1s very resistant
to drying mn which state 1t will remam alive m the dark for a month
or more and m the sunhght for 10 to 12 days In salted or pickled
meats 1t will remamn alive for 3 or 4 months and n putrid material
1t 15 capable of retanmng 1ts viability and virulence for months

The organism 15 widely dissemnated its habitat being dead mat
ter of plant or ammal ongin In certam environments 1t evsts in the
soil as ¢ saprophyte or as a virulent pathogen These qualities are
not stable smce Erysipelothric rhusiopathiae may alternately be
virulent or avirulent In addition to this source of infection nfection
carriers may be found among healthy hogs i erysipelas termtory
The orgamism has been recovered from the shme of fish (25) from
house flies (26) and from putrefymng horseflesh (26) Erysipelothrix
rhusiopathige 1s not the cause of any known disease of ish A more
likely explanation of fish source of human infection 15 the apparent




CHAPTER V

SWINE ERYSIPELAS®

S\H‘\E erysipelis 1s a communicable disease of hogs caused by
Erysipelothrix thusiopathuae man 1s susceptible to the disease
and may be affected through skin abrastons

HISTORY

Swine erysipelas probably has exsted i Europe for mmy years
but 1t was confused with hog cholera and its history 15 not clear
It 1s sud that at was first dufferentiated s a spectfic disease m France
about 1846 Cartwright i England 1 1847 described 1ts chrome
form without knaowing sts true nature Baher m 1878 published
St Bartholomew s Hospital Reports an accurate chinical preture of
the disease m man Pasteur 1n 1883 developed a vaccme for 1m
munizing purposes by passing the orgamsm through rabbits and then
making broth cultures Loefller (11) 1n 1882 1solated the causative
agent of the disease which he designated as Bacillus des Schwemne
rotlaufs Rosenbach i Germany 1n 1884 contnibuted much to the
chmel and bacteriologie knowledge of the disease hence the name
for the mfection 1 man Rosenbachs erysipelod  Bang m 1888
and McFadyean 1n 1891 found the orgamsm in chrome heart lesions
of hogs

PREVALENCE

The disease 15 prevalent m Europe where 1t 1s known as rouget
o France rotlauf m Germany and ervsipelas i Englnd It
exists to a considerable extent likewise m Austna Denmark Russtt
Hungary and other countnies In England 1n 1905 m 1 small strip
of country four miles long by one mile broad the disease attached
most of the hogs with 80 per cent mortality (1)

—
« Prepared by Joseph \ Blauder \ID Graduste School of Medicme Unuversity
of Penmsyl amt Philadelphia Pa Lot
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mson (23) observed that 2 swollen turgid purphsh red caruncle
was the most pathognomonic symptom of naturally occurnng Ery
spelothrie thusiopatiuae infection m turheys Stiles (35) isolated
Lrysipelothrre rhusiopathige from a brown rat caught on a dump
near a stockyard f i

The disease m hogs occurs mostly m ammnls four to exght months
old young prgs under three months of age are fauly resistant as
are also old hogs This 1s only a relitive mmumty however and
such ammals become mfected on some occasions

[T O g T WS e PR
[ SRR T s

Fic 25 —Trregular shaped patches of erythema
1n the septicemuc from of Ery rhuswpathiae m
fection (supplied by L Van'Es Department of
Animal Pthology Unnversity of Nebraska Lin
coln Neb )

The mfection n swine 1s manifested m three forms a severe or
septicemic form characterized by constitutional svmptoms of septt
cemia presence of diffuse areas of erythema and at times vesicles
petechiae nd necrosis 1 mild form (urticanal form or diwmond
shin disease) charactenized by mild comstitutional symptoms and
presence of sharply errcumsenibed quadrangular lesions on the sk
and a chrome form characterized by polyarthntis and at tumes by
symptoms referable to a vegetative tvpe of endocarditis

Septicemic Form —In the septicerme form the eruption appears
on or about the second or third day of sickness The animal 15 obvi
ously sich with hugh fever Irregularly shaped patches of erythema
(fig 25) appear favoring the following regions ears snout aullas
lower surfaces of the thorax and abdumen wner surfaces of the
thighs groms and pertanal region The surfaces of the erythematous
patches may be studded with vesicles The mvolved areas are not
tender and the ervthema disappears on pressure At the onset the
color 1s pink or ight red later 1t 15 bright red dark red or purple
The purple color compares with the charactenistic purple of the
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attraction of shme for the organism from refuse thrown in the water
and other decayng matter, and that change of environment in
creases the virulence

Three strams of Erysipelothrie rhusiopathiae—the human the
swimne and the mouse have been reported all probably being van
ants of a common strain 1f not 1dentical

When the swine erysipelas orgamsm 1s mjected immediately after
1solation 1t 1s sometimes but not always virulent for hogs when 1t
has been grown on artifieinl culture medin for any length of time
or after 1t has been passed through some of the experimental am
mals 1t loses 1ts virulence and fails to cause disease when mjected
nto pigs Kolda (6) found that when pure bile was used as a cul
ture medium the virulence of Erysipelothrie rhusiopathiac was not
decreased over a series of transplwnts but when bile was mived
with other culture mgredients the virulence dummshed The viru
lence 15 increased by passage through pigeons and decreased by
passage through rabbits

THLC DISEASE IN ANINMALS

The disease 1s essentinlly n affection of swine The white mouse
and the pigeon -re very susceptible to artificral mjection dying
within three to five days the rabbat 1s susceptible to experimental
moculation requirmg a large amount of virulent culture mtraven
ously to lillit the gumea pig and the field mouse are :mmune as are
cattle dogs and cats The horse 15 supposed to be wnmune but
there have been reports of human infection among veterinary stu
dents dissecting a horse (17) Chnstinsen (7) reported an ept
demic with high mortility among lnmbs due to this orgamsm
At the time of the outbreak there were no sick hogs m the vicmity
Poels found the organism 1n erysipelas of sheep Schipp (8) mn 1810
1solated from chickens suffering from ententis organisms which
could not be distingwished from the swine erysipelas bacillus Broll
10 1911 recorded an outbreak in which all the fowls m one flock suc
cumbed within a few wecks to this organism

Pfaff (9) found chichens two to three months old frly resistant
10 mfection but 1n chickens one to three weeks old  the rotlauf ba
cllus m pure culture caused an epidermc lasting two to five weeks
Jarosch described the organism s the cause of the disease 1n turkeys
and Poels n the pigeon and fow] Beaudette and Hudson (20) have
described eprdemics of the dhsease mn turheys Rosenwald and Dick
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Fic 27—A swollen turgid purphsh red car
unele 15 the most pathognomonic symptom of
naturally occurring Ery_ rhusiopathiae wfec
tion 1 turkeys (supphed by A S Rosenwald
and E M Dickmson)

Fic 28 —Rhomboidal lesion which gives nse to the name “diamond
shn disease (Klwder }

are raised variously shiped and shghtly edematous Other early
lesions are spots and 1l defined blotches The color m the early
eruptive stage 15 bright red or pmk later becommng dark red pur
plish red and brownish red 1n the regressing stage The shade of red
of some lesions 15 not umform throughout Klauder has observed the
center to be darker than the periphery Apparently through central
clearmg extension and joning of lesions a pattern 15 produced the
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localized cutaneous form of nfection (erysipeloid of Rosenbach)
mman Inswine the lesions which are 1ll defined may remaun local

1zed but more Likely they enlarge and become confiuent affecting
the greater part of the cutaneous surface In some cases the ery

thematous eruption 1s followed by an outbreak or petechie As a
complrcation localized or extensive areas of necrosis—a dry form of
gangrene—appear m which event the dead shin 1s stiff and leather

like and later 1s sequestrated This process may mvolse the entire
back The ears and tail may be lost through necrosts If the anmnl
does not dic of sepsis or other complication necrotic arers become
cicatrized

PRSP | el
wfpmd ez

Fic 26 —Sequestration of shin tail and part
of er after necrosts followmg septicemrc form
of infection (from G L Dunlp wnd R Cru
ham Swine Erysipelts Cirenlir 471 Unuver
sity of Illnoss College of Agniculture 1937}

Moussu (22) mentioned the occurrence of 2 hematoma like swel!
g of the ears violiceous n color which undergoes necrosis

Mild or Urticanial Form (“Diamond Shin Discase) —The erup
tion m this form 1s unlike that in the severe or septicemic form
Constitutional symptoms are nuld and according to Van Ls and
McGrath (24) rapidly improve after the appearance of the erup
tion Cutaneous lesions may go unnoticed until the animal 1s slaugh
tered scalded and cleaned The eruption 1s characterized by the
appearance of a few to a hundred or more vartously shaped lesions
that may form bizarre designs The eruption 1s generally described
as consisting of raised wheals Wheals arc early lesions which
through central cleanng and penipheral extension form rregularly
shaped macules which regress and leave scaly borders The wheals
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1

are artificial m apyp as though p
stuch on the skin

The final stage of the eruption may be presented as desquama
tion usually at the peniphery and as dark brown adherent crusts

Chronic Form —The chronic form usually 1s subsequent to 2 previ
ous mild attack of the disease and 1s charactenized by polyarthritis
There 15 first noticed an increased respiration wath sometimes a
cough followed i a day or two by discoloration begmning at the
tops of the ears and spreading along the ventral surface of the body
Death results 1 one to two weeks

Infection 1s spread from hog to hog directhy by mgestion A con
siderable number of ammals may be camers harboning the organ
1sms exther m the mtestmal tract or throat Ten Broeck (3) 1solated
such bacilli from the tonsils of five out of sixteen pigs examined
Other workers i Europe previously had had simiar experiences
Bauermesster m 1901 1solated the orgamism from the tonsils of 5
normal hogs out of 16 examined Van Velzen m 1907 found 1t in the
tonsils of 3 out of 11 pigs examined Pitt (10) found 1t 1n 56 per cent
of tonsils of 50 hogs and 1n 40 per cent of glands of the eocecal
valve of 66 hogs

1 by a brand or as 1f

THE DISEASE IN MAN

Swine erysipelas is conveyed to man through abrasions of the shin
mvariably the hand resulting 1n a local infection called erysipelord
of Rosenbach (fig 30) After an mcubation period of one to three
days pamn swelling and erythema appear at site of moculation A
distinctive feature of the ervthema 15 ats purphsh red color 1ts
sharply defined and shghtly raised border The erythema slowly
progresses nvolsing bv continmty adjacent regions or new red
patches appear at remote areas The disease may disappear at the
areas first inyoh ed at the time other areas are affected The affected
area 15 tense and swollen Subjectively there 1s pain burning and
itching sensations which may prevent sleep Mild constitutional
symptoms with fever lvmphangibs a:d ademtis may accompany
the disease at its onset Stiffness of the jomts of the mvolved finger
»s another common symptom —at times of adjcent jomnts ndeed the
wrist elbow and shoulder These arthntic symptoms may persist for
wechs or months after the affected shin becomes normal

Ervsipeloid of Rosenbach 1s frequently confused with pyogeme

i 1 ppuration never occurs The disease disap
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conform ition of which 15 remarkable and umique among diseases of

the shin both n man and 1n wmmls Although the disease 1s ealled
diamond skin disease rhomboidal configuration 1s not als 138 con

sprcuous and at times 1s absent Quadrangular, rectangular and ob

Fic 29 —Picture showmng vanous shaped lesions pecular to
the mild form of mfection or dinmond shin” discase (Klw
der )

long lesions we common and my jomn m such manner to form a
steplihe pattern The bizarre designs tht the cruption may present
sometumes show square lesions contaiming 1 smaller square concen
tercally or eccentrically placed and ciremate ov 1 or square lesions

with 1 central discord lesion (bulls eye)
The lesions vany from about 2 to about 8 cm 1 diameter They
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hramer and Nicholas (31) desertbed the mcident of « butcher who
cut his finger on a bone Local mfection (erysipelowd of Rosenbach)
ensued with bone ncerosis: Four months after mjurs he had constt
tuttonal symptoms of sepsis an eruption of purpuric macules severe
anemia levhopema with monoeytosss Antemortem blood culture
led Erystpelothric thusiopatl Necropsy disclosed 1egeta
tve endocarditis 1 the sections of which Lrysipelothns thusio
pathuge was demonstrated
The patient reported by Tiessinger and Brouet (29) became 1l
after eating salt pork He had an cruption described 1s red spots on
the trunk and extrennties A dishinetne feature was the swollen
purphsh red state of both ears comparable ta the occurrence at
times of a hematoma like swellmg of the ears of swinc m the acute
mfection and the swollen caruncle of turkeys There was stvere
anemia and feuhopema with monocytes Blood culture revealed
Erysipelothnix rhusiopathiee
Smuth (4) reported 6 cases m men all of whom had recently
slaughtered nfected hogs Lmser {5) described a case i a butcher
who jured Ins hand while slaughtering a hog Injection of 25 ¢ ¢
of swme erysipelas serum affected 2 cure 1n 3 days Ruprecht states
that the disease 1 man 1s quite prevalent m lower Bavana Cerlach
n 1925 published an extensn e article on the discase m man statng
that practically all cases came from contact with swine Bedford
and Leeds (15) xcported 12 human cases in England all of which
occurred 1 persons 18 jears of age or over The leston m every
mstance was on the thumb or finger and infection occwrred through
m abrasion of the shin The sources of mfection were fish 5 cases
rabbit 2 cases slwmghterhouse matenl 2 cases bird 1 case and
unknown 2 cases Stvart {16) sn Fagland ssolated the organism from
2 human case
In the Umted States hlauder hns reported manv human cases
He found m 1932 that the discase was widespread m fishermen
along the Atdwntic Coast from Mame to Flondr The afiliction 1s
called fish possomng becawse wheres er there 15 m sbrasion of the
sk nfectton 15 almost certun (14) It 15 thought that passibly
the orgamsms e already on the hands and other parts of the body
trom the mud and shme 1 which the fishermen work and that the
abrasion makes infection possible Reports from the United States
Burcau of Fisheries would indicate that there was no discase of fish
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pers without desquimation Extension above the wrist 15 unusual
the average duration 15 about three weeks

Klauder (27) and others hve reported patients who had diffuse
or generahized cutaneous eruption with arthritic and constitutional
symptoms and negative blood culture

i ae
Fic 30 —Human infection with the orgamism of swine erysipelis

Infection by ngestion through foed or water sometimes occurs
Habersang (28) reported the case of a butcher who had eaten
freely of raw sausage made from the flesh of hogs that were sub
jected to emergency slaughter on account of septiceric form of
Erysipelothnix thusiopathuae ifection The patient had conshtu
tional symptoms and 1 generalized eruption which was attributed
to Erysipelothne shusiopathiae mfection Recovery ensued There
was 1o Iustory of wound nfection Gastromtestmal source of fec
tion scemed Jikely In the case reported by Fiessinger and Brouet
mnfection oceurred from eating salt pork (29)

A few cases of septicerne form of mfection m man have been
reportcd Russell and Lamb (30) desenibed the case of a lobster
fisherman who presented 1 hospital course of sepsis with endocards
415 Death occurred After three months 1llness Antemortem blood
culture revealed Erysipelothnt rhusiopathuae Vegetative endocar
ditss of the aortic and mtral valves were found at autopsy Klauder,
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1stered the second of which was more irulent than the first Some
tumes however such hving virus mtiated the disease m healthy
ammals The method has been modified therefore so that immune
serum 15 given to the amimal it the same tume that the Inving culture
15 gnen Immune serum 1s hikewse efficacious m cuning the disease
if it s guen early

The prevention of the disease in man depends upon pamstaking
care by those persons who come into contact with mfected hogs
and by fishermen and others handhng dead ammal matter that
abrasions of the skin do not become contaminated

ITEMS OF NOTE

1 Swimne erysipelas 1s primarily a disease of hogs and poultry

2 Few other ammals re susceptible to mfection

3 The causitive organism 1s widely dissemnated 1ts habitat bemng
dead matter of plant or ammal ongm

4 Man s infected through abrasions of the shin and rarely by inges
tion

5 The prevention of the disease mn hogs may be accomphshed by
vacemation plus immune serum

8 The prevention of the disease 1n man requires precaution as to
cuts and abrasions by those who come inte contact with hogs and
by fishermen and others handling dead animal matter
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known which 15 caused by the bacllus of swme ey sipelas Fisher
men 1 fresh waters are less subject to the disese but infection
from this source does occur

Table 15 —Sovncrs oF INFrcTIon OR Occueation oF 100 Pamients
wire I RisipELOID

Abattorr 58
Fish retail 11
Tallow grea e fertihzer

Vetertnary student (di ectmghor ¢}
Batchers retal

Fishermen (r]caauc

Bakers (lard)

Food handler

Furner (unfin1 hed pelt)
Rabbit (removing skin)
Qpossum (carryinganimal)
Weaver

Dressmaker

Housewfe (cleantng fish)
Fish (handling)

Ratchen worker

1t 869 60 €3 g

Klauder (17) has reported on 100 cases occurring m the United
States with particular reference to the occupational nature of the
discase Eighty eght cases were infected through njury to the hands
m the ordmary course of employment The source of nfection 15
gnven n table 15

Reports of many other cases are appewrmg Lwson (14) en
countered an epidemmc of 210 cases among emplovees of a button
factory where cattle bones were utilized It 1s said that about 2 per
cent of employees m an abattorr m Pluladelphia are mfected annu
Al

')I'reatment of swme erysipelas by the sulfonamdes i mice w1s
found not to be effective by Porter and Hale (32) The use of sul
fonamide compounds both by mouth md locally was without value
1n human infections according to Klauder and Rule (33) Heilman
and Hernill (34) observed the use of penicilin m mice the mortaltty
rate was 100 per cent 1n untreated mice and 5 per cent m trented
ammals It would seem that penicillin 1s also effective i human in

fections
PREVENTION

The presention of swine ervsipehs m hogs can be accomphished
by vaccination Pasteur orgnally used hving orgmisms attennated
b;* passage through rabbits two doses of the matenial bemng admmn



CHAPTER VI

SALMONELLA FOOD INFECTIONS

arLmoNELLA food mfections ire caused by one or another of the
S Salmonella bactenn of which more than 1 hundred types have
been reported Many of these have been found m ammals or birds
and the types which cause gastro entenitis mn man are constantly m
creasmg m number

HISTORY

Food mnfection 1s as old as crvilization itself From s earhest
creation down through the ages man apparently acquired con
siderable knowledge concermng what was good to eat and what to
let alone By the fourth century Bc 1t was recogmzed that the
bodies of ammals dymg a natural death were not fit for food for
Moses commanded that Ye shall not eat anything that dieth of 1t
self Moses was not particularly concerned about the ethics of the
matter however for he permitted that Thou mayest give 1t unto
the sojourner within thy gates that he may eat1t or thou mayest sell
wunto 4 foregner (2}

Food porsonmg mentioned by Hippocrates Horace Owid and
other ancient wnters was often of 1 different nature usually hwing
to do with posonous mushrooms or other poisonous foods Later
conceptions of food porsoning were purely chemical 1 nature With
the advent of bacteniology the term ptomamn came mnto common
use to cover all forms of food poisoning The wide newspper pub
lieity of every case of botulism that occurred pliced an undue
emphasis upon this form of food poisoning 1n the mmds of mny
persons so that the term botulism d  food posomung  were
synonymous whitever the cause Many food powsoning outbreahs
were without doubt due to staphylococeus but 1t was not until
about 1930 that they were recogmzed

Salmon and Smuth in 1885 1solated Salmonella choleraesus (B
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Due to the above reasons we have no accurate knowledge con
cernmg the prevalence of bactenal food poisoning "There are prob
ably thousands of unreported and unmvestigated outbreaks each
year

THE ETIOLOGIC AGCENTS

Salmonell1 orgamsms are smll gram negative non spore forming
motile rods which grow well on culture medin and ferment many
sugars with acid and gas (with some exceptions)

Thev have been variously known as the paratvphoid group the
Gaertner group the hog cholera group the entenitidis group the
mtermediate group and the Salmonella group More than 1 hundred
types of the germs have been 1solated and classified mnto different
groups on a biochemical and serologic basis A classification on the
basis of host susceptibility 1s not possible at the present time

New types are bemg discovered with the progress of years and
are bemg added to the different groups It has been customary to
name a new type after the place where the orgauism was first 150
lated Some of the Salmonella types which have caused gastro
enteritis n man and which have been found m healthy or diseased
ammals are hsted 1n table 16 Many of the types have been encoun
tered but a few times Bornstemn (4) considers all types of Silmon
ella pathogeme for man although all have not yet been isolated
from human sources

The typhoid bacillus  Eberthella typhosa 15 related to the Sal
monella orgamsms serologically falling 1nto group D While 1t 15
clasmified with Salmonella (Salmonella typhi) by some authorities
m the United States Bergey does not mclude st It 15 rarely found
n ammals (one mstance) § paratyple A (the paratvphoid A ba
ellus) 1s mcluded n group A and § paratyphe B {the paratyphod
B bacillus) 15 m group B The occastons when they have been found
n animals are exceptional

Salmonella orgamsms grow rapidly m most foodstuffs wathout
producing much evidence of their existence hoser (17) found that
all types multiphed rapidly m the liquor of several cooked vege
tables with the exception of highly acid saverkraut In frunt juices a
rapid destruction of the orgamsms took place In several meat prod
ucts the orgamisms exhibited a marked ability to spread from the

ongmal pomnt of inoculation throughout the foodstuff althou_h tlus
occurred onlv under optimum conditions Damon and Lelte‘; (18)
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cholerac suum Bact swipestifer the hog cholcra bacillus) from
hogs sufferimg from cholera which was thought to be the cause of
the disease It was the first organtsm of the group to be described
hence by prionty the term Salmonelia

Gaertner m 1889 reported the illness of 57 persons who had eaten
the flesh of a cow that had been killed because 1t was sich One
man who consumed nearly two pounds of the raw meat died m
thirty five hours From the organs of the man 1s well as from the
meat he had eaten Gaertner 1solated the cusative agent Salmon
ella enteniidis (B ententidis the Gaertber bacillus}

DeNoble i 1839 1solated Salnonclla typhumurium (S aertrycke
B acertrycke B pestis cavae, the mouse typhoid bacillus) from 2
food poisoning outbreak

Much confusion has eusted mn the 1denhfication and nomencla
ture of Salmonella organisms Different names have been apphed
to the syme organism isolated i different countries or the same
name has been used to describe different organisms It was many
years before Salmonella typing centers were estiblished and ac
curate dentification made avulable

PREVALENCE

Accurate figures concerning the prevalence of food mfection m
the United States are laching compulsory reports of such mstances
are not required many of the reports taken from the daly press are
wholly unfounded and few of the actual outbreaks are carefully
studied

Statistics regarding the causative agents m outbreahs of food
poisoning are usually maccurate Food samples submitted for mn
vestigation are often unsatisfactory having been stored improperly
or too long before culturing Undoubtedly only a small number of
cases of food mfection which occur m fumily groups are reported
whereas when lirge gatherings of people arc afilicted the attention
of the public 1s called to the episode This 1s due to the fact that the
symptoms may be muld or of severe of short duration Previous to
1930 laboratory workers mestigating the causative agents of food
posomng outbreaks were concerned prineipally with Salmonelln
or Clostridium botulinum and they overlooked those outbreaks due
to staphylococer Evennow the assay of the staphylococcus isolated
1s difficult and staphylococer are often reported as the causative
orgamsm without adequate evidence
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ANIMALS AND BIRDS RESPONSIBLE FOR FOOD INFECTIO\S

Poultry ~Poultry nd other birds have caused many cases of Sal
monella food pmsonmg Barnes (37) considers the domestic fowl
as the mam anmal reservorr of orgamisms affecting man  He hsts
20 types of Salmonella m which the domestic fowl 15 the chief reser
vorr (table 17)

The hen 15 commonly mfected with § pullorum which 1s trans
mitted to the egg Human mfections have been reported by Miclle
and hus co workers (16) and by Edwards and Brunner (24) Com
mercial egy preparations have been found to contain S seftenberg
and S paratyphi B (83) The duck1s mfected with several vaneties
of Sal 1la organism and Snapper (28) has reported human out
breahs ciused by duck eggs Turkevs were found to harbor 23
types of Salmonella (36) among the most common of which were
S pullorum and S typhimurium Turhey eggs harbored the former
orgamism from 8 per cent of the birds exammed Coose eggs and
pigeon egrs used mn the preparation of salads and puddings have
caused human Salmonella mfections

Swine —Hogs have heen found to harbor many types of Salmon
ella orgamisms Salmon and Smuth considered S choleraesuts to be
the cause of hog cholera but it has since been shown that 1t 1s a
secondary mvader m hog cholera It 15 an ordmary mhabitant of
the mtestal tracts of hogs to which no significance 1s attached
under normal conditions When the resistance of the anmmal 1s low
ered 1t takes on special pathologic sigmficance as a secondary m
vader Jordan isolated S choleraesurs S typhisws and § pare
typhosus B from the organs of diseased hogs He obtamned no
Salmonelln orgamsms from the organs of 291 normal swine

Cherry and his co workers in Levington found 10 samples mfected
m 170 samples of market pork The orgamsms were S typlumurium
S derby S scftenberg S anatum S bredeney S givc S newmng
ton and § newport Rubm Scherago and Weaver (27) studied
mesentenc lymph glands m a thousand hogs 1 groups of 25 each
There were 212 cultures of Salmonella 1solated falling into 13 types

Other workers have had similar expenences Savage and White (6)
encountered S enferiidis twice and S choleracsis once from

poreme sources n 31 epidemies of food puisoning which were care
fully studied
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had a similar expertence, finding that under ordmary household
conditions the orgamsms will multiply to 1 considerable extent m
24 to 72 hours producing such shght changes m color and odor as
to be readily overlooked

Table 16 —SALMONELLA Oncantsvs Whten HAVF CausED GASTRO-ENTERITIS IV May
anp Waiet HavE BEEN ISOLATED Frow Annals Frow Bomystev (4)

GrOUP B
typhamuramm nturil pathogen of animals
herdelberg froma pu,
chester from a'normal hog
san diego . from fow] and swine
S samt paul from turkey s .
reading from wine
derby from swine fowl and ruminants
bredeney from fan] hogs and ryminants
schlesshem pathogen for ammals
GROUP C 1
8 choleraesuie }nthﬁgen forammal sccondary invader tn hog cholera
& thompson rom hog and fowl
monfetrden from vanous antmals
onenzenbuirg eptzooties m quails and cluckens
braenderup from 4 fatal diarrhea
bareuly from chicken swine and earmyores
GROUP C 2
newport from vartous animals
muenchen from hops and other ammals
Iitchfield from fowl
morbaficans fram a di en ed cow
glostrup from a discised dog
GROLP D
8 enterttidis pathogen for antmals
S dublin pthopen from animals
S punama from fowl and swine
GROUP E 1
8 london found n healthy and dien ed animals
§ gue faund tn fowl and swine
S anatum }mhnuen for vartous amm vy
& malaegridis ound 1n fowl and swine
GROUP E 2
8 newnglon athogen for fon] found In swine and rodents
§ ueubrunsutch Fom fow) hogs and rummants
GROLP E 3
S seftenburg from fow! and swine
GROUP F
8§ lentidky from ehicken mith ententis and from camels
S aberdeen from fow}
5 rubislat from fowl
S wichit1 from swine and turkey
S Mthngron from fowl and swine
S hewttingioss from anmnls
o from }og and foul neken
S e from ententis n a hog and from di ewed chicke
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ever and several European epidemics have been reported from such
ammals The famous mutton strain” was 1solated from a man
Newcastle m 1911 Several epidemics of disease in sheep as well as
food poisoning epidemics n man have been caused by orgamsms
1dentical with the “mutton type Sheep are of less importance than
cattle or hogs in food porsoning Cherry and hus co-workers found
no Salmonella organisms 1n eleven samples of market lamb
Rodents —Rodents are extremely susceptible to mfection with
Sal 1la organ: Friesleben (19) found 52 per cent of wild
mice and 19 per cent of wild rats carrying such orgamsms i ther
ntestmes Meyer (8) found 58 mfected amumals among 775 wild
rats exammed—28 with S enteritudis and 80 with § typhumurium
Zwick and Weichel found 28 out of 177 mice carrying such organ
wms Verder (9) wolated S typhumurium from the spleen of one rat
out of 114 examned
Welch Ostrolenk and Bartram (29) exammed 420 specimens of
rat droppings collected from all regions 1n the United States Only
five showed Salmonella organisms Rat droppings kept at room tem
perature remaimed infective for 148 davs Transfer of mfection from
an mfected rat or mouse to cage mates did not take place m the
experience, of these muvestigators Price Jones (20) fed ententidis
bacilli to rats observing them 1n the hver and spleen m 48 hours
‘Two months later 10 per cent of the ammals were carners while
after five months a few ammals still persisted as carrers Such
healthy carriers were capable of starting new epidemics among
other rats
Gumea pigs have been found infected with § typhumunum A
few mstances of mfection m rabbits have been reported Neither
gunea pigs nor rabbits are relatvely mportant compared to rats
and mice
Other Amumals —Other ammnls harbor orgamsms of the Salmon
ella group but their relation to food poisomng 15 of less sigmficance
The horse has been responsible for several outbreaks of Salmon
ella food poisoning mn Germany through the use of horse meat as 1
food The horse 15 commonly infected with § abortus equr but
human mfections are probably rire S muenster was wolated from
one human case 1 Germany that consumed raw horse meat
The dog carnes § entenitidis (21) and S anatum (81) as does
also the cat (22 23 81) Jordan (12) mcluded m s collection of
food poisonmg orgamsms a culture of S choleraesus 1solated from
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Table 17 —Txrrs or SaumoNsLLa Onraantsus Listep v Oroer oF FrEquency Forip
1N MaN (BaRNEs 37)

Trer HuMaN OUTBREAKS| ANIMAL OUTBREARS
paratyphs B 51 Fowls4 others2
typhtmurium 50 Fouls 472 others 100
newport 33 Fownls 19 others 7
choleraesurs 30 Swine 272 others 32
panama 20 Fowls 6 others 1
montevideo 17 Fowls 11 others 3

S ortentenburg 13 Founls 28
san diego 13 Fownls 3 others 1
baredlly 1 Fowls 47 others 7
anatum 10 Fowls 44 others 12
enteritidis 8 Rodents 12 others 7
bredency 7 Tonls 27 others6
gue 3 Fowls 18 others 7
seftenberg P Fowls 15 others 4
meleagridis 3 Fowls 15 others 1
oregon 3 Swine 5 others 2
derby 2 Fowls 33 others 9

S samnt paul 2 Towls 1

8§ thompson 2 Fowls 1
pullorum 2 Fowls 492 others3
newinglon K Fouls 18 others 4

Cattle —Cattle suffer from puerperal fever diarrhea septicemia
uterme mflammations and the ke caused by Salmonella orgamsms
Gaertner 1solated S ententidis from the meat of a cow that had
been slaughtered because 1t was sick McWeeney (7) encountered
the same organism 1n beef stew Savage and White 1solated 1t three
times from bovine sources n thirty one food outbreaks It occurs
occastonally as an mhabitant of the ntestinal tract of cattle

Uhlenhuth reported the occurrence of Salmonella orgamisms n
the ntestmes of healthy calves and cattle but Jordan’s (12) study
on the mtestmal contents of fifty two norml cattle lled at the
Umon Stock Yards n Chicago showed no orgamsms that fulfilled
all the requirements of the food poisomng group Friesleben (19)
examined the intestinal contents of 100 cattle with similar results

Cherry Scherago and Weaver (26) exammed sicty four samples
of beef m the markets of Lexington kentucky and found three
which contained Salmonella organisms If the hamburger was €x
cluded (which may have contaned spme pork) there was only one
sample m forty that was mfected This contamed S scftenberg

Sutherland and Berger (32) encountered an epidemic among 162
persons 10 England due to § dublin n milk The cow suffered from
a gastro ententis

Sheep —Sheep m health harbor no food pomsoning organisms
They are subject to mfection with Salmonelle typhimurium how
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finding S fyphimunum m thirty seven per cent Mickle and his
co workers (16) encountered 1t mn thurty four per cent of human
Salmonella cases Edwards and Bruner (24) found 1t n seventeen
per cent of human cases wnd in forty seven per cent of Salmonclla
cultures 1solated from ammals Seligman (23) found 369 out of a
thousand human cases of Salmonella mnfection due to § typhi
murtttm There were nineteen deaths

Outbreaks duc to S choleraesuis are relatsvely common (table
17) Thus type constituted thirteen per cent of Bomstein's cultures
of Salmonella from human cases two per cent of \ickles cultures
and exght per cent of Edwards Stheman had mncty cases of
choleraesuts infection with sixteen deaths in a thousand Salmonellr
patients

S entenitidis has recened much publieity but it 15 not found as
often as many of the other Salmonella orgamisms Bornstein found
1t constituted only four per cent of 429 Salmonella cultures from
human cases Mickle Edwards and Sehigman cach had a figure of
three per cent In cultures of Salmonelln from ammals Cdwards
found 1t constituted two per cent of the total

ENTLRIC FEVIR

Lnteric fever includes those infections mamfested by a contimued
fever of the entenc type 1 which there 1s an early mvasion of the
blood stream The appearance of symptoms occur usually from
seven to fourteen days after mngestion of the orgamsms Blood cul
tures are usually positive as soon as symptoms appear Later when
the orgamsms have become locahized 1n the mtestmal mucosa stool
cultures are positnve

Sometimes following bacteremia the orgamsms locate. 1 regions
other than the mtestinal muco a Bornstein (4) mcludes among
pathologic cand thus found end dits pencirdiis memn
mitis osteomyeliis arthnitis ﬂunopbarvngms smusitis pneumom
pleunsy pentonitis cholecystits pyelonephntis and abscesses

D Albora Ingens and Edson (38) rcported nimeteen cases of
bronchopneumona followmg an outbreak of 350 cases of gastro
enteritis due to § montevidco Other 1m have found that
2 small percentage of enteric fever and assoctated infections some
times follow gastro enteritis due to Salmonelln food poisomng

More than thurty tvpes of Sal lla have been mpl d
enteric fever (37) ’

mn
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the mesentenic gland of a monkey and 1 culture of § typhimurum
1solated from the splecn of 4 shunk

GASTRO CNTERITIS IN MAN

Salmonell1 food porsoning 1n man 1s an mfection rather than ar
mtoxication The inecubation period 1s usually eight to twenty four
hours, thongh sometimes 1t 1s 1 Iittle less and sometimes as long as
seventy two hours The onset 1s sudden wath a headache and a chill
and often with vomiting Nvvsea abdominal pams and ses ere diar
rhea are charactenstics of the mfection The temperature 1s elevated
at first The symptoms ripidly dimmush after a few days Mortality
does not exceed one or two per cent of the cises (Table 18 )

Table 18 —Syurross oF Sarmonerta Foob Por onrvu Coxraren Viarn Foop I
TOXICATIONS {after Dack)

Boruvwr u SrapryLococcys SsLMONELLA
Swurrons InTowieation IntovicaTion INFECTION
Incubation Period | Averagelor2dnvs |1 to6 hours
Average212to
3 hours 7 t0 72 hours
Onset Gradual Sudden Sudden
Yomiting About 34 of cases | Common Common
Duarrhea Uncommaon Severe Severe
Constipition Common Ab ent Ab ent
Abdominal pain Absent Iresent Pre ent
‘Temperiture Subnormal Vanable Flevatedat first
Piostration Ab entnt first Acute
Nervou System Double vi ton dif
ficulty in swallow
g . peechand
Duration of n resprration Notinvolved Notinvolved
symptoms Protricted and pro-
gressive Con 51ot hoursor
valescence stow onger Rapsdly dimnishint,
Mortahty 65 pereentof cases | Practically mi 1 or 2 per cent o
ca.es

The sevenity of the symptoms vary i different outbreahs posst
bly dependng upon the size of the infecting dose All members
of the group however which cause gastro mtestmal upsets produce
1dentical symptoms All age groups of people are susceptible to
Salmonella nfection (33) Among 425 cases of gastro enteritis m
Massachusetts caused by these orgamsms § typhtmurum was the
most common cause Thirty nine per cent of patients mfected with
S typlumurmm were under ten years of age These figures are m
accord with the findings of Bames (table 17) as well as others

Bornstemn (5) studied 429 Salmonella cultures 1solated from man.
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free from rodents which may contammate food directly with drop-
pings Flies and other insects that carry infection mechameally from
rat droppings or ather dejecta must be prevented access to food sup
phes Persons who handle pets should wash therr hands thoroughly
before eating or preparing food The same precautions but perhaps
to a lesser extent should be observed in regard to human carriers as
for other enteric mfections

ITEMS OF NOTE

1 There are more than a hundred types of Salmonella orgamsms

many of which cause gastro-enteritis 1n man

The usual period of incubation n Salmonella food posoning 1s

seven to seventy two hours

Entenic fever with mfection of the blood stream sometimes fol

lows gastro ententis Salmonella orgamsms travel from the blood

stream to other parts of the body where they cause a miscellane

ous number of disabilities

4 The domestic fow] 1s apparently the chief reservorr of Salmonella
orgamisms The hog cow sheep or rat are the other ammals usu
ally associated with this type of food poisoning

5 The house fly 1s a mech. 1 carrier of Sall 11

1

]

org:

6 Prevention consists m the use of meat products and eggs from
healthy animals and birds and 1 the protection of food supplies
from contammation by rats and flies
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EPIDEMIOLOGY

The epidemiology of Salmonella food poisoring 15 not always
clear Meat products from mnfected amimals or poultry are often
but not always the cause For mstance human infections with §
swipestifer are rare on farms where hog cholera (with associated
suipestifer nfection) 15 common Even consumption of pork from
such hogs does not necessarily produce 1llness The same condition
exsts 1n regard to the consumption of poultry and eggs from flocks
infected with S pullorum

Flies have been mmplicated as mechamecal carners of Salmonella
orgamsms Gwathin wnd Mitchell (80) showed tht they camed §
pullorum from chicken dropping Ostrolenk and Welch (84) also
mmplicated the house fly m the spread of Salmonella orgamsms,
while Braun found that the mosquito Culex pipiens w1s a vector
Parker and Stemhaus (35) demonstrated that the wood tick Der
macentor anderson: transmitted S entenitidis expenimentally

Commercial rt viruses usually contan the ententidis organsm
several human eprdemics are traceable to such products (12) Spray
reports an outbreak mvolving 123 cases due fo contammation of
milk with a commercial rat virus (13)

Human carners sometimes are responsible for food poisoning ept
demics D Albora Ingens and Edson (38) reported such an out
break mvolving 350 cases due to S montevideo from a carner m
the katchen who contamimated nce pudding The carrer state 1§
usually regarded as of rather short duration after mfection but 1t
may exst for a considerable time

Rubenstemn (33) found that conyalescents showed Salmonella or
ganssms m the stools m forty three per cent of 711 cases after the
fourth week from onset eghteen per cent after the eighth week and
eleven per cent after the tenth week Sixteen cases were permanent
carriers none of which were among the S typlumunum cases

PREVLNTION OF FOOD INFECTIONS

Hogs cattle or sheep which are sich should not be used for food
The emergency slaughter of sich anumals 15 not generally practiced
m the United States and careful mspection of regularly established
abattors eliminates many disesed ammals Adequate cooking of
meat and poultsy 1s 2 safeguard Eggs should not be eaten rw
Foods 1n marhets and bakeries as well as m the home must be kept



CHAPTER VII

LISTERELLOSIS °

1sTERELLOSIS 15 2 speetfic mfectious and often fatal disease of
L sheep cattle rabbits gumea pigs and chickens In rummants
1t 15 characterized by symptoms mvolving the central nervous svs
tem though in rodents 1t assumes a septicemic form In chickens the
prmepal lesions are 1n the mvocardium It has also been reported
m foves pigs and goats as well as m man The disease m man 1s
accompanied by disturbances of the central nervous system

HISTORY

Murray Webb and Swann 1solated the organism m rabbits and
gumea pigs m 1926 in England and gave 1t the name Bactcrium
monocytogenes because the disease was charactenized by an 1n
crease m the number of circulatmg monocytes Recogmzing the
causative orgamsm of Tiger niver disease 1n rodents to be a new
genus Pire (1927) m South Africa gave it the name Listerella and
suggested the specific name hepatolytica because of the liver lesions
1t produced When an exchange of cultures showed that the organ
1sms 1solated by Pine and by the workers in England were the same
Pirie withdrew the name hepafolytica n favor of the earher name
monocytogenes After Becker (1939) pomted out that the genenc
name Listerellz had already been used for a mycetozoon Pime
(1940) suggested that a new name Listerig be used This name
however was not adopted because 1t had already been given to a
certan plant group

Laisterella was first recogmzed as a cause of disease mn domestic
ammals by Gill (1931) when he isolted the orgamsm from sheep m
New Zealand and gave the name crrehing disease to the encephali
t1s which 1t caused Goodpasture reported the disease i rabbits
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Table 19 Continved

Drre Prace
Fosr Obsprvem  Reromt wss  or Omory  Tres or DISEAsE
L1 HED*  ©OR STUDY
P Pomeroy Fenstermacher
& “ind Andberg 1943 Mumnesots  Encephalis
Siabospts kn 1938 Russ FPot ke
Bisterand
Sehnarte 1940 $1A  Towa Encephaliis
Homo  Jomest 080 Vg Periodic ophthalimia
Fox Crommell Sweebe and
p 1939 Illnar D temper ke
Man Athnean 1917 Austraha Menmgie
Dumont and Cotor1 1971 France Meningitis
Baldndge Rohner &
ausmann 5 TUnitedStates  Infect mononucleosss
Nyfeldt 19%9 3  Demmark Infeet mononucloo 19
™ 193¢ Nornay Meningitrs

est
Schultz Terry Bric

e
and Gebhardt 134 38 Calfarma
Bum 1934 3> 36 Ci ningitis
Gibson 1932 Scotland
Alen’ C
Carey 1936 Massachuetts
Po tan Upchurch and
Boot, 1937 North Corobna  Menmgitis
Schmudt and Nyfeldt 1933 Denmark. Irfect mononteleo 15
1slaght 38 Italy Menngtis
Pons and Julinelle 1939 Missourt Infect mononucleosis
Porzecanshi and de Bay
gorna 1939 Uruguay Meningitss and otitis
media
Wngttand Macgregor 19,9 Scotland Menmgitrs
TWagner and Porter owa Menmngitis
Savino 19408 B Argentina Memmngo-encephalitis
Fischer 1941 Uruguay Menmgo-encephalitis
Chicken  Ten Broeck New Jersey Generalized mfection
Paterson 1937 394  England Generalized infection
Watkms' England Generalized tnfection
Pallaske 1040 Germany General zed nfection
Cole 1941  New York Generalizeu mfection
Hurt Levine and
raham 194 Ilhnes Generalized mnfection

The e reports are listed 1 the bihli graphy ®Did not identify as bisterellasis but 1t
probably was this disease  Observation reported by Sea tone (1935) 4 Relation of this
straxn of Lasterella to t} at 1solated by other xmve tigators 15 not certan  Clas sfied or
ganism as a diphtheroid but 1t may have been Listerella ¢ Ob ervation reported by
Burn (1936) id not 1solate Lasterella > Ob ervation reported by Porter and Hale
(1939) 1 Observation reported by Paterson (1839

Tlmeis Agricultural Expenment Station Bulletin 499

established the avenues of mfection and the mode of transmission
has not been determmed Lattle progress has been made i immumz
ng susceptible anmals

ETIOLOGY

The causatie orgamsm Listerella monocytogenes 1s a Gram
posttive rod 1by 05 mucrons (see Fig 81) In hanging drop prepa
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Tennessee 1n 1924 but the relation of this strain of Lusterella to that
1solated by other mvestigators was not established

To date the causative orgamsm has been 1solated m the Umted
States from exght different amimal species as well as man and from
eight hosts m Germany Uruguay Argentina Scotland Italy, Den
mark, Norway France Austraha Russta England New Zealand
South Africa and Sweden (see Table 19)

Expenimental studies on epizoology and immunology hue not

Table 19 —REPorTS OF SPONTANEOUS LISTERELLOSIS

Date Prace
Host OBserRvER  REFORT was  oF ORIGIN TYPE OF DISEASE
PuBLISHED OR STUDY
Rablbit Goodpnsture 1924 Tennessee Envephalitis
Murriy Webb and
Swann 1926 Fngland Generalized nfectton
Paterson 1940C  Lngland Generahzed nfection
Henreson 1043 Sweden Generahzed infection
Gumea pig Murny Webb, and
Snan; 1926 England Generalized infection
Gerbillg Fine 1027 South Africa Generahized infection
Bbeep Gl 1931 23 37 New Zerland I neephahtis
Doyled 1932 Indiana Encephaltis
Ten Broeck New Jersey LEncephalitis
Jungherr. 1937 Connecticut Encephalitis
Graham Dunlap and
Drandly 1938 TNlinois Encephaliis
Morin 1938 Ilhnors Encephahitis
Blestcr -\nd Schearte 1939 Towa Encephalitis
Pater« 1939A 40D  England Abortton

Gm}um Hester and

1910B  Ntnows T
Olaf nn 1940 New York Er
Pallaske 1040 Cermany litis
ross 1911 Colorado E
Henderson 1941 Il C: b
offman 1941 Calbforma
Jensen and Gay 1941 Thnois Lncephahtis
Muth and Morpll 1942 Oregon
Pomeroy Fenstermacher .
and Andberg 1913 1 }
Goat Olalson 1940 Newlork
1910 NewJersey
Glﬂ'ord -md Eveleth 1942 Arkansas
Cattle Mathew 1928 Indiana 7
Jones nnd Lattle 1934 NewJerey
Fincher 1935 NewYork
Graham Dunlap and
Brandly 1935 Dlinois Encephakitts
Graham Hester and
Levine 9 404  Ilinos Abortion
Graham Hester and
1ine 1910B  Hlinois Enccphalitis
B.eeterund Schwarte 10418 losa Encephehty
Paterso an = 4’12 }"nghnd Iennt;‘m‘* s
and Duester owa Encephali
Sehmarte ! lona neephal

Evansand Sawyer
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SEASONAL INCIDENCE

Listerellosis 1 rummants usualls occurs m wmter wnd carly
spring when ammals wre confined 1n feedlots In Illnois New York
and other states reported outbreaks have occurred from December
through June although one case n dairy cattle i Illmois occurred
early m Julv Although the disease has occurred in sheep that had
been on pasture as long as four weeks losses usually subside and
the chmical disease disappears after amimals are placed on pasture
These facts indicate that crowding may favor transmission of the
disease Dry feeds during the winter may lower resistance suffi
ciently to allow the orgamsm to gam a foothold and possibly the
lack of some essential nutrient m the ration so alters the defensive
mechanism particularly the nasal mucous membrane as to favor
nfection

EPIZOOTIOLOGY

Sporadic outbreaks reported m different sechions of the United
States suggest the widespread distribution of this disease but knowl
edge of the reseryorr and the method bv which the disease 1s spread
from ammnl to ammal 1s not known

Gill (1931 1933 1937) supgested that the sheep nasal fiv Oestrus
ovis mught be the transmitter of the disease but this has not been
confirmed The absence of the larvae m some affected sheep to
gether wath the occurrence of the disease m cattle and m spring
lambs suggests that other factors may be wmvolved 1n the transms
sion

Table 0 —Los €5 FroM L1 TERFLLOsIS 1n OUTBRFaRS \MONG SHEEP 1¥ Iitinors

AT | s Ant AanuLs
Ourereax | ML Dzap OUTBREAE | M 1
No i No L e —
Heno |Num | Per Hero | Nam | Per
ber | cent ber | cent
1 W00 | 30 {100 14 180 12 07
2 100 8 30 5 300 101 335
3 (Istyear) 80 | 40 | 50 |6 — | = —
(ad year) 89t | 5 | b1 |7 — | 1215 —
(§thyear) 10 % | 1o

Ex lusive of 31 Jamb_born durtng the outbreak
Ilinais Agricultural Expertment Station Bulletin 499

On an Ilinois fum an outbreak of ovine histerellosis oceurred
one winter when there were many rats m the barns The next winter
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rattons the species exhibts a rather
pecubar tumbling motility that ap
pears to be charactenstic All strains
1solated at the Ilhnois Experment
Station are beta hemolytic and
grow well at 37°C as well as at
room temperature Heavy growth
m dextrose broth at room tempera
tare first noted by Paterson
(1939B), 15 sometimes helpful m
recogmzing Lasterella species

The morphologic and brocheme
characters of Listerclla have been
studied by Seastone (1935), Webb
and Barber (1937) Schultz Terry
Brice and Gebhardt (1938), Bar

ber (1939) Brester and Schwarte (1939), Julanelle (1940, 1941B)
Graham Hester and Levine (1940B) Cole (1941) and Harvey and
Faber (1941B) Probably the most extensive study 1s that of Harvey
and Faber who reported the characteristics of fifty strams of Lster
ella from ammal and human sources More recently mvestigations
have been conducted on specific growth requirements of orgamsms
by Porter and Pelezar (1941) and Hunter (1942)

The orgamsm grows quite well
on plun agar (see Fig 32) small
colomes blush by transmitted
hght can be distinguished 1n 24
hours The organism grows still bet
ter on blood agar with a clear he
molytic zone which helps to differ
entate the colomes Listerella
stramns ferment rhamnose dextrose
levulose lactose maltose sucrose
trehalose devtrin and salicin with
aaid production Other sugars such
as arabmose raffinose muln dul
citol mannitol sorbitol and mositol
were not attaicked Galactose was
only occasionally attacked Some
sugars are fermented slowly

et
v

Al

e sl 5
Fic  82—Culture of Lusterella
From Medull1 of 1 Cow Naturally
Infected The culture was ncu
bated for 48 hours at 37 C on
plan agar Iillinols Agrt Exper
Sta Bull 499

T
ook
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Expenmentally the natural syndrome has occastonally followed the
intranasal mstillation of viable cultures at the Ilnois Agrcultural
Expenment Station In support of mtrannsal mfection Pons and
Julianelle (1939) reported that an orgamsm which was probably
Lasterella was 1solated from the throat of a girl whose blood con
tamed Lasterella while Gill (1933) reported that repeated drench
mg of sheep with the culture by way of the nostril resulted
menmgitis and encephaliis On the other hand Julianelle (1910) re
ported that spraving the culture mto the noses of rabbits and mon-
Levs failed to produce the disease whereas feeding the culture to
mice 1n place of drinking water caused death in all cases Further
mvestigation 1s needed to estiblish the mode of mnfection

DIFFERENTIAL DIAGNOSIS

The 1solation and 1dentification of Listerella monocytogenes 1s
regarded as conclusive evidence of the malady Histopathologic
changes marhed by pernvascular infiltration 1s suggestive of Luster
ella encephalitis Myocardial and hepatic degeneration 1n chuckens
and rodents also suggests Listerella infection but the 1solation of
Lasterella monocytogenes 1s required mn confirmmng a dagnosis

Serologic tests have proved of no value m detecting mfected
ammals This disease however can generally be detected mn rum
nants by careful study of the history and symptoms Other diseases
which cause nervous symp mght be confused wath | 13
Therefore bacteriologic exammation 1s required to confirm clmeal
diagnosis

THE DISEASE IN ANIMALS

The chmeal symptoms and pathologic lesions assoctated with
bsterellosts vary with the host species In the rabbit gumea pig
and gerbille a generalized septicemic infection associated with a crr
culating monocytosis and necrotic foc: of the Iiver 1s characteristic
In the chichen the disease 1s charactenized by focal but massive ne
cross of the myocardim The fox from which Listerella was 1solated
by Cromwell Sweebe and Camp (1939) suffered from a distemper
like disease Jones (1940) reported 1solation of Listerella like organ
1sms from the organs of 14 out of 27 cases of equme penodic

ophthalma but their taxonomicrelation to Listerella seems meonclu
sive

Listerellosis mn x 15 usually fested by an phalitis
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there were relatively few rats and lsterellosis did not occur The
disease reappeared the next winter when the rats were agam numer
ous On another farm where ovine hsterellosis occurred no Iivestock
had been hept for several years previous to the trme when the dis
ease appeared but on this farm too the buildings were overrun
withrats Olafson (1940) suggested that the rat might be the carner
of the discase The Hlinois Agricultural Experiment Station exam
med 5 Iive rats and 2 dead ones from a farm where the disease oc
curred At autopsy no gross lesions were observed in any of the rats
The heart blood Iiver pharynx and colons of all 7 rats and the
lungs of 2 were cultured on plun agar plates but Listerelia was not
recovered However the possible relation of rats to spontaneous out
breaks of the disease ments further study

Observations ndicate that mn rummants the disease does not
sweep rapidly through the herd Ordinanly less than 10 per cent of
the herd may be affected Isolated single cases have also been ob
served Whle the morbidity 1s thus relatively Jow the mortality in
affected ammals 1s very ugh Few ammals that show marked symp
toms of the disease recover Young ammals are more susceptible
than adults and the disease seems to run a more rapid course m
them Sheep are apparentlv more susceptible than cattle since the
death losses tmong sheep are higher and death often follows 1
shorter period of tllness (Tables 20 and 21 show losses of sheep and
cattle in Ilinoss )

Table 21 —LossEs Frou LisTErELLOSIS 1N OUTBREARS AMona CaTrie iy Irimvore

' \anvats S \arvats
OOUTBREAR | MaLs EAD OUTBREAR AMALS Deap
No N —— o ™
Hemo|  Num | Per Heno | Num | Per
ber | cent ! er cent
1 8 3 $4 |6 0 | 3 75
2 — | Uabortiomy | — 1 7 (Istherd) | 173 5 29
3 15 2 [133 || " Gdnerd) | 110 ] 2 18
1 30 2 67 |8 20 i 50
: e I 1

Hlinois Agricultural Pspenment Station Bulletin 499

The v enues of infection m rumin wts hwe not been determmed
but 1t 15 possible that Lasterella enters the nasl passages This sup
position 15 partially supported by the fact that expenimental histerel
Tosis sumlar i all 1ts aspects to the natural disease 1s not ordmarily
produced by mtrasenous or subcutaneous moculation or by fecding
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are recorded as predomwately Jymphoeytes or monoevtes may de
pend upon the orgamsm and the host The foer of neutrophihe
filtration may or may not have vascular relations Olafson (1940)
considers ths lesion the most charctunstic of the infection smee
s sand fo contamm the bacteria the penn ascular nfiltrations do not

Less constant lesions are focl and pernascular edema or hemor
thage or both and dcgenerative ehanges m the nenve cells and
tracts Cell inclusions have not been observed Thay fact nd the
fact that attumpts to reproduce the disease with bactear frec B
trates from mnfectcd tissues have faled would mdiate that a Bl

i
v
[y

ty
:

Ve
#3

Fro 33 ~Natural Lusterellons m Steep The culture of ListescHa from
the sheep medulla (wpper {1 was meubated 39 howrs ¢ 37 C The
laree white masses wre medulla isme The eve of the sheep shown brlow
to the night 1s affected with heratitis the off er »s normal Himows Agn
Expor Sta Bull 499 i
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or encephalomychiis Menmngitis may also be present Bovine abor
tion unaccompamed by cerebral disturbarces has been reported
by Graham Hester, and Levine (1939, 1940A) and by Evans and
Sawyer (1942) and 1n sheep by Paterson (19394 1940D)

The encephalttic syndrome m sheep and cattle 1s preceded by
symptoms of dullness and mparred viston In fact m some outbreaks
the first observed symptom has becn refusal to come to the feeding
racks though not all affected animals exhibit symptoms of intppe
tence High temperatures may be noted m the first stages of the
disease The wnmal walks into feed bunks or other objects or close
to them before observing them In some outbreaks the first observed
symptom may be a staggerng unsteady gut As the discase pro
gresses the animal begins to circle cither to the night or the left and
to push or lean against solid objects (see Fig 83) Cirching 15 espe
cially charactenstic of the disease 1n sheep and cattle Torticolhs
may be observed If the head 15 placed m normal posttion 1t returns
to the side as soon as released

A mucous nasal discharge 1s noted 1 some ammals Qute fre
quently one ear droops and i some cases the ammnl drools stringy
salva and shows apparent paralysis of the pharyns (See Fig 34)
The ammal though able to drink slowly m1y be untble to eat

Conjunctivitis and opacity of the cornea of the eye have been
noted (see Figs 33 and 35) As the disease progresses the affected
anml 15 unable to n1se Some ammals perform runmng movements
while lying on their sides In sheep this causes the wool to come off
and decubtnl sores to appear on the shoulder and Jup The anmal
becomes progressuely weaker accompanied by coma lasting several
hours or a few days before death

In cypermmental Dstercllosis the nature of the histopathologic
changes depends to some extent upon the route of mfection Viru
lence of the orgamsm may nlso be 2 factor, 15 pomted out by
Schwarte ind Biester (1942) When microscopic lesions wre present
they follow a rather constant pattern accordmg to the organ affected
Lesions produced by the natural mnfection among rumnants are
Targely hmited to the central niervous system (Iigure 86) In the
central nervous system the discase 1s characterized by perisascular
mfltration with cells among which Iymphocy tes and monocy tes pre
domimate focal areas of mfiltration “or necrosts and nfiltration with

neutrophiles Some of the foct fulfill all the requisites for true sup

puration Whether the cells found i the pervascular infiltribions
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Frc 36 —Bramn Stem From A Sheep Naturally Infected With Listerellosis
Pentvascular infiltration with lymphoid and mononuclear cells and necrosis
of neurons are shown above magmfied 100X Below 1s shown focal cellular

reaction m which p d 300%) Hhnows
Agr Exper Sta Bull 499

Laver lestons when present n cases of listerellosts 1 rodents are
noted as discrete foct of necrosis sometimes preceded by visible
fatty changes m the cells (Pine 1927) and later surrounded by
hepatic cells showmng fatty changes (Webb and Barber 1937)
Necrosss 15 thought to appear 1n the hepatic cells surrounding hup
pfer cells which have mgested riumerous orgamisms according to
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trable virus 1s not a factor 1n listerellosis That there 15 some unrec-
ogmzed factor 1n natural nfection 1s suggested by the difficulty with
which the infection 15 produced experimentally The distuibution of
lesions i the bram suggests the possibility of spread by way of the
meninges, canal systems and vessel sheaths

Fic 34 —Feeder Calf Affected With Listerellosis Note the drooling
and the drooped ear Ilhinors Agn Exper Sta Bull 499

Fic 85—-Gumea Pigs After Suprajunctval Exposure to Listerclla Both

gumnea pigs hue conjunctivitis the one to the nght has keratius also
Ilhnors Agrl Exper Sta Bull 499
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Eve lesions consist of conjunctivibs which may be catarrhal or
follicular m nature keratitis characterized prinerpally by destruc
tion of epithelhum and mild mfiltration with leucocvtes mamly
neutrophiles 1nd extension of the capillary svstem mto the substan
t1a propria of the cornea Other lesions have seldom been observed
or have not been well described

THE DISEASE IN MAN

Lasterellosis in man has been reported i Cahiformia Connecticut
Towa Missourt and North Carohna and m the following countries
Argentma Austraha Denmark France Italy Scotland and Uru
guay The mode of transmission 15 not known

In man the disease always mvolves the central nervous system
In thirteen of the reported cases 1t was associated with menmgitis
1 four cases with mfectious mononucleosss and 1n two cases with
meningo encephaltbis

Among the histopathologic changes deseribed 1 human lister
ellosis by Burn (1936) and Wright and Macgregor (1939) the
more promment and constant changes were suppurative leptomen
mgiis focal areas of necrosis m the Iner focal pneumoma and
bronchiohtis and splemc engorgement Also observed mn the bram
were hemorrhages and pernvascular nfiltration with neutrophiles
Ismphocytes and plasma cells

Nyfeldt (1929 1932) and Schmidt and Nyfeldt (1933) reported
the 1solation of Listerella from a number of cases of mfectious mono
nucleosts of which 1t was believed to be the cause Pons and Julia
nelle (1939) obtamed a true Listerella from n single case of mfec
tious mononucleosts but further study by Juhanelle (1940 1941A)
mdicates that the associttion was probably incidental Subsequently
Nettleship (1942) reported that infectious mononucleosis i man 1s
crused by 4 filtrible virus

PREVENTION AND CONTROL

No unwersally effectiv e preventi e measures are known Isolation
of sick animals seems effective 1n some herds i others the disease
may ful to subside until the wimals are turned out on pisture Thus
it 1s quite evident that the epizootiology of listerellosis deserves fur
ther myvestigation with specinl reference to the carner feature the
natural reservorr of mnfection and the mode or modes of transmussion
Experimental vaceines and antiserums have been employed expen
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Webb and Barber (1937) and Bianchr (1930) The foci of necrosis
enlarge and often become mfiltrited with neutrophiles or mono
nuclear cells or both

Myocardral lesions (Figure 37) consist of necross of the heart
muscle and cell mfiltrations among which mononuclears usually
predominate

Fic 87 ~Massive 1nd Focal Neerosis of the Myocardim Heart
A 15 norm] Hearts B and C show massne necrows nd Heart
D focal necrosis 1 chickens that died following mtmwenn;s
snoculation with Listerella Hlmows Agri Exper Sta Budl 49
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oculation This charactenistic of Listerella 1s an md m 1dentifymg
the organism

7 Histopathologie studies mdicate that the essential character
of the lesion m a given tissue 15 the same m the experimentl infee
tion as m the naturally mcurred disease In the bram lesions are
likely to be more numerous n the white than 1 the gray matter
and are constituted munly by focal mfiltrations of neutrophles
and by pernasculir mfiltration of lymphoid and mononuclear cells
In ammals which develop systemic infechion foer of necrosis and
infiltration with lymphoid and mononuclear cells may be observed
1n the hiver and heart

8 Attempts at immumzation of rabbits gumea pigs chichens
and sheep agamst Lsterellosis by means of hilled (and n some cases
lving) Listerella cultures were unsuccessful

9 Attempts at immumzation of rabbits gunea pigs sheep and
cattle agamst hsterellosis by means of antisera were unsuccessful
In some cases the admimstration of antiserum apparently rendered
the animals even more susceptible to experimental mfection

10 Lattle success was obtuned with sulfamlamide m the treat
ment of clmeally affected sheep
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mentally i natural outbreaks and expermmentally 1 guinea pigs
and rabbits with wregular and unfavorable results

Sulfonamides may be of value 1 treating cattle and sheep but
only if admimistered very early and in large doses Once encepha
htic symptoms develop 1t 1s probably too late to mstitute therapy
with much hope of success The problem then becomes one of rec
ogmzing new cases ind starting treatment as early as possible The
most promising approach 1n detecting new cases 1s a study of the
body temperatures of apparently normal ammals 1n affected herds
since the temperature 15 usually elevated i the mtial stages of the
disease

ITEMS OF NOTE

1 Lasterellosis 1s 2 specific bactenial septicemin n rodents and
chickens In man 1t 1s charactenized chiefly by menmgitis m rumi
nants and swine by encephalitis Abortion m cattle and sheep has
also been reported as due to Listerella and premature birth has
been expenimentally nduced by moculating pregnant rummants
with viable cultures of Listerella

2 In 1ts usual encephalitic form the chinical symptoms mahe 1t
possible to recogmze affected ammals casily Listerellosis can be
confirmed by bacteriologic examnation of the medulla at 1utopsy

3 Lasterellosis occurs most commonly 1n wnter and early spring
when ammals are closcly confined No spectfic effective preventive
measures are known Samitation and 1solation of the affected ammals
and good pasture m season are 2pparently helpful m checking the
spread of the disease 1n some outbreaks

4 Sulfonamides administered 1n large doses have on occasion
guen encourgmg results but only when admmnistered very early
and m large doses

5 The casative orgnmism  Lasterella monocytogenes 1s Gram
positive and rod shaped 1t 1s approumately 05 by 1 micron 15
charactenzed by a tumbling type of motility and causes beta he
molysts Growth occurs quite well at room temperature as w ell as at
g7°C
6 In expenmental Lsterellosis m cattle sheep rabbits gunea
pigs swine and chickens the distribution of lesions varies with the
route of moculation Conjunchvitis and Leratiis which 1re ocea
sionally observed m the natural disease 1n rummants may be quite
readily induced mm rabbits and guinea pigs by supraconjunctival 1n
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oculation This characteristic of Listerella 1s an aid mn 1dentifying
the organism

7 Histopathologic studies indicate that the essential character
of the lesion 1n a given tissue 1s the same mn the expenimental infec
tion as m the naturally mcurred disease In the bram lesions are
Tikely to be more numerous n the white than i the gray matter
and are constituted mamly by focal mfiltrations of neutrophules
and by pernvascular mfltrition of lymphoid and mononuclear cells
In animals which develop systemic nfection foct of necrosis and
nfiltration with lvmphoid and mononuclear cells may be observed
m the hiver and heart

8 Attempts at mmunization of rabbits gumea pigs cluckens
and sheep agamst listerellosis by means of killed (and in some cases
hwng) Lasterclla cultures were unsuccessful

9 Attempts at immumization of rabbits gumnea pigs sheep and
cattle agamst hsterellosis by means of antisera were unsuccessful
In some cases the admmstration of antiserum apparently rendered
the anmmals even more susceptible to experimental mfection

10 Little success was obtuned with sulfamlamide m the treat
ment of chimeally affected sheep
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mentally 1n natural outbreaks and experimentally 1 gumnea pgs
and rabbts with uregular and unfavorable results

Sulfonamides may be of value m treating cattle and sheep but
only 1f admmistered very early and in large doses Once encepha
litic symptoms develop 1t 1s probably too late to mnstitute therapy
with much hope of success The problem then becomes one of rec
ogmzing new cases and starting treatment as early as possible The
most promismg approach m detecting new cases 1s a study of the
body temperatures of apprently normal antmals m affected herds
smee the temperature 1s usually elevated 1n the mitial stages of the
disease

ITEMS OF NOTE

1 Listerellosts 1s 1 specific bactenal septicemia in rodents and
chickens In man 1t 1s characterized chiefly by meningttis 1 rum
nants and swine by encephalitis Abortion 1n cattle and sheep has
also been reported as due to Listerclla and premature birth has
been experimentally mduced by moculating pregnant rummants
with viable cultures of Listerella

2 In ats usual encephalitic form the chimeal svmptoms malke 1t
possible to recogmze affected anmmals easdly Lusterellosis can be
confirmed by bacteriologic exammnation of the medulla at autopsy

3 Lusterellosis occurs most commonly m winter and early spring
when amimals are closely confined No specific effective preventive
measures are known Samtation and 1solation of the affected ammals
and good pasture 1n scason are apparently helpful n cheching the
spread of the disease 1n some outbreaks

4 Sulfonamides admmmstered 1n large doses have on occasion
gven encouraging results but only when admimstered very early
and m large doses

5 The causative orgamsm  Listerella monocytogenes 1s Gram
positive and rod shaped It is approumately 05 by 1 micron 1s
characterized by a tumbling type of motility and causes beta he
molysis Growth occurs quite well at room temperature as well as at
37 C

6 In experimental Lsterellosis m cattle sheep rabbits gumnea
pigs swine and chickens the distribution of lestons vanes wath the
route of moculation Conjunctnitis and keratitis which are ocea
stonally observed n the natural disease mn rurunants may be quite
readily mduced n rabbits and guinea pigs by supmcon]unclnal m
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CHAPTER VIII

RABIES®

RAB!ES 15 an acute mfectious disease caused by a neurotropic
type of filtrable virus The disease 15 primariy an affection
of the canine race especially dogs but 1t may affect any of the
warm blooded ammals Secondanly 1t 1s a disease of man trans
mitted usually by the bite of a rabid dog The term hydrophobia
(from the Greek fear of water”) may be applied to the disease 1
man but 1t 15 not truly descriptive of the disease i dogs The term
rabies (from the Latin “to rave”) may designate the disease m my
animal but there are times when 1t 1s not descriptive as m dumb
rabies

HISTORY

Rabues 1s a disease of great antiquity 1n fact one of the oldest
known diseases of anmals Plutarch asserted that according to
Athenodorus 1t was first observed 1 mankind m the davs of the
Asculapiadae the d dants of Aesculapius the god of med
Whitmore relates that n the thirteenth century ¢ Akteon son of
Artsteus died of the disease In the fourth century Bc  Amnstotle
stated dogs suffer from madness which puts them mn a state of fury
wd all ammals which they bite when 1n this condition become also
attacked with mad Man was d h
that time

Celsus 1n the first century AD was the first to give a good de

~niption of the infection 1 man usmg the term hydrophobra He
states that the disease 15 caused by a bite of a ralid animal and the
wound must be thoroughly washed 1n water and burned with a hot
sron m order to prevent the development of the disease for after
symptoms develop there 1s no cure and death always follows Park
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believes that Celsus probably obtuned his mformation from earlier
wntings which have smce been lost

Celius Aurehanus 1n the second century A p, gave a very good
account of the disease in man

In the begmmng of the attach anxiety with no reason for 1t
mntability and malaise restless movement light sleep and dis
turbed msomnia stretching and continual gapmg and an unremit
ting desire to vomit an unusual susceptibility to aur no matter how
qiietly the patient may have been resting intoleration and loathing
of hquds Iittle desire to drimk When the disease 1s established
there 1s thurst and at the same tme dread of water at first at the
sight of 1t later of the very sound or mention of 1t This fear extends
to oily preparations The pulse 1s small hard and uregular 1n cer
tam cases there 1s a ight fever There are cructations heaviness of
the imbs The draphragm 1s displaced upward and the functions of
the ntestines suppressed Urination becomes frequent and of small
amounts There 1s nervous spasm and trembling The voice 15 hoarse
like the bark of 2 dog breathing 1s difficult the body drawn up
Generalized convulsions are occastoned by the entry of persons for
fear that they may be bringing water The face and eyes are con
gested the body emaciated Pallor and sweating of the upper parts
Frequent erections and seminal emissions The tongue 15 protruded
there 1s hiccough bilious vorting frequently black fear to drnk
the hands bemng held before the eyes on the approach of the drink
g vessel etc (Stumson)

Other wniters of that period and m the centunes that followed
mentioned rabres without adding to the knowledge of the disease
Durng the middle ages reference to 1t seemed to have disappeared
from medical writings although 1t 1s mentioned 1n other sources In
1271 1t 1s related that in Francomia thity persons perished from
Intes milicted by rabid wolves which mvaded the towns attaching
people flocks and herds Likewise m Pans in 1604 an eprdemic of
rabies presailed



RABIES 181

mals for the purpose of diagnosis In 1821 Magendie and Breschet
rdentified human rabies with the disease i ammals by mfecting a
dog with salnva from the human case In 1629 Hertwig show ed that
the usual method of mfection was the saliva of rabid dogs trans
mitted by bites All of these observations were corroborated by
other 1nvestigators

During the pertod of renewed scientific activity after a lapse of
nearly two thousand years 1t 1s only natural that false 1deas and
maccurate observations should confuse the people For mstance
Morgagn: and Swinger among others beleved the bite of a dog not
suffermg from rabies might imhate the disease Some of the causes
asenbed to such spontaneous ongin were ungratified sexual nstinct
m male dogs sudden suppression of lactation m female dogs ex
tremes of temperatures especially of heat drinling foul water eat
mg putrefied materals or the deprivation of meat from dogs which
had been accustomed to a meat diet Contrasted to these notions
were those brought forward by Bosqullon 1 1902 that hy drophobia
was due fo fright and that belief i an nfectious agent was a
chimera

It 1s dafficult to realize the hystena of the populace m those times
1 connection with rabies Shooting stranghng poisomng or suf
focating were not uncommon deaths meted out to vicims who were
even suspected of exposure to the disease In 1810 a bill was pre
sented 1 Germany to the effect that 1t 1s forbidden under pam of
death to strangle suffocate bleed to death or m any other way
murder individuals suffering from rabies As late as 1819 1t was
related 1n France that an unfortunate victim of rabies was smothered
to death between two mattresses

In the midst of such confused and hazy notions and opposed by
many persons m hgh stations Pasteur began his work 1 1880 on
the spread and control of ribies He was able to demonstrate at will
the transfer of the virus from ammal to animal He showed that dogs
protected by virus attenuated by drymg were refractory to the dis
ease On July 6 1885 after great hesitancy but urged on by the
behef that the victim would surely perish otherwise Pasteur ad
mmstered the first human noculation of antirabic vaceme to
Joseph Meister a mine year old Alsace boy This was the begmning
of a new er1 1n the control of rabes

Diagnosss of rabies in dogs hd been carned out by Pasteur as
well as by mansy others through subdur il moculation of bramn mate
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nalinto the rabbit This process requred two or three wecks or more
making 1t of small value to any person exposed to the disease Wil
son working i the New York City Health Department Laboratory
found that this pertod was ordinanily of shorter duration in gunea
p1gs such ammals often developing the disease 1n about nnc days
after moculation This shorter period of mcubatton m gunea pigs 1s
by no means constant Morc recently the mouse has been proved
to be a valuable test anmal After mtracerebral mocultion of this
species symptoms usually develop within seven to ten days, followed
by death on the nmth to twelfth day

In 1903 Negn observed in the bran cells of rabid ammals the
now well known Negri bodies which are pathognomonic of rabres
Negr1 s findings were soon confirmed by numerous 1 estigators and
today the demonstration of Negn bodies m the bram tissue of am
mals suspected of having rabies 1s posttive evidence of the presence
of such disease

SEASONAL PREVALENCE

The fallacy that rabies 1s 1 summer disetse 1s based upon the
fact that during the months of July and August the dog star Sinus
rises with the sun In ancient times this was attrsbuted as the cise
of dogs gomg mad hence dog days However, duning this period
dogs have much greater freedom than i the mclement weather of
winter thus more opportumty for contact with each other In reahty
there 15 not a distinct increase of rabies durmng the summer months
Duec to the hot weather very often dogs become cross and are sus
pected of ribies when they are not infected

In 1910 Stimson (1) tabulated figures from different parts of the
world to show that there was little vanation 1 seasonal prevalence
except that the last quarter of the year showed relatnely fewer
cases—January to March 23 per cent April to June 274 per cent
Tuly to Sep(emf)er 252 per cent and October to December 213
per cent of all cases

In figures collected from various sources 1t would seem that the
sprng months often show the greatest number of cases with the
peak i March (2) The Hygienic Laboratory 1n 2 report covenng
the vears 1909 19 for the District of Columbr showed 2 sumilar
finding Reports from Ransas nd New Jersey for the year 1926 Tike
wise idicated a somewhat greater prevalence of the discase during
the spring months In the State of Tllmois the peak seemed to be
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delnyed until June and July but August and September were the
months of low ncrdence 1n all cases There was then a gradual rise
through the fall and wnter months to the peal m the spring or
early summer

There are numerous mstances of serious outbreaks of rabies m
certamn localities during other seasons of the year so as previously
mdicated there 1s no marked vanation m seasonal prevalence of
the malady

GEOGRAPHIC PREVALENCE

Rabies knows no geographic boundaries nor 1s 1t subject to ter
restrial or chmtic influences There are only a few portions of the
globe where the disease does not ewst and the only reason for its
absence 1 those places 1s eternal vigilance m heeping 1t out From
the fngid vastnesses of the Arctic region to the sultry atmosphere
of the tropies 1t has been reported From the congested quarters of
New York Chicago London and Pans to the sparsely settled walds
of Russia 1t exacts 1ts toll

Under ordmary conditions the mcidence of rabies 1s directly pro
portional to the population n 2 grnen district In sparsely settled
regions the rate 1s not as great as that of more densely populated
areas except m cases Where the wild ammals become 1nfected In
parts of Russia rabies among wolves has existed to 1 considerable
extent hkewise m the mountun regions of some of the western
states m the Umted States the disease among coyotes and other
wild anmals has made 1ts eradication difficult On the other hand
rabies eusts to a large extent i the thickly settled portions of the
world except where the most energetic measures have been taken
to prevent its mtroduction nd spread

In the Umted States there has been a definte mcrease m rabies
during the past few years The increase hs been largely 1n lower
ammals approximately 10 500 cases bemg reported to the Bureau of
Ammal Industry United States Department of Agriculture for the
year 1944

In 1926 Rice and Beatty (3) published statistics on the world
prevalence of rabies which would tend to show very httle difference
m twenty years in geographical prevalence As these data are still
of mterest they e ncluded here Condrtrons incident to war mav

be found to have changed these data when the information 1s avail
able
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Canapa

Alberta—No record of any case m ten years

British Columbia—Only one case m any ammal known and this
was 1n a dog brought 1n by a tounst No human deaths

Manitoba—Some rabies 1n ammals No human deaths

New Brunswick—~None smee 1918 No records previous to that
date

Nova Scotia—None 1n anmals or man

Ontarto—~After several years of freedom from the discase 1t wasn
troduced from Quebec and quickly spread 41 positwe brams
were exammed m 1926 No human deaths

Prince Edward Island—No data

Quebec—Rabies spreading rapidly from two foer No human
denths

Sashatchewan—No rabies 1926

Alaska—Not common but has been obser: ed particularly 1 wolves
nd foxes

Arctic Regions—Nansen mentions the occurrence of rabtes m
Farthest North and 1t has been reported from Greenland

Mexico—Rabies 15 very common There are many Pasteur Inst
tutes and thousands of treitments are given annually The
number of human deaths 1 rather lrge but exact miormation
15 not avanlable

SouTH AMERICA
Ecuador-—-Not common
Venezuela—Rare 1 ammals nd extremely so m human beings
Argentina—Fardy prevalent
Brazil—Has been epidemic at different times especrilly m the
north
From incomplete returns 1t 1s reasonable to conclude that the
discase 15 present m moderate amount m the greater portion
of the contment of South America
Cuba—Has been epidenc to a senous degree i recent ycars
El Salvador—Present

Lurore )
Belerum—Has had very Iittle rabies except dunng the Great War
“bhcn ant: rabic precautions were relaxed Duning times of
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peace claborate precautions are tahen to prevent its mtroduc
tion These methods have been Iughly effective
England—By strict ling ord England was able to nd
entirely the country of the disease m 1902 After that time there
was none until 1918 when the disease was remtroduced It
spread rapidly but has agan come under control and there has
been none since 1922
France—The homeland of Pasteur has long been senously plagued
with rabies In 1913 it was almost eradicated but flared up
agamn during and after World War I to alarming proportions
Germany—The rabies situation was well 1n hand before 1914 there
bemg on the average 300 to 400 cases m anmmals annually In
1915 1t rose to 1018 after which there was an wregular
crease to 2699 1 1924 Sice that date the condition has m
proved and 1s greatly reduced m 1927 Human deaths were as
follows 1924 48 1925 20 1926 22 Persons bitten by rabud
dogs for the same years were 2417 1159 and 579 respectively
Holland~Because of very ngid control measures there were no
cases of rabies m Holland previous to World War I During that
crisis there were some 1n the borders of the country
Ircland—There has been no rabies for twenty years All imm
grant dogs are quarantned for six months
Russia—No communication was recerved from this country but
1t1s well known that the rabies situation 1s very serious perhaps
the worst of any country m the world
Stweden—There has been no rabres since 1886 when there was
one case m an mmported ammal Strict regulations govern the
mmportation of all members of the dog family
Suitzerland—Rabies 15 rare 329 Pasteur treatments were given m
the quarter of 2 century just closed with one human death
Austria—Has been epidemic mn recent years
Italy—No very recent data but has been quite common for a long
tine
Balkan States—Has been an mportant problem here smee World
War 1 and the yeus immedhately preceding
Spain and Portugal—Rabres very important public health problem

Armrca

Egypt--Very common among the countless homeless dogs Lattle
effective control of the situation The number of cases treated
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trebled from 1914 to 1924 but has decreased since 1251 treat
ments were gnen 1 1926 m Cairo alone

Union of South Africa—~Fanly common 1n ammals and occastonal
cascs i human bemngs

Occidental rench Africa—Rabues present but not prevalent

Western Africa—Rabies 1s common

Asia

Palestine~Rabies 1s very common

Arabia~Common m the settled portions

India—~Dnta from the Pasteur Institute t Calcuttn for the Provinee
of Bengal (population 40 000 000) 1924 (seven months) 1,995
patients treated of whom 17 died 1925 5585 cases treated of
whom 33 died Total deaths for Bengal (human) 804 in 1925

Japan—A very sertous public health problem

China~Rabies was known 1 the time of Confucius md hs been
a serlous problem contmuously to this day

Siam—Very common

Siberta—Very prevalent

T1bet—Prevalent

Oceanic IsLanps

Australia—Free of rabies and always has heen so

Hawan—Tree of rabies All anmmals from foreign ports are quir
antmed for 128 days

Philippmes—Rabues 1s very common among the many dogs Hu
man deaths were 103 1 1925 93 1n 1926

Dutch Last Indigs—Fauly common

THE ETIOLOGIC AGENT

The nfectious agent of rbies belongs to the group of ultramrcro
scopic, filtrable viruses Under suitable conditions 1t ean be passed
through VN and W Berhefeld candles and F and B
Chamberland filters

The virus 1s found constantly 1n the nerve tissue and saliva much
less often mn the urne lymph and milk and only occasionally m
the blood and other body fluids of infected smmals It may be pres
ent 1n the salna five days before the animal shows symptoms

Virus obtamed from naturally infected anmals 1s designated 1s

“strect virus  When the virus has been passed sernlly through 1
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large number of rabbits however 1ts virulence 1s 50 exalted that st
will kall the anmmals 1 as short a time as six days and this marked
virulence remains constant through subsequent passages Such mod
1hied virus 1s known as “fived virus  (varus fixe of Pasteur)

Rabres virus cannot be propagated artificially m hfeless media
However Ranazawa (4) 1 Japan and Webster and Clow (5) m
the United States have shown that 1t can be grown m tissue cultures
contamning living embryonic mouse bram Plotz and Regan (6) re
ported the cultrvation of the virus i a medum of Tyrode solution
monkey serum chicken plasma and chick embrvo cells Dawson
(7) has also published successful results i cultvating rabies virus
by mtracerebral moculation of day old chicks and then passage to
chick embryos

Rabtes virus 1s 1ot very resistant to unfavorable environment
Sunlight destroys 1t rapidly while exposure to arr and drying soon
renders 1t mert Boiling immediately destroys 1t but a temperature
of 58 C requures 30 mmutes The ordinary disinfectants require
more time for its destruction than for bacteria—30 minutes for
phenol in 5 per cent solution 15 mmutes for bichloride of mercury
11000 3 per cent liquor cresolis and 1 per cent formalin Glycerm
serves as an excellent preservative the virus remaming active for
wecks or months in 1t Putrefaction does not ordmarily destroy the
virus until after a considerable period of tune but putrefied bram
tissue 15 usually difficult matenial m which to demonstrate Negn
bodies

In 1903 the Itahian mvestigator Negn working at Parvia, de
scnibed certam characteristic bodies 1n the bram cells of dogs dead
of rabies The large ganghon cells of the lippocampus major and
the Purkinje cells of the cerebellum were especially apt to show
them The bodies were round or oval in shape varying mn size from
05 of a micron to 22 microns the larger ones showing distinct
granules when properly staned Negn considered the bodies not
only diagnostic of rabies but the cause of the disease The presence
of the bodies n the bramn cells of rabid animals was soon confirmed
by numerous mvestigators 1n Europe and America and thus the
;we}lxl;nown method of laboratory diagnosis of rabies was estab

15he

Schoeming (8) 1 1925 working m the Bureau of Ammal Industry
of the Umited States Department of Agriculture encountered a
strain of “street virus which d to possess

&
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properties which differed from other viruses m that ordinary anti
rabic vacemes did not protect dogs agamnst 1t Hampil and Roberts
(9) and Habel (10) have also published studies mdicating vana
tion 1n the immunogenic properties of rabies fived virus Relser be
lieves that the difference 15 not due to the existence of immuno
logically distinet types of rabies virus, but to difference in virulence

RABIES VACCINE

The preparation of all antirabic vaceme up to the present tume
has been based upon Pasteur s onginal method—namely the use of
nerve tissue from amimals which have been infected with the disease

As has already been indicated Pasteur found that the virus of
rabres could be stabihzed m virulence by passmg 1t successively
through a relatwely large series of rabbits Thus street virus”
which after subdural moculation was found to require 12 to 25
days to produce rabies i rabbits was brought up to the pomt where
1t would regularly cause the disease 1 6 or 7 days Its virulence
remaned fixed at such pont and was therefore, designated by
Pasteur as virus fixe or fived varus

Pasteur found that when the spmal cord of a rabbit dead of fived
virus rabies was dried over caustic potash the virulence of the cord,
withm certam Iimits was reduced mn proportion to the wmount of
drymg Thus 1 portion of a cord which had been permitted to drv
for five days when emulsified and injected subdurally into rabbits
required approximately eight days to produce rabies A cord dned
nine days required about two weehs to produce the disease whereas
2 cord dried for 14 days would as a rule cause no symptoms 1t all
Pasteur based his method of antirabic vaccination on this phenome
non

Starting with an emulsion of apparently avirulent cord subecu
taneous myections were admuustered to exposed mdrviduals on con
secutive days cach day using a cord of a Lttle more virulence In
Pasteur s onginal method the cords used were dried from a maxt
mum of fourteen days to a mumum of three days 1 the casc of
“light” treatments When an mdividual was severely bitten espe
cially about the face and hands +n intensne treatment was
gnen This mvolved the use of cords dned from the maumum of
fourteen days to a mumum of only one day The hght treatment
extended over a period of eighteen davs the intensive twenty one
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days Table 22 mdicates the scheme of antrabic vacemmation fol
lowed m Pasteur s origimal method

Table > —PAsTEUR 5 ORIGINAL SCHEDULE oF ANTIRABIC VacCKMATION

Licar TREATMENT | INTENSIVE TRPATMENT
\geof | Amount i Ageof | smount
Davol Treatment | dned  |of mjected) Day of Treatment | dned |ofinjected
cord | emulion cord | emulsion
Days ce Days ce
1 3 14 3
Furst 13 3 First 13 3
12 3 12 3
Second 1 3 1 3
10 3 I 3
Third 9 3 3
3 3 Second 3
Fourth 7 3 3
[ 2 2
Fifth 6 2 Third 2
Srxth 5 2 Fourth 5 2
Seventh 5 2 Tilth 5 2
Figl th 4 2 Sixth 2
Nmnth 3 1 Seventh 1
Tenth 5 2 Eighth o
leventh 5 2 Ninth 1
Twelfth 4 2 Tenth 2
Thirteenth 4 2 Eleventh 5 2
Fourteenth 3 2 Twelftt 4 2
ifteenth 3 H Thirteenth 4 2
reteenth 5 2 Fourteent] 2
Seventeenth 4 2 Fifteenth 2
Erghteenth 3 2 Sixteenth 2
Seventeenth 2
Exghteenth 2
Nineteenth 2
Twentieth 2
Twenty first 2

The orgmal Pasteur method of antwabic vaccination has been
modified 1 a number of ways The dried cord method was vaned
by commencing treatments with cords dried less than fourteen days
Thus a vumber of Pasteur laboratories adopted an eight day cord
as the maximum of attenuation and still later the Pasteur Institute
of Panis went to a five day cord as the maximum of drying The
stram of fived virus first used by the Pasteur Institute m 1888 has
been m use ever since Table 23 indicates the dried cord treatment
plan which the Pasteur Institute at Pans developed

For a number of years the Hygiemc Laboratory of the United
States Public Health Service (National Institute of Health) pro
duced and admimstered Pasteur rabies vaccne to exposed mdivad
wals who resided m or came to Washington to receve treatment
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The cords used were dried for a maumum of six to 2 mnimum of
two days i ordinary cases and one day m severely exposed
stances

Table ©3—ScnEDPULE OF ANTIRABIC VACCINATION AT Pasteur Institure Pamss
In 1927

Dax or TREATMENT Aar oF Corp \mounT TNJECTER

a
o

|
First day
Second
Third
i

For shight wounds

Twellth

Thirteenth

Fourteenth

Fifteenth

Sixteenth

Seventeenth

Erghteenth

Nineteenth

Twentieth

Twenty fir t |
wenty econd

TFwenty third

Twenty fourth

Twenty filth |

Fo multrple »ounds

For erous wounds

For wounds on the head

£31969.69 10 02 63 19 €2 50 13 60 03 10 £2 12 1983 18 09 62 s e 1 0
$96060,6903 02 63,69 €2 6309 €0 £9 62 ©3 £ 69 09 69 84 09 £ 82 69 08

The Hogyes modification 1s based upon observations made by
Ferrn m Barcelona in 1888 who used fresh fived virus diluted
1 100 for trenting persons bitten by rabid dogs Boregg: m 1889 was
not as successful losing five patients apparently infected by the
vaccme It s however been subsequently shown by many work
ers that fresh fived virus mjected subcutaneously m high dilution 18
relatively harmless In 1897 Hogyes began its use and since that
time many thousands of persons have receved this form of anti
rabic treatment It consists of mjections of fresh fived virus highly
diluted followed by gradually ncreasmg amounts of the virus
Hogy es muntamed that the Pasteur method of drymg the cord al:i
tamed nothing more than 1 dilution of the virus and that this cou
be more accurately controlled by dilutions with salt solution An
other advantage brought out by Harvey and McRendrick w1s the
smaller amonnt of nerve tissue 1 proportion to the amount of \xrzs

Another modification of Pasteur s method 1s that developed by
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Harns The virus cord and bran together are frozen with carbon
dioade snow and finely ground up The material while still frozen
15 placed 1 vacuum desiceators over sulphuric 2eid and dried at a
temperature of —15° to —18 C After this the powder 15 sealed up
n tubes m vacuo m the proper amounts for treatment and stored
below the freezmg point ready for use The powder 15 emulsified
salt solution when mjected The amounts of materal gradually m
crease as the mjections proceed The method 15 economucal in that
large amounts of matenal can be prepared at once and 1t will re-
mam potent for s1x months or longer Ordinary treatments require
ten mjections w hile serious cases take fourteen
The Cumming method consists m mactnvation of the virus by
dralysis m distilled water Emulsified nenve tissue 1s dialyzed 24
hours m 2 collodion sac after which time the matenal left 1 the
sac no longer 1s capable of producing rabies when mjected sub
durally mto rabbits but still retains ats protectve value It 1s ad
mimstered m amounts of 2 c ¢ over a peniod of 15 to 25 days
The Semple method 15 a form of antirabic vacemation which has
come 1nto rather extensive use durng recent years The bram and
cord are emulsified together diluted to 8 per cent and the virus
lalled with 10 per cent carbohic acid winch 1s allowed to act for 24
hours at 8375 C The mixture 1s then diluted wath an equal quantity
of sterile phy siological saline solution This constitutes the vaccine
Fourteen mjections are given for human treatments Some labora
tories produce a vaccine with a higher percentage of fixed virus
tissue even up to 20 or 25 per cent The dose however 1s regulated
so that a patient recenves no more than the equivalent of 2 ce of a
5 per cent emulsion daily At the present time the Semple type vac
cme 15 employed to a greater estent than other forms of rabies
vaccine
In 1922 Alivasato published the results of studies which tended to
indicate that an etherized rabies vaccmne was supernor to some of the
immumzing agents prepared by older methods According to Alva
satos technic bramns from rabbits succumbing to moculations of
rabies fixed virus are stripped of their membranes and 1mmersed
in sulphunic ether Some of the bramns are allowed to remain mn the
ether for 72 hours while others are subjected to its action for a
period of 84 hours Following the exposure to the ether the brams
are cut up mto small preces in sterile dishes and placed under a bell
jar or m a desiccator m order that the ether may evaporate One
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part of the bramn tissue 15 then emulsified with twenty parts of physt
ological saline solution This constitutes the finished vacene The
first two doses consist of 15 gm of the suspenston of bran tissue
which was exposed to the action of ether for 84 hours Ths 1s fol
lowed by additional mjections of vaceme prepared from the bram
tissue which was subjected to the ether treatment for only 72 hours

Alwasatos vaccine was employed rather extenswvely i Indiz a
few years ago However, 1t 1s now but seldom used

Relser developed a chloroform treated rabies vaccme which was
found to possess some advantages over phenol hilled ngents This
vaccine, for human use consists of a 25 per cent suspension of bram
and cord tissue to which has been added 1 per cent chloroform for
the mactwvation of the fived virus Daily doses of 05 cc each over
a penod of fourteen days constrtute the treatment

Webster (11) several years ago reported the results of prehmmary
expermmental studies with a tissue enlture vaceine 1n rabies immu
mization While this method 1s still 1n an experimental stage 1t 13
possible that 1t may be mmproved to the pomt where 1t wall supplant
some of the older methods

Durmng the past 25 years considerable work has been done with
vncemes for the iImmumization of dogs agamst rbies Most of this
work has mvols ed the use of single mjections of vaceme Eichhorn
started the practice by mtroducing 1n the United States the yacene
prepared by the method of Umeno and Dor of Japan This 15 2
phenol treated vaccine and 1t or a modification of same has been
used on a relatn ely large scale in many sections of the Umted States

Relsers chloroform treated rabies vaccme for the :mmunization
of dogs consists of a 334 per cent suspension of brain and cord tissuc
from rabbuts dead of fived virus rabies the virus bemg mactn ated
through the addition of 1 per cent chloroform This type of vaceme
has Ihewssc been used to a considerable extent m the Umted
States

RABIES IN ANIMALS
All warm blooded wnmmals including man are hughly susceptible
to rabies Birds and fowls are somewhat less susceptible while cold
blooded ammals such as frogs turtles etc are refractory
Rabues 1s primarily a dweasc of the canne rice—dogs wolves
coyotes etc The lessened prevalence mn certain animals may De the
result of the relatively infrequent contact w 1th other species which
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mght harbor infection or possibly because of natural protection
like a thick fur which would mechamecally remove the virus that
would otherwise gam access to the wound

The relatiy e merdence of rabies occurring n different animals has
been given by Stimson m tables collected from different sources
The dog leads wath 80 per cent to 90 per cent of all cases followed
by the other domestic ammals and finally the wild ammals At the
Hygienie Laboratory of the United States Public Health Service
(National Institute of Health) over a ten year period 588 animal
heads were diagnosed positive for rabies of which 514 were dogs
34 cats 32 cattle 5 hogs and one each sheep horse and man At
the laboratory of Tllnos State Department of Pubhie Health over a
four year period there were 416 positive animal heads of which 393
were dogs 18 cats 2 cows 2 shunks and 1 wolf

The meubation period of rabies varies depending upon several
factors—the lind of amimal afflicted the hind of amimal responsible
for the mjury whether the wound 15 near the head or not and the
virulence and amount of virus entering the wound Reichel has given
the meubation period of rabies m the domestic ammals as follows

Dogs fourteen to sisty days

Cats fourteen to sixty days

Cows fourteen to exghty days
Horses twenty one to nmety days
Hogs twenty one to sixty days
Sheep twenty one to sixty days
Goats twenty one to sixty days
Burds fourteen to sty days
Rabbits nine to nmety days
Gumnea pigs eght to sixty days

It 15 very rare for rabies to develop after the one hundredth day
from the bite although a few such mstances have been reported

Natural :mmumty 1s enjoyed by only certain of the lower verte
brates as the reptiles Under ordinary circumstances death 1s the
mevitable result when an ammal becomes 1nfe cted

A very few apparently authentic cases are on record of recovery
of dogs from an actual attack of the disease They are exceedingly
rare

The dog 1s the natural reservorr of rabies from which the disease
spreads to other animals The dog mamfests symptoms 1n two differ
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ent forms which are designated as furious rabies and dumb or
paralytic rabies The form the disease assumes apparently depends
on the virulence of the virus, the resistance of the ammal and the
sequence of localizition of the virus mn vital bram centers For ex
ample fived virus which has been exalted n virulence, producmg
the disease 1n a short peniod of time gives nise to the paralytic form
of rabies even m dogs horses ete, when injected subdurally

Turious rabies m the dog 1s responsible for the spread of most
cases of the diserse After 1 stage of development lasting one or
two days in which the 1mmal may be unusually depressed or un
usually affectionate he has an wrresistible tendency to roam Often
many miles will be covered m the next two or three dys during
which time he will bite anything that happens to come 1n lus way
Rarely however does he willfully attack man or other animals that
are not m lus immedinte path He will attempt to eat mdigestible
articles s sticks stones and rags His 1ppearance may not be ab
normal enough to attract attention though usually he looks Iike 4
sick ammal The foiming at the mouth which sometimes ppers,
results from m accumulation of salva due to difficulty m swallow
g coupled with constant champing” of the jaws When the anmal
returns home from his roaming he seeks 2 secluded spot and de
velops paralysis and soon dies

Infrequently 2 dog presents no signs of frenzy or imtabihity and
the first symptoms noticed are those of paralysis—so called dumb
rabtes  The animal hides away develops paralysis i the lower jaw
followed quickly by the rest of the body and dies 1 onc to three
days

%Zats develop rabues farrly frequently and with danger to human
beings especally children The ammal Indes tself in a dark corner
or under the furmiture from which 1t sallies forth 1 vicious attacks
on persons who come near It will jump up nd severely scratch
the face of a chuld The voice 15 lost the ammal mewimng hoarsely
The appetite 1s later lost with emacntion paralysis and death i a
few days

Cattle are often affected with rabies as a result of bites from
rabid dogs or other ammals and are capable of dong considerable
damage due to their size and strength Both the funous and the
dumb types may occur the former bemg the more common Aﬁlcf
a prelmmary stage marked by a change 1n the disposition of the
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anmmal together with a loss of appetite lessened flow of milk and
restlessness the furious type develops The animal paws the earth
attacks everythng m sight with 1ts horns and bellows loudly with
a pecuhar change of voice About the fourth day 1t becomes more
quiet and des elops paralysis dymg n a day or two more

It 1s saxd that shunks may propagate the disease widely among
ther own kind Skunks have been known to attack persons also It
15 not uncommon to recerve shunks m the laboratory for exammation
for rabtes According to Strmson ammals other than dogs and
skunks do not transmt the disease as a rule more than one remove
from the dog The relative mability nopportunity or lack of tend
ency to bite when rabid 1s given as the cause for this

In 1931 Hurst and Pawan (12) reported a rather extensive out
break of paralytic rabies m man and cattle m Trimdad and found
that the same was transmtted by the vampire bat Subsequently
Torres and de Queirez Luma (13) discovered that hematophagous
bats (Desmodus rotundus murinus) when naturally or artificially m
fected commonly resist the disease themselves but become reservoirs
of the virus and mfect ammals they bite when obtammg a blood
meal An excellent article on the vampire bat as 2 vector of rabies
has been published recently by Gilyard (14}

Rats and other rodents are verv susceptible but 1t 15 unlihely that
the disease 15 very often propagated among them Their rather
lumited contact with man renders them of small danger

Birds such as fowls and pigeons are susceptible to noculation
but show a relative immunity many of the older ones recovering
The high body temperature of birds 108 F may be the cause of
apparent mmurnty

Cold blooded animals are not very susceptible Several workers
among them von Lote and Mane succeeded m infecting frogs but
the mcubation peniod w1s extremely long Negative results were
obtamed by other mvestigators The tortoise 15 refractory to rabies

THE DISEASE IN \{AN
Rabies m man follows a course not unhke that m anmals Both
the dumb and furious types are met with The incubation pertod
may varv from fourteen to ninety days according to the location
and extent of the wounds If the head and face are badly lacerated
symptoms may appear in as short a ime as ten days 1f the wound
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1s on 1n extremuty wnd shght symptoms may be delayed for weeks
or months Several cases of an mcubation period over 1 year have
been reported

Many persons bitten by rabid animals escape the disease even
without treatment The virus may be wiped off from the tecth by
the clothing or there may be an individual immumty among certam
persons At the Pasteur Institute m Pans 1t was found that only 16
per cent of persons bitten by rabid anmmals but recenng no treat
ment contracted the disease Bites on the exposed surfaces such as
the face and hands are much more dangerous than bites on other
parts of the body It 1s common experience that 2 bite on the hand
15 almost as dangerous, w1th an mcubation period s short, as when
the wound 1s located on the head

The maidence of rabies m man 1s fauly well indicated by the
number of deaths reported sice the disease 1s iy anably fatal For
the twenty four year pertod 1920 1943 m the United States Regis
tration Area human deaths vaned from 36 to 105 per annum

Table 24 —Husax Deatns rrov RARIE ror Periop 1020-12 INCLUSIVE
(krom U S Public Health Service)

State StaTE

Alabama 60 Nebra kn 7
Anzona 11 Nevada S
Arkansas 30 New Hampshire H
Culiforma 61 Nen Jercey 4
Colorado 5 New Mexico »
Connecticut 3 New York F
Delaware 2 North Carolina 3
Dy t of Col 0 North Dakotr 5
Flonda 20 10 &
corgn 79 Oklahoma 2
daho 5 Oregon P
Iinots 8 Pennsy lvann M
ndina 47 Xthode Island P
onn 17 South Carolm 7
\ansis 28 South Dakota "
\entucky 54 Tenne ce o
ursiana 38 Texa 2
ame 2 Utah H
aryland 9 Vermant o
nss ichusetts 32 Virgion, H
rchigan 36 Wa hangton 5
t 1 a est Varmma
115 1pDt 52 isconm
|~wour¥ 2 Wyoming 0
ontana z

During this sime period mvestigations and surveys were made
by vanous indniduals Sellers for the period 1917 21 found 168
human deaths n 28 states or an average of 83 per year Eichhoms
figures for 84 states m 1921 23 were 85 34 and 57 per yoar The
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studies of Hull as well as those of Rice and Beatty imndicate that
human deaths were ncreasing 1 the United States In 1927 Beatty
reported 92 deaths

From the standpomt of mortality rabues 1s a disease of childhood
according to figures gathered from the United States Regstration
Area by the Metropolitan Life Insurance Company Six deaths out
of cvery ten from this disease occur ampng children under fifteen
more deaths occur between five and ten years than for any other age
group Boys are more often victims than girls seven out of ten
deaths of children under fifteen years are males Not only are chil
dren more often attacked by rabid dogs than adults but the incuba
tion period m children 1s shorter allowing less time for protectne
moculation

Table 5 —Homan DEatas rroyt Rapiz 1¥ me Uniep States
(From U S Public Health Service)

1970 54 1998 100 1936 73
19 ( 69 1929 8o 1937 59
1922 o0 30 60 1938 66
1973 65 1931 55 1939 39
97. €0 1932 52 1940 41
1975 93 1933 65 1941 39
1996 o7 1934 1942
1977 93 1932 77 1943 47

The control of rabies i man rests entirely upon prevention After
symptoms of the disease appear there 15 no known cure Ant
serums have been tried by several mvestigators Babes 1n 1890 used
serum alone while Mane used an antisheep serum mixed with
vaceme Chicken serum has also been tried but results have been
unsatisfactory

PREVENTION OF RABIFS

The prevention of rables m man mav be accomplished by either
of two methods—the treatment of persons bitten by rabid anmmals
or the elimmation of ribies in dogs

THE TREATMENT OF PERSONS BITTEN BY RABID DOGS

The efficacy of antirabic vaccine has been demonstrated many
times At the Pasteur Institute m Pans from 1886 to 1805 29101
patients were treated with 122 deaths a mortality of 041 per cent
from 1906 to 1924 16741 patients were treated with 29 deaths—a
mortality of 017 per cent from 1925 to 1927 there were 2055
patients treated with no deaths At the Pasteur Institute 1n Chicago
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from 1890 to 1910 there were treated 4,463 patients with 2 mortal
ity of 013 per cent From 1910 to 1927 there were 2467 patients
with no deaths

The usul cause for death after treatment 1s del1y m begnnng
the vaccine mjections Deaths occurring withm fifteen duys after
treatment cannot necessartly be charged agamst the treatment
Other possible causes for fylure are several There may be a partic
ularly massive dose of mfection mtroduced mto the wound or the
stramn of virus may be of unusual virulence Extensive wounds about
the face and hands are frequently followed by mn meubation period
of such short duration that treatment fails The response of the
individual person to vaccine treatment must be Iihewise taken mto
account The potency of the particular vaccme employed 15 wnother
important factor While 1n ribies there are no statistics m other
diseases occasionnl persons are found who do not become ymmu
mzed vath a smgle series of mjections Immumty as ll other
brologte phenomena 1s relative and not absolute

The period of protection gamed by a course of ntirabic treit
ments 15 ot very long Experimental work with dogs would mdicate
that a course of treatments affords protection for eighteen months
i that anmmal In man the time appears to be somey hat shorter
Park describes a case i which the immumty did not Jast fourteen
months The man employed 1 a hospital for dogs receved an
eighteen course treatment after a shght wound from a rabud dog
Thinking humself immune he became very careless one day putting
n 1braded hand inta the mouth of 2 ralud dog Six weeks later he
developed hydrophobra—fourteen months after lus course of treat
ments Sivort Rebauds has used the power of the blood serum to
neutralize rabies virus as an indication of the immunity of an mdi
vidual Maggill: found that in man the highest potency of the
serum was reached thirty five duys after completion of treatment
Eather than exghteen dys after begmning of treatment or later
than one year the serum of vaccmated persons acts just the sune
as that of unvaceinated persons

The unfortunate accompamment of antirabic treatment 1s 2n
occasional case of paralysis with sometimes fital results Vanous
factors have been ascribed as the cause of tlus condition Roux
Laveran and other carly workers considered the symptoms due to
an bortne type of street virus rabies modified from the usuil
svmptoms by the course of mjections I'ibricrus and Nednguloff
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and Ostryanmn as well as others found that paralysis sometimes
occurred when the wounds were shight or even when the biting
ammal was proved not to Le rabid Other explanations adyanced
are that 1t 15 2 fixed virus infection that outside infection 15 mtro
duced with the virus that hystena 1s responsible for the svmptoms
or that a rabies toun may cause the paralysis Anaphylaas due to
mjection of foreign proten was suggested by Harvey nd Me
Rendrick who called attention to the fact that the Hogyes vaceme
prepared by dilution of the nerve substances caused the least num
ber of cases of paralvsis This view 15 grven some support by other
workers who have found that at times imjections of nerve substances
from presumably normal antmals may cause paralysis
The belief that post vaccnal paralysis 1s due to rabies fixed virus
contamed 1n the vaccme 1s receiving more support today than
previously Relser (15) has studied this complication m dogs and
has recovered fived virus from ammals given single mjections of
rabies vaceme for prophylactic purposes He found that where
phenol treated rabies vaccime contamed occasional relatively
coarse particles of bran tissue live virus could often be demon
strated 1n same Lave fixed virus injected subcutaneously with large
amounts of forexgn nerve tissue will result m rabies much more
often than when unaltered fixed virus 15 adminstered 1 2 highly
diluted form with relatn ely little nerve tissue
Kelser believes that most cases of post vaccmnal rabies are due to
fixed virus He considers those cases which have a localized paraly
sisasa peripheral tvpe of fixed virus rabies m which one or more
nerve trunks are 1nvolved but m wiich the central nervous system
escapes mvasion because of partal mmmunity conferred by the
vaccine A large percentage of such cases recover Where the
central nervous system 15 wvolved, a generalized type of disease
results and the mortality 1s high
With the vanety of types of rabies vaceme available for the
treatment of mdnduals exposed to rabies the physician 1s often at
a loss to know which type to select This 15 a umque situation
because ordinanly one form of a particular biological agent—pre
sumably the best—dommnates 1ts field until a better form 15 devel
oped and proved The older type 15 then usually replaced with the
unproved product In the case of rabies vacemes however a mulh
phaty of same 15 and has been available for years
Many students of filtrable viruses hold the opimon that it 15
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mpossible to mmunize a person or lower animal agamnst 1 virus
disease with vaccies or other agents contaming dead virus If this
be so then any rabies vaccine i which the virus 1s brologreally dead
would be worthless A more likely view held by others 1s that
Lilled virus will immunize provided suffictently large quantibes are
used For this reason there has been a tendency durmg the put
few years to increase the amount of virus contammg bram wnd cord
tissue entering 1nto the preparation of the so called lulled virus
rabies vaccine As previously pomted out the mjection of large
amounts of a concentrated suspension of foreign nerve tissue 1s
conductve to the development of fixed virus rabies 1f viable virus
of such type 15 present mn the vaccne It 1s therefore, essential m
the manufacture of these vaccines of lugh tissue content that evers
precaution be taken to msure mactivation of all of the virus present

Simon (16) 1 1918 collected figures 1 92 950 cases which had
recenved antirabic treatment The origmal Pasteur method was used
mn 32 676 cases with 6 paralyses—1 1n 5446 the modified Pasteur
method was used 8657 tmes with 16 paralyses—1 m 541 the
Hogy es method w1s used 51 417 times with only 8 paralyses—1 i
17139 Mejio 1n 1917 published figures on 19 800 cases treated at
the Pasteur Institute Bucnos Ares with 24 paralyses and 4 deaths
At the New Yorh City Health Department among 6738 cses
treated there were seven cases of paralyses and two deaths

The following well known rules for the care of suspected animls
and recommendation for antirabic treatment are given

When a dog acts suspreiously or when he bites a person he
should not be hlled On the contrary the dog should be securely
confined 1 a safe plice and provided with his regular food supply
during an obseryation pertod of two weeks In all cases where 1t 15
possible to do so the dog should be placed under the obscrvation
of a veterinanian If 1t remains well and healthy throughout the two
weehs he may be released and any person whom he my hne
batten need have no fear of coming down with rabies because of the
bite If on the other hand the dog should mamfest the symptoms
of rbies during the observation period he should be allow ed 1 day
or so to progress to the advanced stages of the disease and then be
destroyed He should not be shot through the head but should be
disposed of m such a mnner that the hed may be detached
without mutilation pac]\ctl 1 1ce n a double contamer and de
Ivered or expressed to the laboratory
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The Pasteur treatment should be commenced mmediately upon
making a diagnosis of rabies Where the amumal has been under the
observation of a veternanan and 15 diagnosed climcally as rabies
treatment should be started without wating for the laboratory
report If from a clinical standpomt there 1s doubt as to whether or
not the disease which the dog under observation has developed 1s
actually rabies treatment may be delaved pending the laboratory
exammation except i c1ses of mdividuals who have recewed
severe wounds about the face and head region or hands In such
latter mstances the time element 1s important so treatment had
best be d drately nd if the subseq laboratory
evamination and circumstances warrant 1t can be discontinued

HOW TO TREAT DOG BITES

First—Call a physician The doctor will properly cleanse cauter
1ze and dress the wound so that the possibility of infection from
any disease mcluding rabies will be less ikely to occur than other
wise

Second—The dog should be captured alive 1f possible and placed
under vetermary observation as mdicated above As Negn bodies
which are diagnostic of rabies are usually not demonstrable mn the
bram cells of animals destroyed m the early stage of the dusease
1t 15 important that the animal be kept alive until the malady has
progressed well towards the fmal stages After the anmmal 15 de
stroyed the head should be detached without mutlation and for
warded to a laboratory where exammations for rabses can be made

Thard—1f the dog 15 known to be rabid the Pasteur antirabic
treatment should be started at once If rabres develops m the dog
during the period when he 15 under observation or if the diagnostic
examunation of the head shows the presence of rabies the Pasteur
trettment should be started at once upon learning erther of these
facts In case rabies cannot be positnely ruled out even though

1t cannot be definitely established the Pasteur treatment 1s md:
cated

WHO SHOULD TAKE PREVFNTIVE TREATMENT
The fact that a person 15 or has been bitten by a dog does not
mean that he should take the Pasteur treatment The Pasteur treat
ment 15 necessarv and 1s recommended for only those persons who
have been exposed to the bite of a rabid ammal It has already been
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mdicated that Pasteur treatment occasionlly gives mise n itself to
aso called treatment paralvsis  Tortunately the meidence of this
complication 15 low and where the adminstration of ralses vaceme
15 indicated there should be no hesitancy whatever m proceeding
with the treatment On the other hand a patient should not be sub
jected to the shght risk of post vacenal paralysis by gimg him
rabies vaceine to be on the safe side when a careful study would
clearly show that the treatment was unnecessary

Persons who should take the Pasteur antirabic treatment may be
classified as follows

(a) Those who have been bitten scratched or otherwise
wounded by an ammal KNOWN to be rabid

(b) Those who have fresh open wounds m the shin which have
been exposed to the saliv1 of an amimal KNOWN to be rabid

(c) Those who have been bitten or otherwise wounded by a sich
ammal that has exhibited the symptoms of rabics even though a
defimte dhagnosis of rabies has not been and cnnot be mde

(d) Those who hive been bitten by apparently healthy ammals
which were subsequently destroyed or which escaped or could not
be definstely 1dentificd 5o that they could not be observed m the
manner described

Cautery of wounds was a common practice before the discovery
of antirabic vaceme A red hot 1ron ws the means of accomphshimg
the procedure Fummng minc acid has been found to be the only
other efficient agent Timcture of 10dme and phenol come next but
these agents are less effic weious

While drastic cautcrization on an extensive scale 1s not w wranted
under present day procedures of treating mdniduals exposed to
rabies mfection there are many nstances where the type md Joct
tion of the wound and the time elpsing smce 1ts mfliction make a
rational type of cautenization a worthw hile procedure

THLC ELIMINATION OF RABICS IN DOGS

The ehmination of rabies 1n the dog—~and 1t 15 possxb]c—\wuld
prove much more far reaching and cfficacious 1n preventing hydro
phobia in man than treatment after being bitten by 2 dog

The methods aiming at ehmation of the dise1se 1mong dogs ar¢
two—restramnt and vaccmation In erther case 1t 15 necessary to de
stroy ownerless dogs This 1s an expensive and unpleasant task often
mvolving the aity authorities m controversies witl rate but neglect
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ful citizens who have lost their pets In many cities where other
preventrye measurcs have been taken with great care much of the
effort 15 nullified because the mmportant factor of the stray animal
1s neglected

Fic 38 —Proper type of dog muzzle allowmg dog to open 1ts mouth
for 1espration while stll preventing 1t from biting

The restramt of a dog can be 1ccomplished by lockmg up the amt
mal leashing 1t when on the street or effectivelv muzzling 1t so that
1t cannot bite other amimals The confinement of dogs to the prem
1ses of the owner 1s a temporary measure for regions badly infected
It should last for at least three months however so as to cover the
mncubation pertod of any animals that might have been exposed as
well as to give the wthonhes opportumty to elimmate stray dogs
Leashing when on the street 15 an excellent measure provided the
leashed dog 15 n charge of a capable mndnidual Muzzling must
be well supervised to msure not only an efficient muzzle but a
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humane one The metal muzzle of the basket type properly fitted
and changed from time to ttme with the ammal s growth 1s reason
ably satisfactory It must be ponted out that muzzling 1s frequently
mmproperly done and poorly enforced and under such circumstances
15 of very limited value 1n rabies control

The efficacy of the control of rabies through restraint of the dog
has been demonstrated mn many commumties In England it has
twice been used to free that 1sland from nfection

Vaccination of dogs agamst rabres with one subcutaneous mjec
tion dates from the work of Umeno and Dot 1n Japan in 1921 They
used a glyceninated fived rabies virus attenuated with carbolic acid
with very satisfactory results Hata (17) m 1924 published the
results of the first 104 629 dogs so treated 1n Japan Only 41 of the
wnoculated ammals developed rabies most of which had been ex
posed before vaccmation was undertaken In the control group of
less than one third the vaccmated group 1699 dogs developed the
disease

Expenimental work by mvestigators 1n the Umted States has con
firmed the findings of the Japanese workers Eichhorn and Lyon
(18) mmunized six dogs with smgle mjections of 5 ¢ ¢ of vaccine
Three weeks later these dogs were moculated mtra ocularly with 2
suspenston of bram tissue from three different dogs known to have
died from street rabies At the same time three control dogs un
protected by vaccine were similarly infected with street virus The
six vacemnated dogs did not develop rabes while the three controls
died of the disease m fifteen to seventeen days The work of Reichel
and Schnerder and of Schlingman was equally conclusive Schnurer
n Austna and Schern i Uruguay have also had good results

Schoening at the Bureau of Animal Industry of the United States
Department of Agriculture showed that one mjection of yacene
afforded distinct protection agamst rabtes under severe Inbor tory
conditions

1n 1928 Kelser (19) reported studies mn which he found a chloro
form treated rabies vaccme superior to the phenol treated type
This was subsequently confirmed by Schoening (20)

On the other hand failures 1 dogs with the smgle njection of
antirabie vacene have been noted from time to time In a suncy
made i 1927, a few cases were reported (2) In Olio seven doﬁ;
developed the disease after vaccmation five of wlich sll‘ﬂ“:‘l;
symptoms within two days and the other two after three to
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months Arizona one dog after six months Tennessec three dogs
after two to three months New Jersey one dog after nine months
Virgima two dogs after four to eight months Washington State
one cat after anc year New York State two dogs after three to six
weeks two dogs after four to six months and one dog after a year
In Georgia where 1n one year about 7000 dogs were vaccmnated
some cases of failure had been reported but no hstories had been
obtuned
Webster {21 22) Leach and Johnson (23 24) and Johnson (25
26) have published mmportant treatises dealing with the potency
and protective value of rabies vaccines
Durng recent years considerable attention has been paid to the
development of a satisfactory potency test for rabies vaceme In
1939 (27) Webster reported results of a potency test m which the
mouse was used as the test anmal A modification of this test was
later reported by Wychoff and Beck (28) A still further modifica
tion was developed by Habel (29) and ths test 1s now commonly
employed for the potency testing of rabies vaccmes The techme
of the Habel test follows
Thirty Swiss mice one month of age 11 to 13 grams mn weight
all one sex and preferably females are gien mtrapentoneally 025
cc doses of the vaccme diluted so as to contamn 05 per cent of
bram tissue The doses are gnven evers second day for 6 doses
Eighteen sumilar mice are selected and set aside for controls Four
teen days subseq to the ad ration of the first dose of
vaceme  all the vacemated muce and the 18 controls are challenged
with 1 test dose of fixed virus
In preparation for the challenge not less than 3 mice should be
gven 003 cc of a 10 per cent emulsion of the fived virus about
one week after the first dose of vaccine 1s admimstered to the
vaccmated mice By such tming the mice moculated for production
of the test virus will develop the disease Just at the time the first
test virus 1s xequired The mice producing the test virus should be
sacrificed on the first day of defimite symptoms and the braimns re
moved and kept at 0 C until used On the fourteenth day of the
test the virus mouse brains are emulsified with sufficient 10 per cent
horse serum 1n distilled water to make a 10 per cent suspension by
weight The 1 15 then centrifugalized for 10 minutes at 1000
rpm The supernatant matenal 1s then removed and carried through
senal ten fold dilutions of from 10 to 107
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humane one The metal muzzle of the bashet type, properly fitted
nd changed from time to time with the ammal's growth 1s reason
ably satisfactory It must be pomnted out that muzzling 1s frequently
mmproperly done and poorly enforced and under such cireumstances
1s of very Iimited value m rabies control

The efficacy of the control of rabies through restramt of the dog
has been demonstrated m many commumties In England 1t has
twice been used to free that 1sland from nfection

Vaccmation of dogs agamst rabies with one subcutaneous njec
tion dates from the work of Umeno and Doz n Japan 1n 1921 They
used a glycermated fixed rabies virus attenuated with carbolic acid
with very sabsfactory results Hata (17) m 1924 published the
results of the first 104 629 dogs so treated n Japan Only 41 of the
inoculated Is developed rabies most of which had been ex
posed before vacemation was undertaken In the control group of
less than one third the vaccmated group 1699 dogs developed the
disease

Expermmental work by my estigators 1n the Umted States has con
firmed the findmgs of the Japanese workers Eichhorn and Lyon
(18) 1mmunized six dogs with single mjections of 3 ¢ ¢_of vaccme
Three weeks later these dogs were moculated ntra ocularly with a
suspension of brain tissue from three different dogs known to have
died from street rabies At the syme time three control dogs un
protected by vaccme were sumlarly mfected with street virus The
six vacemated dogs did not develop rabies while the three controls
dicd of the disease m fifteen to seventeen days The work of Rexchel
and Schnexder and of Schlingman was equally conclusive Schnurer
m Austrra and Schern i Uruguay have tso had good results

Schoeming at the Bureau of Ammal Industry of the United States
Department of Agniculture showed that one mnjection of vaccine
afforded distinet protection agamst rabues under severe laboratory
conditions

In 1928 helser (19) reported studies m which he found a chloro
form treated rabies vaccine supenor to the phenol treated type
This was subsequently confirmed by Schoening (20)

On the other hand farlures 1n dogs with the single mjection of
antirabic vaceme nave been noted from time to time In a sunvey
made m 1927 a few cases were reported (2) In Olio scven dogs
developed the disease after vaccmation five of which showed
symptoms within two days and the other two after three to six
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puted by the number of tumes the dilution giving the end pomt 1
vacemated mice 15 more concentrated than that n the controls

An attempt was made to compare the effect of vacanation of dogs
on the yeuly demand for human antwrabic treatment The annunl
report of the Georga State Board of Health for 1925 states  In the
first six counties there appears tobea possnb!e decrease m 1825 1
ralnes as 1od d by the d d d for treatment In the
last four counties bisted rabies remamed stationary or icreased m
1925 Hence no definite conclusior can be drawn

Compulsory ntirabic treatment of dogs has been gamung sn favor
m many places In Japan 1t became effective m 1923 In Uruguay
such 2 bifl was introduced in 1926 In the Umted States a consider
able pumber of cites mumcipalies and counties hive made ralwes
vacemation compulsory Congress has recently (1945) passed a law
authotizmg the Commussioners of the District of Colurnbie to make
rabies vaceation compulsory wheneser such action 15 deemed nee
essary 1 the control of the disease The State of Washington re
quired all dags shipped mto the State to be vacemated with the
exception of performing dogs In New Mewco the State Director
of Public Health could order all dogs withn any area specified by
tum to be effectively led or confined or else be unpounded or
killed unless protected by wnocculation with a vaccine of a recog
mzed potency In « large number of other communities antrabre
vacemation of dogs had been recommended by health authonhes
and vetennanans and in many wstances 1t had been made optional
to other methads of control as m New Meuico Ewchhorn estimated
that between 1923 and 1926 half o xullion dogs had been vacenated
w the Umted States (30) and by 1928 at least two mullson dogs
(31)

In Hlinois hustonies of 454 rabud dogs were studied m 1928 of
which 18 had previously been vacemated The intervals between
vacemation and the first symptoms of the disese follow

2 dogs 1 day mtenal 1 dog 5 weeks interval
1 dog 4 days mtenval 2 dops B weeks interv.?
2 dogs 2 weeks mterval 1 dog 2 months mterval
2 dogs > weeks mtenal 1 dog manths mterval
1 dog 1 weeks ntenal 1 dog 4 months mterval
2 dogs 1 month mterval 1 dog 6 months mterval

1 dog Lme not piven
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To determmne them1d of the challenge virus the 18 control mice
are divided 1nto 8 groups of 6 each one group bung given mtra
cercbral njections of 003 cc of the 10 dilution of virus the
second group the same dosage of the 10° dilution and the third
group the 10 7 dilution At the same time groups of 6 cach of the

e "

Fic 39 —Improper type of dog muzzle winch only serves to wntate
the dog and 1n no w1y prevents 1t from biting

vaccmated mice should be given mtracerchrally 003 cc doses of
the10* 10 10° 10* and 10° dilutions All of these mice should
be observed for 21 dvs and note made of those dying after showing
svinptoms of fixed virus ribres The m1d 15 the lughest dilution of
the challenge virus causing death from rabies 1n at least 3 of t]:c 6
control mice recenving the particular dilution The “end posnt of
the smmunity m the vacemated mice 1s indicated by the Jowest dlin

tion of the challenge virus survived by at Ieast 3 of the 6 mice m the
group The number of m1d protected agunst can be readily com



RABIES 209

among other dogs for the 50 stray dogs were known to have bitten
108 other dogs (and probably more) while the 65 home dogs bit
only 62 others (and probably but few others for many of them were
under the observation of a vetenmarian) The home dog 1s more of
a meance to persons however for it bites nearly twice as many
people as does 1stray dog

THE PROBLEM OF MILK AND MEAT

Rabies virus has been found m the mlk of mfected ammals by
Nocard Perroncito and Bardach It probably 1s present m the mulk
several days before the ammal shows symptoms as it 15 m the
saliva Mohler moculated the milk of 1 rabid bitch mto gumea pigs
producmg tvpical symptoms The puppies of the bitch removed
from her at sign of the first symptom remained well It 15 generally
conceded that there 1s no danger from the ingestion of mfected mulk
unless there be abrasions on the hps or along the alimentary tract
through which the virus may enter the circulation Mohler ates the
case of a woman m the earlv stages of rabies who transmtted
the disease to her nursing baby apparently through the milk but the
possibility of abrasions of the gums through teethmg must be con
sidered Other mstinces are on record where nursmg ammmals have
become nfected apparently throngh the milk but the possibility of
abraded gums from teethmg or scratches and bites of the mother
cannot be ruled out Milk from cattle suspected of rabies should not
knowmgly be used for human consumption or fed to tmmals Cows
1n herds that have been attacked by rabid dogs but where mfection
15 doubtful should be carefully watched for possible symptoms the
milk bemng boiled or pasteunzed meanwhle

Persons with cuts on therr hands should not milk such cattle as
the mcubation period draws to a close

Meat from rabid ammals as well as brain matenal has been fed
to dogs with no il results Wyrsylowsla showed that the gastrc
juice quickly destroys the virus He digested bram matenal with
gastnic juice and mnjected twenty one rabbits none of which devel
oped rabies seventeen check rabbits mjected with undigested ma
terial all developed the disease

The use of meat from cattle mfected with rabies would be un
wise and probably would not take place if the symptoms were well
developed It seems to be the custom m some localiies when rabes
appears m a herd of cattle to rush those animals not already show
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It 15 apparent that the mmals developing the disease withmn a
few days ufter vaccination were m the incubation stage when vaca
mited and one mjection fforded nsufficient protection Those
which developed the disease within several weeks after yaccmation
m2y likewise have been 1n the meubatne stages or 1t 1s bareh
possible that i some of them the yvacame may hrve been responst
ble Whether the ammnls which devecloped the disease three to si¢
months later were m the meubation stage when vacemated 15 m
possible to state The inference 1s that these constitute c1ses where
the vaceine failed but 1t mav not be so The vacemation miy have
had some effect upon lengthening the mcubation period

At the present time there 1s some disagreement among vious
authonties s to just how much rehiance can be pliced upon the
vaccmation of dogs n the control of rabies That properly prepared
vacemes do merease an ammals resistance to artifieil mfection
with rabies street virus has been amply established by 1 number of
mvestigators While the admimistration of single doses of vtceme
has been the common practice two or three doses with wm mten al
of a week between doses 1s 1 preferable procedure Many e1ses of
natural mfection have undoubtedly been prevented by the v et
tion of susceptible dogs Vaccmation of dogs 15 thus a justifible
procedure

On the other hand from the evidence accumulated 3t cannot be
said that rabies may be effectss cly controlled and elimmated solels
through the use of vaccines at present available Vacemnation while
defimitely of value should only be considered n adjunct to regt
latory measures ainmg at the restramt nd control of dogs for the
prevention of rabies It 1s possible that myvestigations with rabies
sirus artificially propagated i tissue cultures may lend to the de
velopment of a rabies vaceme of such mcreased potency that the
umiversal vacemnation of dogs will reduce the merdence of ralyes as
much as smallpox vaceination has reduced varola m the United
States

The role of the stray dog n the spread of rabes 1s indicated m
a study made m Ilhnoss Dunng the summer of 1927 information
was collected upon 115 dogs which were positise on 11boratory
exammation at various Inboratorics mn the state OF the 50 stryy dogs
only 5 had been under the observation of 2 vetermanan while 5]3?

of the 65 whose owners were known hiad been so obsery cg Il'“ﬁ;:c‘s
appetr that the stray dog was 2 serious menace 1 spreading T
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methods of control mcluding vaceination can be used to sup-
plement but not to replace these measures
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mng symptoms to the slughter house to be converted mto meat
Simnce the salva 1s infectnve several days before symptoms deselop
1t 15 probable other portions of the body are mfectne Butchers 1nd
others handling such meat would be placed m danger of mfection 1f
abrasions were present on the hands Proper cooking promptly de
stroys the virus

In general, 1t can be stated that transmission of rabies through
the ingestion of milk meat or other food contammated with rabies
virus 1s exceedingly rare

ITEMS OF NOTE

Rabues 1s a disease to which 1l warm blooded ammnls without
exception are suscephble

The dog 15 the mmportant factor m the spread of rabucs to other
ammals and to men

Elmmation of rabres in dogs serves to eradicate the mfection
m that vieimty

The virus of rabies 1s an ultrimicroscopic filtrable virus

After symptoms of rabies appear there 15 no cure

Not more than one person m six bitten by rabid ammals de
velops the disease even though no antirbrc treatment 1s taken
Bites on the exposed surfaces as the face and hands are most
dangerous

Rabies 1s an abrasion nfection requiring 4 broken shin for
entrance of the virus

Ingestion of the virus 1s not dangerous unless lesions are present
1n the mouth or throat The gastric juce of the stomach quickly
destroys the virus

10 Milk from cows suspeeted of having been exposed to ribies
should as a matter of cours. be thoroughly pasteurized or
boded However infection by this means 15 exceedingly rare
Rabies 1s an 11l the year round disease occurrmg dunng every
month of the year

Antiribic vaceme 1s lighly effectnve 1n the vast percentage of
cases m preventing the disease 1 man when administered
pmmpl]) It should not be admmustered to persons who do not
need 1t

The elimmation of rabies 1 a commumty requires the restram
g leashing or muzzling of il dogs accompimed by 1 stren
wous campaign to destroy all stray and ownerless dos Other
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methods of control including vacemation can be used to sup
plement but not to replace these measures
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mg symptoms to the slaughter house to be converted mnto meat
Smce the saliva 1s mfective several days before symptoms develop
1t 15 probable other portions of the body are infective Butchers and
others handlmg such meat would be placed 1n danger of mfection if
brasions were present on the hands Proper cooking promptly de
stroys the virus

In general 1t can be stated that transmission of rabies through
the ingestion of milk meat or other food contamimnated with ribres
virus 1s exceedingly rare

ITEMS OF NOTE

Rabres 15 2 disease to which all warm blooded ammals wathout

exception are susceptible

The dog 15 the important factor m the spread of rbies to other

ammals and to men

Elimmnation of rabies i dogs serves to eradicate the nfection

m that viemty

The virus of rabies 1s an ultramicroscopre filtrable virus

After symptoms of rabies appear there 1s no cure

Not more than one person m six bitten by rabid ammals de

velops the disease even though no antirabic treatment 15 taken

Butes on the exposed surfaces as the face and hands are most

dangerous

Rabies 1s an abrasion infection requinng a broken shin for

entrince of the virus

Ingestion of the virus 1s not dangerous unless lestons are present

m the mouth or throat The gastnc juice of the stomach qum]\l)

destroys the virus

10 Mk from cows suspected of having been exposed to rabres
should as 2 matter of course be thoroughly pasteurzed or
boiled However wfection by tlus means 15 exceedmngly rire

11 Rabues 1s an all the year round disetse oceurnng durng every

month of the year

Antirabic vaceme 1s Inghly effectrve 1 the vast percentage of

cases n preventng the disease m man when admmstered

promptly It should not be admmstered to persons who do not
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13 The ehmmation of rabies i a commumty requires the restrain
ing leashing or ing of all dogs pamied by a stren

uous campnc;gn to destroy all stray and ownerless dogs Other
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outbrenks of severe pneumonia which occurred mn Paris m 1892 and
caused a somewhat similar consternation among the population as
the pandemic of 1929 30 The mortahty was 83 per cent 1 a group
of 49 patents occupymg thiee different households At first Du
jardin Beaumetz concluded that the outbreak was of human ongin
and not a parrot disease transmussible to man However Peters and
later Dubef (January 1893) in a new epidemic concluded that the
disease was a specific infectious 1llness conditioned by contact with
an mfected parrot The hypothesis of psittacosis as a speaific nfec
tion recetved strong support from the studies of Nocard (1892)
He cultivated from the bone marrow of the dried wings of parrots
which had died on the voyage from Buenos Awres some 4 months
before a Gram negative motile bacillus pathogeme not only for
parrots but fowls mice and gumnea migs both by moculation and
feeding These findings were 1n part supported by the work of
Sicard (1897) who 1solated the Nocard bacillus from the blood of a
parrot suspected as the source of the mfection of 5 patients and the
claims of Gilbert and Fournier (1896) mn findmg a rod resembling
the microorganism 1n the heart blood of 2 fatal case of psittacosis
However Nicolle (1898) and subsequent mvestigators have fuled
by repeated cultures from blood urme and feces and by aggluumna
tion test to furnish any proof whatsoever that psittacosis of parrots
and man 15 a speafic disewse caused by the Nocards bacllus
{Baaillus or Sal 1la psittacosis) 1 v with the out
break of psittacosis mn Paris an epidemc of 8 cases was reported m
Duhningsdorf near Landsberg A W in Germuany For the first time
the disease was assocrated with a shipment of parraheets held n a
box m a post office bullding Between 1894 and 1897 limted out
breaks of puttacosss occurred m Italy (Florence Prato Udine and
Genoa) and were traced to recent importations of Amazon parrots
from Buenos Awes The epidemics were stopped after a series of
orders prolubiting importations had been 1ssued The first note
worthy epidemics of psittacosis mn Germany occurred m Cologne m
1898 and m hrefeld 1n 1899 Amazon parrots and parrakeets were
held responsible Leict n m d g these outbreaks calls
attention to the human case to case mfections The sigmficance of
the famous Zulpich epidemic m the sprmg of 1909 has not been ap
preciated until recently Two apparently healthy parrikeets mfected
every person—a total of 26—who entered or passed the room where
these birds were held Bachem Selter and Finller 1solated strepto




CHAPTER I\

ORNITHOSIS (PSITTACOSIS)

On\rmxosrs 1s 4 virus disease of birds to which man 1s susceptt
ble Psittacosts 1s the disease found in the psittacine birds 1t
1s widely distributed among wild parrots parrtheets protlets
cochatoos and related species In recent years 1t has been found
many bird breeding estabhishments and pet shops as an acute
chromic mapparent and latent infection of parrikeets ctnares nd
finches With creasing frequency smgle or multiple household or
occupational infections tmong human bemngs exposed to such
sources huve been recognized and proven bacteniologically The
word psittacosis from 1 tssaye~ (Psittacus) = parrot and suggested
by Morange (1895) 1s pnumanly used to designte a peculir con
tagrous disease of man which may follow either fleeting or pro
Tonged exposure 1n a room store or 1viary where visibly dpseascd
or wpparently healthy birds are held i captivity

Ormithosis of the domestic hen and the pigeon 1s becoming 12
creasingly important in the epidemiology of the disease

HISTORY

The scientific report by Rutter 1 1879 on a pneumotyphus eps
demic among the members of a household who had recently re
ceved a shipment of sick evotic birds from Germany for the first
time associated a disease of parrots with 2 new malady of man
Sickness and mortality among imported bird consignments had been
pres 1qusly observed and made the subject of etiologic myestigations
by Eberth Wolf and others In fict 1t 15 now known that von
Jurgensen already 1n 1876 had seen and reported on c1ses sumlar
to thase described by Ritter In rapud succession simlar house
epidemics were observed by Ost (1882) and by Wagner (1882 and
1886) The malady becime geng;zzllly Lknown through the localized
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outbreaks of severe pneumonn1 which occurred m Parss in 1892 and
caused 1 somewhat similar consternation among the population s
the paindemc of 1920 30 The mortality was 33 per cent n a group
of 49 patients occupving three different households At first Du
jardin Bewmetz concluded that the outbreh was of human origm
and not 1 parrot disease transmussible to man However Peters nd
Inter Dubtef (January 1893) m a new epidennc concluded that the
disese was a specific mfectious illness conditioned by contact with
an mfected parrot The hypothesis of psittacosis s a specific infec
tion recenved strong support from the studies of Nocard (1892)
Ile cultivated from the bone marrow of the dried wings of parrots
which had died on the voyage from Buenos Atres some 4 months
before a Gram negatne motile bacillus pathogeme not only for
parrots but fowls mice and gumea pigs both by wmoculation and
feeding These findings were 1 part supported by the work of
Sicard (1897) who wsolated the Nocrd baeillus from the blood of a
parrot suspected as the source of the mfection of 5 patients and the
clums of Gilbert and Fourmer (1896) m finding 1 rod resembling
the microorgmusm m the heart blood of a fatal c1se of psittacosis
However Nicolle (1898) and subsequent mvestigators have fuled
by repeted cultures from blood urine and feces and by agglutina
tion test to furmsh any proof whatscever that psittacosis of parrots
and man 15 a speafic disese ctused by the Nocards baallus
(Baaillus or Salmonella psittacosis) Simultaneousl, with the out
break of psittacoss in Paris an eprdemic of 8 cases w 1s reported
Duhringsdorf near Landsberg A W i Germany For the first ime
the disease was assomated with a shipment of parrakeets held i a
box m a post office building Between 1894 and 1897 limited out
breaks of psittacosis occurred m Italy (Florence Prato Udine and
Genon) wnd were triced to recent importations of Amazon parrots
from Bucnos Awres The epidemics were stopped after « sertes of
orders prohibiting importations had been 1ssued The first note
worthy epidemics of psittacoss i Germany occurred m Cologne m
1898 and 1n hrefeld m 1899 Amazon purats and parrakects were
held responsible Leichtenstern in discussing these outbreaks calls
attention to the human case to ease infections The significance of
the famous Zulpich epidemic in the sprmg of 1909 has not been ap
precrated until recentls Two apparently henlthy parrakeets infected
every person—a total of 26—who entered or passed the room where
these birds were held Bachem Selter and T'inMer 1solated strepto
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cocc1 both from the human secretions and the cadavers of the hilled
parrakeets The Nocard s bacillts was not found

Between 1914 and 1928 single and group mfections have been
reported from England and the United States The eprdemic of 1917
reported by McChntock i Wilkes Barre Pennsylvania ongmated
1n the basement of a Jarge department store where many sick parrots
were stored, has smee had its counterparts n gutbreaks abserved by
Badger i New York (1930) and m Pittsburgh (1934)

From a rare nd obscure disease psittacosis was suddenly raised
mto 1 malady of worldwide mterest when mn July 1929 Barrosm
formed 1 number of promment physicians and later the Medical
Soctety of Cordobas Argentina concerning the appenrance of over
100 cases of a serious and peculiar pneumonia among the mhabitants
of Cordobas Alta Gracia and Tucuman He diagnosed the disease
as psittacosis since the epidemologic mvestigations showed that a
large consignment of psittacine birds had been imported mto Argen
tma from Brazil that there had been a great mortality among the
birds and that from thus shipment the patients had purchased the
parrots which had fallen 11l and i a number of mmstances had died
Local attention was directed to the strange disease m October when
m Buenos Aures a theatrical troupe of 12 persons, all of whom fell
1ll and 2 succumbed followng the use on the stage of a parrot which
died shortly before the human cases developed The population was
now warned and the trade in parrots stopped entirely m the Argen
tine However, the passengers of steamers calling at the Argentmian
ports 1gnorant of the eustence of an epidemic disease of parrots
transmussible to man bought many of the mfected birds from un
scrupulous dealers Thus the malady was conveyed to many coun
tries It reached the United States in November 1929 wiile Eng
land reported cases m July and then m December Durng the early
months of 1930 the newspapers gave accounts of outbreaks mn at
least 12 countries (Austria Italy Switzerland France Denmark
Algeria Holland Egypt Czechoslovakia Germany Sweden and
Umnited States of America) Inmany of the reports 1t was stated that
shipments of sick parrots had arnved m those countries Later &
peruszﬂ of the records of 1930 left no doubt that the South American

arrots were not the only sources of mfection In England 1n the
United States and Switzerland psittacosis developed following the
love birds and canaries The mmportance of the parra

osure to
o ly appreciated when K F Meyer and B Eddie m co

keets was on
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operttion with the Califorma State Department of Public Health
recognized 1n 1931 and 1932 the wide dwstribution of latent psitt1

cosis m the local breeding estabhishments and avianes of Cahforma
(13) Fortner and Pfaffenberg (7) and Haagen and Rruckeberg
(9) n extenswve studies have fully confirmed the Amenican findings
for Germany while Gerlach (8) discovered endemc psittacosis m
the bird stores and aviaries of locally bred and raised parrakeets

canares and finches 1n Austria ‘The parrikeets raised n France were
also infected (Aujaleu and Jude 1)

The pandemic of 1929 30 with approximately 750 to 800 cases
and the subsequent endemic distribution of parr ikeet psittacoss -
volving the United States and Germany with another 500 cases of
fered a splendid opportumty to many my estigators for a thorough
study of the disease from a chntcal etwlogic and eprdemiologie
pomt of view The reports from every country have converged m
the same direction and 1t 1s now firmly established that psittacosis 18
an mfection with a filtrable corpuscular mrcroscoprcally demon
strable and cultivatable “virus  The hvpothess of a Salmonella m
fection has been entirely tbandoned

In 1942 Meyer and his associates called attention to the disease
m pigeons with reports of several human 1nfections (20)

PREVALENCE AND DISTRIBUTION

The prevalence of psittacosis 1s worldwide wherever the parrots
and parrakeets are found The records for the period 1876 1928 m
dicate that 1t was recognized 1n rather rare mstances m the United
States (4 cases) Brazl France Germany Great Britamn nd Ttaly
During the pandemic of 1929 1930 1t was reported from 22 coun
tries—United States Canada Honolulu Argentna Brazil Algena
Australia Austrra Czechoslovalsa Denmark Fgypt France Ger
many Great Bntan Italy Japan Meuco Netherlands Poland
Spamn Sweden and Switzerland Durning the penod since that pan
demic the number of cases has greatly dmminished JIn the Unated
States a small number have occurred each year (table 26)

Smce the dhagnosis of a single case 15 qute difficult and mild
and aty pical cases frequently accompany severe wnfections 1n house
hold epidemucs 1t 15 quite correct to suspect that the actual number
of cases of psittucoss 1s not known The persistence of the disease
m Germany and during 1932 to 1934 a high inaidence m the Umted
States and Califorma was due to the distribution and sale of locally
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bred and diseised parrakeets Despite a tremendous reservorr of
psittacosis 1mong the jungle birds very few human infections have
been recognized m Australa and Argentina

Ormthosts 1 pigeons has been reported to an mcreasing extent
from widely scattered parts of the Umted States

Table °¢ —Cases axp DEATHS FROV Parrraco ta—UNTFD Srates 1021942
(U 8 Publc Health Service)

Cases Deates
1929 1930 170 33
1931 22 g
1932 12
1933 3
1031 22 9
1935 8 1
1936 (no reports) — 0
1937 4 1
1938 4 3
1939 9 2
1940 8 3
1941 12 1
1912 32 4
380 8o

THE LTIOLOGIC AGENT

Independently first by Bedson and Western (2) m Lngland
Levinthal (12) 1 Germany Armstrong and McCoy m the United
States and Sacquepee 1n France the virus character of the psitta
cosis disease agent was estibhished 1 1930 Of particular impor
tance has been the discovery by Arumwiede McGrath and Olden
busch (11} that the virus is readily transmutted to wlnte mice Its
now fully recogmzed that the elementary bodies measurmg from
022 to 036 1 (see Lazarus) and generally described as the Levin
thal Cole Lillie bodies or Microbacterium multsform psittacoss 1
dependently discovered by the three mvestigators 1n the exudates
blood and organs of diseised birds mammals and man represent
the virus They are readily demonstrated m the infective matertal
by the Macchasello (aqueous bastc fuchsin pH 7 4 heated and dif
ferentiated with citric acid) or the Castaneda stamn The Giemsa and
Hedenham won haematoxylin stain are somettmes useful Bedson
(2) and Bland and Cant: (8) have followed 1n detuln the spleen
of mice and tissue cultures the morphologic changes mcident to ﬂ\]e
mtracellular growth of these bodies This bacterril parasite which
15 shghtly farger than the Paschen bodies of vanola or vaccima I¢
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veal a 48 hour cycle with five phases in which the early stages as
large forms or virus colonses ultimately divide mto elementary badies
destroymg the host cells In all psittacosss infections whether burds
rodents or man the essential mjury 35 the mvasion and destraction
of the reticulo endothelial system Virus bodies should be searched
for m these cells (see figure 40)
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Fic 40 —Levmthal Cole Lilhe (I C L) bodies of psittacosis in the
pentoneal exudate of infected mouse x3600

On account of 1ts size the filtrabihity of the psittacosis virus 1s
rather lumited Only the more porous types of filter candles or col
lowdal pads allow the virus to pass Organ suspensions or sputum
specimens which are mfectious to mice 1n hugh dilutions frequently
yield non ifectious filtrates when passed through Seitz pads or
Berkefeld V filters Through fractional sedimentation m angle cen
tofuges the L CL (Levinthal Cole Lillie) bodies may be secured
m a high state of punity The elementary bodies grow freely m the
ectodermal cells of the chonon allantoic membrane of the chick for
several hundred passages without losing their infectiousness (Bland
Burnet and Rountree Lazarus Meyer 'nd Eddie and Fortner and
Pfaffenberg) On lifeless media no growth 1s obtamable However
m fluid tissue cultures consisting of Tyrode solutian and chick em
bryo cells (Maitland method) evcellent growth has been secured
through 40 passages (Yamwmura Mever and Eddie Levinthal
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Haagen and Crodel) The infectiousness persists undimmished 05
cc of a dilution 10° 15 fatal to a mouse 1 14 days The elementary
bodies re specifically agglutinated by antisera produced on gumea
pigs or other animals They act as excellent antigens in the comple
ment fixation test (Bedson Meyer ind Lddie) The psittacosis virus
contains two antigens one resistant to boiling and the other rapidly
destroyed at this temperature (Bedson)

The virus 15 not very resistant to glycenn but quite so to desicea
tion Dried by the lyophile method 1t remams active for over 8
months When exposed to formaldehyde (02 per cent) at room
temperture the virus remams infectious for periods up to 10 dass
however it 1s quite heat labile (15 mmutes at 70°C )

Experimentally the virus has been transmitted to a variety of psit
tacine birds (parrots shell parrakeets) ricebirds sparrows and
cananies It should be borne i muind that these birds may cary
latent infections (psittacosis and salmonellosis) and that in the m
fected state they are dangerous sources for laboratory mfections
The mousc as a universal and relatnely safe expermmental animal
has displaced the birds The gross anatomuc lesions n form of an
enlarged splecn hver necrosts, 1 ballooned duodenum  perttoneal
exudate and occasional patches of pueumoma with cells of the
reticulo endothelial system filled with LCL (Lesmnthal Cole Lil
le) bodies are very charactenstie (Meyer and Eddie and Levn
thal) The rodents may be infccted by any route even by feedng
and contact exposure Mice moculated with small doses of the virus
surynve the mfectron and may carry the virus for over 200 days or
develop a sterile immumty Gophers (Thomomys bottae) are rexd
ily infected by the subcutaneous route (Hoge) The wmtratracheal
mjection of gume1 pigs (Fortner Meyer and Eddie) squurels
(Meyer ind Lddie) and monheys (Ravers and Berry ) Jeads to ex
tensrve and highly charactersstic pneumonic lesions with an abun
dance of virus Macacus monkeys mfected with virus by the sub
cutaneous route may prove resistant to tratracheal re nfection
(Ruwvers and Schwenther) Virss passage through mice stabilizes the
snfect and the virulence through hundreds of

transfers
Ornithoss virus of pigeon origin s closely related and 1s not to be

distmgusshed from the virus of parrot onigin except by its virulence
Virus of pigeon orngmn 1s of less virulence for man than virus of

parrot orgut
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GENERAL EPIDEMIOLOGY

d 1

As a rule the ep facts 1 household outbreaks are
stereotype m nature suddenly a patient with an atvpical pneumonia
15 observed 1n a family m which recently a parrot or a par of parra
Reets rarely canartes or finches have been mtroduced as cage pets
Quite often 1n rapid succession additional cases are seen among the
relatives and even guests or visitors The responsible pet birds may
or may not be visibly sich Usually 2 to 3 weeks elapse between the
acquisition of the birds and the onset of the first case A seasonal
prevalence during the winter months (January April) 1s probibly
due to the frequency with which human bemngs recerving birds as
gifts are brought mn contact with them through prolonged exposure
m the closed rooms of a winter household (Meyer Fortner and
Haagen) The majority of psittacosis infections have occurred m
people of mddle age (Elkeles—66 per cent for age group 30 to 50
Sturdee and Scott—60 per cent over the age of 40) The disposition
to chinical psittacosis 1s very low m children under 10 years of age
(Enghsh data four children under 10 Califorma one German
none) Intimate exposure to the same parrakeets which nfected the
parents or older relatives failled to induce the disease mn children A
sigmificant difference n the susceptibility of the sexes has only been
noted 1 the outbreaks due to shell parrakeets (England pandemic
57 males to 60 females California 29 males to 53 females) The
greater frequency mn women 1s m part due to the fact that they are
either engaged m the breeding of buds or as lovers of pets come
more closely m contact with the virus The mortality rate 15 higher
w the groups between 40 and 60 vears of age The case fatality rates
from 25 to 40 per cent m the outbreaks preceding and during the
pandemic (36 per cent for 49 cases 1 Paris 24 per cent for 167
cases i the United States 209 percent for 215 cases i Germany
2136 per cent for 117 cases in Englind) have shghtly dechmed
durmg the past few years Wath the recogmtion of mild or missed

mnfection the percentages have remamed around 18 per cent
Occupational psittacosis 1s now fully recognized Through the ob
servations of Widowitz Roch and Wohlers Prausmtz and Stepp
Weber Gerlach Haagen and particularly Meyer and Eddie the oc
currence of this disease as an occupational hability among persons
engaged 1n the breeding rasing transportation and sale of parrots
and parrakeets 1s well known The Cahforma statistics with 30 (1
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82) proven mfections mn owners of aviaries leave httle doubt that
the occupational hazard 1s quite high Psittacosts among dealers was
seen durmg the Panis eprdemic by Barros in Argentina by Breuer
mn Hamburg 1nd by A Bruce Steele m Califorma The personnel of
pet and deprtment stores has suffered greatly from psittacosis
(Badger, Hegler and others) Seamen bringing home parrots to sell
and baggage car employces slupping parrakeets contracted parrot
fever Physicims vetermanans, health department officals and m
spectors experienced severe attacks of psitticosss (Lerchtenstern
Hame! Buchanan Glage Hegler Elliot and Hatfield Haagen and
Krucheberg) Dunng the expertmental investigations of wvian psit
tacosis n 1929 and 1930 at least 28 laboratory infections were con
tracted Despite the mstitution of precautionary measures an addi
tional 8 cases with 2 deaths occurred m Germny and the United
States i the next several y ears

Humn case to case infections are by no mewns mfrequent
(Meyer) Professional nurses or persons who care for psittacosis pa
tients are prominently represented Of particular mterest 1s the fact
that contrary to the views of many epidemologssts non fatal cases
of human psittacosis may nfect thetr nurses The tmount of virus 1
the sputum and the truning of the nursimg personnel control the
secondary mnfection there 1s no evidence that the mfective agent
loses ats mvasiveness by human passage In fact, Haagen 10
Kruckeberg report a cham transmission 1n the third generation (1
patient infected hus nurse who transmitted the disease to a womn
patient of the hospital ward)

The pathways of transmission from bird to man are twofold (2)
Dy the aerogemc route—the whalation of dust contamnated with
mfectine particles derned from desiceated fecal droppings urne
feathers cadavers etc, and droplets from the nasal secretions
(b) rarely by direct contact through bite wounds The high n
fectnty of the psittacosis virus which resembles that of smallpox
or measles 15 reflected m the histortes m wluch short exposure o«
curred 1n a pet shop where diseased birds were kept Contrary to
gencral belief among the laity actual contact or possession of dis
eased psittacine birds 15 not necessary sice ur currents may dis
seminate the virus particles

Pigeons have been responsible for the disease n man on 2 number
of occasions Meyer Eddie and Yanamura (1942) seported 10 such
cases 1n New York Massachusetts Minnesota and Cahfornin Other
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cases have been reported by Alicandr: (21) m New York Levinson
Gibbs and Beardwood (19) m Philadelphia Favour (22) i Boston
Turgasen (23) 1 Wisconsin and Shaughnessy i Chicago The virus
which 15 found 1n prgeons 15 less virulent for man than s the virus
found 1 the psittacme birds The droppings of mgeons prooably
contam the virus with human mfections occurnng by mhalation
The domestic fowl and duck are infected when exposed but they
apparently have played a small part 1n the epidemclogy of the dis

ease

IMMUNITY

The nature of the lack of disposition or of the acquired immumty
15 not clearly understood Recovery from an attack of psittacosis or
mjection of lving virus m monkeys (Rivers and Schwenther) may
be followed by the appearance of neutrahzing antibodies m varymg
amounts and a persistence of complement fixing antisubstances Per
sons constantlv exposed to the virus may have a high neutraliza
tion mdex of therr blood The resistance to re infechon 1 mice
1s frequently an infection mmmunity” associated with the latency
of the virus m the viscera Active 1mmumzation of mice with
formaln treated or photodynamically mactivated antigens protect
mice agamst ten million fold lethal doses of virus However the
mmumty 15 not complete the test moculation may set up map
parent mfections lasting for seven months (Bedson) Rivers and
Sct her r d the actne 10n of laboratory work
ers with six progressively increasing doses of 2 10 per cent mouse
spleen psittacosts virus admimistered mtramuscularly at weekly m
tervals Inview of the mherent tendency of the psittacosis virus to
latency tlus method requires further study

LABORATORY DIAGN\OS S

The blood obtamed durmg illness may contam the virus 1t should
be moculated erther defibrinated or as serum 1ntrapentoneally mnto
mice Bedson and Meyer and Eddie found the blood virulent up to
the 4th and 10th day Gerlach even on the 15th and 16th At any
stage of the disease the sputum 15 the most hkely matenal to yield
positive findings on moculation of unfiltered centrfuged or fltered
sputum extrcts mto mice or nicebirds The varus 1s not always pres
ent and repe ated exammations are mdicated It has been found on
the 32nd even the 75th day (Gerlach) after the onset of the disease
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At post mortem the mfectine agent has repeatedly been demon
strated i portions of the lung spleen and liver 1n the order men
tioned

The complement fixation test with heated antigens prepared from
splecns of mfected mice or cultures and descending serum dilutions
has proven of great value m the carly diagnosis of the disease pro
wded the pahent grves a negative Wassermann reaction Estreme
precautions should be esercised since any matenal contanng the
pstttacosis virus must be regarded as highly pathogeme and din
gerous Expenimental moculations should not be attempted except
m espeetally equipped laboratorses

THL SPONTANLOUS DISEASE IN TROPICAL BIRDS

The recogmtion that 1 vanety of tropieal birds and m particular,
shell prrakeets (Melopsittacus undulatus) may act as sources of m
feetion 15 one of the mport it contributions resultng from the re
searches m psittacosis smce 1931 Equally far reaching 1s the dis
covery that visibly healthy” birds may harbor the virus and s
shedders dissemmnate the mfectve virus The mcidence of these m
apparent Intent mfections in avianies and breeding estiblishments
may vary from 10 to 90 per cent Although the importation embar
goes gamst South Amernican parrots which were mstituted by prac
trcally every country followmg the pandemc of 1929 30 throttled
the exotic bird trade but disclosed the ewistence of endemic psit
tacosis m the domestic breeding establishments of Californa Ger
many Austrin France and England With the aid of newer Jabora
tory methods the disease of the birds has been carefully studied
(Meyer and Eddie Fortner and Pfaffenberg Haagen and hruche
berg Garlach Levinthal) It 1s quite generally admitted that the
chinical manifestations of parrots or parrakeets nfected with psit
tacosts 1re by no means charactenistic Sich birds may be recognized
by their behaysor and appearance slecpmess motionless sitting on
the perches ruffled feathers sem closed or closed eyes fits of
shvering loss of weight with atrophic breast muscles and fabored
breathing may be noted Diarrhea with greenssh stools or soiled
tarl feathers with greyish mortar ke concretions are oceasionnlly
observed The mortality among parrots muy be very Iigh while
among parmkcets held 1n a farly samtary environment only 5 to 10
per cent actually succumb to psittacosis Young birds are more sus
ceptible than the older ones Through contact experiments the 1o
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cubation time has been found to be from 5 to 20 days and not
nfrequently much longer (100 days) Relapses are quite common
1 carefully observed cage birds and the disease may last for weehs
In order to prove the psittacosis nature of the parrot or parraheet
disease autopsy and laboratory exammations are mnportant The
gross anatomic changes aside from emactation and m the acute
cases septic hemorrhages are not very extensne and are confined
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Fic 41-Spleens of parrakeets showing normal spleen (left) and
spleens from c})an’al\eets mfected with psittacosis (nght) 25 mm to
100 mm 1n diameter

to the abdommal cavity The liver may be enlarged saffron colored
and studded with fresh or parhally healed necroses and mfarets
catarrhal inflammation of air sacs and degenerative changes mn the
Lidneys

An enlargement of the spleen vanable as to size n the different
stages of the disease 1s rarely absent Direct smears from these or
gans when adequately stained reveal the elementary L C L bodtes
while organ suspensions infect mice The routine diagnosis of latent
psittacosis 1 parrikeets segregates the non infected from the n
fected birds by the size of the spleen (see figure 41) Spleens with a
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diameter of over 8 to 4 mm yzeld on moculation a hugh percentage
of virus mfections The histopathologie alterations have been stud
1ed by Lallie Thus the parrot disexse of psittacine birds 1s primantly
a diserse of the liver and spleen with no lesions in the lung and
occasiona] latency up to 812 days in parrakeets

The veterinary differential diagnosis must take mto consideration
the Salmonella mfections wiich are by no means uncommon m
South Amernican tropical birds Psittacosis nd salmonellosis my
exist m 1 carrier stage in the same parrotlet The so called Pacheco
virus disease of parrots studied by Rivers and Schw enther must be
considered 1n the exammation of discased parrots

Spontaneous psittacosis nfections responsible for human disease
have been proven n the following species of the order Psittact
formes Blue fronted Amazon (Amazona aestiwa), vanous Cuban
Mexican and Panama species (Amazona barbadensis Gmelin) ma
caw (Ara ararauna) short tailed parrot (Craydidasculus brachy
urus Temmunck ind huhl) shell parraheets or budgengars (Mclo
psittacus undulatus) sulphur crested cochatoos (kakatoc galertta),
galah (Aakatoe roseicapilla) and Murrum bidgee smoker parrots
(Barnardius sp) Enzootic acute and latent psittacosis imong
wild parrots and parrotlets has been demonstrated by mouse tests
1 the following Austrahan species Shell parrakeets, Joriheets (Tt

hogl chlorolepidotus and mol; 58 per cent) grass par

rot ( Psephotus haematonotus 41 per cent) cochateels ( chtolap’"w
hollandicus 60 per cent) roseleas (Platycercus sp) Afncan species
Mask (Agapornis) and ring neched parrakeet (Palaoernis torqua
tus) and South American species Spectacled parrotlet (Psittacula
consprcillata) Spengel parrotlet ( Psittacule spengeli) and brown
throated conures ( Eupsittula pertinax agrugimosus) Experimentally
a great many other species have been successfully infected with the
pstttacosts agent for example sencgal parrots (Pococephalus sene
galus) conures (Conurus solstalis. Eupsutula caniculans L ca
curum) orange bellied grass parrhect (Neophema chrysogastea)
Quaker parraheet (Mypopsitta monachus) Afncan love birds or
masks or peach faces (Agaporns roscicollis personata) etc Com
bining Al these findings the umform disposition of the psittacine
birds to psittacosts 18 fully established and further evidence strongly
supports the belief that the mfection 15 widely distributed 'lm;_;lg
wild parrots and parraheets perhaps 1s a population regulator The
high meidence of prolonged latent infections in certamn species par
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tieularly those desired as cage burds 15 important Crowding lack
of sunhght and of cleanliness and malnutrition so prevalent in transit
and m bird stores dimmsh the resistance of the burds to the m
fective agent lymg dormant n the tissues The actne psittacosis
which follows not only exposes other birds but becomes the mam
source of human mnfections

THE SPONTANEOUS DISEASE IN FINCHES

Epidemiologic obsery whions by Roubakine Sturdee and Scott have
definitely menmmnated the canary burd (Serinus canana) while
Mever and Eddie and more recently Gerlach proved conclusiely
the role of this finch as a potent source for human psittacosis mfec
tions In fact vanous other finches thrushes and sparrows [gold
finch (Carduelis carduelis) bullinch (Pyrrhule pyrrhula) non
pareil (Cyannospiza ciris) Lady gould finch (Poephila nurabilis)
blackbird (Turdus merula) crosshill (Loxia curvirostra) titmouse
(Parus major) sishm (Spinus spinus) yellow crowned sparrow
(Zonotrichia) Bengalese (Uroloncha acutocauda) pekin robm
( L1othrrt luteus)] exposed n bird shops or acadentally fed on con

d seeds from nfected stores (Gerlach) may contract the
disease and spread 1t to other birds and even man (1n Holland fire
finch Lagonosticta senegala L) Particularly susceptible are nicebirds
(Padda oryzivora) they are used as sentinels 1n avianies to detect
the presence of the psittacosis virus among apparently healthy par
rakeets (Meyer and Eddie) Clickens exposed m breeding pens
with diseased budgenigars have contracted psittacosis (Meyer and
Eddie)

THE SPONTANEOUS DISEASE IN PIGEONS

Ornithosis of pigeons 15 probably widespread m the United States
Meyer Eddie and Yanamura studied flocks from many different
areas of the country and found that 30 per cent to 73 per cent gave
positive complement fixation reactions The virus was 1solated from
many of the birds tested

‘The virus possesses a highly adapted latent parasitism for pigeons
smlar to psittacosis virus for parrots Parrakeets and ricebuirds are
fatally infected by feeding or inhalation of the pigeon strain of virus
Pigeons (and 1n occasional dove) are climcally not affected by
feeding or ntramuscular mjection but contmue to carry the virus
for many weeks in therr organs
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Infection seems to be acquired when the pigeons are young m
the nest or soon after Adverse conditions, such as crowding m
nsanitary cages or improper feeding causes a flare up of the disease

The droppings are suspected but have not been proved to be the
cause of transfer of infection

THE DISEASE IN MAN

The chmeal manifestations histed in the numerous histores of
severe cases are remarkably umform (Adamv Sturdee and Scott
Gorham Calder and Vedder Polayes, Maclachlan Permar and Rog
ers Rabmowitz and others) The mcubation time although diffieult
to establish m many mstance> varies from 7 to 15 days after mtal
contact Smce an mcubationary latency cannot be excluded 1t 15
not surprising to observe occastonally an mcubation time of from 30
to 89 days The onset of the disease may be abrupt or begms grad
ually and msidiously with indefimte nfluenza Iike symptoms hike
malaise anorexia headache backache photophobia and chulls Rest
lessness msomma delinum typhordal state non produchive cough
constipation, occasionally diirrhea with abdominal distension and
tenderness are as a rule present during the height of the mfection
Epistaxts occurs 1n about 25 per cent of the cases Rose spots may
appear on the pale ictenc shin The temperature nises rapidly and
assumes the character of a continuum wlich may begm to fall by
Iysis durmg the second or thurd week One of the charactenistic fea
tures of the disease 1s the relative slowness of the pulse compared
with the temperature In the fatal cases the pulse becomes rapid and
fechle The spleen 1s rarely palpable Phlebitis with thrombosts are
frequent comphcations The lungs are mvolved 1n every case except
the mild and ambulatory cases Physical signs may develop slowly
and have a pecuhar rmugratory character roentgen ray examinations
imdhcate that the parenchymatous consohidation begns early m the
course of the disease As a rule the cough when present 1s not
productive despite extensive respuratory wavolvement, the sputum 15
scanty (sputumless pneumonta) mucoid and very rarely rusty or
blood tinged Due to secondary mfections the ensumg bronchitis
produces a copious frankly purulent sputum A remarkable feature
of the disease 15 the frequent absence of rapid or deep breathing
even when the physical signs m the lungs mdicate extensive 1n
volvement In the second week encephalitic manifestations mn form
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of lethargy stupor etc may make therr appearance In fact the
apathy and toxemia are entirely out of proportion to the climcal
signs of exhaustion and organic nvolsement White blood counts re
veal a leucopena or a shght leucocytosis Convalescence 1s very slow
and tedious relapses are by no means rare Mild and ambulatory
cases may last for one day to one week and are only recogmized m
the course of eprdemologic mvestigations No effort should be
spared to make an etiologic diagnosis by examunation of nasal wash
mgs or sputum specimens m the mouse test or the complement
fixation test of the serum (see below) Symptomatic treatment and
good nursing are essentill Human not necessanily convalescent
sera with a high neutralization mdex possess curative properhes

The morbid anatomy of 52 cases were admurably summarnized by
Lille mn 1933 Anatomically the focal or lobular pulmonary con
solidation mvolves the alveolar epithelial cells which desquamate
and become embedded 1n a serous exudate poor 1 polymorphonu
clear leucocytes Interstitial mfiltration 1s usually laching and the
bronchioles may remam clear In the hematoporetic system conges
tion and phagocytic actvity prevail while mn the liver focal necrosis
of the parenchyma and vacuolation of the hupffer s cells are found

Gerlach by sputum exammations of 2 persons exposed to climeal
cases of psittacosis has mdicated the probable exstence of mappar
ent silent human infections Accordmng to Haagen the virus may
persist 1n the spleen for at least 2 weeks after recovery from acute
psittacosis

Zichis and Shaughnessy have reported two fatal cases of pneu
monia due to virus of prgeon ongimn (24)

PROTECTIVE AND PREVENTIVE MEASURES

Psittacosis of psittacme ongmn could be readily controlled pro
vided the public would appreciate the possible danger inherent to
contact with birds psittacine vareties or finches particularly of
unknown ongm However the love for pets so deeply rooted n
human nature cannot be changed Some degree of protection has
been obtamned by means of restrictn e measures such as embargo of
exotic birds_quarantme 1solation ete Duning 1930 practically every
country prohbited the importation of parrots meludmg any bird of
the group known as Psittaciformes ” However gradually evcep
tions have been adopted In the light of present day knowledge on
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the mapparent mfections, 1t 1s doubtful what effect the detention of
imported birds for a period of two weeks may have on the entire
psitacosis situation of a country However since the commercial
aviiries engaged m the breeding and raising of shell parrakeets are
the principal spreaders of diseased birds and the creators of ep
zooties mong canaries and finches m pet shops ete every effort
should be made to create a bird mdustry free from psittacosis Ef
forts long these hnes have been made m Califorma Germany
Austria and elsewhere Connecticut New York and Oregon man
tam 1 permanent quarantine agamst psittacine birds

In Califorma anyone engaged m selling, trading or bartering shell
parrtheets must obtain a certrficate of registration (Senate Bill No
516 Chapter 607 1933) According to regulations, the aviaues are
subject to two Jaboratory tests before they may be certified and the
birds releised for sale The first test consists of mature birds 6
months of age or over and represents 10 per cent of the entire
stock The second test consists of immature birds The spleen of the
parrakeets removed at autopsy are tested by mouse moculations

Laboratory tests have shown thit these procedures associated
with improved samtation have progresstvely reduced the mcidence
of latent mnfections as follows

1932 January to 1934 June 89 aviaries 53 (61 per cent) harbored
infected birds

1934 July to 1934 Decomber 193 aviaries 48 (24 8 per cent) har
bored mfected buds

1935 79 avianes 3 (3 8 per cent) harbored
fected birds

1936 28 viartes no infected birds

1937 1 aviry mfected

If the Inboratory tests are negative for psittaicoss then the aviary
15 released The birds of the aviaes must carry a leg band with 3
code number assigned to them by the State Department of Health
Tor mterstate shipment the Umted States Public Health Service
requires a certificate 1ssued by the State These control measures
have not nterfered with the economic phase of the problem Annt
ally betwecn 30000 and 86 000 parriheets e smpped interstate

The German law of March 7 1924 provided for the detection of
infected aviaries through laboratory tests destruchion of the dis
cased flock and compensation of the owner
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ITEMS OF NOTE

1 Ormthosis 15 a disease of the pattacine birds prgeons and the
domestic fow] and duck

2 Paitacosis 1s the disease found in wild parrots parrakeets parrot
lets cochatoos and related species

3 The disease has appeared 1 endemic form 1n many bird breed
ing establishments and pet shops

4 Ormithoss 15 caused by a filtrable virus

5 Mice gumnea pigs rabbits and monkevs are subject to expen
mental wfection

6 Ormithosis of pigeons m the United States seems to be wide
spread

7 Man s highly susceptible to the virus of psittacine ongm less so
to the virus of parrot ongm

8 The domestic fowl and duck apparently play a small role m the
epdemiology of the disease

9 Control of the disease calls for an appreciation of the dangers n
herent to contact with pet bids especially of unknown ongm
together with the creation of a bird ndustry free from psittacosis
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CHAPTER X

FOOT AND MOUTH DISEASE

oot anp-MoutH disease 15 an acute febrile affection caused by
F a filterable virus Durmg the course of the disease charactenstic
vesicles develop on the mucous membranes of the mouth and on the
slan of the mterdigital spaces

Primanly 1t 15 a disease of cattle and other cloven footed ammals
secondanly other ammals as well as man may become mfected

Other names under which the disease has been known are aph
thous fever eprzootic aphtha mfectious aphtha and eczema con
tagiosa

HISTORY

The history of foot and mouth disease seems to be shrouded m
uncertamty For some centuries 1t has been known 1n Central Eu
rope but it was ascribed to numerous causes such as chimatic or
meteorological condiions bad air excessive fatigue ete Its infec
tious nature was recognized mn 1764 but until the development of
bacteriology a century later the etiological factor or the mode of
spread was not known Epidemics have recurred at frequent inter
vals 1n different parts of the world As an illustration of its seventy
m Central Europe m 1911 Mohler relates that 3366 269 cattle
1602927 sheep 2 555731 hogs and 53 674 goats were affected or
approuimately one out of every seven ammals 1 that region

In the Umted States from 1850 to 1933 foot and mouth disease
appeared 1n epidemnc form among cattle on ten different occasions
In 1870 an outbreak introduced from Scotland by way of Canada
spread mto New England and New York State but seems to have
becen arrested 1n a short ime In 1880 the mfection was discovered
m two or three lots of imported cattle but the contagion was ar
rested before 1t could spread to other herds In 1884 the third out
breal appeared at Portland Mamne but was soon under control All
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tine regulations automobiles were prolibited from passmg into
Anzona from Califorma Cars and tounsts accumulated at the bor
der for several days until at one pomt more than 200 cars carrving
700 people were waitmg Finally they were allowed to go on thewr
way after thorough disinfection

The original mfection m this epidemic was supposed to have come
on a trwsport from the Onent with garbage used to feed hogs m
Calforma From its focus around San Francisco Bay the disease
spread to sixteen counties m Cabforma within a penod of s
months requiring the destruction of more than 58 791 head of cattle

In September 1924 the disease appeared m Texas but was
brought under control within 80 davs by immediate and complete
slaughter of 148 herds The source of the trouble 1s not known cer
tamnly except that 1t probably had no relation to the California out
brenk It 1 thought that possibly 1t w1s brought m by members of
crews from ships tahing on cattle from mfected foreign ports for
food purposes The next vear 1 recurrence appeared which was 1m
mediately suppressed with the slaughter of 153 infected herds and
848 exposed herds

The mnth outbreak of foot d mouth disease occurred m Calr
forma from January to March 1929 and was hmuted to five herds of
hogs The source of mfection w15 mfected garbage from a sup from
South America Several new methods of control were used m this
outbreak Frequent temperature readings were made of suspected
ammals for early diagnosis chicken wire wis erected around
fected premises to Leep out roving dogs cats ind poultry as well as
unauthonized persons sodism hydroxide was used for the disinfec
tion of clothmg worn by mspectors

In April 1932 foot and mouth disease agan appeared n South
e California mvohving thirty seven herds of hogs The source of
mfection was not certamly determmed but was presumably m
fected garbage Within three weeks the outbreak was brought under
control

In 1933 there was a small outbreak m hogs 1n San Diego which
may have been 1 recrudescence of the 1932 mfection

Gl OGRAPHIC PREVALENCE

Foot and mouth disease has prevailed 1t different times in nearly
all parts of the world m all chimates In Europe 1t has become en
demic brealing out from time to time waith tremendous losses
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especitlly 1 France Germany Switzerland, Italy and other central
countries The 1solation of Great Britun Denmark, Norway and
Sweden his made possible a fairly successful control In Asia there
have come reports from China Russia Japan and the Philippme
Islands In South Amenca 1t has appeared m years past m Brazl
Argentma and Uruguay

In the Umited States the outbreahs reported above have occutred
from M-une to Californin In each instance they hve been quiekly
suppressed however so that the country mas be said to be free of
infection The same 15 true of Canrdt and Mevico

ANIMALS SUSCEPTIBLE

Cattle hogs sheep and goats are very suscephible to mfection
while the buffalo American bison camel chamors Nlama guaffe
and antelope follow closely 1n order along with other cloven footed
ammals

Dogs cats 1nd poultry show shight susceptibihity but may become
mfected on occasion The Berlin Commusston found the dog and cat
refractory  Olitskv found the horse refractory

Among the laboritory ammals the gunea pig 15 the animal of
choice for experimental purposes Some of the early myestigators
found gumea pigs refractory to mfechion and Hobmazer could p1ss
the virus through them but a lumted number of times before losing
1t Tt 1s now generally accepted that the guinea pig 15 quite susecp
tible to mfection with the virus and once the disease becomes €5
tablished m this anmmal 1t can be propagated ndefimtely by passage
from ammal to ammal Oltsky and Bocz (8) pissed the virus
through 261 successn e gumea pigs with no Joss of virulence by m
jectmg 1t mtradermally nto the foot p1d The disease progresses
rapdly 1 such anumals but does not spred naturilly from anmal
to ammal

Rabbits and rats on the other hand are much less susceptible to
wfection than guinea prgs and the disease following successful m
oculation 1s correspondmgly less marked

THE ETIOLOGIC AGENT

The v1rus of foot and mouth disense 1s of lustoric mterest Loeffler
and Frosch (5) 1 1897 showed that 1t would pass through clay
Glters so fine that ordinary bacteri1 were held back Thus was dem
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onstrated for the first time the so called filterable viruses as a
source of contagion for man and ammals The virus may remamn
alive and active for 6 months if hept moist and cool at a temperature
between 85 and 55 C and for 105 days when dried rapudly e a
vacuum at room temperature On mfected premises the virus re
mamed active 283 d1ys m one instance and 345 days n another
(10) Heatng at 55 C for 15 minutes destroys 1t It withstands
bichloride of mercury 01 per cent or cresol 8 per cent for s hours
It 1s quite resistant to certamn chermcal disinfectants as ether al
cohol or chloroform but Ohtsky has shown that this was because of
a protective precipitation of protewn around the molecule When an
alkaline solution 15 used such as sodium hydrate m 1 or 2 per cent
to prevent coagulation of the protemn the virus 1s quichly destroyed
The virus of foot and mouth disease 1s about 10 millimicrons m
size It has not been cultnated artificially Material diluted 10 000
000 tumes 15 still capable of mfecting gunea pigs There are several
types of the virus smmunologically which do not protect agamst
each other The French workers have reported two types A and O
while the Germans have reported a third C
The virus of foot and mouth disease 15 closely related to the virus
causing vesicular stomatitis mn horses and to the virus causing vesic
ular exanthema of swme and can be differentiated only by certain
mmunologic and pathogenic properties All three viruses are ex
penmentally mfective for swine The virus of vesicular exanthema
differs from the other two mmunologically and m 1its failure to
mnduce lestons m cattle 1t 1s infective for the horse expenimentally
The virus of vesicular stomatitis differs from that of foot and mouth
disease logically and by its patl y for the horse as
well as by 1ts lessened degree of virulence for cattle and guinea pigs
Traum (10) has drawn attention to the adaptation and predilec
tion of these viruses for certain species The virus of foot and mouth
disease m an outbreal m 1927 28 m Germany decreased and lost
its virulence for cattle In 1920 1n an outbreak of foot and mouth
disease i sheep and goats i Germany  the virus was only shghtly
mfectve for cattle and swine although usually the teverse 1s true
In Argentina the virus of foot and mouth disease would not mfect
guinea pigs but would readily nfect cattle The virus encountered
m the 1932 outbreak in Califorma among hogs did not mfect cattle
or gunea pigs but did mfect horses
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THE DISEASE IN ANIMALS

Foot and mouth disense 15 the most contagious infection known
to veterinary science Cattle arc very easily infected by a single ex
posure One inadent 1s related in which an infected lost calf trying
to find 1ts mother sprend the disease to twenty small dairy herds
Instances have been reported however where infection was slow
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to take place where uninfected cattle put mnto mfected stalls or
mto contact with nfected cattle did not become nfected them
selves (12)

The mncubation period may range from exghteen hours to three
weeks usually bemng from three to six davs The disease first ind1
cates itself by fever Two or three days later small blisters appear
on the mucous membranes of the mouth Then the feet hecome
swollen and tender and vesicles appear as 1 the mouth The Ammal
becomes lame refuses to cat because of pun and 1f a milch cow
almost dries up 1ts flow of milk The death rate 1s small in this fm:,m
of attack and the ammal will regam 1ts normal appetite m 10 to 20
days The full flow of mmlk 15 retarded for a long time however
More malignant tvpes of the disease attack the mternal orr;nr(lfs
and qu]ckly cause death or leave the animal permanently mjure
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Among young ammals the death rate may be 60 to 80 per cent as
a result of gastroenteritis or endocarditis

The vesicles which form 1n the course of the disease contam the
varus m concentrated form When those m the mouth rupture the
saliva becomes mfected and thus infection 15 spread to manger and
pasture food and water Virus from vesicles on the feet 1s trarled
wherever the animal goes wiile that on the udder may contammate
the hands of persons comng mn contact with the ammal and thus be
spread to other amimals

- i .
mied St ¢ D p rtment of Agricult
Fic 43 —Lesions on hoofs 1n foot and mouth disease

Human carners of the virus of foot and mouth disease may be re
sponsible for @ certun per cent of the cases among cattle Direct
contact with infected tmmals 1s the most umportant frctor while
mdirect contact follows closely

THE DISEASE I MAN

Human infection with the virus of foot and mouth disease 15
probably rare There are a considerable number of cases reported
1 the Iiterature few of which have been venfied by moculation of
susceptible ammals Trautwemn 1 1952 could find reference to only
three human cases where contents of the bleb had been proven by
animal experimentation to be foot and mouth disease virus

The comparatne resistance of man to the virus 15 mdicated by
the experience 1 1908 when smallpot vaceme virus infected with
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foot and mouth disease virus was widely distributed 1 the United
States with no human cises of the latter disease Similar wnstances
have been reported from Norway and from Rumania no human
cases occurring, 1lthough fatal mfections could be induced m cattle
and swine

Transmission of the virus through the milk from mnfected ant
mals 15 possible and several unvenfied cases have been reported
Law observed human mfections from drinking infected milk 1n the
1870 epidemic m the United States while other supposed infec
tions from a similar source were reported 1n the epidemics of 1902
1908 and 1914 Duglosz (13) has reported a case i Poland from
mfected milk

Infected cattle have been slaughtered and used for human con
sumption with no cases i man bewng reported (15)

Direct moculaton through the broken shin 1s possible Gms (6)
records the case of Pape who contracted the disease through 2
wound on the hand caused by the brealing of a flask filled with
vestcular contents Trautwem (11) reports the case of 2 cretiher
who accidentally cut hus finger while infecting cattle with foot wnd
mouth disease virus 2 few days later developing symptoms of the
disease that were venfied by animal inoculation Duglosz describes
a case where the patient mjured his finger with a splinter from *
butcher s block

An eye mfection has been reported from Rumama (14)

The disease m mn 15 usually very mild and there 15 a possibility
that 1t may be overlooked The symptoms are fever vomiting pam
ful sw llowing sensation of heat and dryness of the mouth followed
by an eruption of vesicles distributed over the mouth lips and
tongue The hands may also be affected Headache pamn in the
back vertigo colic diarrhea and weakness accompany some cases
Probably very seldom 1s the disease fatal

PREVENTION AND CONTROL

The control of foot and mouth disease m the United States 15
accomplished by the slaughter method ~ All infected ammals 1m
meduately upon diagnosis and all ammals exposed to infection are
slaughtered and disposed of by burning or burial Thus the greatest
source of active virus 1s removed The prermses and all matenals
that could possibly be contammated with the virus are carefully
cleaned and dismfected Test ammals are used to prove the thor
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oughness of the disinfection and the safetv of the premises cattle
and swme bemng allowed to feed and graze and otherwise come 1n
contact with 1l portions of the premuses that might have been
mfected by the virus A ngid quarantne around mfected areas
1s mamtamed with precautions agamst unauthorized visitors A
chicken wire fence prevents chichens dogs and other anumals from
wandermg on and off infected premses spreading the virus The
shoes and clothing of persons leaving the premses are dismfected
with sodium hydroude

In Earope and elsewhere the disease his become endemic and
15 difficult to elimintte Vaccmes and serums have been used with
varymg degrees of success In Itilv Rushmore {15) pr pared vac
cme after 1 modified Waldmann method obtamning no failures m
36 000 cattle vacemated

Pasteunization of milk 1s a sunple and effective safeguard for the
pubhe rgamnst mfection Milk butter and cheese from mfected or
suspected areas should recerve like treatment For those persons
who must come mnto contact with mfected ammals as vetermartans
farmers etc the ordinary precautions of personal hygiene will go
fir towards protecting them

ITEMS OF NOTE

The umque features of foot and mouth disease are several

It 1s the most lighly contagious disese to which cattle may be

exposed

2 Tt 15 not particularly infectious for man

3 The death rate 1 mam 1s very low

4 The virus has cert un sumlanties with that of vesicular stomatitis
of horses and vesicular exanthema of swime

5 The eradication of foot and mouth disease has been accom
phished 1n the United States only by the most drastic and com
plete destruction of infected and exposed herds

6 It can be said that m the Unsted States foot and mouth disease
does not ewst either as an agncultural or public health problem

—
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CHAPTER X1

THE PO\ DISEASES OF MAN
AND ANIMALS®

MALLPOX or variola 15 a disease primanly of man It 1s ordinanly
S transmutted directly from man to man It can however be
transmutted by moculation to a variety of ammal species in which
the disease generally 15 qute mild and usvally localized Rarely the
infection 1s transnutted from smallpox patients to ammals by natural
contacts When smallpox virus becomes adapted to ammals 1t gen
erally loses much of its virulence for man and when carried back
to man by moculation the disease produced 15 mld and localized
and 1s known as vaccrua Vaccima confers immunity 1 man to
smallpox and vacemation has long been used for protecting people
agamst this dangerous and disfiguring malady

Diseases with shin eruptions sumilar to those of smallpox mn man
occur m cattle horses swme sheep goats rabbits and other mam
mals We also have pox diseases i birds but the mamfestations are
somewhat different from those n mammals Generally the ammal
poxes are naturally restricted to therr own host species but expen
mentally most of those affecting mammals can be moculated suc
cessfully mto rabbits and some of them 1nto other anmmal species
In experrmental ammals the character of the lesions 15 practically
alike nrespective of the onginal host species These facts have led
many to beheve that the pox diseases of man and other mammals
at lewst have onginated from a common stem and that the host
specificity seen today 1s the result of adaptations to different hosts
The relationship of the virus adpted to cattle {cowpox) to the one

adapted to man (smallpox) 1s particularlv mteresting and impor
tant

Prepared by Willam A Hagan DVM S ScD New York State Vetermary
Coll ge Comnell University Tthaca N Y
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HISTORY OF SMALLPOX

The history of smallpox has been lost m prehstone times Its
ongmal home 15 not known but the earliest records show that it
prevailed 1n the Orient The first precise descrniption of the disease
was given by Rhazes an Arabian physictan m the ninth century
aD Its certan however that it had eusted for several centuries
before the Christinn era m China The pesta magna desenibed by
Galen 1n the second century 1s believed to have been smallpox The
disease was prevalent m the sixth century and 1t evsted agan
among the crusiders who carried 1t from Asia Minor mto the coun
tries of western Europe The disease was a scourge i Europe dur
g the middle ages and later Durmg the 18th century 1t has been
estimited that as many as 60 000 000 people died of 1t Most chil
dren contracted 1t and those who escaped 1t m childhood generally
suffered from 1t later i ife Numerous references in Englsh litera
ture indicate the fear and terror which 1t mspired m the popular
mind Ben Jonson about 1600 wrote

Envious and foule disease could there not he
One beautte 1n n age and free from thee

Lord Macnuley has given a pow erful word picture of conditions
about 1700

The smallpox was always present filling the churchywrd with corpses tor
menting with constant fears all whom 1t h1d not stricken leaving on those whose
Irves 1t spared the hudeous trices of its power turming the babe into changelmg
at which the mother shuddered and makmg the eyes and cheeks of the be
trothed maiden objects of horror to the lover

Smallpox was mtroduced mto the Western Hemsphere by the
Spamards shortly after the contment had been discoy ered by Co
lumbus There 1t proceeded to devastate the Indian population
Cathn has estimated that at least 6 000 000 of them died with the
disease prior to the time that the contment was heavily colonmzed
by the white men Simlar pictures of the disease have been pre
sented from many other parts of the world

It was under conditions such as these that Edward Jenner wis
reared Jenner was a country doctor praciicing m western England
It was he who showed the way to change smallpox from the devas
tatng disease that 1t had long been to the much milder one as we
Lnow 1t today In 1798 Jenner published a pamphlet entstled An
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Inqury mto the Causes and Effects of the Vanolae Vaccmae a
Disease Discovered m Some of the Western Countres of England
Particularly Gloucestershire and hnown by the Name of the Cow
Pox m which he showed that it was possible to protect people
agamst smallpox by vaccmating them with Iy mph taken from the
lesions of cowpox It seemed that 1t was common gossip at the time
among country folk that an infection with the mild cowpox would
gne them protection agamnst the deadly smallpox To determimne
whether this behef was correct Jenner on May 14 1796 collected
lymph from the hand of Sarah Nelms a dary maid affected with
cowpox and transferred 1t to the atms of James Phipps an eight
year old boy A typscal take followed Six weeks later the boy was
moculated with smallpox He proved to be immune to1t Such exper
mments were multiphed with the sime results It was true that the
mild cowpox would mmumnize to the virulent smallpox and the
method soon was widely used for this purpose

Probably the first vacanations m America were done by Water
house who 1 1800 vaccmated hus own son with cowpox Iymph ob
taned from England dried upon threads In 1802 an esperiment
was conducted 1 Boston m which 19 boys were vaccinated Three
months later twelve of them were mnfected with smallpox without
result Two others not previously vaccmated developed the disease
following moculation with the same virulent materal which had
been used on the v caintted boys These expermments did much to
develop faith m vacanation as a means of controlling smallpoy 1n
America

THE ETIOLOGIC AGENTS

All of the pox diseases are cused by filtrable viruses They are
characterized 1 mammals by the appearance of skin eruptions
which begm as papules and later become pustules with characteris
tie umbilications 1n their centers Before the skin eruptions apper
virus can be found m the blood and internal organs of persons suffer
ng from either variola or vacainia In the cells of the deeper layers
of the conium of the affected shin m all pox diseases charactenstic
bodies may be found Those of smallpox were first desenbed by
Guarmer: (1) m 1892 and they were regarded by hum as the cause
of the disease In his honor they are now known as Guarmer: bodses
They are relatively large and stam readily with tissue stams They
e 1n the cytoplasm of the affected cells The exact nature of these



244 DISEASES OF DOMESTIC ANIMALS AND BIRDS

bodies 15 still uncertam but they belong to a group of such strue
tures found m many virus diseases, which are now known as melu
sion bodics They cannot of themselves be the causative agent of
smallpox, smce the virus 15 flterable through Berhefeld flters
wheieas Guarniert bodues are far too large to pass such filters

Structures sumlar to Guarmers bodies are found m the pox lestons
of all ammals Some of them are given other names e g the Bollen
ger bodues of fowlIpox but most of them are unnamed

In 1906 Paschen (2) described small bodies much smaller than
the Guarmen bodies 1 the lymph and ifected epithehial cells of
the lestons of vaceinta m children Paul moculated the comea of the
eye of rabbits with suspensions of these bodies washed free of
extraneous matter and produced characteristic pox lesions contam
mg Cuarmer: bodies These findmgs have been corroborated by
many others These mmute bodies are now known as Paschen
bodies or elementary bodses Stce punfied suspensions readily pro
duce pox nd since they agglutinate m symmune serum these bodses
are now regrded as the virus elements They measure about 02
mcrons m diameter and readily pass through the coarser Berhefeld
filters They re among the largest of the yviruses accordmg to El
ford and Andrewes (4)

Similar elementary bodies have been found n the other pox ds
eases Those of fowlpox are known as Borrel bodies They have been
thoroughly studied by Woodruff and Goodpasture (5) who found
that they were resistant to tryptic digestion and thus could be freed
from tissue elements by digesting the suspenstons with artifictal pan
creatic juice Suspensions of such punified bodies readily pruduce
fowlpox When the bodies are centnfuged out of suspension the
supernatant fluid becomes mnocuous These expertments strengthen
the behef that these bodies actually constitute the virus of pox

Pox virus 1s destroyed by heatmg at 100°C for three munufes It
15 especally resistant to drymg According to Paschen dried vaccine
virus will remain vible for as long as 229 days It 1s resistant to many
common disinfectants In 05 to 10 per cent phenol solutton the
virus remams alve for long periods Commercial vaccmne virus 15
commonly presersed 1 50 per cent gl cerol solution plus 2 dge
brlliant green since these agents have hitle effect on the vrrus but
tend to restramn multiphication and eventually destroy ny bactena

h may be present
W};l/zccmcyvuulz may be propagated mdefimtely by serial pissage
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through rabbits which have been moculated either on the comea of
the eye or mto the tissue of the testicle Parker and Nye {6) cultr

vated the virus free of bacterta m tissue cultures of cells taken from
the testes of the rabbit Rivers (7) cultivated vaccine virus m pure
culture m minced click embryo suspended m Tyrodes solation

Goodpasture Woodruff and Buddingh (8) used the chorio allantoic
membrane of the developing chick embryo for the same purpose

By the use of these special techmes the elementary bodies of
vaceima have been collected 1n large amounts for study and for the
making of vaceine

THE ANIMAL POXES

Jenner believed that smallpox cowpox and an eruption occurring
on the pasterns of horses which was known as grease were modi
fied forms of the same disease Early m the 19th century observa
tions were made 1 both Europe and Amenica which mdicated that
cowpox and smallpox were 1dentical diseases except that one oc
curred m cattle and the other n man The Lyons Commussion
France (9) about 1864 produced lesions m cows jdentical with
those of cowpox by moculating them with matertal from cases of
human smallpox Freyer (10) not only produced typical vaccima
m cows by the use of smallpox matenial but he used lymph from
these amimals for successful vaccmation of people These results
have been confirmed by many and are now accepted facts The virus
of smallpox can readily be converted mto the virus of vaccima by
ammal passage Nome has been able to change the virus of vaccm
ito that of smallpox however

Methods of artificial culture of vaccima virus have made 1t pos
sible to collect large numbers of elementary bodtes 1 a relhively
pure state With such suspensions 1t 1s possible to conduct most of
the serological tests that are used for establishing the identity of
strams of bactena Agglutinins lvsins and complement fixing bodies
have been produced which react with the elementary bodies m the
same way that such antibodies react with bacteria These antibodies
react with the elementary bodies of varola and vaccinma alihe
Therefore 1t can be regarded that a close relationship f not actual
wdentity has been established between the viruses of smallpox and
cowpox Similar relationships may ewst between the viruses of small

pox and those of other pox dseases but the proof has not been sup
phed
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Cowpox and Pscudo Cowpox (Pararaccinta)~The literature on
mturally occurring cowpox 1s conflicting and confusing It seems
Iikely that there re at least two entities perhaps more that are
mncluded 1 the chneal syndrome One of these 15 the true cowpoy
already discussed which 1s immunologicalls closely relted to small
pox mn man This infection can be transmitted easilv from cow to
cow by moculation and recovered amimals are thereafter highly re
sistant to moculation with vaceme virus This 1s the classteal covpox
of Tenner—the one that conveyed smallpox resist mee to the milkers
This disease apparently was much more common i Europe and
Americt a century ago than 1t 1s at present Smce smallpo was also
more prevalent then than now 1t seems hikely that the bovme dis
case had 1ts reservorr m the human famils In more recent times
there have been 4 number of reports of cow pox outbreaks m daiy
herds as a result of nfection from recently vacemated milkers Boer
ner (11) has reported such an outbreak m Pennsylyama m which
the mfection mtroduced 1n this way spread through 1n entire herd
and a number of persons were mfected secondanly Another such
outbreak was reported by Saver and Amoss (12} m New York
which two herds were mfected by the same recently vacamated
milker and in which additsional milking personnel in both herds be
came mfected There have been other reports both from this coun
try and abroad and additional instances are known which have
never been reported m the hiterature These experiences teach the
lesson that recently vaccinated persons should never be pernutted
to work as milkers on dawry farms until thew vaceine reacttons are
well healed

A diserse which 15 unnersally known as cowpox 1s common 1 afl
dury distriets m this country ind m Europe as well The lesions
occur for the most prt on the tets but often on the shin surfrce of
the udder 1itself They begin as papules which change to vesicles
and finally pustules The vesicles often coalesce and those on the
teats usually rupture through the friction of the milking process Teav
mg raw surfaces These become, covered with dry crusts Healing 18
delayed m ymlking animals by the brealng off of these stabs m
millmg When such lesions occur near the end of the teats they
often pave the way for bactenial invasion of the udder and the pYIO
duction of cases of suppurative maststis If mastitis does not TCS"“
the general health of the anumals is not noticeably affected but the
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soreness of the teats makes them difficult to milk The disease usu
allv spreads through the herd obviously by the milking process smce
non lactating ammals usually escape mfection

This disease deserves more study than has been given 1t so far
For several reasons 1t seems obvious that 1t 1s not true cowpox For
one thmg nfection of the people who handle and milk these wm
mals very seldom occurs and when 1t does the chmical prcture 1s
not that described by Jenner and by others More convincing per
haps 15 the fact shown by Chnisten (13) i Switzerland and con
firmed by Hester Boley and Graham (14) and Gibbons (15) mn this
country that vaccme yirus neither prevents this disease nor does
this disease render the animls msusceptible to subse quent vaccina
tion Also Chnsten and Hester Boley and Graham were not suc
cessful 1 transmitting this disease by moculation to normal cattle
Ths, does not accord with the expenence of many who worked wath
the genune cowpox 1 past years The commonly occurrng disease
which we call cowpox todty obviously 1s not cowpox or 1t 1s a pox
stram which has become more closely adapted to cattle and less
adapted to man than those of earher days In the German literature
the disease has been called pira vacetma English and American
authors have referred to 1t as pseudo cowpox Tts relation to an

affliction of man will be discussed 1n the next chapter {see chapter
XI1)

THE POXES OF ANIMALS OTHER THAN CATTLE

Horsepot —-This disease also known as contagious pustular stoma
titis of horses now seems to be rare 1 Europe and there are no
records of 1ts occurrence m North Americn Accardmg to Zwick
(16) who mvestigated the disense thoroughly the causative agent
15 the virus of vaccmt The disease 1s charactenized bv papules
vesicles and pustules which appear on the mucous membrane of
the mouth and occasionally on the shin

Sheeppor —According to reports this disese often 1s quite prev
alent and destructive m south eastern Europe It has not been re
ported m North America The virus can easily be transmutted to
other sheep but 1s not esily transtmtted to rabbits or other species
Inclusion bodies resembling those seen 1n vaceima are found 1n the
ffected epithchal cells

Sumslar m many respects to sheeppox except that 1t 1s usually



248 DISEASES OF DOMESTIC ANIMALS AND BIRDS

localized i the mucous membrane of the lips 15 the disease known
as sore mouth or contagious ecthyma This 15 a very common dis
eise on the sheep ranges of our western states and manmy farm
flocks m other parts of the country frequently become mfected (see
chapter XII)

Swinepor —This 15 a rather common disease 1n this country and
abroad In general it 1s not considered to be serious but there are
those who feel that 1ts importance 1s greater than 1s generally
thought The lesions are usually found on the under parts of the
body and 1t 1s known that the common hog lousc plays an impor
tant role m the spread of the disease As 1 cattle 1t 15 obyious that
there are two different diseases masquerading under the name of
po¥ m swine One of these 15 the true pox associated with a virus
which 1s closely related to vaccima and the other 1s crused by
disrelated virus The true pox occurs m Europe but there are no
authentic reports of 1ts evistence ;n America The so called swinepo¥
of this country cannot be transmitted to animals other than swine
according to MeNutt Murray, and Purwmn (18) Schwarte and
Buester (19), and Shope (20) and therefore must be regarded as
pseudo pox There are no records of Amencan swmepoy having
been transmitted to man

Fowlpox —The pox diseases of birds (chickens pigeons turheys
canaries ete ) are caused by viruses which are not closely related to
vacema immunologically Nerther do the lesions resemble those of
true pox m mammals The lesions are seen most frequently around
the head but also occur on the feathered portions of the body They
consist generally of epithelial thickemngs rather than of vesicles
and pustules as m mammals In the affected cells however there
are bodies which resemble the Guarnien and Paschen bodies of
vacema The bird poves usually affect only the species m which
they origmate but a certam amount of cross immuntty can be pro
duced by moculation thus pigeonpox virns 15 used practcally for
ymmunizing laymg hens agamst chickenpox Vaccmia virus does not
easily take on birds and does not immumze agunst the bird
viruses and vice versa

PREPARATION AND USE OF VACCINE VIRUS

5mallpox vaccine has been produced on a commerctal scale longer
than any other of the biologic products used for proph}hxls Untl
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quite recently all vaceme was produced by propigating the virus
on the scarified shins of calves and most of 1t 15 stll made m this
way Ammals with white skns and weighing up to 250 pounds are
preferred They are carefully examined for any abnormalities before
being purchased for vaccine manufacture and this meludes tests for
tuberculosis and brucellosis They are then Lept m quarantine, for
observation for a week or more After the vaccine 15 hanvested the
ammals are destroyed and subjected to a postmortem exammation
as a final check on their health before the pulp 15 processed for use
It appears that most 1if not all vaccine made 1n this country 1s
manufactured from the same stram of virus which probably ong:
nated from Jenners stock All of st 15 produced under heense from
the National Institute of Health which under law has the respons:
bility of setting up regulations for its production Just as for all other
bological products intended for use on man and which go into inter
state trade
From time to tume all manufacturers pass therr virus stram through
rabbits or through man since otherwise 1t tends to lose 1ts effective
ness as animmunizing agent Except for this the stram 1s mamtamed
constantly by passinge through calves For vacewe production the
hair1s clipped and the ammal thoroughly washed It 1s then fastened
to an operating table which gives good exposure of the abdomen and
the 1mer aspect of the thighs and these areas are shaved and thor
oughly scrubbed Stenle water stenle soap and stenile brushes are
used for this process When the area 15 ready moculation 15 done
with 2 metal scarifier which makes superficial longitudinal scratches
about 05 to 10 em apart No blood 15 drawn The “seed pulp”
which may have come from : rabbit or from another calf 1s then
applied and rubbed 1 with a spreader After the pulp has dried on
the shin the amimal 15 released from the table and returned to its
stall No dressing 1s applied to the scanified area The auumal 15 fed
as usual and 1s allowed to hie down at will The stall 1s kept scrupu
lously clean Some manufacturers spray the scanified area daily with
a1 1000 aqueous solution of bnlhant green This helps to restram
bacterial growth but does not affect development of the virus
The vaccine pulp 1s collected about the 6th or 7th day After the
whole area has been carefully washed with sterile water and dried
with stertle towels the dried crusts are removed and discarded and
the pulpy matenal lving underneath 1s collected with a curette and
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plced 1n stenle hottles The calf 1s anresthetized during this proc
ess and destroyed immedstely afterward The vaceme pulp con
tams not only the vaccinia virus but 2 considerable number of bac
tertr some of which may be pathogense

These extrineous organisms are destroyed by the addiion of
glycenn 50 per cent and carbolic acid 1 0 per cent with storage at
a temperature of about 5°F Investigations carried on 1n the New
York City Health Department (21) have shown that brillant green
m a final concentration of 1 10 000 docs not affect the vacemne virus
but greatly hastens the destruction of other orgamsms

Tests for potency and purity are made before the material 1s used
The vacene must be free from tetanus bacillh must not contaw
more than 50 organnras per viccmation and must gne WP\C'AX

tikes on a rabbit when diluted 1 1000 up to 1 30000 as com

pared with v 2ccme of known strength

In years past vaceme virus was dried on bone pomts” or used
m bulk Regulations now prohibit any distribution except i sealed
capillary glass tubes

Worl. by Ruers (7) and by Goodpasture wd lns co worhers
(22) with the cultivation of vaccine virus 1n pure culture added new
possibilities to the methods of vacemnation The absence of contvmt
nating organisms pernuts the omission of glycerm nd other sub
stances for the destruction of the contammants resulting m a much
meresed period of potency for the vaccme virus Not only have

takes been obtained with the pure culture virus i 2 much higher

percentage of cases thwn with glycermated virus but mtraderml
mjections 1lso are possible whereby no scars are left

EFFICACY OF VACCINF VIRUS

The protectine power of vaccine virus has been demonstrated on
numerous mstances In Sweden durmg the twentv eight vears be
fore vaccmation (1774 1801) the annual death rate from smallpox
per million populition averaged 2050 in the forty years followmng
vaccsmation, smallpox deaths averaged only 158

Wherever a determined effort has been made to vacemate a lwge
part of the population smallpox has almost disappeared when
laxity begins to prevail smallpox agam becomes presnlent Thos 15
strbingly illustrated 1n England and 1 the Philippme Islands

In Englund and Wales smallpox vaccination was yoluntary prior
10 1871 In that year vacemation of mfints became compulsory



THE PO\ DISFASES OF MAN AND ANIMALS 251
Followng are the deaths from smallpox as given by Wiite

1867 1876 52,218
1877 1886 18026
1887 1896 5092
1897 1906 4761
1907 1916 139
1917 1926 138

Even without 4 subsequent vacemation m childhood smallpox
deaths became very mfrequent In 1898 however a “conscience
clause” was troduced mto the Jaw which exempted those who
should claim conscientious seruples against the practice It was only
necessary for a “crop” of susceptible mdividuals to grow up there
fore to have smallpox become agamn presalent

Beginning with 1922 a very mild tvpe of smallpox became preva
lent so called varsola minor It mereased te a peik 1n four or five
sears and then declmed Whether the mild disease with a low death
rate 15 an attenuated form of hemorrhagic smallpox 15 not entirely
proved If this 15 true the question anses whether 1t will revert to
the severe type In England m 1934 the wmcreased death sate was
due to the severe type In other places hemorthagic smallpox his
suddenly appeared 1 the midst of a mild eprdemic

In the Phulippme Xslinds previous to the American oceupation
40000 deaths occurred annually from smallpox When the Amen
cans mtroduced compulsory vaccmation the disease disappeared
wherever vacemation was applied In the provinces surroundmg
Manila the deaths fell from 6000 annuallv to not one For seven
vears prior to 1914 there was not a single death 1 Manila from
smallpox Then l3atv began to prevail with a consequent mcrease
m cases and deaths These were confined 1n 93 per cent of the m
stances to the unvaccinated however Onlv by resumption of com
pulsory vaccmation was the disease ag nn controlled

In the United States between 30 000 and 60 000 cases of smallpox
occur annually In most states vaccmnation 1s voluntary In Massa
chusetts children are required to be vacemated before entenng pub
Lic schools The average annual case rate per 100000 population for
the vears 1921 26 was only 03 while for states where such vacema

tion 15 not required 1t was very high for the same penod—Californa
1041 Mimnmesota 1127 Washington State 1521
The figures for smallpox m Califorma illustrate what happens m
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a population in which systematic vaccination 15 opposed or mdif
ferently supported In such areas, smallpox tends to concentrate its
attach upon children of school age In 1929 39 per cent of the cases
n Cahforna occurred among such children the case rate per 100
000 mn that State ws nerly three times as high 1s for the population
as 2 whole Smallpox under such conditions seems to occur mn waves
in Califorma in six year penods

Betw een major outbreaks there 15 the ebb and flow movement of
the disewse attacking those among the unvacemated who somehow
or other escaped the disease during major myvasions These cases
keep the reservorr of mfection going Imparted cases often of the
virulent hemorrhagic type 2dd to the reservorr

Certain criticisms have been adsanced agamnst vaccination One
15 that 1t spreads syphilis This was possible and probable under the
old method of transferning sc1bs directly from wm to arm under
the present procedure of manufacturing vacemne virus it 15 1mpos
sible Another 1s that 1t 1s responsible for tetanus In 1903 Rosenau
(23) showed that some of the vacene virus offered for sale m the
United States contained tetanus spores In 1917 McCoy and Bengs
ton (24) demonstrated the presence of tetanus orgamsms on bone
pomt scanfiers which were at that time 1 use for performing v1c
ciations Regulations at the present time are sufficiently stringent
to prevent the distbution of vaccme virus contammated with
tetanus spores Armstrong (25) has studied post yaccmation tetanus
occurring 1n thirty two states 1 this country between 1914 and
1928 He found that dressngs bunion pads shields and the like
were responsible for the fets cases of tetanus that developed (26)
Recent methods of vaccnation recommended by the United States
Public Health Service absolutely asoid all dangers of tetanus infec
tion

Post vacemnal encephahiis has appeared m some areas Factors
causing the trouble are obscure and require additional studies Con
tral seems to call for a virus without predilection for nervous tissue
—a matter that may be solved by the use of pure culturc vaccimnes
A study of sixty years of vaccination m Germany would ndieate
that post vacemnal encephalis regrettable as 1t may be does not
justify the weahening of compulsory vacemation laws (27)

Eczema vaccmnation 1s a rare condition but nevertheless grave
when 1t occurs resulting n blindness or death (28) Children with
cczema may develop a generalized vaceimn from therr own yacena
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tion or from infection by other recently vaccmnated members of the
faruly Control calls for 2 careful inquiry concerning eczema n the
family and for protection of v accinated areas so that the lymph may
not be passed ta other areas (29)

ITEMS OF NOTE

Smallpox of man and the pox diseases of several of the lower
ammals are defimtelv related This 15 especially true of the dis

ease 1n cattle

Smallpox virus passed through cattle bv naturil contact or artt

ficial inoculation becomes weakened for man and can he used for
preventie moculation Ths 1s the vaceme (Latin vicea = calf)
virus nsed for vaceation

-

1)

3 Vacane virus has been proven by more than a century of expen
ence to be efficient n suppressing outbreaks of smallpox and m
preventing their occurrence

4 Present govemmental regulations msure that vaceme virus 1s a
harmless product for use on mm
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CHAPTER XII

MILRER S NODULES*®

T\wo Linds of lestons occur on persons who have 1 history of hav
ng associated with cattle suffering from a skin affection mvoly
mg the udder and teats which 35 commonly diagnosed as cowpox
Both types usually mvolve the hands and forearms of milkers sug
gesting that they are infections contracted by direct contact with
the lesions of the cows Frequently if not always the lesions appear
where there have been abrasions of the sk

One of these types develops m the form of discrete usually mul
tiple papules which progress through vesicular and pustular stages to
crusts which finally fall off leaving a healed surface These lesions
are typical of vaceima and they mduce mmmumty to vaniola or
smallpox as was first shown by Edward Jenner (1) Such lesions are
deseribed and 1llustrated 1n many of the earlier textbooks and one
thus gans the mmpression that they were not uncommon m early
times Such lesions have not been reported m this country m many
years and Tavlor (2) says that they are rare in England today al
though quite common manv years ago

This mfection may be regarded as typieal vacemmia contracted
from cows suffering from true cowpox Since 1t appears that true
cowpox 1s now a rare disease m countries where smallpox 15 under
£00od control (see chapter X1} 1t 1s not surprising that the human
counterpart also has become rare

The second syndrome m man associated with “cowpox m cattle
15 known under the name of milkers nodules or milkers warts
These lesions occur on the hands of nulkers and usually are not
nurnerous In most mstances only one or two oceur however Croth
{3) saw a case m a German milkmaid m which there were 40 on one
hand and 20 on the other Milkers nodules begin as papules sur
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rounded by erythematous areas n from 5 to 7 days after exposure
They gridually enlarge mto firm, elastic, blussh red nodules from
one to two centimeters m diameter Usually they are quite pamless
Frequently they mduce an 1tchng sensation Sometimes there 15
shight swellmg of the axillary lymph nodes After having attamed
full development the nodules are semiglobular with a shght central
depression m ther centers Gradually they tend to flatten If the
grayish epithelial covering 1s broken the mass of the nodule 1s seen
to consist of hughly vascular granulation tissue The nodules flatten
as healing progresses and the granulation tissue 1s absorbed From
four to six weeks are required for mvolution to become complete
No scars are left Bonnevie (4) m Denmark and Brants (5) m
Latva describe secondarv efflorescences on other parts of the body
When these occur they appear well after the primary nodules have
developed and disappear within one weeh They appear as papules
macules or urticarsal wheals It 1s believed that they are of allergic
or toxie ongin

PREVALENCE

Milker s nodules have been described by 1 number of European
workers representing a number of different countries an mndication
that the condition 15 quite widespread The only description of them
m the United States 1s that of Becker (6) Itis clear that the disease
m man nowhere 1s as frequent as the correspondmng disease 1 cows
with which 1t 1s believed to be assoctated an indication that man is
not highly susceptible to this mfection or that peculiar conditions
re required for transmission

THE CAUSE OF MILKER § NODULES

The relationship of these lesions to pox or pox like lesions in cattle
1s clear It 1s not so clear however whether the nodules are the re
sult of the virus of true cowpox or of a pseudo pox producing agent

In Germany Schultz Seifnied and Schaaf (7) produced pox like
lesions on 1 calf by moculating 1t with maternl from what they
considered to be a milkers nodule From this calf they obtaned a
virus which caused mfection when moculated nto other animal
species mcludng the rabbit In the cornea of the rabbit Guarmern!
bodies were produced After recovery from the moculations the
ammals proved refractory to remoculations with the same virus and
with vaccma virus as W ell They thus proved that they were W ork
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ing with a virus identical with or at least very closely related to that
of cowpox They beheved that this virus was the cause of the
milker s nodules which the Germans call Stempocken — Warzen
pocken or Spitzpochen” The question rased about the work of
this group 1s whether the onigmal material consisted of typical mik
ers nodules several beheve that they were not

Bonnevie quotes the expenences of Dolgov and Morosov (8)
which are enlightenmg These workers failed to mfect rabbits but
succeeded 1n reproducmg the disease n cattle and sheep using
human materal for moculation Of mterest 15 an outbreak of what
was regarded as milker s warts n a slwghter house 1n Odessa Forty
seven of the 300 employes developed the disease Only four of this
group had milked cows but all of them had handled cows sheep
and swine on which pox papules occurred In this case they were
successful i mfecting 2 number of animals and also several persons
who had been d shortly p Iy and were to
vaccima As a result of this experience the authors concluded that
the causative agent was a virus but was not the virus of cowpox
They beheved that 1t mght be 1dentical with the paravaccima virus
of Lipschutz Stark and co-workers (9) conclude as a result of ther
experience that the mfective agent m these cases of atvpical animl
pox and milker s warts 1s a vanola virus which has been altered m
1ts biological properties by continued prasitism i foreign hosts
Two of the patients described by Becker i the United States were
vacemated after recovery from an attack of milker s nodules with
typical takes an mdication that the nodules had not induced 1mm
mumty to vaccine virus

Additional evidence that this disease m man 1s not related to the
virus of cowpox has been obtaned through studies made on the asso
ciated condition 1 the cows Christen (10) 1n Switzerland on the
basis of extensive work concludes that the common udder pox
which prevails i that country 1s not true cowpox This conclusion
was based upon the fact that the disease did not respond to vacema
tion with vacemia virus and that recovered amimals did not deselop
"y immunity to vacemma virus By contrast he found that true cow
pox which he studied 1 one herd that had been accidentally
fected by a recently vaccmated miker did respond promptly to
vacemation Numerous attempts to transmit the common udder pox
faled a situation which he did not understand inasmuch as the
natural disease was clearly quite contagious
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Bonnevie (4) had the opportunity to check the immumity to vac
cme virus of one of the cows which had been the source of a nodule
nfection in a milker The ammal was supposed to have suffered
from cowpox yet he was able to obtam a typical tike with vaceme
virus Hester Bolev and Graham (11) in the Unted States studied
the disease m cattle They were unable to produce the typical dis
case 1 other cattle or to obtamn infection m rabbits Furthermore
they were able to show that tmimals that had recovered from so-
called cowpox gave typical reactions to vaceine virus Anmls that
had recovered from vaccination with vaceme virus could not be sue
cessfully revacemated Also they were not successful halting
natural outbreaks of the disease n cattle by vaccmating them with
vaceme virus Gibbons (12) also found that vaccwnation was not
effectve m halting the bovine disease Hardenbrook (13) contint
mg the work of the Illnois group confirmed the earlier work that
the cattle disease was not related to vaceinta He has 1solated an

dentified species of Acti yces from early lesions of the disease
with which he was successful 1n producing vesicular lesions on the
udder of cattle These lestons do not resemble the natural lesions
howeser hence further work 15 necessary to show the relationship
if anv between the fungus and this disease

The situation w1th respect to the etiology of the so called cowpox
or udder pox of cattle which 1s a relatively common disense 1 this
country and abroad and the rather uncommon human disease
known as milker s nodules which 1s associated with 1t 1s uncertun
at present The bulk of the evidence mdicates that these conditions
are not due to cowpox virus The difficulty which most workers hne
expenenced m transmitting these mfections to other ndnduals
suggests that they may not even be mduced by a virus Further
wark 1s necessary to clarify the situation

ITEMS OF NOTE

Milker s nodules or milkers warts occur 1n most nstances 10
persons who hve milked cows suffering from a disetse which 13
commonly called cowpox

The condition 1n the cows associated with the human discase ap
parently 1s not true cowpox and there 1s much evidence that the
human disease likewise 1s not cow pox or v iccinit

3 The causatiy ¢ agent of the cattle and human diseases 1s beheved
to be 1dentical but 1ts nature 1t present 15 unhnown

—

1o
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CHAPTER XIII

CONTAGIOUS ECTHYMA OF SHEEP
(Sore Mouth of Sheep)

GONTAG]OUS ecthymn of sheep (sore mouth of sheep contagious
pustular dermatitis) 15 a commumcable disease of sheep and
goats caused by a filtrable virus Man 1s nfected at rather ifre
quent intervals

GEOGRAPHIC DISTRIBUTION
The disease 1s probablv of worldwide distribution In the United
States 1t has been reported from many sheep rasing areas of the
west 1n the eastern states sporadic cases are encountered

SEASONAL PREVALENCE

The disease m the Umited States 1s most prevalent dunng the
sprng and early summer months Ths comaides with the period
when young lambs are susceptible Later m the year they hue
attuned an immunity and few cases appear

THE ETIOLOGIC AGENT

The etiologic agent 15 4 filtrable virus It remans viable w scabs
from lestons for many months when kept dry and cold It survnves
wnter temperature m the soil of pasturelands and mfects new lambs
1 the spring

ANIMALS SUSCEPTIBLE
Contagious ecthyma 1s 1 disense of sheep and goats It has been
reported 1n no other domestic or wild animals
THE DISEASE 1IN SHEEP

Contagous ecthym? 1s 1 common disease of lnmbs Whle 1t may
accur 1n very young ammals 1t 15 more prevalent m Jambs four to
260
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six months old (4) Older sheep are immune The mfection makes
stself apparent first as whitish spots on the buccal mucosa These
tend to grow and enlarge until they coalesce formmg a false mem
brane 1f this 15 pulled off 1t leaves a bleeding eroded area if 1t 15
allowed to stay on 1t forms a heavy scab which eventually falls off
leaving no scar During the course of the disease which lasts about
one month lambs are unable to eat Hence there 1s malnutrition
stunting and sometimes death from starvation

Fatalities are not great except m very young lumbs (which are
less often mfected) or 1n cases complicated by other mfections
March and Tunmchff (4) 1 Montana found that lesions super
imposed with ifection by Actimomyces necrophorus were much
more serious Thorp (6) reported serious losses by death from this
cause Boughton and Hardy (5) i Texas reported cases of con
tagious ecthyma which were mvaded by larvae of the flesh fly
Cochliomyia americane resultng mn many fatalities

Ammals which have recovered from the disease are 1mmune

THE DISFASE IN MAN

According to Schmidt and Hardy (1) the possibihity of transmis
s10n of sore mouth to man was suggested by Williams of Belgmm
Transmission of the disease to shepherds with the occurrence of
stomatitis with vesicles on the gums tongue cheek and Lips” was
reported by Hatziolos of Greece Schmidt and Hardy in Texas en
countered two stmlar instances but lacked proof of the relationship
to the virus affecting sheep and goats

Brandenburg (2) reported an outbreak of hip and leg ulcer m
North Dakota where two men who were treating the antmals devel
oped lesions on the hands and arms to the elbow and on the legs
to the knees Large lentil like nodules appeared which were shightly
pawful and which smarted and itched if they were pressed upon
or imitated m any way The neighboring Iy mph glands were swollen

Newson and Cross (3) relate the expenience of a sheep feeder and
s two helpers who trented a large band of sheep for sore mouth
requiring three days to finish the task In removing cockleburs from
the wool the workers intated the shin on their hands Four davs
later there appeared on the hands of the feeder several large vesicles
the larger ones bemg composed of several small compartments
They were surrounded with a re ddened zone and moderate swelling
Lymph glands 1n the armpits were swollen with considerable pamn
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The lestons when opened emtted a thm hmpid flud Both helpers
were afflicted with simular lesions

Fhlud from one of the lesions on the hand was 1ubbed mto 2
scratch ou the mside of the thigh of a lamb Fue davs later there
whas considerable reddening 1round the scratch then pustule along
1ts entire length which attaned 1ts maximum development eleven
dys after moculation Another lamb moculited 1 the same manner
developed vesicles m four davs

The prevalence of human infections 15 probably small The dis
ease m lambs 15 very widespread and quite common yet reports of
man bemng fected are rare Possibly the lesions produced by the
cochleburs 1 the cases of Newson and Cross had some effect The
feeder m that mnstance had been associated fifteen years with
fected ammnls without contracting the trouble

The durition of the disease m mwn 1s 1bout three weeks with
uneventful recovery

PREVENTION AND CONTROL

Pastures and premises once mfected with the virus of contigious
ecthyma rem-un in that condition for 1 long peniod of time resulting
m new nfections that are difficult to control

Boughton and Hardy (5) huve reported a vaceme that 15 used
to ;mmunize young lambs Dried scabs from lesions are ground an
suspended m fifty per cent glcern one part scab to 100 parts solu
tion A drop of this is applied ind rubbed mto a scratch on the shin
mside the flank A small vesicle appears developing mto pustule
wd then a scab The lamb des elops a permanent mmmunity without
the usual mantfestations of the disease unless the antmal mbbles at
the leston and mfects the lips In the small percentage of such
stances the disease runs 2 much milder course than usual

In man the dsease 1s so rare and so mild that the ordmary precatt
tions of hygiene are sufficient

ITEMS OF NOTE
Contagious ecthyma of sheep 1s probably widespread over the
world
Sheep and goats are the only susceptible ammals
The etiologie agent 1s a filtrable virus
Mon 15 infected only at rare intervals and the course of the dis
ease 158 mild
5 Lambs and kids may be protected by vaccmtion

-
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CHAPTER X1V

ARTHROPOD BORNE ENCEPHALITIDES

Tm-: arthropod borne encephalitides form a group of diseases
caused by closely related viruses Birds are the natural hosts
for most types though other animals are also mmphcated Mosqu:
taes and ticks are the usu il vectors

The group * mcludes the following types (and probably others
not yet suffictently 1dentified)

St Louss type encephalitis

Western type equine encephalomy elitis

Eastern type equine encephalomsy elitis

Venezuelan type equine encephrlomyelitis

Japanese B type encephalitis

Russian autumn feyer

Russtan spring summer fever

Louping 111

HISTORY

Equme encephalomyelitis has probably prevailed i the Umted
States for manv years bemng confused with various other maladies
In 1854 a disease of horses 1 Boston was described the svmptoms
bemng similar to what 1s now known as the eastern tvpe of equmne
encephalomyelitis (85) The malady was first reported as a separate
entity by Meyer Hanng and Howitt (1) when thev described an
eprdemnc of horses and mules 1n the San Joaquin Valley Calfornt
that occurred 1n 1930 and agamn m 1931 These mvestigators not

t
Type A encephalitis (Vienna type I canome type) occurs only 1n man and 1s no
nrlhroi)gd borne ?Ausha]mn X disrase sumlarly lacks an animal host or msect vector
Other viruses cause encephalitis in anumals but have never been encountered m man
Borna disease 1s an halg Liis of horses and of sheeY occurr g m
Saxony Porcine encephalomyelitis has been reported from Grechoslovalaa Atin en
el hnfom)elms or eptdemic tremor 1s a disease of young chicks in New Erelwd
E:{’cephz\lomvelxkls ofp foves {formerly confused with ¢anne distemper) causes scni
losses 1n fox farms i the Umted States

264
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only 1solated the virus but called attention to the possibility of hu
man mfections During the next few years the disease was reported
1 horses m many western states In the summer of 1933 a smlar
condition developed 1 Virgma Delaware Maryland and New
Jersey Ten Broeck and Memll (36) showed that the infecting
agent differed serologically from the western type of the disease
but was m most other respects quite symular In 1938 the eastern
type of equime encephalomvelitis appeared m Massachusetts

In 1938 Beck and Wyckoff (2) differentiated the Venezuelan
strain of encephalomyelitis as a ty pe smmunologically distict from
the North American tvpes

The St Lows type of encephalitis made a sudden and explosive
appearance 1 the metropolitan aren of St Lows m the summer of
1933 (3) The year before there w1s n epidemic m Pans Illinois
and other outbreaks were encountered mn the years that followed
The disease seems to be widespread over the Umted States Serologic
evidence of 1ts presence was presented i Cahfornia m 1937 1938
{4) Other reports came from Anzona (5) mn 1941 and from Wash
mgton the smme year {6) In 1944 the virus was isolated from mos
quitoes 1 Califorma (7)

Japanese B encephalitis was first r¢ ported from Japan m 1871
Other outbrenhs appeared 1 the years that followed but they at
tracted Iittle attention until 1924 when there was an epidemic
vohng more than 6000 persons with 3797 deaths In 1940 1t was
shown that mosquitoes acted as vectors

Russian autumn encephalihis ed by S d ff
Siberia m 1940 seems to be rdentical with Japanese B encephalitis

Louping 1l has been known for many years i England and Scot
land In 1807 Duncan described the malady In 1900 the Loupmg
Il Commuttee of the English Board of Agriculture (8) studied the
problem Imveshgations conducted by numerous workers added
much to the knowledge concerming the disease but failed to demon
strate the causative agent In 1930 Pool Brownlee and Wilson ()
succeeded 1n passing the discase from sheep to sheep and from
sheep to pigs and showed that a flterable virus was Tesponsible for
the symptoms In 1932 Gordon Brownlee Wilson and McLeod (10}
proved that tichs were the vectors of transmission

Russian spring summer encephalitis was studied by Russian
vestigators (11) who reported 1n 1938 the 1solation of a virus from
human cases in the European Soviet States Casals and Webster
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(12) demonstrated that this virus 1s 1dentical with that of loupmg
il from England The spring summer virus of Siberia seems to be
different (7)

Other outbreaks of encephalitis have occurred which probably
belong to this group, although they have vaned m some detalls
Woodland and Smuth (13) desenibed an outbreak 1 Texas nd
Hammon has encountered simbar mstances i Washmgton and
Califorma where the etiology was obscure Bugher reported cases
m Calombin which were difficult to 1dentify It would seem that
there are Inrge number of these arthropod borne neurotropic
viruses of man and anmals

GLOGRAPHIC DISTRIBUTION

The several types of v1rus ciusing equine encephalomyelitis we
widespread over Lurope North America and South Amenca The
eastern type of virus has been confined largely to the east coast of
the Umited States from Flonda to Massachusetts helser (14) m
1938 reported an infection of the castern type m an army horse 1n
Panama the wmmal having been brought from Nebriska severtt
years previously Randnll and Eichhorn mn 1941 encountercd 1
small outbreal m Texas the disease bemg of the eastern type In
1944 the castern t pe was reported m horses in Brazil Tlns type has
been found also in Ontario Canada near the Great Lakes

The western type has prevailed m the United States from Cah
fornia to the Appalachian range n Saskatchewan and Mamtoba
Canada 1n Argentina Peru and Chile

The Venezuelan tvpe has been confined to Venezuelr Colombit
and Trimdad

The St Lous type wlhich resembles the western tvpe m mam
respects 15 found largely m areas where the western type ewsts
Antibodses to the virus are present m blood serum of normal per
sons and convalescent patients 1n many parts of the Umted States
and 1 Central Africa (15)

Japanese B encephalitis has been reported from Japan Formosi
Ryukyu Islands eastern China and Sibensa (Russian autumn enceph
alitis) Posine serologic tests for this type of foer have been re
ported by Sabin m Cmnemnnat: (16) :

Louping ill of sheep 1s hmuted to certan arets of the border
countrics of England and Scotland and m the Western Ighlands
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Russian spring summer encephilitis has been reported n the
European Soviet States as well s the Far Eastern area

SEASONAL PREVALENCE

The seasonal prevalence of the mosquito borne types of enceph
alitis 15 the late summer and early fall corresponding to the period
of mosquito activsty Cases at other hmes of the year may occur
sporadicalls due to an unhnown method of transmussion Large
epidenncs never have occurred at times other than summer and fall

In England loupmng i1l an sheep corresponds to the feeding penod
of ticks Most of the cases occur betw een the middle of March and
the mddle of May

In Russia tick borne encephaliis likewise occurs during the
pertod of tick activity the season of greatest maidence bemng the
end of May and the begmning of June

THE ETIOLOGIC ACENTS

The several viruses are mmmunologienlly distnct but i other
wavs quite simlar The size 1s about 20 to 85 mulhmicrons In bram
tissue preserved m 50 per cent ghycerm they remam mfective for
one year m a dried condition they lose virulence more readi
a frozen condition a 20 per cent suspension was mfective for thir
teen months The viruses are destroyed bv heat at 70°C 1n 10
mmutes m suspensions and at 60 C for 10 mmutes m filtrates thev
do not lose virulence at 56 C for 30 minutes The viruses are more
sensitive to acid than to alkaline reactions losmg viability below
pH 55 but retainmg 1t at pH 92 The viruses withstand phenol m
10 per cent solutson for one month they withstand eresol solutions
merthiolate mercunic chlonde and chlormated hme for consider
able lengths of time They can not be cultivated i ordmary labora
tory media but will grow m chick embryos

ARTHROPOD VECTORS

A large number of mosquitoes have been mmplicated m the trans
mussion of the encephalitis viruses while tichs assassin bugs and
mutes also are of more or less importance (table 27)

Mosquitoes iy olv ed 1n the transmission of St Lows virus mclude
Culex tarsalis Culex piprens Culex tntaeniorhynchus Aedes dor
salis Aedes laterals  Aedes taemorhynchus “Aedes vexans and
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Aedes mgromaculis The dog tick Dermacentor variabilis 1s capable
of transmitting the virus expenmentally and passing the mfection
through the egg to the new generation (17)

Table 2* —ArTinorop VECTORS OF EACEPHALITIDES ViRTS
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Laboratory vector but not proven to be a vector i nature

Japanese B virus 15 transmutted by Culer pipiens var pallens
Culex tritaemorhynchus Aedes togy Acdes albopictus and others
Hammon and Reeves (7} draw attention to the potential danger
from this virus in the Umted States They demonstrated that at
Jeast six species of mosquitoes m Californma v ere capable of trans
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mitting Jap B virus exper lly If the virus was once
wmtroduced 1t might become widespread

The eprdemiology of autumn encephalitis 1n Sibena the virus
of which 15 1dentical with that of Japanese B fever has not been
well worked out to date

Transmssion of equne encephalomyelitis by mosquitoes has
been proven exper lly on Kelser (19) m
1933 showed that Aedes aegypts could transmit the virus from
gumea pig to gumea pig and from gumea pig to horse Swnce that
tme other q have been mmpl d Some quitoe:
especially Culex pipiens and Anopheles maculipenms freeborm
become mfected m nature but lose all trace of the virus m 24 hours
They are not of epidemiologic importance therefore It would seem
that mosquitoes become mfective when feeding upon 2 host that
has been mfected {expermentally ) 48 to 72 hours previoushy that
they sometimes fail to become mfective when the host 1s moculated
96 0 120 hours previously and never so when 144 hours have elapsed
before the mosquitaes feed on the host (19) Infected mosquitoes
are capable of transmitting the virus to a new host withm s days
after mgesting the virus and as late as 18 days

The wood hck (Dermacentor andersomi) and. the dog tick
(Dermacentor  varabihs)
both are capable of becom
g mfected and transmitting
the western type to suscep
tible amimals Infected tichs
carry the virus through sev
eral generations the females
transmmtting the virus to the
egg (20)

The assassm bug (Tra
toma sanguisuga) w 1s found
mfected under natural con
ditions with the western
equine virus in a pasture mn
Ransas m which two horses
had died of the disease the 4rmviwdcty m
year previpusly (21) Fic  44—Chicken mite Dermanyssus

The chchen mte (Der  Golbnae probadly the chief ector of the

virus of
manyssus gallinae) showed  poultry equme. encephalomyelivs n
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mnfection under natural conditions on farms mn Texas with both the
western stram and St Lows strun of virus (18 22) This mite 15
probably responsible for perpetuating the disease i the domestic
hen

The tick Itodes ricinus 1s the responsible vector for louping ill
mn England Only the female ticks transnut the disease The b al
ticks become nfected when feeding on diseased sheep and m the
follow ing nymph stage are capable of infecting new hosts Sumluly
when nymphs become nfected the adults are capable of transmit
ting the mfection (23)

The tick Ixodes persulcatus 1s the vector of spring summer enceph
altis m European Russia It has been demonstrated that the virus
15 transmtted through the =gg to new generations of larvae The
virus propagates mn the tich without apparently domg 1t my harm
(12)

ANIMAL RESERVOIRS

Birds are the chief reservons of the mosquito bore enceph
htrdes The eastern type of virus has caused epizootics 1 certamn
birds but other types cause no clinteal evidence of the infection

The domestic hen varies 1n resistance according to age Old hens
seem to be resistant but young chickens are easily infected A Inrge
percentage of hens show antibodies and probably act as reseryous
of the virus In the Yakima Valley ;n Washington Hammon and Ins
assoctates (24) found 30 to 50 per cent of chickens (under one
year of rge) mfected with the western virus (table 28) Fowls
from non epidemic areas gwe negative reactions Other domestic
birds that have been found naturally mfected wclude the duck
goose and turkey

Among the wild birds which have been found naturally fected
m nature are the western robm pigeon ning neched pheasant qual
and prane chichen Expermmental infection has been accompllshed
with English sparrows gambel sparrows juncos thrashers hawks
Dblackbirds ground owls mallard ducks storks and vultures Young
burds are more susceptible than old birds

Horses and mules are susceptible to encephnlomyelms virus but
they do not seem to be the natural reservorr of mfection Equmg
encephalomy elitis 1s the most important horse disease 1n the Umte
States at the present time Horses and mules mamfest mnnholns
m clineal symptoms due probably to natural resistance and the
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type of virus encountered The eastern type 1s the most dangerous
In the Massachusetts eprdermnic m 1938 the attack rate was 35 per
cent with a mortality of 90 per cent The western tvpe has afficted
many thousands of horses The mortality 15 much lower than the
eastern type usually around 25 per cent The St Lows virus pro
duces intibodies m horses under natural conditions m about the
same proportion as does the western virus No chmcal symptoms
have been obscrved m horses due to spontaneous mfection but the
typical disease can be produced by moculation The Venezuelan
type 1s very mild with a low death rate It has a lagh miectivity
ate however

Other domestic animals that are possible reservours of mfection
m the Umted States are the cow pig sheep goat and dog The
cat 1s immune  Among the wild amimnls that are mfected are the
deer jack rabbut cottontail rabbit pocket gopher brown rat black
rat and probably others (25) Infection by intracramal moculation
15 possible with the mouse gumea pig white rat hamster chip
munk young groundhog Richardson squirrel cotton squirrel kan
garoo rat wood 11t certain wild rabbits and various species of wild
mce Hammon found m endemic areas that animals over one vear
of age gave positive serologic reactions for the St Lows type n a
much larger percentage of cases than those under one vear of age
The same was true for western equine virus (table 28) Another

Table 33 —PprcEnTs B OF Posiive SERoLoGIc REACTIONS AMONG DOMESTIC AND
WILp ANiMaLs anp Birps BY At Grours (Hamyon 25)

Unpsr OVE YEar Ovir ONE YEAR
Mammals ] Burds Burds

—_— | Mommeb | TV
8t Lows viru 189, ‘ 35%, 5497
Western equine virus 2, 3907 55%

Interesting observation was the fact that in the domestic group of
ammals 36 per cent gave positive reactions while only 8 per cent
of the wild animals reacted

Jap B phalitis tr d by the mosqurto 1s found
vanous birds rodents and dogs Th¢ Russian autumn virus has been
1olated from the blood of birds also Horses 1n endemic areas show
wmtibodies 1n 35 per cent of animals tested (7)

Loupwng il 1s primanly a disease of sheep Cattle may contract
the disease when grazed on mfected areas but the diséase 15 ap
parently of less importance 1n them Hogs and horses are susceptible
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by artificial moculation but conclusive evidence 1s lacking that they
often contract the disease naturally Laboratory ammals may be
mfected artificrally esther by nstilling the virus mto the nose or by
mtracerebral mjection Monkeys (26) and mice (27) especially are
susceptible by the mtranasal route Rats show no symptoms when
mfected by this method although the virus may be demonstrated
m the olfactorv bulbs and antibodies appear m the serum (25)

Wild rodents such as squirrels and hares are the prncipal reser
vours of Russitn spring summer encephalitis

EQUINE ENCEPHALOMYELITIS IN HORSES

In the Unted States the disease occurs during the summer and
early fall affectng horses and mules of all ages After an mcubation
pertod of one to three weeks mfected ammals show a {assitude and
lack of spinnt accompanted by shght meoordmation and pecubiar
gait More severe cases stagger and fall struggling 1n vam to get
up In the advanced stages the ammals are quiet They show an
mability to swallow much grinding of the teeth and fbnillar sp1sms
of the muscles of the face and Imbs Severe cases die 1n three to
eight days Milder cases may exhibit a drowsiness, the ammal lewm
g against a tree or other support with drooping head yawnmg
oceasional grinding of the teeth and a pecular twistmg of the Iips
to one side Other mild cases may walk and curcle contmuousty
(29) Mild and atypical cases probably escape recogmstion

Recovery from the disease 15 not always accompanied by immt
mty Meyer found a few Is capable of remnfection Records
and Vawter (30) m 1934 developed a method of actively immuniz
mg horses which will carry the animals over a period longer than
the prevalence of the disease dunng any one season i a gven
locality

LOUPING ILL IN SHEEFP

Louping ill m sheep 15 characterized by 2 cerebrellir atua and
disorder of the bran and spmal cord functions The ncubation
pertod 15 six to eghteen d1ys in naturally mfected flocks The durt
tion of 1llness varies from about one day m acute mfections to
several weeks 1n chronic cases Abortive attacks nre common where
the only symptom may be dullness accompamed by a febrile re
action Demonstration of the virus 1n the blood serves to diagnose

the disease
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Mortahty of defimtely clinical cases 1s high Chronic cases usually
show a paralysis of one or more limbs for some weeks Recovered
cases are apparently immune

The tick Ixodes ricinus 1s found m hilly grazmg country and
when sheep are turned mto nfested pastures they contract the
disease Not 11l pastures m the tick region seem to be mfested with
ticks however Whether tick eradication as a measure of controlling
the disease 1s economically feasible 1s a doubtful question

THE DISEASE IN \MAN

All tvpes of the arthropod borne encephalitis virus cause similar
chnieal symptoms m man varving only 1n severity and mortality
The onset 1s sudden with fever chills headache nausea and pamn
m the neck, back and other portions of the body Young children
may show convulsions Drowsmess develops and m some cases
progresses to coma Recovery begms after ten to fourteen days

The St Louss type and Japanese B type are more apt to attack
the older age groups 82 per cent of cases bemng found m persons
over 50 years of age m the St Lows outbreak The distribution be
tween males and females 15 about equal Among those who sunvive
nervous and mental sequelae are rare (table 29)

Table #9 —THE ARTHROPOD BORNE FNCEPHALITIDES

1
Diskask: Uswss Host | Usvst VEcror Pl
Bt Lows Encephahtt Bird sariou Adults mostly
| Mo quitees Mortahty 35%
Japanece B Encephalitis Burds rodent M squ toes Adults mo tly
Mortality 60%
Pu sian Autumn Fever Bird horses Moxquitoes High mortal ty
rate
We tern Encephalymyehtis | Birds horses and Adults mostly
otherammal. | M »quitoes Mort ility 107
Eastern Encephatomyelit Burd hor esand | Children mostly
otherapmal | Mo quitoes Mortahty 76%
Venezuelan Encephalomyelitis | Bird horses and M 14 infection i
otheranmmal | Mo quitoces man
Louping it Sleep Tichs Rareinman
Nomottahity
Russian Spring-Summer En | Rodents Ticks Adults mostly
cephalitis Mortality 30%
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The western type 1s found more often mn adult males The disease
1s mider with a fatality rate of about 10 per cent This type has
caused the largest number of cases 1n man In 1941 there were more
than 8000 cases n the Umted States and Canada North Dalota
showed the hughest rate with 1030 cases and 96 deaths

In the Yakima Valley m Washington Hammon (5) showed that
the presence of antibodies for the St Louss virus and western virus
n the blood of the mhabitants depended on the length of residence
m the Valley Persons who had resided there three years or less
showed 91 posittve while mh ibitants of 12 to 20 yewrs were 769
per cent posttive

The eastern virus 1s far more dangerous The disease shows 1
predilection for children with a death rate of 75 per cent If the
child survives paralysis and mental changes may follow The total
number of cises m man has not been luge In the Massachusetts
outbreak 1 1938 84 cases were reported The virus his been
spreading however with a scattering of reports from numerous
communities

The Venezuelan virus produces an illness much milder than the
eastern western or §t Lows types In Venezuela 1t does not form
a public health problem of much importance The virus seems 10
be highly mfective howesver because lnboratory workers have been
the victims on several occasions (31) In 1943 there was an €¢
plosive outbreak on the island of Trimdad at which tme two T
man deaths occurred the first deaths attnbuted to the Venczuelan
type

Louping 1ll virus causes few human nfections In England there
huwe been no cases reported among sheep herders or others con
nected with sheep where the disease 15 endemic There have been
several laboratory mfections however among persons worhing with
the English stram of the virus mncluding three m the Umted States
n 1933 (32) one m England and one n Germany (33) Another
American case occurred 1n 1942 There were no deaths among these
cases

Russian spring summer disease appears m localized epidenics
confined for the most part to solitary hamlets situated m valless
covered with thick forests The majonty of cases occur m actut
forest worhers hence the term forest spring encephalitis used by
the Russians Adult men are the chief sufferers with almost no cases

n aged persons or children The fatality rate 1s about 30 per cent
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Neutralization tests made bv Rivers (32) with the blood serum of
63 persons m New Yorl mdicated that most persons suffermg from
miscellaneous diseases showed no protection agamst the Enghsh
stram of louping 1ll virus Among seven persons who had been
close contact with the virus m the course of their laboratory duties
five exhubited neutralizing substances Four of these were recovered
cases of loupmg Ml while the fifth was a laboratory worker who
had had no visible signs of 1llness It has been suggested that re
peated subinfectious doses of the causative agent imght account for
gradual acquired immumty among regonal populations such as
the sheep herders 1n England (34)

Casals and Webster (12) found positive complement fixation and
neutralization tests with the Russian encephalitis virus m the serum
of 1 patient who had recovered from a laboratory mfection of loup
mg Ul Another patient who had been mfected with either the
Enghsh or Russian virus gave positive reactions agamnst both

PREVENTION AND CONTROL

The prevention of wthropod borne encephalitides mfection con
sists m the control of the arthropod vectors Early recogmtion of
the disense 1n man 15 important Patients must be protected agamnst
mosquitoes and anti mosquito measures mshituted The task 15 a
hificult one however Vaccination has been attempted but not too
successfully Heath found that twe doses of vaceine produced anti
bodes m only half of the people so treated (30) The Russians
have used a formalized tissue vaceme to protect man agamst the
spring summer type of disease Laboratory workers vetermanans
and others who are associated with the disease m anunals or handle
the virus must observe special care

Immunization of horses and mules with chick tissue vacemne pre
vents equmne encephalomyeliis In the Umted States Army no
cases of the disease 1n amimals have occurred since the adoption of
the immumzation program A brvalent type of vaccme 1s admms
tered annually mn two doses of 2 ¢ ¢ each Other methods of control
n the face of epidemics include the quarantine of ammals during
the summer i known areas of mfection to prevent shipment to
uminfected areas the eradication of mosquitoes ticks and chicken
mites and the control of burds as far as possible which may act as
reservours of mfection

Tich control measures sesm to be indicated for the prevention
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of loupmng 1ll 1n sheep and Russian spring summer fever m man.

Infection by contact usually does not occur Expenmental est

dence seems to corroborate this view Healthy guinea pigs remam
free of the disease when placed m the same pens with mfected
gumnea pigs Likewse healthy horses have been placed with m
fected horses eating nd drinking m intimate contact with no cross
mfection (14) Infection through abrasions 15 a possible but prob
ably not a usual mode Infection of man by imhalation 1s a poss
bility especially through dried tich feces

—
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ITEMS OF NOTE

The arthropod bome encephalitides form a group of rather
closely related diseses

They are all caused by filtrable virus

Mosquitoes are the prmeipal vectors of the St Lows tvpe the
western equine type the eastern equme type, the Venezueltn
type the Japanese B type and the Russin autumn type
Ticks are responsible for the spread of louping 1ll and the Rus
sian spring summer type

Burds are the chief host of the disease m the United States Jipar
and Siberta Horses, rodents and other ammals are secondary
hosts

Sheep seem to be the chief host of louping ll in England

All types of virus cause similar symptoms i man the chief duffer
ence bewng 1n severty

Pres ention consists largely 1n the control of mosquitoes and tichs
Horses are fully d while the R have per
fected a vaccine for man agamst the sprng summer type of
discase
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CHAPTER \V

RIFT VALLEY FEVER

R_I” varcey fever 1s pumanly 1 disease of sheep and cattle
secondanily man 1s infected through contact with diseased am
mnls The term enzootic hepatitis has also been used

HISTORY

Rift Valley fever has probabls eusted for mny years Brtish
East Africa In 1912 there was an epidemic of unknown etiologs
that carned off numbers of newborn Jambs at the Goiernment
Farm and surroundmg farms m the Ruft Valley Montgomery it
1913 1n Jus annual report of the hema Colony recorded what 15
probably the first description of the disexse There 1s hitile that can
be found about the mfection n the years that followed although
there were probably some cases that oceurred (1}

In 1930 another severe epidemic occurred in the same locality
the first destroying 3 600 ewes and 1 200 newborn lunbs i seven
weeks Daubney Hudson and Gunham (2) made a carcful study
of the outbrek solaiing a filterable virus s the causatne 1gent

PREVALFACE AND DISTRIBUTION

Ruft Villey fever has occurred principally i the Ruft Valley of the
Renya Colony There is some evidence to believe that 1t exists also
m the Narvash2 district as well as in the French Sudan

Durmng times of eprdemics 1n sheep the diseasc may prevail to 8
considerable extent among persons who have ny contact with the
ammals Dunng the first five years 1930 34 that the disease w1§
Lnown 1s an entity bout two hundred human cases were reported
1 the Rift Valley

THE ETIOLOGIC AGENT

The causative agent of Rift Valley fever is 2 filterable virus first

desenbed by Duibney (2) and g;s coworkers 1n 1931 wd Iter con
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firmed by Findlav (3) The size of the virus particles are between
23 and 25 uu Mackenzie (4) cultnvated the virus through 13 con
secutive transfers m a medum of chick embryvo and Tyrodes solu
tion wathout loss of titer

INSECT VECTORS

Mosquitoes are believed to be responsible to some extent for
transfer of the virus from ammal to ammal Daubney and Hudson
(7) showed that certam species of Manson:a mosqurtoes carried the
virus for mine days after feeding on infected blood Further evi
dence 15 added to the mosquito theory by the fact that animals
protected from mosquitoes by screens did not contract the disease
under natural conditions In prachice one method of deahng with
an epidemic has been to move sheep to hugher altitudes away from
mosquito ternitory

There may be other arthropod vectors The tich Rhupicephalus
appendiculatus m ats nymphal stage 1s mfectne for seven days
after feeding on an 1nfected sheep After moulting the tick 15 no
longer nfectve (8)

THE DISEASE IN ANIMALS

The disease m animals runs an extremely rapid course The only
observable symptoms may be a hstlessness lack of desire for food
and progressive weakness Within twenty four hours from the time
the first symptoms are noticed the amimals may be dead

Young lumbs have a mortality of 90 to 95 per cent ewes show a
mortality of 50 per cent Cattle are susceptible but have a relatively
low mortality as do goats Cats may be infected as well as certam
kinds of monkeys —~especally Indian and South American but not
Afnican monkeys Rats and mice may be nfected and are quite sus
cepible Daubney and Hudson found the East African rodents so
Inghly susceptible that 1t 1s beheved they play a part i the dissem
mation of the disease

THE DISEASE IN MAN

Man seems to be very susceptible to Ruft Valley fever Dunng
the 1930 epidemic i kenya every natve herder engaged with sich
sheep became mfected Four Europeans who were study mg the et
ology of the disease Iikewrse all developed the disease Daubney
carnied some of the virus to England for further studv but both the
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myestigator and hus two assistants were soon infected (5) Virus
sent to the Unmited States for study resulted in a fatal mfection for
the laboratory mvestigator (6)

The imcubation period 1s five to src days In a natve volunteer
who was moculated 1t was only three days The disease i man runs
a rather mild course ordmanly with a temperature of 102°F to
104°F with general malaise pams m the jomts and somebmes
nausea After three or four davs the symptoms subside Blood of
patients has been demonstrated to be mfectse for sheep for six days
after symptoms appear The virus 1s not found 1 the urmne

Immumty after mnfection 15 present for at least three years Im
mune serum from such recovered cases has been tried for treatment
purposes but with not too much success

The complement fixation reaction 15 of some assistance 1 ding
nosis

ITEMS OF NOTE

1 Ruft Valley fever »» pnmanly a disense of sheep and cattle

2 It1s caused by a filtrable virus

8 The disetse has probably eusted manv years but 1f recened
Inttle attention prior to 1930

4 There 1s 10 record of mfections occurring cutside of Africy ex
cept 1 laboratories

5 Man 15 exceedingly susceptible when exposed to mlection
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CHAPTER XVI

MILK SICKNESS

MILk sichness 1 man and trembles in ammals results from po1
sonng with the white snake root or the rayless goldenrod The
disease 15 primanly one of animals transmitted to man through the
milk or milk products of affected cattle Other names by which
milk sickness has been known are white snake root poisoning slows

and puking fever in the East and milk sick or alkah disease n the
West

HISTORY

Milk sickness was recogmzed as early as 1776 m North Carolma
It was a serious affliction of the earlv settlements of the Middle
West taking many hves m Tennessee Ohio Indiana Illinois Mis
sourt and other Mississippt Ruver states

Mather i the Makmg of Ilinois mentions 1t 1 connection
with the setthng of the New Design 1 1797 stating that 1t at
tacked many newcomers It was one of the diseases which gave
Tllnois the reputation of bemg unhenlthful and so retarded wmm
gration to this territory for awhile

Herndon m his Life of Abraham Lincoln describes the ravages of
mik sickness in Kentucky tellng how whole settlements were
abandoned to get rid of the peculiar malady  In the fall of 1818
the scantily settled region 1n the vicmty of Pigeon Creek—where
the Lincolns were then lving—suffered a1 visitation of that dread
cisease common in the West m early days and known 1n the ver
nacular of the frontier as the milksich! It hovered like a spectre aver
the Pigeon Creel settlement for over ten vears and its fatal visita
tions and mroads among the Lincolns Hanks and Sparrows finally
drove that contmgent mto Illnoss It not only took off the
people but 1t made sad havoc among the cattle One man testifies
that he lost four milk cows and eleven calves in one week This m
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ddition to the risk of losing his own life was enough he declared
to rum him and prompted him to leave for pomts farther west!
Early m October of the year 1818 Thomas and Betsy Sparrow fell
1ll of the disease and died withm a few days of each other Thomas
Lincoln performed the services of undertaker Meanwhile
Abes mother had fallen a victm of the msidious disease Her
suffermgs however were destined to be of bnef duration Within
a week she too rested from her labors

At the fifth annual meeting of the American Medical Association
1 1852 Dantel Drake was appomted chairman of a Commuttee on
Milk Sichness So Called In his report to the Association 1858
he elhborated very extensnely the theory that eating the Rhus toxt
codendron produced the disease 1n cattle (8) In 1861 evidence was
produced which tended to confirm the relation of wlite snihe root
to the disease m cattle In 1907 Brown (1) called attention to the
sweetish odor of the breath and Walsh (2) dirgnosed the human
disense as an acidosis

Allaly disease had been known i the Pecos Valley of New
Mevico and Texas since 1ts earliest settlement

The poisonous properties of the ravless goldenrod were first
brought to the attention of the Unsted States Department of Agn
culture when E O Wooten (3) of Mesilla Park New Meuco
submutted a specimen of the plant together w 1th 2 lustory of losses
1n horses and cattle Smee that time a considerable number of re
ports have been recorded of alkali disease and milk sichness 1 New
Mexco and Texas The exact nature of the poison responsible for
the disease was unknown In 1909 Moseley (4) pubhshcd A report
1n which he ascribed the cause to alummum salts in the plant The
work of Jordan and Hams (5) mdicated that 1t was of bacternl
nature—Bacillus lactimorbi—but these findings were not confirme
by other mvestigators

In 1926 Couch (6) of the Umted States Department of Agricul
ture 1solated from white snake root and the rayless goldenmd the
chemical substance responsible for the trouble It has been name
tremetol

THE POISONOUS PLANTS
Two plants are responsible for milk sickness white snake root 1md

the rayless goldenrod
“"‘?"’ wnale root (Eupatortum ageratordes or urticacfolium)
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also called nchweed boneset polewort or squaw weed grows
from Minnesota to Louisiana and east to North Carolina There are
over forty spectes of white snake root in the Umted States but this
15 the only one that has gnen senous trouble One other member
Tupatorium serotinum has been suspected of causing death m am
mals but evidence has not been confirmed The common thorough
wort belongs to the same familv and grows 1n the same locality
Eupatorium ageratoides grows
m densely wooded areas When
the trees and underbrush are re
moved sufficiently to permt the i
growth of bluegrass the white
snake root disappears almost
completely The plants do not
thrne n the bright sunhght Tt
has been known to grow m pas
tures however and 15 found
sparingly over a wide area m
urban and rural commumties
In the more hughly cultivated
agncultural sections 1t has been
found m orchard pastures
The plant 1s a slender erect
perennial herb which grows from
one to four feet igh The leaves
are opposite each other three to
five mches long broadly ovate with sharply toothed or serrated
edges The leaf stalks are about one fourth to one half as Jong s
the leaf Fach leaf has three mam vems which extend from the base
of the leaf and which give off many branches In the late summer
the white flowers of the plant appear as compound clusters having
eight to thirty flowers giving to pastures sn heavily infested wood
lands an attractive appearance Other members of the family n
cluding Eupatorium serotinum grow more abundantly m open pas
tures
The raless goldenrod or mmv weed (Aplopappus heterophyl
lus) 15 distnbuted over a wide terntory from southern Colorado
to the Texas Panhandle and south to Anizona Sonora and Ch
huahua It 15 especially sbundant in the wngated portons of the
Pecos Vallev m Texas and New Mexico

v
TS Dpt fAprculi
Fic 45 —Rayless Goldenrod
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Aplopappus frutsiosus causes porsoning 1 some mstances but 1t
15 less widely distributed

The rayless goldenrod belongs to the composite family beaning
the flowers 1n compact heads as does the sunflower It 1s a stout
erect tufted perenmal herb of one or two feet in height except on
the banks of irngated ditches where 1t grows four feet or more high
The leaves are alternate lhne like or broader, one exghth to one
fourth inch wide and three fourths to two and one half mches
long The heads are numerous with or without stems n terminal
flat topped bunches exch head havng seven to fifteen tubular
flowers

TREMETOL

Tremetol 15 the name given by James I’ Couch of the Burew of
Ammal Industry of the United States Department of Agriculture to
the poisonous principle found mn white snake root responsible for
trembles m cttle and milk sickness i man

White snake root contauns three poisonous substances a complet
alcohol a resmous acid, and a volatile o1l The latter two are only
shghtly porsonous and do not produce trembles The complex alco
hol 15 the substance that has been named tremetol It 15 an optically
active alcohol of the formula CyH O; and 15 soluble m alcohol
ether chloroform benzene and other orgamc solvents It 15 m
soluble 1n water acids or alkahs

Tremetol may be altered by heat or by chemical reagents and
when so changed 1t loses 1its poisonous properties The temperature
required for the pasteunization of milk "however does not affect 1t

Couch devised 1 test for tremetol m plants, n milk butter cheese
or meat He described 1t as follows

“The susp d matenl s acted with petrol cther Ordmnary g1sﬂlme
may be used if 1t does not give a red color with sulphurie acid The soluhm‘{,ls
poured on the surfacc of £ c ¢ of concentrated sulphuric acid in t dry test tube
when if tremetol 1s present 1 red color appears at the junction of the two 1 ers
Upon shiking the tube the petroleum ether layer 1s colored a transient red an
on allowing the hyers to separate the lower layer of aaid 1s colored a fine cherry
red while the upper layer 15 colorless If the solution 15 very dilute only ™
orange color will result ™

Milk or butter that respond to the color reaction are dangerous
to health and should not be used as food A few substances oth':
than tremetol gve a red color wath sulphunc acid but they are nol
Iikely to be present w hen tremetol 1s suspected
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Tremetol 1s rapidly destroyed by drying so that completely dried
snake root 15 mcapable of producing trembles The poison of the
rayless goldenrod on the other hand 1s not destroyed by drymg
and this plant 1s dangerous to cattle either green or dry

THE DISEASE IN ANIMALS

Trembles appears in pistured ammals—horses cattle and sheep
bemg the ones naturally affected Dunng the autumn when pastures
are dry white snake root 1s green and cattle often tum to 1t as a
last resort Sometimes cattle will eat 1t even though pasture grass 15
abundant The course of the disease 15 practically the sxme whether
due to white snake root or the rayless goldenrod

The first symptoms in cattle are drooping of head and ears dull
appearance loss m weight abnormal thirst obstinate constipation
and general mactnaty A characteristic trembling of the voluntarv
muscles 1s responsible for the name trembles

Marked muscular debility 15 noted m advanced stages when the
ammal lies prostrate on the ground unable to nise The breath has a
marked pungent odor The pulse and respiration become wregultr
and slow as coma appears followed by death Not all cattle m a
herd develop the disease while the seventy of symptoms of those
mfected vanes in different anmals

Milk cows exposed to white snake root may transmat the poison
through the milk without showmng any symptoms of the disease It
would appear that the mulk absorbs the poison thus protecting the

wmmal m lactation When the amimal goes dry the system at once
becomes susceptible and the disease runs 1ts usual course described
above Sometimes ammals m lactation show symptoms however

The disease runs a more rapid course 1n horses than m cattle The
usual symptoms seen 1 cattle are observed Paralysis of the throat
results n slobbering which 15 an early symptom Death follows 1
two or three days

Sheep exhubit symptoms similar to those seen mn cattle A drowsy
sleepy condition bordering on coma usually precedes death

No amm~] probably is immune from trembles for 1n addition to
horses cattle and sheep 1t has been observed m mules swine
chickens rabbits dogs cats and gumea pigs (9)

Prevention of trembles 15 better than attempts at cure Each case
that anses may be treated separately under the care of a veterar
1an but cure 1s not always certam
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THE DISLASE IN MAN

Milk sickness m man 1s the result of ngesting the poison tremetol
from milk butter or cheese from cattle which have partaken of
white snake root or the rayless goldenrod The poison 1s cumulative
causing 1 restless weik exhausted langwmd feclmg dunng the early
stages of the disease Later abdommal pamns develop with nausea
vomiting constipation thirst loss of appetite weal pulse labored
breathing and subnormal temperature The throat and mtestimal
tract apparently become paralyzed and 1n fatal cases death 15 often
preceded by a prolonged com1 The meubation period 15 two to
twelve days Acetone breath 1s 4 charactenstic symptom The fa
tigue my last a long time with charactensstic recurrences Walsh
describes a cise porsoned n 1924 and repoisoned agam n August
1925 Three months after the poisoning strenuous exercise brought
on a marhed attack of the disease Relapses arc common and the
mortahty 15 high m such nstances

Milk sick patients often find difficulty in retuning solid food and
for this reson are put on 2 milk diet If the milk w1s tiken from
the same source as the milk which caused the sichness m the first
place the condition of the patient 1s rendered much worse In milk
sichness an immedhate change of milk and butter 1s imperatine

Meat from ammals suffering from trembles probably does not
contam tremetol When dogs and cats were fed expermmentally upon
such meat they developed no symptoms

Couch believes that porsoned ammals or man suffer from 4 hetosts
which 15 a subsequent symptom to the toc factor responsible for
the onset of the disease Acctone has been demonstrated both m the
urme and expired arr of the lungs

The mortality from milk sickness 15 about 25 per cent Wolff (10)
colleeted records of 320 cases of which 77 died

The prevalence of the disease in man 1s difficult to estimate 5
very few of the actual cases are reported In Ilhinois during ane sum
mer there were newspaper accounts of fifteen deaths but death co1
tificites were turned in by physicians for only seven etses during
the year There probably occur under normal conditions not more
than fifty cases of milk sickness 1n Illinois each year Conditions 1
other states where wiite snake root eusts to any degree e not
dissmlar Education of the public has had a marked effect upon

fiuman 1ffections
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PRFVENTION

The prevention of trembles in cattle depends upon avording pas
tures badly infested with white snake root Cattle horses and sheep
should be kept out from July 1 to December 1 or until the pastures
are cleaned of the weed This may be accomplished by systematic
pulling of the plants in August and September while the flow ers are
m bloom and repeated mn October After the plants have been
pulled and allowed to dry they should be bumed to destroy the
seed Prevention of mlk sickness m man depends upon avoiding
mlk products from affected cattle

Milk mtended for human consumption 15 not rendered safe by
pasteunization Under ordiary market conditions however such
porsoned milk 1s diluted sufficiently with mulk from other sources
to render 1t harmless There need be no fear among city dwellers
of outbreaks of milk sickness of great magnitude Milk sichness 15 a
rural problem and education therefore must be with the farmer

ITEMS OF \OTE
Milk sickness 15 due to 2 chemtcal posson found m the whte
snake root plant or the rayless goldenrod This 1s m distmction
to the other animal diseases which are bactenal 1n nature
Tremetol a complex alcohol 15 the responsible agent n white
snake root The tovic agent m the rayless goldenrod 1s somewhat
different 1n nature
The poson 1s of danger clhuefly to cattle horses and sheep
Man 15 poisoned from wngestmg milk or milk products from af
fected cattle
Tremetol m milk 1s not destroyed by pasteurization temperatures
Market milk 1s ordmarly rendered safe by dilution of the por
soned milk with milk from other sources
7 Mk sickness 1 man 15 largely a rural problem

-
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THE DISEASE IN MAN

Milk sichness m man 1s the result of mgestng the potson tremetol
from milk butter or cheese from cattle which have partaken of
white snake root or the rayless goldenrod The poison 1s cumulative
causmg 1 restless weak exhrusted languid feelng durmg the early
stages of the disease Later abdommal pamns develop with nausea
vomitng constipation thust loss of appetite weak pulse labored
breathing and subnormal temperature The throat and mtestmal
tract apparently become parlyzed and i fatal c1ses death 15 often
preceded by a prolonged coma The mcubation period 15 two fo
twelve days Acetone breath 15 1 charactenstic symptom The fa
tigue may st 2 long time with characteristic recurrences Walh
describes 1 case porsoned m 1924 and repotsoned agam 1 August
1925 Three months after the poisoning strenuous exercise brought
on a marked attack of the disease Relapses are common and the
mortality 1s high m such mstances

Milk sick patients often find difficulty m retaming sohd food and
for ths reason are put on 1 milk diet If the milk was tahen from
the same source as the mulk which caused the sichness m the first
place the condition of the patient 1s rendercd much worse n mih
sichness an immediate change of milk and butter 1s imperatu ¢

Meat from ammals suffermg from trembles probably does not
contain tremetol When dogs and cats were fed ev(penmenta)l) upon
such meat they developed no symptoms

Couch believes that porsoned ammals or man suffer from a hetosis
which 15 a subsequent symptom to the touc factor responsible for
the onset of the disease Acetone has been demonstrated both m the
unne 1nd expired air of the lungs

The mortality from milk sichness 1s about 25 per cent Wolff (10)
collected records of 320 cases of which 77 died

The prevalence of the disease m mw 1 difficult to cstimate as
very few of the actual cases e reported In Ilnors during one sum
mer there were newspaper accounts of fifteen deaths but death cct
tifieates were turned i by phvsicians for only seven c1ses durmng
the year There probably occur under normal conditions not mote
than ffty cases of milk sickness in Illnors each year Conditions 11
other states where white sn1ke root ewsts to any degree not
dissimular  Education of the public has had a marked effect upon

human affections



CHAPTER \VII

INFECTIONS PRODUCED BY
ANIMAL PARASITES®

Dvmm; the centuries of man's prelistory when he was mtimately
assoctated with amimals on which he depended for food and
clothing he was undoubtedly exposed to more types of mfectious
orgamsms parasitizing these anmals than he 1s today In some m
stances the parasites must have produced diseases of epd or
pandemic proportions m the human population but fected 1ady
viduals who survived frequently developed 1 more or less useful
resistance or immumty to the parasites In certamn coses the stram
of the parisite m man became physiologically distinct from that m
the ammal host (viz Ascans of man and the pig) and 1n time the
reservorr host ceased to be a source of mfection for man Later the
dependence on plant as well as ammal food somewhat lessened
mans exposure to certam diseases while on the other hand the
domesticahon of ammals parasiized by orgamsms to which man
was susceptible mcreased the likelihood of mfection i the human
host Thus the relahonship of reservorr hosts to human mfection
with amimal parasites has been one of progressive change modified
at least 1n part by changes i the habuts and modes of life of groups
of the human population
The methods by which man 1s exposed to mfection with parasites
commonly or mcidentally infecting domesticated or wild ammal
hosts may be grouped for the most part into the following cttegorses
1 Cysts eggs or larvae of the parasite are accidentally taken mto
the mouth m food or dnnking water contammated wath feces
of the reservorr host Examples Cysts of Balantidium colt e, s
of Hymenolepis nana from the murine host larvae of Trich
ostrongylus from herbivorous mammals

Piepared by Emest Camoll Faust PhD  Dey t of Tropical Med,
Tulane Unwersty New Orleans Le parment of Tropica one
289
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1s a dangerous parasite of man m warm clmates This organism bur
rows mnto the wall of the large bowel producing narrow necked but
basally enlarged deeply excavated lesions comparable to those of
Endamoeba histolytica on a somewhat larger seale Human mfec
tion 15 most probably acquired from contammation of food or drink
with pig droppings which contamn the encysted orgamsms Pabents
with balantidiasis usually give a history of close association with
pigs However the relatively low meidence 1 man compared with
the amount of exposure suggests a considerable degree of refractive
ness to the mfection The mnfection 1n the porcine host 15 apparently
harmless but that in man 1s exther acute or chronic almost never of
a symptomless carmer type Furthermore there 1s no satsfactory
drug for the eradication of the irfection mn the human host
Some species of hemoflagellates (1e those flagellate Protozoa
which have become adapted to the blood stream the cells of the
reticulo endothehal system and at tumes other tissues of the body of
vertebrates) are common parasites of both wild or domesticated
mammls and man Letshmania donovant the agent of visceral leish
mannsis (kala 1zar) and L tropica the agent of cutaneous lesh
maniasis {Onental sore Delhi boil Aleppo button etc ) have reser
vors 1n the dog (Chma Iraq Iran Mediterranean countries) and
m wild rodents (southern USSR ) and probably constitute im
portant sources for mfection of the sand fly which 1s the msect
vector of these diseases The human trypanosomes are also related
to reservorr mfections 1 wild and domestic mammals Trypanosoma
gambiense and T rhodesiense are the species of organisms causmg
Afnican sleeping sichness i man Climeally and possibly biolo
cally these orgamsms are specifically different from one another as
well as from T brucer of big game ammals and domestic cattle
Morphologically however these three spectes are apparently 1denty
cal ind are tr ble to the next Lan host by the same
specues of tsetse flies Nevertheless T gambiense and T rhodesiense
htve become so specifically adapted to the human host that they
are not readily wfective for cattle or game anmals and similarly
T brucei s apparently not adapted for residence m man A much
closer association 1s found m Trypanosoma cruz which has an ex
tensne distnibution from Central Chile and Northern Argentma to
the Southwestern United States <lthough human infection has not
been reported north of Southern Meico This parasite utilizes vari
ous species of assassin bugs as intermediate hosts and transmitting
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2 Thelan 1l stage of the parsite actiely enters the human body
from the sont or water Examples  Ancylostoma braziense
Sclustosoma japontcum

8 Thelarval stage of the parasite n the tissues of an mtermeduate

host 15 acerdentally or unknowngly swallowed Examples

Cysts of Triclunella spiralis, Clonorclus smensis, ete larvae of

Tacnia sagmata or Diphyllobothrium latum larvae of Dracun

culus medmensis and Dipyhduan canmum

The mtermediate host mtroduces the organtsm into or onto the

human shin at the ttme of obtuning a blood meal Examples

Trypanosoma gambiense transmutted by tsetse flies T cruat

trnsmitted by assassin bugs

The parsite developed m or on the reservorr host actiels

miades the human body from the aur or ground Example

Mjy1asis producing fhes

It must be understood that the problem of human infection w ith
umml parasites 1s 2 serious one n so fir 1s reservoir hosts are
volved only when the parasite 15 a relatnely common v ader of
both the reseryorr host and man and when the struns of these part

sites 0 the two tupes of hosts are physiologically 2dapted to m

vaston nd mfection of the reeiprocal host Hundreds of spectes of

2mmal parasites wlich commonly nfect resersorr hosts are onh 1

adental or rire pirsites of man but comparatively few species

commonly occur m both types of hosts Spec1il consideration will be
given onhy to this smaller group

S

w

PROTOZOAN PARASITES

Among the Irrge numbers of species of Protozot described from
vertebrate hosts very few mndeed are known to mnfect min Enda
mocba Iustolytica the only ameba pathogeme for man 1s 4 naturil
parasite of monkeys and less frequently of dogs and cits but the
opportumtres for transfer of the cy sts (which are the mfectne stage)
from these beasts to man arc very few when compared with the
daily chances of human camers producing contammation of food
and dnnk

No mtestinal flagellates (Class Mastigophora) or coccidiz {Class
Sporozo) of domestic or wild arumals are known to be mfectne
for man

One mtestinal protozoan Balantidium coli a ciate species com
monly found m the large bowel of monkeys and the domestic p1g
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15 a dangerous parsite of man m warm chmates This organtsm bur
rows mnto the wall of the large bowel producmng narrow neched but
basally enlarged deeply excavated lesions comparable to those of
Endamoeba histolytica on a somewhat larger scale Human mfec
ton 15 most probably acquired from contammation of food or drmk
with pig droppmgs which contamn the encysted orgamsms Patients
with balantidiasis usually give a history of close association with
pigs However the relatively low moidence m man compared with
the amount of exposure suggests a considerable degree of refractive
ness to the infection The infection 1n the poreine host 15 apparently
harmless but that in man 1s exther acute or chronic almost never of
a symptomless carner type Furthermore there 1s no satisfactory
drug for the eradicanon of the irfection 1n the human host

Some species of I flagell (1e those flagellate Protozoa
which have become adapted to the hlood stream the cells of the
rcticulo endothelial system and at times other tissues of the body of
vertebrates) are common parasites of both wild or domesticated
mammals indman Lesshmana donovan: the agent of visceral lesh
mamasis (kala azar) and L tropica the agent of cutaneous leish
maniisis {Onental sore Delhn boil Aleppo button ete ) have reser
voirs in the dog (Chmna Iraq Iran Mediterranean countries) and
m wild rodents (southern USSR ) and probably constitute 1m
portant sources for mfection of the sand fly which 15 the msect
vector of these diseases The human trypanosomes are also related
to resery oir nfections 1n wild and domestic mammals 7 rypanosoma
pambiense and T rhodesiense are the species of orgamisms causing
African sleeping sickness in man Climcally and possibly biologs
cally these orgamsms are specifically different from one another as
well as from T brucer of big game anmmals and domestic cattle
Morphologically howeter these three species are apparently 1dent:
cal and are t ble to the nest han host by the same
species of tsetse flies Nevertheless T gambiense and T rhodesiense
have become so specifically adapted to the human host that they
are not readily infective for cattle or game ammals and similardly
T bruce s app ly not adapted for resid m man A much
closer association 15 found i Trypanosoma cruzi which has an ex
tensive distribution from Central Chile and Northern Argentina to
the Southwestern Umted States although human mfection has not
been reported north of Southem Mevico This parasite utilizes vari
ous species of assassin bugs as intermediate hosts and transmitting
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agents The many reservorr hosts nclude armadillos opossums
squurels bats, numerous spectes of rodents, monkeys dogs and
cats From these reservoir hosts the disease 1s readily piched up by
the blood sucking bugs and after an incubation perod moculated
mnto unsuspecting human bemgs

While there 15 suggestive evidence that the malana parasites of
mn are closely related to and may have been denved from the
plasmodia i other pnimate hosts there 15 no conclusive morpholog:
cal or expenimental proof that human malana 15 today caused by
orgamsms ongmatig m non human sources

Some parasitologists regard tovoplasmosts, produced by one or
more species of Toxoplasma as a protozoan nfection Species of
this orgamsm not uncommonly parasitize certnn rodents and birds
but 1t 15 uncertan whether the orgamsm which produces disease 1n
man 1s 1dentical or speaifically different Another orgamsm of un
certam relationship 15 Sarcocystis which 1s possibly ahn to the Pro-
tozoa of the class Sporozoa (Sarcospondia) but has more recently
been shown to have charactenstics which would place it among the
fung1 On rare oceasions this infection has been reported from man
usually at autopsy The infection mvolves musele tissue and 1s not
uncommon m cattle sheep horses hogs rabbits mice and other
mammals and related mfections occur 1n birds and lizards While
the epidemiology of sarcocystasis 1s not entirely clear evperimental
evidence suggests that infection 1s acquired from food or drnk con
taminated with feces contaming spores of the parasite

HELMINTHIC PARASITES

The Helmnths or parasiic worms belong to two large groups
of the Amimal hmgdom the roundworms and the flatworms The
roundworms (Nematodn) are the most common parasites of verte
brates Some species of roundworms parasttize mvertebrates others
mvade healthy plant tissues and by far the largest number of species
1s free ving Forms of human importance include Trichunclla spia
s the hookworms and therr allies Strongylowdes stercoralis Ascarts
lumbricodes  Trichocephalus trichwrus the filwnl worms and
Dracunculus mediensis The flatworms consist of two parastic
groups the tapeworms and the fukes and m addihon two non
parasitic groups the turbellarians and the nemerteans Commion
tapeworms of man mclude the beef and pork tapeworms the broad
(ﬁsh) tapeworm and the dwarf tapeworm Many of the human
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flukes re climeally very important i certamn portions of the world
where the appropnate intermediate hosts occur nd the habats of
the human population are such as to expose them to infection

THE ‘TRICHINA WORMN TRICHIVELLA SPIRALIS

This nematode which has 2 cosmopolitan distribution 15 most
common as a human parasite under conditions where raw or mn
adequately cooked pork 1s consumed bv man The worm was first
discovered by Peacock at 1 human autopsy m London in 1828 and
was first obtained from hog s flesh by Joseph Leidy of Philadelpha
m 1846 Leuckart (1855) and Virchow (1859) first demonstrated
the life cycle and Zenker (1860) the chnic il importance of the n
fection Except in the Balkan states the disease 1s much less impor
tant 1n Europe than 1t was a century ago but m the Umted States

Table 30 —h\cmn\cz OF TRICHINO 15 ARD CONDITION OF TRICHINAE BY AGE AT DEATH
N S55 Posrrive Cases (WRicHT Jacoss AND Warton 1944)

Totar | Posmive Cases | CoaniTioN o Larvak
ACE AT DEATR NuuBER

Cases | Mumber | Percent | Live | Mixed | Dead
141 19F7 248 e | 102 6 | sl
45and over 3304 603 183 144 7 | 33
14 8o 1 12 1 —_ -
-9 63 4 63 - 1 3
10-14 65 8 123 4 3 1
15-19 12 7 57 3 2 1
20-24 195 21 108 10 7 4
2529 o8 27 118 14 8 2
30-31 a1 3 147 19 8 10
Jo-44 928 143 149 50 36 57
45-5% 100 1 190 131 83 35 87
o064 1031 186 180 40 b 124
6274 817 156 191 7 18 11
Joand ¢ ver 400 ki) 175 8 ke 61
Unknonn 42 4 95 - — 4
Total 5313 85 | 181 | %4 14 168

{especially mn New York Massachusetts Connecticut Mmnesota
Missours and Califorma) a marhed merease m mecidence of the n
fection m man has been reported within the last decade This may
be due to a more careful lnboratory and postmortem dhagnosis or to
An actual ncrease m cases

Infected hog meat the encysted Trichinella larvae When
this meat 15 eaten raw or madequately processed the larvae are
digested out of the flesh m the patients stomach become excysted
n the duodenum and invade the duodenal and jejunal mucosa
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agents The many reservorr hosts include armadillos opossums
squirzels, bats, numerous species of rodents monkeys, dogs and
cats From these reservour hosts the disease 1s readily piched up by
the blood sucking bugs and after an meubation peniod moculated
nto unsuspecting human beings

While there 15 suggestive evidence that the malana parasites of
man are closely related to and may have been derved from the
plasmodia m other prumate hosts there 1s no concluswe morphologt
cal or expenimental proof that human malara 1s today caused by
organisms ongmating 10 non human sources

Some par: logusts regard toxopl sts, produced by one of
more specica of Tovoplasima as a protozoan wfection Spectes of
this organism not uncemmonly parasitize certam radents and birds
but 1t 15 uncertain whether the orgamism which produces drsease n
man 1s 1dentical or specifically different Another orgamsm of vn
certain relationship 1s Sarcocystss, which 1s possibly akon to the Pso
tozoa of the class Sporozoa (Sarcosporidia) but has more recentl)
been shown to have charactenstics which would phee 1t among the
fungs On rare occastons this infection has been reported from man
usually at autopsy The mfection myvolves muscle tissue and 1s not
uncommon 1n cattle sheep horses hogs rabbuts, mice and other
mammals, and related infections oceur m birds and lizards While
the epridemiology of sarcocystiasis 1s not entirely clear expermmental
evidence suggests that mfection 15 acquired from food or drink con
tasmnated with feces contamng spores of the parasite

HELMINTHIC PARASITES

The Helmmths or perastic worms belong to two luge groups
of the Ammal hingdom the roundworms nd the flatworms The
roundworms (Nemateda) are the mast common parasites of verte
brates Some spectes of roundwonms parasitize mvertebrates others
mvade healthy plant tissues and by far the largest number of species
1 free Inng Forms of human importance mclude Trichmella spira
his the hookworms and therr athes Strongylowdes stercorahs Ascarss
Iumbricowdes  Trichacephalus trichwrus the filanal worms and
Dracunculus medmensis The flatworms consist of two parasitic
groups, the tapeworms and the flules and m addition two non
parasiic groups the turbellanans and the nemerteans Commvg
tapeworms of man mclude the beef and pork tapeworms the broa
(fish) tapeworm and the dwarf tapeworm Many of the human
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Table 32 —Stastary oF 4603 Fxavunarign  Mape ror TricEnaE 1v Man

‘ ] Now | InvecTED
Yean AuraoR Laurr | Memoo | o \Num | Per
I | Lxas | ber | Cent
1901 | Wall amy Buffalo N ) Pre ed
Muscle 500 | % | 53
1910 | Sm nd Indianap b St Low Pressel
Mu ce w o] n
1931 | Queen Poche ter \ 1
Bwsten Digestion 10° | 75 |186
1934 | Riley and Scheifley Minneapolis Pressed
Muscle uz | 0 171
19,6 | Fnman New Otlewns New Orlean Dige tion 200 7 |35
1936 | McNaught ind An
derson SanFrana o) | Digestion 200 | 48 | %
1937 | Hall and Collim Washington 1) C | Dige tion and,
Pre ed
Mu cle 300 | 41 | 136
1937 | Queen Denver Colo  { Digestion 131 | 0 | 163
193/ | Magath Ro he tel Minn | Pre sed
Muscle 22 17 | 8
1937 | Scheiflen Mint eapoh and | Pre_ed
St Pl Mu e 18 | 15 | 127
1939 | Walker and Brecken Digestion and|
ndge Al Compres
sn 100 | 33 |330
1939 | Sawitz New Olesn L | Digestion 400 | 21 | 60
1939 | Buttand Lapeyre | Los Angeles C4l | Digestion 1.0 | 31 |18°
1939 | Harrelland Join ton  Durbam N C | Digestion and|
ompres
sion 10 3 | 28
1840 | Qosting Diston O Digestion 14 127 | 201
1040 | Catr n AnnArbo Mi1 |Digetion , 300 | 44 | 147
1940 | Goul} Det t Mich | Digestionand,
‘ompre !
sion | 900 | 93 | 186
1941 | Me mit Northern Uth 471 0 |0
1843 | Mete o Na hville Tenn | D gestion and
| ! mpres-
| | on 200 | 21 |100
1941 | Broder und Porter | Richmond Va | Digesti nand
! | on 10 | 6|6

sheletal muscles where they are filtered out and soon become en
cysted Larviposition by the female worm covers a period of about
sixweeks The heaviest infection oceurs sn muscles poor n glycogen
The pathology and symptomatology of tnchinosis 15 divided mto
three periods (1) that of 1nuasion of the mtestmal wall with symp
toms resembling acute food mfection (2) that of larval migration
with excruciating myositis and edema and (8) the touc stage fol
Jowing ency station of the larvae with a vanety of symptoms of tovie
ongm The disease 1s usually pamed by a hyp philia
Although the above picture 1s typical of the severe cases and death
or prolonged mvalidism may be a sequela unquestionzbly an m
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Table 91 —InctoEnce or TRICHINEDT & SPIRALIS 1N Y ARIOUS POPCIATION CROUPS 4
Founp 1v 5313 TosT ORTES § XasNATIONS (WRICHT JACOBS AND WALTON 194}

Torar | Nuvper | Percert
\NTHBrR
1N GROLr| FECTED | FECTED
Males 3736 623 167
Wiite 27,7 465 169
Colored 9o g 166
North American Indiins 8 1 et
Chne ¢ L 0 bt
Japanese 4 1 -
HFilipinos | 10 0 -
Mexican i 25 3 -
Race unknown 8 1 -
Females 1570 232 47
White 942 140 149
Colored 60% 86 11
North American Indians 8 0 -
Japane e 1 0 —
Meuican 10 3 -
Rarceunknown 6 2 -
Sexunknown 2 [ -
Vhites 3689 60
Negroes 1523 238
Other race To
Race unknown 16 3
Miltary (Army Navy) 324 J 41
Officers (commi 10ned and warrant) 117 19
F nhsted men 207" 22
Army 203 27
Navy 121t 14
Families and relitives of nulitary men 64 1
1l 4984 813
Civihan Con ervation Corps 54 v
Farmers 289 48
Yillagers 147 16
Yeterans mo tly World War 763 157
Malitary Ctvil status unknown v 1
Sea (Navy Merchant Manne) 300 36
Merchant Marine 179 22
N »013 819
Mentally deranged under hospitahization 84 115
Mentally sound or not under hospitaliz ati n 4629 740
High economic social status 1189 179
T aweconomie ocialstatus 3788 630
F conomie-rocial gtatus unknown 336 46
5313 850 | b1

Total ca €3

1 One case beth aldier and sulor counted only once
+One cace b 1h koldier and salor counted i both group
1 Twocase both CCC and vcteran rounted m heth greup

where m three to five days they develop mto dult males (14-16
mm by 40—60 microns) and females (somewhat larger than the
males) After fertihization the femnles nsade the tissues of the m

testinal wall more deeply and begin to deposit Ining young xr‘llm:}
0

of which burrow mto the mesentenc venules wnd e carme
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penetrating the skin appear to be mcapable of reaching the pe
nipheral blood vessels but continue to live for weeks or months 1
serpignous tunnels which they produce in the skin

Other roundworms more or less akin to the hookworms which
are relatively 1n domestic Js and lly paras:
tize man 1nclude the following (1) Haecmonchus contortus the
sheep wireworm (2) Metastrongylus elongatu, which parasitizes
the respiratory tract of hogs sheep and cattle (3) Ternidens demu
nutus and species of Oesoph which ly mfect
siman hosts On the other hand Strongylowdes stercoralis which 1s
not uncommon 1n the human host and the chimpanzee mn certam
warm areas of the world 15 occasionally found m dogs which pos
sibly obtain their infection from human sources

One of the most nteresting and historrcally the most important
roundworms 1s the dragon worm (Dracunculus medinensis) com
monly found as a parasite of man m parts of India Arabia Persia
and Afnica Upon becommng mature the meter long female worm
crawls from the patients viscera to the skin layers and produces 2
Iittle cutaneous bhster at the pont where 1ts head nears the surface
of the skin On contact with fresh water the blister ruptures and a
swarm of actrve larvae 1s discharged These larvae may be piched
up by httle water fleas (Cyclops) m the body cavity of which the
larvae mature When human bemgs aceidentally mgest the Cyclops
m raw drinking water they acquire the mfection In Chma dogs are
reservorrs of this worm and i the United States 3t parasitizes fur
bearmg mammals although m neither of these countries 1s the para
site known to infect man

INCIDENTAL ROUNDWORM INFECTIONS OF MAN

From time to time chmeians and medcal parasitologists have re
ported cases of rare infections of man due to roundworms Almost
without exception these worms re relatively common parasites of
domestic or wild ammmals which aceidentally or meidentally occur
m the human subject Mention may be made of Syngamus laryngeus
arelatively common parasite of the upper respiratory tract of cattle
water buffaloes and goats with eight reported nfections from man
several species of Trichostrongylus commonly parasiizing the m
testinal tract of many species of herbs orous mammals and reported
on many occasions from man particularly 1 Asia and Afnca
Gongylonema pulchrum a relatively common esophageal parasite
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crensingly larger number of subclinieal cases 1s occurring 1 the
Umnited States with mild symptoms or w1thout apparent symptoms

Dragnosss of trichmosis may be suggested by the patient s history
and a ligh eosinophtha 2nd 1s confirmed by recovery of the larvac
from centrifugalized specimens of blood or from digests of biopsted
samples of biceps muscle as well as by the Bachman mtradermal
reaction using ntigen 1 dilution of 1 to 5000-10000 No specific
therapeutic 1s known only symptomatic treatment 1s available

While many 1deas have been advanced for the prevention of trich
mosis 1n the human population the majority of these are :mprac
tieable In the United States infected pork from country slaughter
houses provides the largest number of serious chnscal cases but the
larger government mspected slhughter houses prmldc Iittle guaran
tee of trichina free met unless 1t has been subjected to refrigeration
at 5°F for 20 days or at 2°T for 24 hours Smoking saltmg and
drying do not necessarily hll the larvae If no garbage slops con
taining nfected pork trimmings or viscera were fed to hogs on the
farm or m the slaughter pens the incidence and amount of infection
n the hogs would soon be reduced to the vamshing pont Until this
protection 1s provided the only sumple safeguard 15 the thorough
heating of all pork to be consumed The same precaution apphes to
bear meat which 1s not infrequently infected with this parasite The
rat while often harboring the parasite 1s of less mportance than
was formerly thought m spreading trichimosis to man or hogs

IHHOORWORMS AND THEIR ALLIES

The two common human hookworms Necator americanus and
Ancylostoma duodenale are rrely found m reseroir hosts and the
common dog hookworm Ancylostoma camnum seldom i cver
parasitizes man On the other hnd, a hookworm of dogs and cats
i warm chmates Ancylostoma braziliense 1s a relatu ely important
parasite of man m certam hmited foct In stoetly tropical environ
ments as m Brazil Ceylon and the Philippmes A braziliense 15
mtestmal parasite of man just as are A duodenale nd Necator
amenicanus However long the south Atlantic and the Gulf constal
areas of the United States m southern Brazl on the coast and m
isolated foct elsewhere human bengs exposed to the camne or
feline strams of this species develop only a cutaneous mamfestt
tion referred to as larva migrans or creeping eruption ” Thas 15
due to the fact that the infectnve stage larv1e of this worm on
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the beef tapeworm (Tacnta sagnata) man1s the only known host
of the mature worm wlale the ox s the necessiry host of the il
or cysticercus stage Smululy mm harbors the matwe pork tape

worm (T solum) wlile the hog is the usul host of the Tyl
stage The larvae (evsticerer or bladder worms) develop respee
twely in the strped muscles of the ox or hoy after these animals
have mgested the eggs which have been evacuated 1 stools of in

fected persons When mn ets mdequatehy heated or imdequately
processed beef or pork that 1s fected he acquires the mfection

Pork tapeworm anfection 1s relatively uncommon m the United
States but beef tapeworm anfection 15 widely dutributed 1 ths
country and elsewhere and furthermore shows no evidence of &

mimshing 1n the humwn populition In endeniic foct erttle should
not be allowed to pisturc on ground contumimated with polluted
sewage All beef and pork should be thorouchly cooked as 1 simple
sifegnrd agunst mfcction The hydatd worm (I grantdosus)
reaches matunty in the mteste of the dog nd ats wild rchtives

Eqgs are discharged in dog s feees and are the source of mfection
the Iarval stace (hydatid cyst) of sheep hors cattle other herbno

rous munmals and man Control of this serious wfection 1equires
deep burying of the cwcasses of sheep hogs and e1ttle which have

died of the duerse nd meticulous ¢ ire on the part of humm bemgs
not to llow dog s feces to contummate food drmk o1 mess lts

THL [RUNMATODLS OR FLUKNES

Man and the higher vertebrite wimals are paewsitized by onh
those tramtodes which require some molluse 18 1 mtermedite
host (1¢ the digenetic tremitodes) In the molluse two or mor
genertions of the Iife evele are devedoped There emerge from the
molluse (usually a snul) swarms of tuled Iy e erlled cererrne
which either mvade the defintive host dneetly wia the shin route
or first encyst m the tissucs of a sccond mtermediate host Whon
the infeeted tissues of this Ditter host are consumed by the appro
printe final host the trematode 15 entbled to proceed wath ats hfe
eyele

The blood flukes or schistosomes produce ccrearnie which direetly
penetrate the shin of the definitn e host The adults Ine n the portal
blood stretm and 1ts adncxt and thare eggs we v cunted from the
hosts body aither an the feees or urme OF the severtl blood flukes
Tvmg m mammls three speeies are rtnedy common m the ha
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of rummants monheys hedgehogs, bears and pigs with at least
twelve reported nstances from man (buccal mucosa) Gnrathostoma
spintgerum of feline cinme and other reservorr hosts and G Ius
pmidum of the pig producing subcutaneous abscesses nd at times
tunnels (so called creepmg eruption ) i man and Theloza call
pacda the conjunctival worm of the dog aswell as T califormensis
of the dog and cat both of which have on rare occastons been re
covered from the human conjunctiva

The ascaris of the hog Ascaris lumbricordes var sutm 15 morpho
logically mdistingmshable from that of man but 1s biologically dif
ferent Man does not become infected from mgesting mfectrve stage
Ascans eggs from porcmne sources only from human sources

THE TAPEWORMS

Domestic ammals play 2n important role i most of the tapeworm
mfections of man serving esther as reservorr or intermediate hosts
The rat and mouse are reservonrs of the dwarf tapeworm (Hymeno
lepts nana) and the rat tapeworm (H dumnuta) while the dog
wnd cat serve as reservowr hosts of the double pored tapeworm
(Drpyhd; ) I d and D are relativels
uncommon human parasites and are acqured from acerdentally
swallowing mfected nsects which are ectoparasites of the reservot
host H nana requires no mtermediate host It 1s relatively common
s 1 human infection Although rats and mice are commonly n
fected with this worm they are mfrequently the source of human
nfection since the human and rodent strans of this tapeworm aré
not readily infective for the reciprocal hosts Dogs serve as reser or
hosts of the broad fish tapeworm Diphyllobothrium lagum but man
1s usually the mdirect source of his own mnfection which necessanly
15 carried through (1) a water flen (Diaptomus or Cyclops) and
(2) a fresh water fish before becoming mfectwve for 2 mammaliin
host

Rarely man has become accidentally mfected with tapeworms
normally parasitic i simian hosts as for example Berniella studen
or m birds as for example Drepamidotacnia lanceolota a common
parasite of ducks

The most important relationship of domestic mummals 1s reser
ours or mtermediate hosts of human tipeworm nfections 1s 1lus
trated by the species of Taenta (T saginata and T sohum) and lh:fa
related hydatid worm (Lchinococeus granulosus) In the cise o
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ARTHROPOD PARASITES

Many msects and other arthropods prev on man and other am
mals A few actually mvade the tissues of thewr victims but most of
them are only ectoparasites visiting the host to obtam a blood meal

A few species of mites enter the human skin Most notorous of
these 15 the mange mite Sarcoptes scabier but 1t 15 doubtful if the
vanety which mfests man has an anmmal host

The rat mite Ltponyssus bacotr causes an 1tchy dermatosis af
fecting mamly the legs but also other parts of the body The para
site ordmanily mhabits dark crevices where 1t lays its eggs Hence
the ser1 darkness of motion picture theaters and also parts of hospt
tals office buldings and department stores are favorable sources of
mfestation In cold weather the mites even turn to warmer rooms
Iike the bathroom and latchen They remain on the brown rat only
a few hours dunng feeding and 2 lesser time on human bewngs It
15 thus only a temporary parasite of the skin ke the bed bug The
disease has been recogmized particularly i Texas (Shelmire) since
many cases are observed 1n Texas and Loursiana this dermatibs
runs a close second to scabies 1 frequency of parasttic dermatoses
The mcidence nses during antirat campaigns when the parasite
deserts its favonte host and turns to man Children are affected the
more extensively with lesions on the face and hands but the ankles
belthne upper parts of shoulders and neck may be mvolved Vesicles
are present 1n addition to the wheals and papules observed m adults

The fowl mite Dermanyssus gallinge 15 an ubiquitous parasite
that deserts sick and dead fowls whereupon the attendants of such
fowls recerve therr attention The shin of the hands becomes scaly
dry and covered diffusely by papules In severe cases pustules and
crusts may form Expenimental mnd epidemological evidence sug
gests that this mite 1s possibly the vector of St Lows encephalitis
from fowl to fowl

The chigoe (Tunga penetrans) and many species of fly maggots
mfest both man and a vanety of mammalian species

THE PROBLEM OF PREVENTION OF ANIMAL PARASITES
INFECTING MAN
Where man 1s the sole or only important host of an infection pub
lic health measures directed agamst the dispersal of unsterllized
human evereta together with speaific therapeutic procedures 1f
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man population 1n endemic areas, namely Schistosoma haematobum
(Africa and Western Asia), S mansom (Africa and parts of Tropieal
America) and S japonicum (Oniental area) S haematobum m
fects man alone S manson: 15 a parasite also of suman hosts m
Iimuted areas S japonicum which 1s distubuted through extensne
areas in Central and South China and occurs mn a few foex in Japan
Formosa and the Philippines has been recorded from dogs cats
rodents cattle water buffaloes and other mammals sufficiently often
to mdicate the importance of these ammals as reservorrs of this m
fection In addition S bovis a common parasite of domestic am
mals m portions of the Eastern Hemmisphere has on a few occastons
been dragnosed as a human infection

In contrast to the blood flukes many of those trematodes which
encyst m second mtermediate hosts and 1nfect man by the buccal
1oute are parasites common to both man and other v ertebrate hosts
Attention may be directed to a few typical examples From eating
raw or madequately cooked fresh water fish man and other fish
eating mammals acquue infection with the Chmese hver fule
(Clonorchus sinensis) and 1ts close relatives (Opisthorchs felmeus
and O vwerriny) Canmes and felines are especially prone to mfec
tion with these worms Other flukes acquired from consuming rav
fish mclude mnute heterophyod species as Metagonimus and
Heterophyes Some of these small flukes as well as species of echt
nostomes are more commonly parasitic m burds than they are m
mammals The sheep hver fluke (Fasciola hepatica) 1s common 10
sheep less frequent m other mammals and man It gains entrance
to the hosts body through consumption of raw vegetation on which
the cercanae have encysted The grant intestinal fluke (Fasciolopsis
busht) which 1s prevalent mn certam areas m the Far East 1s a com
mon parasite of both pigs and man 1n these localities The Onental
lung fluke (Paragommus twestermant) which mammals acqure
from eating the soft parts of crabs and crayfishes parasitizes man
felines and canmes In the United States a closely related species
P Rellicotts, 1s known as a parasite of several species of fur bearing
mammals but only one probable human mfection 1s on record P(:1
tentially amphistomate flukes of the hog cattle and certamn wil
ruminants may mfect man but reported human mfections are very
few Echmostomate flukes of the dog ( Echinochasmus perfnltt:tus)
and even of the duck (Ech I ) are hu
man pnrasntes
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Creeping eruption caused by the hookworm Ancylostoma
braziliense a parasite of dogs and cats m warm chimates
Dracontiasts caused by the dragon worm Dracunculus meds
nensis = parasite of dogs m China and of fur bearing anmmals
1n the Umted States (although the disease does not occur m
man 1n either of these countries)
Other roundworm infections include Trchostrongylus from
herbnorous ammals the sheep wireworm Haemonchus con
tortus from sheep and cattle Metastrongylus elongatus from
the respuatory tracts of hogs sheep and cattle Termdens
denunutus from monkeys and Syngamus laryngeus from cattle
The thread worm Strongylowdes stercoralis 1s found 1n dogs
Varous other roundworms are oceasionally 1cquired by man
from ammals

4 Tipeworm wmfections 1re rather commonly transmitted from am

mals to man

The dwarf tapeworm Hymenolepss nana 1s found i rats and
mice man being mfected from the droppmgs of these rodents
The rat tapeworm Hymenolepsis dumnuta 1s found m rats
and mce but human mfection 1s acquired from swallowmg an
mfected msect
The double pored tapeworm (dog tapeworm) Dipyhdium
caminum 1s acquired from dogs and cats by swallowing an m
fected flea
The broad fish tapeworm Diphyllobothrnum latum finds the
dog as a host but man 1s infected by eating fish
The beef tapeworm Taema saginata and the pork tapeworm
Tacma solium are acquired from msufficiently cooked beef
and pork
Hydatxd disease caused by Lchinococcus granulosus 1s ac
quired from the dog but sheep hogs cattle and other herbivo
rous ammals are hosts

5 The des—flukes—which parasiize man all require some

molluse usually a snail as an intermediate host

Several Iiyer flukes find 1 host 1n the dog or the cat among
other ammals Infection with ClL Jus sinensts Opusthorch
felincus and Heterophyes or Metagontmus 15 contracted by
these ammals from eatmg raw fresh water fish
The sheep liver fluke Fasctola hepatica 1s common 1n sheep
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wailable, should ulimately wipe out the disease But where reser
vorr hosts are involved, the situation 15 more complicated since the
prrasite may be propagated in spite of these control measures In
such mstances as well 15 those 1n which animal or plant tissue serves
1s the medum for transfer of the orgamsms to man mankind must
be taught the sources of the mfection and the means for protectmg
tus food and drnk as well as his shin from the mvader The suc
cessful completion of this latter type of protection cannot be carned
out solely by pohice powers of a government but requires coopera
tion of all individuals 1n the community It presupposes, therefore
a ugher type of civilization than 1s found m primutn e peoples m
whom diseases of ammal etiology are most prevalent Yet the inci
dence of trichinos:s and beef thpeworm mfection m our supposedly
enihized communities indicates that much remamns to be accom
phshed along these lines

In the ¢1se of arthropods which serve as biological or mechameal
vectars of parasitic infections there 1s now substantial evidence that
DDT will be of mestimable aid n eradicating the vector hence the
transtission of the disease

ITEMS OF NOTF

Numerous parasites classified m the Animal Ringdom mfect or in
fest other "mmals comparatively few such parasites transmit
diseases from the anumal host to mn
Protozoan parasites of ammals cause the following diseases 1
man
Amebic dysentery caused by Endamocba Istolytica a mat
ural parasite of monkeys and sometimes of dogs and cats
Dysentery caused by Balantidium colt from monheys and do
mestic pigs
Rhala azar Onental sore and allied conditions caused by Letsh
mania donovans and L tropica from canine and rodent hosts
African sleeping sichness caused by Trypanosoma gambiense
and I' rhodesiense closely akin to tryvpanosomes of wild game
m Africa as well as Chagas diseise caused by T cruze com
mon m domestic and wild mammals 1n Latin Amertca
3 Pirasihc roundworms of ammals are responsible for the follow

—

o

Iments of man
m'gl‘:chmosxs caused by Trichmella spiralts 1 parasite of hogs

rats and bears
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bemg acquired from eating raw plants which carry the encysted
meta cercariae
The giant intestmal fluke Tasciolopsts bushs 1s carned by the
hog which acquures 1t from plants
The Onental lung fluke Paragontmus westermant 1s contracted
by dogs and cats from eating crabs and eravfish The closely
related P Rellicotts 1s found among fur bearing animals 1n the
United States
The blood flukes Sclustosoma mansont of monkeys § japomt
cum of dogs cats cattle and rodents and § bouss of cattle
penetrate the shin directly
Arthropods from ammal hosts cause the following afflictions
man
Rat nute dermatitis by the rat mite Liponyssus bacoft
Poultryman s itch by the fowl mite Dermanyssus gallinae
Prexention consists 1n education and a better appreciition of the
sources of mfection In case of arthropods DDT constitutes 2
valuable weapon of control

[=>]

-
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inasmuch as more than a hundred different species have been hsted
as pathogens (Brumpt) (4) nght or wrong 1t 15 clear that m this
sense the scope of actmomycosts would be wide mdeed Fortunately
however usage has confined the meaning to the well known clinical
complex caused by Actinomyces bovis and for the purposes of this
book the term will be used entirely in that sense Where there are
posstbilities of doubt the designation actinomycosis praper 15 m
order

In the past actinomycosis and the sulphur granule have been
linked mnseparably but of late the pathognomonic significance of
the latter structure has been melting away Studies of human tonsils
m Porto Rico (Emmons) (5) mndicate that culturally proven Actino
myces bows accurs m the crypts simply as threads 1e  without
the clubs which charactenze the ray fungus (sulphur granule)
Sigmficantly at a subseq e 10n of the sime patient clubs
were found It appears-then that club formation 1s 2 capricious phe
nomenon for Acttnomyces bovts 1t s probable that clubs form when
the conditions for the parasite are the more adverse as n solid tis
sues like lungs and Iiver When more or less on the surface as n
tonsillar crvpts clubs occur but seldom Consistently with this 1dea
1t 15 well established that on the favorable environment of test tube
cultures clubs do notform at all There 15 a most practical outcome
of these data Whereas 1n the past 2t was sufficient to depend upon
the ray fungus when evaluating actmomycosis we must now reahize
that there are complicating factors which may demand culture
studies

Moreover club formation 1s not confined to A bovis Actinobacil
lus lignierest and vanous other bactena exhibit them Inasmuch as
the climeal complexes of actmobacillosis and actmomycosis are
similar pamns should be taken to distinguish between these two club
bearmg microorganisms

Incidentally the above derations have an mmportant bewmng
on ammal pathology now that A bouis has been found by Emmons
1 tonsils (47 per cent) extirpated 1n Porto Ruco { cultures sectired in
23 per cent) and because Davis found the species in the tonsils of
hogs (47 per cent) (6) Inaidentally the tonsils of cows (7) did
not contun the fungus It would appear therefore that the tonsils
of both hogs and man frequently contamn masses of A botts which
Inang saprophytically may not produce clubs nor disease Since
such granules escape readily nto the mouth 1t can be understood
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Actinomycosis in Ammals

As in man achnomycosis runs a chrome course There 15 a pre
dilection for the head and neck but after that any part of the body
may be mvolved It 15 not very contagious Salmon kept 21 healthy
cattle tied alternately between cattle infected with actinomycosis
but cross infections did not occur It appears to be the consensus
that as ;n man portals of entry are created by tnfling traumatisms
mto which vegetable matenal becomes lodged

Of ammals cattle are the ones most often affected The mnital
leston 15 a granul bhing a tubercul This ulcerates and
discharges thick yellowish pus It 1s to be emphasized however
that by and large the lesions of ammals are not consistently sup
purative as they are m man mfections around the head and neck
tend to be dommantly fibrotie The tongue for example becomes
hugely swollen and projects from the mouth —hence the name

wooden tongue Where the mandible 1s attacked the lesion may
be mstaken for osteosarcoma In such lesions there 15 osseous hy per
plasia 1 addition to the fibrous the whole resultng m swellings
perhaps the size of a football Lesions of the mammary gland are
uncommon when they do occur they are often mstaken as tuber

culous Patterson found 5 out of 50 cows suspected as tuberculous
to be m redlity infected with actmomycosis In each case the lesion
was on the udder —probably infected by straw

Other animals are less commonly mfected than cattle Only a few

cases have concerned horses usually with mvolvement of the sub
mawllary lymph nodes In the pig lesions have been found in the
mammary glands throat and castration wounds Sheep are infected
on the tongue hps and 1n the lungs Dogs and cats have been found
mfected according to several workers Geese hive exnbited lesions
m the penicardial and peritone1] sacs As 2 rule attempts at expen
mental moculation of the lower amimals with pure cultures results
m faillure however lizards monkevs gumea pigs and some of the
other expenmental ammals have been successfully moculated

Actinomycosts tn Man

Farmers and cattlemen are the classes most commonly diseased
As aresult males m the pnime of life are the commonest subjects
In Sanford s statistics 670 cases 1n the United States revealed 80 per
cent i males The majonity were young adults but no age group was
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haw they might inaugurate actinomycosis around the teeth and m
the gastromtestinal tract 1f as and when the proper conditions for
successful mvasion arse

Geograplue Distribution of Actinomycoss

Actmomycosis probably occurs m many parts of the world, though
figures are laching It has been reported from Europe North Amer
11 and South America In the United States Sanford and Voellker
collected reports upon about 570 human cases from every state m
the Umon The Mississippr Valley and the Northwest, however,
showed the greatest number of cases

T of Actinomy

The mere presence of vegetable fibers mostly hay and straw m
7 per cent of the tonsils of hogs and 1n 4 per cent of those of cows
only suggests a source of infection m such vegetable matter for it 1s
rare to demonstrate such fibers 1n the tissues of human actinomyco-
sis When though the fungus 1s demonstrated withun the fibers as
has been done i the lesion 1t 15 nother story The outcome of alt
the considerations leads to the conclusion that 1t 15 not necessary t0
myvoke actinomycotic ammals as the direct spurce of infection ol
man At the same time 1t cannot be denied that anumals must act as
passive carners at least contmuously distnbuting the fungus over
vegetation through saliva or through feces,—whether used as ferts
lizcr or not As i the case of coceidiordal granuloma most examples
of human actnomycosis appear to be contracted from the sameé
source In nature that amimals acquire 1t Attempts at substanhiating
direct acquirement from animals have faded (Sanford Emmons)

A Is S bl
P to Act

Cattle are outstandingly affected Thereafter man horse pig and
sheep are rather frequently affected More rarely the dog goat
gumea'pig rabbit and goose have been concerned Among wild am
mals the monhey, hzard grizzly bear tapw deer Hama, elephant
and antelope have been reported Some of the latter were 1 7P
twity but specmens shot 1n the wild including stone sheep m Brit
1sh Columbia prove that the disease can be acquired apart from
human environment The disease was found 1n 2 fossil thinoceros 10

northwestern Nebrasha
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cattle with actmomycosis should not be allowed to pasture with
other cattle because they would certunly contaminate the vegeta
tion It 1s stmlarly madvisable for man to chew straws weeds and
grams

SPOROTRICHOSIS

Thus 18 one of the specific mfectious grinulomatous diseses Like
tuberculosis actinomy costs and syphibis 1t follows a subacute mdo
lent course charactenized by gumma hike lesions and ulcerition —
naturally with vanations

Whereas for man no less thwn ten species have been deseribed
only one of them namely Sporotrichum schenche 1s of ymportance
for ammals It has been 1solated m France from several forms of
vegetation (beech oat grams and shave griss) (8) Ample clinieal
evidence merimmates punctures by rose and barberry thorns (9)
Carnation and rose buds have been suceessfully infected and retro
cultures from them have produced sporotrichosis 1 expenimental
ammals It 1s thus clear that the species 15 widely distributed upon
vegetahion thus affording the opportunity for direct mfechion of
both man and lower animals Man has been infected followmg the
bite of the rit mule dog chicken mosquito and horse but since
sumtlar mfection has follow ed mjuries by splinters and contact with
rotten sticks when clearing land 1t 1s not just to condemn those wm
mals without qualficition they may act only as passive porters

Sporotrichum schenchu 1s extremely difficult to demonstrate n pus
or other tissue cultural methods wre mandatory Fortunately 1t
grows easlly In tissues s an ovond yeast bike cell of the dimen
sions of bactena whereas mn culture only mycelia and comdia are
developed

The fact that 1t produces agglutinins that are lighly specific 15
Almost umque 1 mycology Spores secured from young colonies
filtered through cotton serve as the antigen Thev may be aggluti
nated 1n dilutions of 1 1500 up to 1 4000

Sporotrichosis i Man

This begmns as a solitary granulomatous lesion on some exposed
part of the body —~usually on the hnd or forearm but also on the
lower extremities or the face The eyehds may become diffusely m
volved leading to the mistaken diagnosss of trachoma and lesions

on the side of the nose have been erronecusly regarded as due to
dacryocystitis
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mmune The youngest case was an nfant 28 days old and there
were 22 others less than ten years old Two patients were 82 years
old

The mode of infection 1s usually m doubt Lwing collected rec
ords of 100 cases i the Umited States in 1902 and could find no
evidence of 1n infection from animal to man exther through milk or
meat or by accidental inoculation It 1s probable however that per
sons who suck or chew straws grams or weeds lay themselves open
to infection the presence of 1 carous tooth or an abrasion would
facthtate entrance of the moculum Cereal grams are capable of
penetratmg soft tissues thus curying in the mfectious matter Cu
taneous mfection has been caused by wood splinters

As 1 cattle, the Jaw 15 the commonest location however an
osteitss 15 practically unknown at least i the Umted States It s
the surrounding fibrous parts that are affected The mass 1s diffuse
comparmg with cancer m its wooden hardness and 1s comparatiely
pamless The surrounding shin1s dusky red to violaceous Progress1s
slow the enlargement occurrmg by fits and starts The multiple
granulomas m the depths of the mass coalesce suppurate and dis
charge upon the surface by smuses However the abscesses 1n the
depths are not adequately dramed The pus which escapes contains
the well known sulphur granules easly visible to the naked eye
Regronal lymph nodes although they may become swollen do not
contain granulomas and discharge pus this 1s an important dif
ferential dhagnostic distinction from actnobacillosis m which such
nodes are regularly mvolved

Generalization (2 per cent of cases) 1s delayed for many years
but eventually may become widespread —both by direct continutty
of tissue and by the blood stream Secondary to mntestinal and par
ticularly appendiceal involvement the skin over the abdomen may
become mvolved by direct extension The same 1s true of pulmonary
lesions which extend to the shin of the thorax Primary actinomyco
sis of the skin 1s excessnvely rare {about 2 per cent)

The symptoms may thus simulate syphilss tuberculosis sarcoma
carcmoma or mycetoma The prognosis 1s bad unless activ ely treated
1n the earliest stages generalized cases are mvanably fatal but only
after a long drawn out course 1e up to fifteen years

Prevention of Actinomycosis

Since Actinomyces bous 1s evidently widespread upon grasses
and gruns there 15 httle that can be done n prevention However
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cattle with actinomycosis should not be allowed to pasture with
other cattle because they would certamly contammate the vegeta
tion It 15 sumlarly madvisable for man to chew straws weeds and
gramns

SPOROTRICHOSIS

This 15 one of the speafic mfectious granulomatous diseases Like
tuberculosis 1ctmomveosis and syphibis 1t follows 2 subacute ndo
lent course characterized by gumma like lesions and uleeration —
naturally with yanations

‘Whereas for man no less than ten species have been descnibed
only one of them namely Sporotrichum schencks 1s of unportance
for ammals It has been solated n France from several forms of
vegetation (beech oat gramns and shave grass) (8) Ample climcal
evidence mcrimmates punctures by rose and barberry thorns (9)
Carnation and rose buds have been successfully infected and retro
cultures from them hawve produced sporotrichosis 1n experimental
ammnls It 1s thus clear that the species 1s widely distributed upon
vegetation thus affording the opportumty for direct infection of
both man and lower ammals Man has been wmfected following the
bite of the rit mule dog chicken mosquito and horse but since
simular mfection has followed myuries by splinters and contact with
rotten stichs when clearing land it 1s not just to condemn those ant
mals without quahification they may act only as passive porters

Sporotrichum schenchi 1s extremely difficult to demonstrate 1n pus
or other tissue cultural methods are mandators Fortunately 1t
wrows easily In tissues 1t 1s an ovoid veast hike cell of the dimen
sions of bacteria whereas 1 culture only mycelia and comdia are
developed

The fact that 1t produces agglutinins that are highly specific 15
almost unique m mycology Spores secured from young colonies
filtered through cotton serve as the antigen They may be aggluti
nated m dilutions of 1 1500 up to 1 4000

Sporotrichosis 1 Man

This begms as 1 solitary granulomtous lesion on some exposed
part of the body —usually on the hand or forearm but also on the
lower extremuties or the face The eyelids may become diffusely m
volved leading to the mistehen diagnosis of trachoma and lesions

on the side of the nose have been erroneously regarded 4s due to
dacryocyvstitis
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The lesion grows rather rapidly attmmng the size of a small
merble in 2 or 3 weeks Itis firm purphsh red and painless At about
the fourth week 1t ruptures and des elops into an ulcer It thus sug
gests 2 furuncle but one which 15 not violently inflammatory and
wich does not heal after rupture Lestons of this sort should alsays
prompt thoughts of sporotrichosis

At times such a lesion may remun solitary but 1n America sec
ondary lesions generally develop, distnibuted along the pervenous
lymphatic channels Tlus leads to a tract of older and younger
granulomas numbermg up ta 20 or 30 While they may estend quite
to the regional lymph nodes the latter are themselves involved with
the utmost rarty Such a prcture 1s almost pat]mgnomomc

The patient remuns m good general health and solitary lesions
have been known to heal spontaneously but usually the course of
the disease 1s indefinite unless treated Fortunatelv 1odides are spe
cific Only 8 of 148 cases reported m the Umited States were fatal
Blood stream mnvasion occurs late and uncommonly but once gen
eralization occurs any or all viscera are liable to mvolvement When
tuberculosis 15 associated the two diseases appear mutually to ag
gruate each other

Sporotrichosis 1n Amunals

Sporotrichosis ffects ammnls only sporadically —1ats  horses
mules 1nd dogs Of these Norway rats are the more froquently
concerned cheesy nodules appeiring on the tul and paws md pro
ducmg a swelling of jomts with deformity At times gnnulomas also
appear in the viscera In dogs the features re sumilar to those of
man with emphasts upon the bones and jomnts peritonibs second
ary to hepatic mvolvement may be associated In horses and mules
too the disease 1s like that of man with 2 more or Jess near Jym
phangiic distribution on the extremities 1gamn without metastasis
to the lymph nodes Lxceptionally the nasal mucosa suffers It re
sembles epizootic lymphangitis but runs a much milder course

Expenimentally rats and monkeys are eastly wnfected Incaden
tally 2 species of Sporotrichum which was close to Sporotrichum
Diparastticum was 1solated from well water m Algena and was
pathogenc for the monhey (Macacus rhesus) the white mouse
gume pig and rabbit This hind of  source may be of significance
for other species of Sporotnichum

In all of the Is sp Iy nfected Spora
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schencks 1s the species etologic except that for the dog Sporotn
chum canis and perhaps other species have been at least quoted The
data for Sporotrichum cams are not convineing

As to prevention mjuries by vegetable matter whether durectly
or through the bites of animals should be avoided The ubiquity of
rats mvolving the soilmg of splinters and other sharp materials i
crimmates these pests i just one more connection

SUPERFICIAL ¥ UNGOUS DISEASES

Most of the reported cases of transmission between man and wm
mals are wide open to criicism because they are hased upon such
shm mostly circumstantial evidence moreover many of them are
but 1solated cases Such a cnticism however 1s not unique to fun
gous disease There still remans a large accumulation comprised of
groups of cases about which there can be no doubt and which col
lectively bespeak a real importance of anunals in transmitting fun
gous disease Such cases are decidedly strengthened when sup
ported by laboratory studies as dlustrated by the experience of
Roberts (11) A ktten with nngworm ongmatng m Egypt m
fected a passenger en route to Englond In England 1t infected an
other litten and twelve members of a family The latter kitten m
turn wfected a child and a dog 1 a neighborng house Roberts
personally observed both of the cats the dog and the children At
this juncture the aircumstantial evidence was supported by the cul
tural work that he did whereby the same species of Microsporum
was 1solated from all three kinds of host —man cat and dog

Additional but still circumstantitl data are such as those where
the location of the lesions 1s on parts of the body which come m con
tact with ammals Thus cases of mouse favus transmitted through
a cat were located on the necks of the pitients where they were
accustomed to lay the cat when petting 1t In this particular case
an addihonal item of sigmficance was the fact that the cat had re

cently amved from the country where mice are expected to be
more numerous

Ringworm 1 Man (8)

Scalp ringworm wn cluldren The fungus Microsporum felineum of
the cat has been frequently found m the lesions of cluldren ma
dentally veternmanans from their side quote dogs and man as a
source of cat rmgworm Roberts report has been already cited
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The lesion grows rather rapidly attaming the size of a small
marble in 2 or 8 weeks It 1s firm purplish red and pamless At about
the fourth week 1t ruptures and dex elops mto an ulcer It thus sug
gests 1 furuncle but one which 15 not violently mflammatory and
wlnch does not hel after rupture Lesions of this sort should always
prompt thoughts of sporotrichoss

At times such 1 lesion may remain solitary but 1 America sec
ondary lesions generally dey elop distributed along the penyenous
Iymphatic channels This leads to a tract of older and younger
granulomas numbering up to 20 or 30 While they may extend quite
to the regional lymph nodes the latter are themsels es 1nvolved with
the utmost rarity Such a preture 1s almost pthognomonic

The patient remams 1 good general health and sohtary lesions
have been known to heal spontinecusly but usually the course of
the disease 15 mdefinite unless treated Fortunately 1odides are spe
ctfic Only 8 of 148 cases reported 1n the Umted States were fatal
Blood stream mvasion occurs late and uncommonly but once gen
eralization occurs any or all viscera are hable to mvolsement When
tuberculosis 15 associated the two diseases nppear mutnally to ag
gravate each other

Sporotrichosts 1 Anumals

Sporotrichosis affects ammnls only sporadically —rats  lorsts
mules and dogs Of these Norway rats are the more frequently
concerned cheesy nodules appearing on the tail and paws and pro
ducing a swelling of jounts with deformnty At times granulomns also
apper m the viscera In dogs the features are similar to those of
man with emphasis upon the bones and jomnts peritonthis second
ary to hepatic mvolyement may be associated In horses and mules,
too, the disease 15 Iike that of man with a more or less hmear Iym
phangitic distribution on the extremities agam without metastasss
to the Iymph nodes F xceptionally the nasal mucosa suffers It 1
sembles epizootic lymphangitss but runs a much milder course

Ixpenumentally rats and monheys are easily infected Inciden
tally a species of Sporotrichum which was close to Sporotrichum
Diparasiticum was 1solated from well water 1 Algenia and was
pathogenic for the monkey (Macacus rhesus) the white mouse
guinea pig and rabbit This hind of  source may be of sigmficance
for other spectes of Sporotrichum

In all of the nmmals spontineously infected Sporotrichum
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from several of the patients The disease was eczematoid and af

fected the hands and forearms mamly but the beard was mvolved
m one of the patients Unfortunately cultures were not made Bazin
saw five men mfected from one horse and Papa reported a number
of examples of transmission —horse to man man to man man to
wife wife to mfant Weidman has observed several cases of derma

tophytosis 1 monkeys and apes at the Philadelphia Zoological
Garden which were confirmed by finding fungus m the serapings

and 1 one case by culture He sw sumilar lesions on a chimpinzee
m the zoologicl garden at Rome

Ringuworm in Ansmals (10)

Herpes tonsurans (ringworm in anumnals) It ean scarcely be smd
that there 1s an analogue of ringworm of the scalp beard or glabrous
skin for the lower ammals because 1 them the entire body 15 hairy
At best one can speak only of rmgworm of ammals m its largest
aspects Vetermnanans call the disease ‘herpes”

For horses there 1s a large and valuable material reported by
Brocq Rousseau and his collaborators who studied 140 cases of ring
worm 1 French army horses Qut of 92 cultures Microsporum
equinum was found 79 times Trichophyton equinum 10 and Tricho
phyton gypseum Trichophyton verrucosum and Achorion gypseum
1 each Ot v the Microsporums pred Subsequently
Brocq d d that Trichophyton vcrrucosum  certamn
Trichophyton faviformes and Trichophyton asterordes may also be
causative

In cattle Trichophyton faviforme verrucosum var vituls Tricho
phyton albicans and Trichophyton discoides are quoted by Hutyra
and Marek as causative Grubyella camerouncnsis of Ota was 150
lated from one of the African cattle of the Cameroon In the Belgian
Congo Dermatoplulus congolensis was the cause of mpetigo hike
rmg\Vorm

In cats and dogs Microsporum felineum and M cams (M lano
sum) are the commonest species In 3 different breeds of sheep m
the Dutch East Indies rm worm apparently contracted from a

child 15 smd to hue been due to Microsporum audoutm vanety
hemutragy

Favus (8)
The feature upon which favus depends for its autonony 15 1ts
capacits to extubit the favus cup or scutulum Itas pathognomonic
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above There 1s also little doubt that tinen capitis may also be con
tracted from dogs cattle and horses and there are susptcions that
1t may also be acqured from sheep monkeys and apes
Vaccination ringworm Three endemics of scalp ringworm were
reported 1 Germanv by Hager mn 1888 The disease was at first
mistaken for impetigo until a dermatologist was assigned to mvestt
gate the situation and demonstrated fungus mn the lesions Alto
gether upwards of 1700 cluldren were affected Other smilar en
demucs m Germany which followed vaccination may have been also
of fungous cusation but remun doubtful because exammation ¥ as
not m1de for fungus The vaccine was traced to three calves but the
fungus could not be demonstrated from them
Guy and Jacob observed at least 75 cases in 1 Pittsburgh endemic
In general the lesions developed near a vaccination site, but were
also found elsewhere They 1solated Epdermophyton ngumale
which 15 not an orgamism of cattle by any means as well as a white
culture which was probably Trichophyton wterdigitale Dermato
phytosis of the feet wd elsewhere was present in some of these
patients and Guy raised the pomt that possibly the lestons resulted
from automoculation In view of the ubiqmty of this disease there
are possibilities that 1t may have been mtroduced mto the vaccmne
from worhers 1n the commercial laboratory glycerine supports fun
gous growth well The evidence of wnother Pittsburgh dermatologist
Hollander to the effect that the vaccine virus 1n each of his cases
was the product of one biologic manufacturing firm 15 sigmificant
moreover the fact that dermatophy tosis 1s not commonly and con
sistently discovered around vaccination lestons of an Amerienn race
that 15 ndden with dermatophytosts speiks agamst automoculation
Rungworm of the beard (tinea barbac) Of all the forms of rng
worm this 1 outstandmgly of ammal origin Only cattle and horses
appear to be concerned and correspondingly only cattlemen an
cavalrymen are the classes which are affected The several members
of the Trichophyton gypseum group are the commonest offenders
Ringuorm of the glabrous shin The same animals £all under sus
picton here as i nngworm of the scalp —cats dogs cattle, horses
and monkeys There 15 an adequate accumulation of climeal evt
Jence incnmmating these anmals well supported by Inboratory
stadies Tilbury Fox gnes a complete account wherein an old white
as the reservorr from which seven human contacts became
_stablemen and hospital attendants in different bustdings
onstrated 1 hairs from the horse and scrapings

pony W
infected
Fungus was dem
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dogs Transmussion from these anumals though 1s only inferential

Epi= Lynphangitis Thas i of horses 15 due
to a species of Histoplasma (farciimosum) The parasite has been
known 1n tissue for many years but its proper classification awaited
the culture which has been only recently achieved The disease i
man reported only three times 15 smular to that of horses Granu
lomas perhaps ulcerative are distributed widespread over the body
followmg the lymph vessels and nodes Mucous membranes may be
affected

The result of the culture 1s to show that Histoplasma farcimmosum
15 almost 1dentical with Histoplasma capsulatum of man (12) The
latter however imduces an entirely different type of disease 1t1sa
generalized systemic one of the entwe reticuloendothehal system
which 15 mvarably fatal (13) It still remamns to be demonstrated
whether the parasites of the horse and man are 1dentical species
if so another disease 1¢ classifiable among those of both man and
the horse with possibilities of transmussion

Histoplasmosis i mice (India and Ttaly) This 15 recorded be
cause hoth the disease and parasite were 1nalogous to those of man
It cannot be clarmed that the two are quite the same because the
parasite has not been cultured (Shortt) (14) As m man mynads
of minute rounded encapsulated bodies suggesting pneumococel
occupy the reticuloendothehal cells throughout the body extra
cellular ones may be buddmg

TORULOSIS

‘This 15 a rare disease of man caused by Torula Justolytica It has
occurred m two horses and 1n two cheetahs m ciptivity Although
there are no data to prove transmussion from animals to man the
fact that the fungous cells have been demonstrated 1n urme 1s highly
suggestive

COCCIDIOIDOMYCOSIS {(CALIFORNIA DISEASE}

This disease caused by Coccidiordes smmutis has been 1dentified
far from 1its ongmal locus 1 Cabforma 1t 1s endemic n south
western Unnted States as far as mud Texas Its acute phase has
simply the significance of an acute upper respiratory infection but
the chrome granulomatous one has a mortality of upwards of 90
per cent Cattle sheep and dogs of California extubit the disease as
a caseous granuloma of the midiastinal lymph nodes which 1s be
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It 15 the product of a massive growth of fungous substance some
times the size of a small marble but not of any particular species
of fungus It forms i and around the onfice of a harr follicl. the
summit bearmg a saucer or cuplike depression It should be em
phasized however that cups are not always present

In man 1t s the scalp that 1s almost mnvariably affected The dis
ease produced 1s essentially only a folheulitis resulting m perma
nent scarring and alopecia In addition to the cups there are yellow
crusts the color of which may be accentuated by alcohol They have
a mousy odor common to decomposmg crusts mn general Rather
exceptionally the disease extends to any or all parts of the body
m addition The latter lestons respond readily to treatment but the
ones on the scalp are most stubborn Cases caused by Achorion
quincheanum of the mouse are decidedly rare are confined as 2
rule fo the trunk and respond readily to treatment

In the cat (10) m addition to the ears legs and shoulders bemg
mvolved there 15 a special predilection for the paws parhularly
around the claws In sheep lesions appear on the head especially
around the hps and nose and on the mternal ear In rabbits the
head and claws are manly affected but other parts may suffer
Hares share the infection ~at least once with gangrene and destruc
tion of the eye It 1s questionable whether horses have been proven
favie except rarely around the hoof Asses and mules rather fre
quently exhibit 1t —~confined to the hoof

Ringworm spectes etiologic (2) For man Achorton schonlemtt
15 usually concerned and there 1s a possibility that 1t can be trans
mutted from cats which 1n turn acquire 1t from rats Achorion
quincheanum mfection 1s unquestionably acquired from mmce and
rats For dogs Oospora canma 1s the commonest spectes —Achorion
schonlemn and Achorion gypseum more rarcly While m mice
Achorion quinckeanum 1s predommantly the cause A violaceum
has been 1solated at least once In Switzerland certam dwellings are
known as “favus houses because a number of cases of human favus
have ongmated i them and mice on the prermses have been found
favic Sabrazes (aited by Hutyra and Marek) h1s transferred favus
from dog to man

HISTOPLASMOSIS

The cause of the human disease Histoplasma capsulatum has
been found recently to have caused spontaneous disease mn two
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Torulosts has been found m man horses and cheetihs on 1very
few occasions

Coccidiondomy cosis occurs m cattle sheep dogs nd rodents of
southestern United States but how man 1s mfected 1s uncer
tam
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nign The matter of transmission to man has been thoroughly m
vestigated, with the result that the wnmmals have been declared not
guilty They 1cquire the disease from the same sources yn nature
(dust etc ) that man does

The siturtion 1s different though for the small rodents of the
southwestern desert country Emmons has cultured Cocetdiordes
mmtis (and a relted fungus Haplosporangium parvum) from
them and from soil Since upward of 97 per cent of Indin children
gunve 1 positive cocerdiosdin test 1t 15 clear that the ncute mfection
at least 1s 2equired by nearly everybody m the endemic are1 Ro
dents winch die and whose careasses become disintegrated and m
corporated 1n the soil must furmsh an abundance of the mfecte
fungous cells (chlamydospores) to the dusts of that country Inas
much as Negroes are far more Iinble to the chronic {nd fatal) form
of the disease 2 certun Army direetive h1s recommended that they
be not assigned to the endeme arcas (15)

ITEMS OF NOTE

Actmomycosis 1s probably not trismtted directly from qmmals
to mm Cattle and hogs my act as dissemmnators of the mfec

t1on 1 nature however

For man actmomycosss 1s largely rural attaching mosthy young
1dult males While most lesions occur on the herd and neck no
part of the body 15 free from danger

Milk from actinomy cotic eattle 1s not a hazard to man provided
the udder 1s not infected Meat 1s not a hazard provided the n

fected part 15 cut awy

Sporotrichosis ean be contracted by man from infected sphnters
of wood nd from the bites of ammals

Scalp nngworm 1 chuldren 1s caused by 1 parasite of the et

but may also be spread by other anumals

6 Vacemation mingworm so called has been traced to cabes
through vaccmne virus but evidence 1s Iching that this method
of transmusston 1s of importance

Ringworm of the beard 1s confined largely to cattlemen and
cavalrymen the only ammals mmphicated bemg cittle and horses

Rmgworm of the ghbrous shin 15 transmitted to m m from cats

dogs cattle, horses monkeys

Histoplsmosis 1s 2 common affection of horses but the diserse
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SECTION TWO

DISEASES OF RODENTS
AND WILD ANIMALS






CHAPTER XIX

PLAGUE”®

PLAGU}: 1s an acute infectious disease caused by Pasteurelle pestis
Primanly 1t 1s a disease of rodents especially rats secondanty 1t
1s a disease of man The bubonic type 1 man 15 transmitted from
rodents by means of mfected fleas the pneumomec tvpe spreads
from man to mn directly

HISTORY

Durmg the 1500 years before the Christian era there were forty
one epidemics of plague (12) One of the early records of its ravages
15 recounted 1 the Bible (I Samuel Chipters 5 and 6) The Philis
tines made golden 1mages of the mice that over ran the land n
order to stay the pestilence The outbreak began at the seaport town
of Ashdad and moved mland At Beth shemesh the mortality 1s
given s 50 070

Outbreaks occurred from time to time during the ensuing cen
turies but records sufficiently accurate were not kept to make even
the diagnosis certan Papon (12) however states there were 109
epidemics duning the first 1500 years of the Chnstian era and 45
from 1500 to 1720

The first authentic epidemc of plague began m 542 ap at Pelu
swm m Egypt This aity was a leading center for trade between the
East and the West The mam trade routes at that time between
Europe and the East were along the Mediterranean Sea and over
land through Turkey Germany and France It was along these
routes that the mfection slowly spread till every country then known
was afficted from Asia to Ireland At the height of the epidemic
the mortality was 5000 persons dailly and at times this reached
10000 According to Procopius “it spared neither 1sland nor cave

Prepared by karl F Meyer DV M PhD MD Hooper Foundaton Ui t
of Cal I‘;mm San l‘mnc]scﬂ) Cal £ g i
323






PLAGUE 323

auxthary factors which have come mnto full force whenever the dis
€1se was imported into Europe even mn recent years But m the light
of knowledge collected since 1900 the declne of plague at the end
of the 17th century represents an example of the great natural
law of the nse and declne of epidemics

. Redin ; i

Protf mth Amrm n Museum FN U ! Hutry

Fic 46 —Flague among the Philistines A 17th Century conception as
depicted by Nicolas Poussin Although it was nearly three hundred
years later that the relation of the rat to plague was defimtely estib
lished the presence of large numbers of rats 1s here shown

During the 18th and the early part of the 19th century plague
continued to prevail m Turkey Asia Minor Syma Egypt and
Greece An outbreak near Vethanka on the Volga mn 1878 1879 was
the last appearance of plague 1n Europe for 17 years

The last pandemic with which all important parts of the world
became concerned 15 supposed to have originated in China 1n the
province of Yunnan on the Thibetan border m or around 1871
1877 moving 1n an easterly direction reaching Canton and Hong
hong m May 1834 The deaths i Canton have been estimated at
between 80 000 to 100000 Dunng the epidemic m Hong hong the
causal agent of plague Pasteurella pestis was discovered by S Rata
s1to (10} on June 14 and ndependently by Yersin (27) on June 20
1894 The South Chuna ports of Canton and Hong Rong infected
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nor mountain top where man dwelt Many houses were left
empty and 1t came to pass that many from want of relatises or ser
ants were unburied for several days At that time 1t was hard to find
anyone at busmess i Byzantium Most people met m the streets
were carryng a corpse All business had ceased All craftsmen had
deserted their crafts  After about two hundred years the epidemnc
subsided

The second pandemic of plague known as the Black Death ong:
nated 1 Mesopotama about the mmddle of the eleventh centurv
attained 1ts height n the fourteenth century and did not disappear
till the close of the seventeenth century It 1s thought that the
Crusaders, returning from the Holy Land in the twelfth and thr
teenth centuries were mstrumental 1n hastening the spread of the
disease Trade routes were primanly 1mvolved the mnfection spread
mg to the East the West and the North over the then crihzed
world Durmng the course of the disease 25 000 000 people perished
one fourth of the world s population

Towns were left empty and all trade whs at an end for none hnew
when lus turn to be smutten would come In London m 1664 and
1665 m 1 population of 500000 there were 70,000 deaths from
plague

Shortly thereafter plague rapidly disappe red from the whole of
Western Europe The last epidemmics were 1n Ireland in 1650 Den
mark 1654 Italy 1657 Spun 1677 1681, and n Eastern and Southern
Germany m 1679 1681 It 1s indeed a remarhable epidemtological
fact that in such a short time plague should entirely disappear Van
ous explanations huve been offered to assess the reasons for the
retrogression of plague from the West Progress of cnvilization m
particulir the control of epidemic discases by social defense i form
of samtation housing and cleanhness and the supersision of the
mfectious sick were considered important factors Liston (11) con
nected the disappearance of plague with a change in the vt poylﬂﬂ
tion In particular, the agrarian revolution led to the excluston of
rats from human dwellings and thus fa\ ored the substitution of one
species of rat for another On the other hand wath the abandon
ment of the old trade routes the transfer of commercial activity to
Amsterdam and London whose connections with the Tar Fast were
by sea and not by Jand reduced the opportumtics of renewal of the
disease by fresh mnvasion (Sumpson) Nerther of these theones offers

1 fully sahisfactory explanation They were doubtless mmportant
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As the eprdermc mcreased m magmtude commissions appowted
by +wous Europen Governments proceeded to India working
especially 1n Bombay Of importance are the reports by the Austrians
(1898 1900) the Germans (1899) and the Russiins (1897) The
Advisory Commuttee appomnted m 1905 by the Secretary of State
for India the Royal Society and the Lister Institute pubhshed 2
long and very valuable series of Reports (1906 1917) winch d
sanced greatly the knowledge of the ecology

Reference to the relationship of rat mortality to plague was first
noted m India 1 1837 From the time of the Canton epidemic
plague m rats has been found 1n the majoritv of epidemics Spon
taneous plague was also found mn other rodents such as tarabagans
squurels gerbilles and mice but the rat was the principal animal m
er d The mecl of tr of the plague bacillus
fiom r1t to man became only gradually apparent Ogata (1897) and
later Liston {1805) advanced the theory that the transmussion oc
curs through fleas The subject w1s thoroughly mvestigated by the
Adwisory Committee and the tctual means by which the pligue
fleas transmit the bacillus was mvestigated by A W Bacot and C J
Martm 1 1914

THE ETIOLOGIC AGENT

Fasteurella pestis commonhy known as the Bacidlus pestis 1s a
member of the group of bactena which cause htemorrhagic septice
muis {pasteurelloses) of vanous ammals Morphologically 1t 15 a
10d 05 to 07 mcrons wide by 15 to 20 microns long which 1s
gram negatnve but shows bipolwr stuning and thus appears as
safety pn hke forms singly or m pais In tissues 1t may be quite
pleomorphic globular and club shaped poorly stunable forms are
by no means uncommon The bacillus 1s non motile and does not
form spores A capsule bke emelope 15 readily demonstrable on
virulent strams  Growth takes plice readily upon ordmary culture
medin nd 15 shghtly better at 30 than 37 C Addition of cystine
blood or sodium sulfite improves the growth which 15 always slow
n appewrmg Distnetly visible colonies appear after 24 hours the
granthmy be quite strngy Mok 15 never coagulated aesd 1 pro
duced n glucose mnltose and manmte and no indol formed The
resistunce to dessication sunlight aind disinfectants 1s shight P pestis
my be readily agglutmated by specific antisera and thus differen
tiated from other organsms with which it may be confused
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with plague became the distribution center Sea gong ships con
veyed the infection over the seas to India, Australia Japan and the
Amencas The precise date and manner of the arrnval in Bombay 15
unhnown not until September, 1896 was plague suspected 1
respective of the fact that rats were dymg i numbers Unfortu
mtely no particular mmportance was attiched to this important

phenomenan at that time
- ATITY A T
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Fom nodp tf 1dbyt 4 5 of Natur LI tory
Tic 47 —An anctent conception of the cause of phgne showing the
angel of death wreihin, vengeance on the populice

In the course of twenty years plague spread from India to Singt
pore the Philippine Islands Arabin Perst1 Turhev Lgypt South
Afnien Madagascar North and South America Central America
the West Indies and Mexico Neatly every country became affected
a distnbution indeed dissimilar to that of any former epidemic of
plhgue India became the scene of an appalling eprdemic Mortahty
records gave the reported plague deaths betw ecn 1896 and 1917 as
9 841 396 with a maximum n 1907 of 1 315892 or a rite of 5 16 per
thousand of the population Fortunately during the past twenty five
years there has been a tendency toward greatly diminished pres 2
fence In 1923 there were not over 250 000 deaths and n 1941 only
about 4 212 cases but dunng the first half of 1945 the figure rose
agan to 18 088 cases
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Plague at present mawmtais its worldwide distrsbution of actrve
endemic foc largely due to epizootics among rats The unevenly
scattered foct of murine plague enhance the danger that mantime
exchange along the Imes of travel mav mtroduce the mfection into
new terntonies Fortunately there are recent findimgs which would
tend to give some assurance that this spread by sea and even land
routes has been greatly diminished

(a) Plague during the past ten or fifteen years has tended to
establish 1ts endemic home 1n the cooler hinterland rather than m
the ports of warm countries

(b) Since 1929 the number of plague infected vessels arnving
from ports contmuously mfected such as Rangoon Colombo and
Bombay 15 quite neghgible no vessels so infected were reported be
tween 1936 and 1940

(c) Rat populations on ships have been considerably reduced
through rat proofing methods

(d) Improved procedures adopted mn ports exclude the transport
of rats 1n cargo and fumigation with eyamde of all gran and con
tact cargoes as for example 1 Ceylon elimnates the infected fleas

The most important plague foci are n India and China Infection
15 also found throughout Eastern Asia In Burma plague was much
more severe 1n 1938 than m any of the preceding ten years There
has been a heavy nise m meidence in Thaland An outbreak oc
curred in New Caledoma (1941) m Egypt and m Senegal Morocco
and Tums Since 1911 the Netherlands India plague has caused no
fewer than 211000 deaths some areas have been freed from rats
and plague by 2 systematic reconstruction of thousands of villages
An old plague focus on the Island of Hawan 1s agam active

The great p plague outbreak in Manchuria 1910 1911

with a mortality of over 60000 deaths and a smaller eprdemic of
10000 deaths 1in 1920 1921 has been attributable to the existence
of sylvatic plague in the wild rodents in particular the tarabagan m
outer Mongolia Studies incsdent to these epidemrcs have focused
attention on the unknown problems of sylvatic plague It 1s now
recognized that in South Africa Southeast Russia Transbaihalia
and possibly m Argentina—the endemic rural plogue regions—a par
ticular faunt represented by the rodent species belonging to the
Scauridae or Gerbillinge lnving 1n subterranean colonies in families
or singly mamntans the exchanges of the plague bacillus A group of
small rodents (vaneties of Mundae Cricetidae and Jacuhdae) and
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Conclusive evidence of the presence of P pestrs in tissue mtenal
sputum and ectopar 1sites m1y be obtamed by subcutaneous mocula
tion or by rubbing such material on the freshly shwen scanfied
shin of gumen pigs The anatomical lesions produced are quite char
actersstic and therefore this animal 1s most useful n the diagnosis
of plague Experimental work on plague also makes use of the ngh
susceptibility of certam stramns of white mice or sometimes black
rats and ribbuts

GEOGRAPHIC DISTRIBUTION AND PREVALENCE

According to Robertson of the United States Public Health Sens
ice Bubome plague 15 essentially 4 disease of hot chmates and
having been introduced nto tropical countries it tends to persist
mdefimtely Outside the immediate tropres this disease 15 rather
defimtely Iimited 1n the extent to wlich 1t will spread

In countries with a mem midwinter temperature of 45°F or
below bubonic plague 1s occastonal accidental and distmetly self
himited and 1t seems possible for 1t to occur m the colder regions
only for short periods under unusual conditions

Central Asta 1s reputed to be the ongmal home not only of the
human race but also of pligue That are1 his been 1 perpetuil
focus of wfection and from Asia bubomic plague has followed man
n Ius trade and commerce to 2lmost every country mn the world All
of the pandemics have been triced to that source Other foc of i
fection have appeared however which are potential sources of
danger Wu Lien Teh (26) (table 33) has bsted such endemic foct

The most important areas as far s serious outbreaks are con
cerned are Rhurdsstan and the region around the Himal1yas Thibet
Yunnan and Aumaon

Table 83 —Foct oF PLacve IsFECTION
Farriest hnowy

InpECTION

Afnea

Benghazt 1270

Central Afne 1861
Asty

Arabia 1.7

hardistan Oldest records

India (humaon) 1823

Chona (3 unnan) 183

Mongoli. 1800

Thubet 1900

Tarhestan 1884

er<i1
Astrakhan 1364
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tance 1s the permanent endemic syluatic or rural plague arex which
extends from the West Coast mto North Dahott and Ransas and
from the Mevican border i the South to the Province of British
Columbia and Alberta mn the North {Figure 50) While mvestigiting
the ongin of a case of fatal plague 1n 1903 Rupert Blue became 1m
pressed by the possibility that ground squirrels mght be mfected
with P pestis But not till 1908 was proof obtamed that mass mor
talities among these rodents are defimitely caused by plague Occa
sion1l human mfections have been traced to contict or htes from
ectoparasites of squirrels Unfortunately 1n 1919 2 small outbreak
of pneumonic plague n Oakland (13 cases) and 4 sumlar epidemc
m Los Angeles 1 1924 were traced to squirrel sources Until 1934
plague had been 1dentified m only 9 counties in Califorma With
the discoverv of an epizootic among ground squurrels i the Sterra
Nevadh mountains and 1n the most northeasterly county of Califor
1 and with a human c1se m the Great Basin in Oregon 1ntensne
surveys 1n the western st ites led to the discovery of sylvitic pligue
or mfection among 1t lewst 38 wild rodents n 14 states (sce table
35) It not only eusts on the eastern slopes of the Great Divide hut
extends into the plams est of the Rochy Mountuns The apprent
spread of the zone of pligue fection my be due lrgels to mten
sified search and to the examination of mfected ectoprasites Syl
vatic plague occurs tmong wild rodents m wooded or rurl districts
unnhalnted or only spirsely scttled by min thus human contact
with the infectine agent 1s probably established m exceptional m
stances There must be w mherent weakuess i the hmk formed by
the flex which 15 responsible for the very mfrequent occurrences of
human cases on the North American contmnent under the conditions
prevauling dunng the past 12 years (tible 31) Uncontrolled wild
rodent populations freely exchante thewr ectoparisites with rts
and 1t 15 not unhikely that the sporadic cases of pligue m the West
nre either contact mfection through rodent bites soiling of the hnds
while shinning squurrels or through exposure to ectop irasites of rats
and mice The relative rinty of domestic rats m the intermountamn
region or the actin e svh atie pligue areas m Californiy may account
for the absence of human plague i the mdst of epizooties where
pstures are hittered wath cadasers of squurrels proved to be plgue
mnfected wnd the burrow opemings are teenung with infected flers
The mmportance of sylvatic pligue s 1 resersoir of human dise ise
deserves continuous 1 estigition
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occastonally representatives of the famly Leporidae act as comple
mentary and intermediate hosts In Russia a Crtellus 1s accompanted
by 1 Microtus, and m South Africa the gerbille (Tatera lobengulae)
15 jomed by the multimamate mouse (Mastomys coucha) Human
cses become numerous when the Muridae bing the mfection close
to human habutations, or a pneumomc plague secondary to bubome
plague may 1mtiate an aerogenic dissemmation

Flague 15 endemic 1 Brazil Peru Boliia and Argentina As 2
rule it 15 reltively bemgn but outbreaks of pneumomc pligue
causing rapid contact mfections among hospital nurses attendants
and doctors have been observed as Iate as 1939 (Murdock) The
most comprehensnve and authoritative report on the History of
Plague 1n the Amencas has been pubhshed by Moll and O Leary
(1940 1941)

In the United States plague was first recognized 1n San Francisco
1n 1900 Probably there 1s no more stirnng account of the early ef
forts of sound public health and the opposition to 1t by the press
aitizens and courts than the correspondence dealing wath this plague
stituation published 1n the Annual Report of the Supervising Surgeon
Generl of the Marme Hosptal Service of the United States for the
fiscal year 1900 Up to 1904 when San Francisco was declared free
from plague 121 cases with 118 deaths were acknowledged and
reported Abundant epid Jogical evidence ted rats with
the outbreak A second outbreak mvolving 159 cases with 77 de whs
occurred between May 1907 and November 1908 Infected rats
as Ingh as 2 per cent were found m badly mfected districts of the
aty Plague mfected rats were found in 1912 1 Seattle and o 1914
m New Orleans In the Intter aity n 1914 30 human cases and 1
1920 25 cases with 11 deaths were recogmzed At the same time
Flonda and Texas reported human pligue (total 41 cases) Lifec
tive suppressive measures have apparently elmmated rat pligue
until recently when mfected rats were ngun discovered n 1941
the San I'rancisco Bay area and n 1943 and 1944 1n Tacoma Wash
ington Whether these findings may indicate recrudescences 1n old
focy, or are the result of re introduction of the infection has not been
determmed Munne plague plays a neghgible role in the Unmited
States but the rish of ports becoming nfected contmues to L‘flS‘
As late as 1943 a ship with mfected rats docked m the port of New
York Between 1924 and 1945 there have been no outbrerhs of hu
man plague of munine or urban ongm However of greatest impor
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occupation play no role m susceptibihty but Naidu (17) has shown
that m India the Hindus are more hable to succumb to plague than
the Parsees Jews and Europeans

ALY

Fom At nth dmnenl m [N

Fic 48 —Section of tenement house showing condrtions that favor the
breeding of rats

The seasonal prevalence of the bubome type of plague depends
largelv upon the mfluence of the weather on the breeding of rats
and rat fleas The Indian Commussion found that in temperate re
gions outbreaks occurred chiefly duning the summer months In hot
dry climates on the other hand 1t flounished during the winter sea
son dving out ;m summer Rats breed throughout the season m
temperate climates but breeding 1s retarded mn extremes of heat or
cold With the mflux of young susceptible rats the epidemic may
flare up agam Sumlarly breeding of rat fleas 1s retarded in the very
cold or very hot months Heat mterferes not only with the depos:
tion of eggs but also prevents the eggs from developing mto lanvae
A temperature of 85 F causes the plague baaillus to disappenr from
the stomach of the infected flea rather rapidly A temperature of
70 F 15 optimum for the propagation of an epidemic

Brooks (2} of the Indian Commussion summarnized his findings as
follows
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Table 85 —Husan Cases or Busosic Puacue 1v tRE Unirep States
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EPIDEMIOLOGY AND ECOLOGY
nly accidentally

ts and man o
Plague1s pnmanly a disease. of rodents e rodent

ters into the cham of tr The
tc: reodent from rodent to man and possibly from manl to l;n;x(:mlxs:
accomphshed by fleas Cpidemics m man usually of the ;lcascs
form mnclude always a small number of septicennc cases an: e
of secondary plague pneumoma which may by aemg:mc s:‘( -
give nse to the most fatal of all mfectious diseases Age
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plague 1n domestic rats and m wild rodents From an ecologte
standpomt this distinction 15 not always easy sitice chipmunks or
other wild rodents may nvade human habitation and thus assume
2 domestic habitat Spontaneous plague has been observed 1n repre
sentatn es belonging to the order Rodentia The rodents mvolved
the pandemic plague outbreaks are restricted to the famuly Mundae
Although over 1300 species and vaneties are known only three
Murinae are of unwersal 1mportance

Murme or Rat Plague —The three rats largely responsible for
propagating plague are the Norway or brown rat (Rattus norteg:
cus) the Alexandnan or roof rat (Rattus rattus alevandrinus) and
the English black rat (Rattus rattus rattus) All three of these am
mals are found over the world often Ining together The Norway
rat 1s the largest living m the ground under the floors and driving
the other rats to the upper stories He 1s sometimes found on ship
board on the ground he 1s at home where he flounshes exceedingly
ontnumbermg the other species m propagation He 1s a migrant
often travelmg many blocks 1n a mght and several miles m a few
days The black rat and roof rat find suitable quarters either on
land between the walls or m the upper floors of bulldings m trees
fences and rock piles or on shipboard between walls and m cargo
and merchandise

The black 1t Rattus rattus rattus 1s rare m Europe today but
widespredd and common 1 the tropies Raftus rattus alexandninus
has been important m the epidemiology of plague n Egpyt and
may play a role m the Pacific Islands Rattus hawauensts m the
Hawanan Islinds and the house rat Rattus rattus griserenfer m
Java are proven plague reservours

Rats do not exlubit marked symptoms of plague till near death
In the natural state they are said to stagger and be easily captured
m cages they may seek 2 dark comner and try to hude

The diagnosts of plague 1n rats 1s ordiranily based upon macro
scopic exammation of the gross lestons which are so charactenstic
as to lewe small doubt 1n the mind of an expenenced observer In
an epizootic however about 50 per cent of mfected anmmals will
show lestons which are so mdefi that
or gumen pig moculation must be resorted to

Thypreal lesions m acute plague are gnen by Willams (24) as
five n number not all of which will be present at the same time
neither will anv one usuallv appear alone They are njection bubo
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(1) Plague does not muntan atself mn epidemic form when the
temperature nses above 80°I' accompamed by a saturation def
ctency of over 080 of an inch

(2) Plague epidemics are rapidly brought to an end m the pres
ence of 2 ligh saturation deficiency even when the mean tempera
ture throughout and after the termmation of the epidemic has been
considerably below 80 F

(8) Plague epidemies m1y commence to increase i intensity
when the mean temperature 1s well above 80°F provided that the
siturttion deficiency 1s below 080 of an mch

(4) Insome districts n India and 1n certam tropical islands (e g
Ju Mauntws) where the chimatie conditions are at all times of
the y ear fav orable to the mcrdence and spread of plague the disease
may occur mdifferently At all seasons

Meteorologic conditions ikew1se exert a great mfluence upon the
tvpe of plgue discase which may be produced in man The severe
epidemics of primary pneumoma have occunied dunng periods of
constantly low temperature and high relatin e humidity Overcrowd
g unsamtary eonditions and m Los Angeles intimate exposure at
4 funeral f'normg droplet transmussions have been contributory
factors Secondary plague pneumoni occuning s 1 complication
of bubomc or septicemic plague 1re not as infectious as the primary
pneumone plague and unless the conditions for acrogeme trans
mssion are fuvorable they rarely mitiate large epiderics In Lgvpt
pure pneumomec plague 1s rire while m Manchuna and Ural with
the colder chimate the primary pneumonie type 1s much more com
mon Bubomc and pneumonic plague are caused by the syme micro
orgamsms but the portil of entry of the two forms of infection 15
distinct  Epidermologcally and chmically pneumontc plague 1s a
disease different from bubonic plague

Transmssion of plague to man 1s commonly through the agency
of fleas although other means have been recogmzed The bacillt
may enter through the abraded shin of the fect as i cow dung—
floored houses m India or of the hands of hunters handling or shin
ning fected ammnls Epidemics of bubonic plague are prcccdcd
by or associated with epizooties m rats or other rodents The greit

ammal mortahity so created favors the rmgration of the fleas to m:m‘
The heterogeneous nfection chun thus consists of (1) the

host or carner and (2) the vector
Plague Hosts and Carniers —A distinction 15 justly made between
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The susliks or sisels ( Citellus pygmaeus) m Southeastern Russia has
been the subject of remarkable mtricate ecological studies by Rus
sian myestigators who have succeeded wn reducing these rodents to
about a third and thus accomplished a hqudation of the plague
epizootics (Ioff) In the veldt of South Africa extending mmto West
Africa the gerbille (Zatera lobengulae) and the multimammate
mouse { Mastomys coucha) ma
complex nterplay mamtam
plague mn endemic foc1 Rearing
of gunea pigs (Cuss Cavia
aperea) 1 houses brings plague
to the Indians of Ecuador and
the same rodent 15 mvolved m
the sylvatic plague areas of Ar ¢
gentma Until 1954 the ground
squirre] ( Crtellus beechyt) was
alone considered of practical
mmportance 1n Califorma Since ¢
then numerous species of Citel

fus marmots and prawie 085 . 4o _Ground squumel  (Citellus

(Cynomys sp ) andevenbares  baichen) roemecar 3 phegoe ot
and rabbits have been encoun  United States

tered with spontaneous P pestis
mfections These representatn es of the Sciuridac and Leporidae pre
side over the exchange of the mnfective agent while a group of small
rodents belonging to the Murinae act as complementary and aualiary
hosts (see table 85) They support the epidemicity and may perhaps
aid 1n the dispersion of animal plague Relatively httle 1s known con
cernmg this complex ecological mterplay which forms the hey to
the solution of the plague problem in the Umted States There 15
ample evidence that transition of plague from the wild to domestic
species has occurred (Los Angeles 1924) A proper evaluation of
the mnherent potentialities of the widespread sylvatic plague areas
cannot be made until the natural lustortes of the rodents and their
ectoparasites 1 the exchange cycle of the plague bacillus 1s defi
nitely understood

Plague m ground squurels presents a somewhat charactenstic
pathology The lestons of both acute and subacute or chrome mfec
tions differ from those m rats In the acute type a haemorrhagic
caseous bubo 15 the promment lesion wlile 1 the subacute or

[PRSRS
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granular lver, large dark spleen and pleural effusion Injection of
the subcutaneous blood vessels mdicated by a dusky red color of
the subcutaneous structures and muscles oceurs m’ about 75 per
cent of wnfected ammals Buboes m the rat are very suggestive of
plague They may occur m the axilla neck gromn or pelvis In India
75 per cent of rats with single buboes had them m the neck while
m §an Francisco 75 per cent of such rats had buboes of the grom
The proportion of total rats with buboes varies markedly In India
80 per cent of amimals show ed such lesions in San Francisco 40 per
cent 1n New Orleans 33 per cent A granular Iver with focal necro
s1s 15 present m 60 to 70 per cent of all acute cases An enlarged
spleen 1s sometimes difficult to determne as the size of the normal
splecn often vanes markedly but different mvestigators consider
this lesion present 1n 60 to 70 per cent of nfected rats Pleur1] effu
sion often copious 1n amount 15 present i more than 75 per cent
of the mstances usually accompanied by one or more of the other
lesions A chronic form may be evidenced by very slight lesions con
sisting of purulent or caseous foc: oceurring s abscesses of the Inver
spleen or mesentenc glands The plague bacillh m1y be very scanty
1 such lesions and often cannot be demonstrated except by gumer
p1g woculation Plague m rats suffering from the chrome form re
covermg from the disease can usually be suspected only by the
scars present on the vartous organs The rale of such ammals m the
recurrence of an epidemic 1 still a matter of conjecture Willams
and Kemmerer (25) showed that plague without lesions occurred
n rats of New Orleans and Galveston other workers m Indi
showed that the same condition obtamed 1n the rats of that country

Natural smmunty to plague 15 found 1n many old rats The Indiin
Commusston found 59 per cent immune to subcutaneous moculition
of matenal from the spleen of infected rats In San Francisco 50 per
cent of large rats and 15 per cent of smll rits were found resistmt
to mnoculation of virulent materal This smmunity 15 natural wd not
acquired through previous attachs of the disease

Plague 1n Wild Rodents or Sylvatic Plague —Over 80 dufferent spe
cies are known to be spontaneously infected with plague which not
mfrequently assumes the role of a seasonal epizootic affecting the
younger members of the regional wild rodent population Of ympor
tance as reservors of plague the following may be mentioned In
Mongoha and Transbathaha the big marmot like rodent the hrbi
gan (Arctomys bobac) with a long hibernating period 1s import 1
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chrome form a purulent bubo 15 found sometimes with purulent
foc m the spleen and lungs

Spontaneous plague 15 rarely found among ammals other than
rodents Brown monkeys (Macacus radiatus) have suffered out

SYLVATIC PLAGUE

€L 3ang

Fic 30 ~Extent of sylvitic plague m the United States and
Canadh {to June 1944) as demonstrated by eximination of squir
rels minmots prawrie dogs et and thewr ectoparasites (Meyer)

breaks m India Shrews dogs and certunly cats may pass the plague
bacillus to man Likewsse ferrets {Putorwus furo) the suncate
{Sunicata)  wd the yellow {Cymctis ¢ flata) are
hable to acquire plague The role of the camel m the spread of the
mfection m Southeast Russi1 1s not definitely established Evpen
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Table 35 —W1p RopeNTs AND RanmITs OF THE WESTERN UNrtep States Forvo
Pracir INFECTED Accorpinag To h F Mever 19415

Order Rodentin
Family Sciuridae
Cenus Citellus Ground squirrels
Ctellus armatus Ulnta ground squirrel (1935)
Catellus beecheyt beecheyi. Califorma ground squirrel [1908 S>2000J’
Cutellus beccheyr douglasit Douglas s ground squirrel (1941
Citellus beecheyr fishert Fisher & ground squirrel (1937)
Citellus belding: orcgonus Oregon ground squirrel {1934)
ug columb lumb Coll ground squirrel {1938)
Catellus columbianus ruficaudus Blue Mountains ground squirrel (1935)
Citellus lateralis ehrysoderrus Colden mantled ground squirrel (1937)
Catellus richardsonts elegans W yomung ground squirrel (1937)
Cttellus richardsonts nevadensis Neyad ground squirrel (1937)
Catellus richards hard Richardson s ground squirrel (193>)
us vartegal s grammurus Say s rock squirrel (1936)
Catellus variegatus utah Utah rock squurrel (1936)
us washinglont lonngs Lonng s ground squirrel (193%)
Cutellus h h Wasfungton ground squirrel (1938)
Catellus lounsendis, X 1nto ground squirrel (1942)
Genus Tamiaserurus Red squirrels
17 Tamascturus douglasi albolimbatus Cabfornia chicharee (1937)
Cenus Glaucomys Fhying squirrels
Glaucomys sabrinus lascieus Sierra flying squurrel (1937)
Genus Eutamias Western chipmunkg
19 Frutamias spectosus frater T ihoe chipmunk (1936)
Genus Cynomys Prare dogs
Cynomys gunnisons zuntensis Zuni prune dog (1938)
21 Cynomys leucurus W nte-taled prairte dog (1938)
22 Cynomys parerd ns Utah praine dog (1936)
Cenu  Varmota Marmots
23 M armota flartrenter engelhardls Lngelhardt marmot (1936}
21 Marmota flatenler nosophora Golden mantled marmot (1937)
25 armole flaviwenter flavnenter Yellow bellied marmot (1942
Family Ceomyidae
Genus  Thomomys
26 Thomomysbottae Western pocket gopher (1942)
Family Heteromyides hangaroo rats and pocket mice
Genus  Dipodomys hangiroo rats
7 Dipo tomys erdu ordu Ord s kangaroo rat (1939)
Family Cricetidre Native rats and mice
Genus Onychomys Grasshopper mice
28 Onychomys leucogasier { rasshopper mouse (1943)
Genus f eromyscus W hite footed mice
29 Peromyscus truer gulberts Gilbert s wlute footed mou € (1931)
30 I eromyscus truet fruer True s wihite footed mouce (1931)
Genus Neotoma Wood rats
31 Aeotoma cinerca occrdentalts Ve tern bushy tatled wood rat (1934)
32 Neoloma fuscipes moharensis Mohave desert wood ra (1
33 Aeotoma lept i intermediate Wood rat (1934)
31 \eotoma leprds I prda De ert wood rat (1935)
Genu  Microtue
3> \crotus californicus Meadow mouse (1042)
Famly Mtndae
Genus Reflus Rats
Order Lagamorpha Hares and rabbuts
Famtls  Lepondae Hares and rabbnt
Cenu  Lepus Jack rabbits
36 Lepus mhf%:x;'uttnlhck tmled Jack rabbit (1942)
mlagus Cottontails
e ague wxtallis nutialie W ashungton cotte ntul (1939)
33 Syleslagus sp Cottontarl (1912)
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1t lias become mfected through the mgestion of blood from a rat m
the termmnal stages of a P pestis bacteremia These mdwiduals are
capable of transmittng by the so called blockage phenomenon
A few days or even longer periods after the flea has fed on m
fected blood clusters of plague bacilli become visible m the
stomach Later the proventriculus becomes plugged by gelatinous
masses of bacilli and 1ts valyular action becomes madequate Be
cause of this obstruction the blood of the sucking flea cannot find its
way mto the stomach The esophagus contarmng virulent breilh
becomes distended The elstic recoil of the walls of both pharynx
and gullet that results from cessation of suching may drn e back mto
the bite wound ghly mfectne blood This recoil sometimes ex
tends through a partial blochage to the posterior end of the stomach
Many species of fleas however merely become wfected and the
blockage phenomenon 1s never evident Transmission by such spe
ces 15 by necessity limited to mechanical and fecal modes of infec
tion Mechameal transmission 15 of great importance when several
mfected fleas are on a single host n fact the combined «ction of a
large number of fleas 1s as efficient as mnfection by a smgle blocked
specimen  Of least mmportance 1s the fecal transmission since the
pellets are viscous and unless the skin 1s broken plague bacilh are
mcapable of gaining entrance mto the tissues of the rodent host
Furthermore not all fecal pellets are mfected with a sufficiently
large number of P pestis capable of overcomng the mherent hugh
resistance of many of the wild rodents

Many fleas remain infected throughout their entire hfe and never
become blocked or they may carry pligue bacill m their intestinal
tube for a long time before they become bloched This behavior of
the flea to 2 plague infection 15 quite 1mportant smce 1t may help
ta explam the carry over of plague from season to season 1 iber
natimg, odent populations However the importance of latent
plague m the rodent host deserves consideration

The maumum bfe span of a regularly fed flea \ cheoprs 1s xe
ported as 203 days but it 1s shortened to 20 to 80 days when the
vector 15 mfective and has a blocked proventriculus The resulting
stary wtion alone cannot explam the early deaths of mfectne flevs
entirely Longevity expeniments made with normal wild rodent fleas
have shown that unfed specimens Live longer than blocked fleis
when held under favorable conditions In tlns respect nest fleas m
general tolerate hunger better than fur fleas Russian vestigators
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mentally calves and sheep are quite susceptible horses tolerate
Inrge doses of hving P pestis, but none of these ammals are mpor
tant m the dissemmation of infection Birds are quite generally re
sistant but some share the burrows of the wild rodents and may be
responsible for the d. ition of infected fleas

The Vector ~Various fleas of the famly Pulicidac re the third
mdispensable motive force essential to complete the cycle m the
propagation of plague

Fleas were experimentally shown by Srmond 1n 1897 to e a pos
stble agent for the dissemimation of bubonic plague, either from
animAl to anmal, animal to man or man to man The last Indian
Commussion fully corroborated this view The ecology of the wild
rodent fleas has been well studied by Yoff (9) m Russia and by
Eskey and Haas (4) and Wheeler and Douglas m the Umted States

Tlens feeding on an infected rat with a bacty of 100 000 000
organisms per cubic centimeter will at one feeding mgest 5000 or
gamsms which may multiply 1n the digestive tract and render the
vector infectve The flea 1s not mercly a passive carrier

Comparatnvely few of the estimated 5 000 existing speces of fleas
have been found capable of transmutting plague The most impor
tant spectes i regard to bubonic plague are Listed i table 36

Table 36~V geroxs oF PLaUE

FLea ]
Resenloir TRANSMITS
S o | T,
Lenopsylla cheoprs Widely disseminated | Rattusrattus Rats and man
\enopsylla brasilensis | Uganda henya
Igeria Rats Tatsand man
enopsylla hauazensts | 1<land of Haman Tield rats Fieldrats
Xenopsilla astia India Ceylon Burma
Mesopotamix
Mombassa Ttats Rats
A ¢enopsylla nubcus Tropreal East and
We t Africn Tats Rats
\enopsulls eridos South Afniea Wild rodents Wild rodents
L ulez yrritans Nearly cosmopolitan [ Man swine rodents | Mn rodents

\osopsyllus fascsatus | Temperate zoneof
Lurope an 1 Amenicy | Rattusnorvegicus | Rats
( round squrrrels

Dwananus montanus Western Umited States | Cround squirrel ¢ round s

Rhopalops jlla cavieola | South America Covies
Ceratophyllus
et’e"sql‘:aryllm ‘qu n}n Steppes Figmxs pygmaens | Cround squirrels
T ts
Oropeylla silantiens | Moncl uma odents” Ratets

The classial vector the Indian rat flea \enopsylla cheops de
velops a ugh percentige of mfective mdividuals m any group when



PLAGUE 343

constant climane condihon but when off the host 1t 15 subject to
considerable vanations The microclhimate of the subterranean bur
rows favors the spread of plague to the North beyond the 35
latitude whach 1s ordmanly considered the lumit for bubonic plgue
of rat onigina Withm humts or untl such high temperatures e
reached that death ensues regardless of the moisture content of the
air the saturation deficiency 1s the more 1mportant of the tw o factors
mvolved at low and medium temperatures the life span of the flea
bemng directly proportional to the saturation deficiency of the ar
The hughly efficient respiratory system of the flea 1s so constructed
that during rest the trachea are nearly all closed and the flea 1s ca
pable of retaining morsture Trwsportation of fleas m all kinds of
cargo 1s frequently assured when the time of transportation 1s not
very long and the chmatic conditions such as temperiture nd
humidity - are adequate

Attention has been directed to the so called flea index erther as
the general flea” or species flea mdex In fact 1t was pomted out
that the X cheopis mfestation per rit i any given locality deter
munes the degree or severity of an outbreik m 2 given area

Cragg (3) has shown thit mn those parts of Indwa where plague
does not exist the predomimating rat flea 1s not Xenopsylla cheopis
but other species In Colombo which enjoys a relative smmumty
from plague the common rat flea 1s Xenopsylla astia In the United
States a survey by the Public Health Service showed that m New
Orleans where the plague actually euisted Xenopsylla cheops was
the predommating flea while 1n New York and Boston this pest ap
peared for only a few months of the year

The total number of flexs per rat varies with the chimate the sea
sons and other factors In Belgaum India during July August and
September which 15 the epidemic season 18 fleas per rit were
found while 1n the colder non epidemic season only 4 or 5 were
present In the Umted States mn New Orlews m 1922 the werige
number of fleas m the winter time was about three while 1n the
summer 1t mounted to nearly five In New York City the averige
number of fleas on 4 756 rats for a 2 vear period was 095> with the
largest number from any single rat 88

On the basis of epidemiological comparisons 1t 1s now recogmuzed
that the species rt flea index 1s of less importance than the number
of nfected fleas that become ‘blocked and therefore mfective
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nfected fleas and then buried them for varying periods removing
at intertals specimens for examination Although some fleas had no
opportunity to feed dunng the winter they were found to be
fected The maumum length of life observed m plague infected
flews was 396 days Wild 1odent fleas ns, for example Neopsylla

EPDEMOLOGY _ Of  PLAGUE

URBAN OR MURNC PLAGLE

srcn nzay
WM NICTED FCCAL CRORITR

Fic 51 ~Epidemiology of pligue {Meyer)

setosa may readily carry the plgue nfection from one eprzootic
season to another George and Webster (6) studyng the plague
conditions m the Cumbum Valley South Indi: showed thit %
cheoprs were capable of transmitting infections fter the staryation
up to 29 dysat 79 F .
The external climate temperature and saturntion defictency o
the immediate surroundings of the flex determimes their longesity
Climatic conditions faver an abundance of rat fleas and the spres;d
of plague The adult flea while on the host 1s exposed to 2 farly
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ture ranges from 102 to 105 F difficult and humed breathing
cough and expectoration charactenize the chsease The sputum 1t
first watery and frothy 1s tinged with blood but rarely of viseaxd
rusty character of that of lobar pneumoma Lung symptoms and
cardiac distress mcrease debrum supervenes and death with the
body exhibiting a cyanosed aspect ( Black Death ) occurs on the
4th or 5th day or earher The pneumonic type 1s the most infectious
and the most fatal form of plague Sporadic cases are likely to be
missed and may give rise to outbreaks mvolving the physicians as
the experiences m Oakland Cahfornia i 1919 amply illustrate In
the course of any bubonic pligue epidemic secondary plague pneu
moma may gie nise to serious outbreaks during the colder seasons
of the year

An early diagnosis 15 of greatest importance not only to the pa
tient whose recovery may depend on an early admumstration of
sulfadiazine and specific serum but also to hus family his physician
and the commumty because of the serious nature of the mfection
By puncturing the bubo 1 1ts earliest stages wath an 18 gauge
needle a small amount of gelatnous edematous flurd may be readily
aspirated for smears and cultures In pneumontc plague the sputum
usually reveals the plague bicilli in great numbers Intensive chem
otherapy with sulfadiazine 15 the most 1mportant newer treatment
of plague Important adjuv mts are the mjection of a potent ant1
serum and an adequate fluid balance Inaision of buboes should be
avoided until frank fluctuation occurs

PRE\ENTION
The control of bubomnte plague 15 accomphshed (1) by appropn

ate samtary measures sumultaneously directed agamst the rodent
reservoir and the vectors (2) by protection of the mdividual and
(3) by strct 1solation of the sich and the handling of all mfectious
matenal with the greatest care

The rat population must be closelv watched and any increase n
rodent plague which may be detected by autopsies or by the inocula
tion of crushed fleas removed from the rodents must be met by ade
quate measures It 15 umpossible to estimate the number of rats m
the United States but they far exceed the human population The
cost of supporting them was estimated by Creel m 1913 as $167
000000 annually In recent years due to the general mtcrest n
rodent control work public health agencies and many citizens have
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THE DISEASE IN MAN

Plague 1n man m1y mamifest 1tself m anous forms, resultmg i
such designations as bubonic plague pneumonic plague sephcemc
plague and ambulatory plague

The two chief tvpes of clnical plague in man the bubonte and
the pneumonic usually occur separately 1n epideric form but oc
casionally the two types of epid may oceur i ly as
has been particularly illustrated 1 comparatwvelv recent years by
expertence m Egy pt and other parts of Africa

Bubonic plague 1s by far the most common type, accounting for
about 75 per cent of cases Tt takes 1ts name from the fact that the
lymph glands dratning the area through which the nfection entered
become enlarged (buboes) The disease 1s accompinied by fever
depresston and great prostration The enlarged hmph glands are
evtremely tender and p unful The glands of the grom are most com
monly fected because the flea bites more often occur on the legs
axlary and cervical glmds follow m order The mcubation period
vartes from 2 to 10 days but usually averages 4 to 6 days The onset
15 sudden Mild form may be ambulatory and 1s usually descnbed
as Pestis minor”

The chances of recovers which may be tecious protracted or
rapid are much 1mproved fter the 7th day The case fatality rate
vanes from 50 to 90 per cent 1 recent years st has been approvt
mately 50 per cent m the Umited States but 1t was as hugh as 93
per cent among the mhabitts of Chmatown in San Francisco be
tween 1900 and 1904 In rare instances complications in form of
meningeal localizations may lead to late deaths In the septie vanicty
of plague penpheral buboes are absent The patient 15 profoundly
affectcd by the plague toxins which 1ct on the central nervous
system Extreme prostration with a temperature rarely abos e 100 ¥
may be accompanied by nose bleeds dirrhoea etc It 1s aluays of
short duration 18 hours to 8 davs and mmyvaniably fatal The blood
contans over forty baeliper 05 c ¢ of blood

In pneumonic plague the primary localization of the plague brcil
lus 1s 1 the lungs The ntense congestion of the air prssages with
haemorrhagic exudate 1n the alveol and broncln but with Iittle or
no fibnn formatian 1s lobular 1 character ettendmng to molve
entire lobes Enormous numbers of P pestis are always present
General malaise severe headache nausea vomiting and temper2
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ture ranges from 102 to 105°F difficult and hurried breathing
cough and expectoration charactenize, the disease The sputum at
first watery and frothv 1s tinged wath blood but rarely of viseid
rusty character of that of lobar pneumoma Lung symptoms and
cardiac distress mncrease delirum supervenes and death with the
body exhibiting a cyanosed aspect ( Black Death”) occurs on the
4th or 5th day or earlier The pneumonie type 1s the most mfectious
and the most fatal form of plague Sporadic cases are hikely to be
mssed and may give nise to outbreaks mvolving the physicians as
the expenences m Oakland California 1n 1919 amply illustrate In
the course of any bubonic plague epidemic secondary plague pneu
monia may grve nse to senous outbreaks during the colder seasons
of the year

An early diagnosis 15 of greatest importance not only to the pa
tient whose recovery may depend on an early admmistration of
sulfadiazine and specific serum but also to hus family us physician
and the community because of the serious nature of the mnfection
By puncturing the bubo 1 1ts earhest stages with an 18 gauge
needle a small amount of gelatinous edematous fluid may be readily
aspirated for smears and cultures In pneumonic plague the sputum
usually rey eals the plague bacilh m great numbers Intensive chem
otherapy with sulfadiazine 15 the most important newer treatment
of plague Important adjuvants are the mjection of a potent ant1
serum and an adequate fluid balance Incision of buboes should be
avoided until frank fluctuation oceurs

FREVENTION

The control of bubonic plague 15 1ccomplished (1) by appropn
ate samtary measures sumultaneously directed agamnst the rodent
reservorr and the vectors (2} bv protection of the mdividual and
(3) by strict 1soletion of the sick and the handling of all mfectious
matenial with the greatest care

The rat population must be closely watched and any mcrease m
rodent plague which may be detected by autopsies or by the mocula
tion of crushed fleas removed from the rodents must be met by ade
quate measures It 15 mmpossible to estimate the number of rits
the United States but they far exceed the human population The
cost of supporting them was estnated by Creel 1n 1913 as $167
000000 annually In recent years due to the general 1nterest mn
rodent control work public health agencies and many aitizens have
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THE DISEASE IN \MAN

Plague in man may mamfest itself m various forms resulting
such designations as bubonic plague pneumonic plague septicemic
plague 1nd ambulatory plague

The two chuef tyvpes of chimical plague i man the bubonic and
the pneumonne, usually oceur separately m epidemic form, but oc
castonally the two types of epidemics may occur simultaneously as
has been particularly 1llustrated m comparatively recent years by
expertence in Egy pt and other parts of Africa

Bubonic plague 1s by far the most common type, accounting for
about 75 per cent of cases It takes its name from the fact that the
lymph glands drainmng the area through which the mfection entered
become enlarged (buboes) The disease 1s accompanied by fever
depression and great prostration The enlarged lymph glands are
extremely tender and painful The glands of the grom are most com
monly affected because the flea bites more often occur on the legs
rallary and cervical glands follow n order The meubation pertod
varies from 2 to 10 days but usually averages 4 to 6 duys The onset
1s sudden Mild form may be ambulatory and 1s usually described
as Pestis mmor ”

The chances of recovery which may be tedious protracted or
rapid re much improved after the 7th day The case fatahty rate
varies from 50 to 90 per cent 1n recent years 1t has been 1pprovi
mately 50 per cent n the United States but it was as high s 93
per cent among the mhabitants of Chinatown m San Franaisco be
tween 1900 and 1904 In rare wstances complications m form of
menmgeal localizations may lead to late deaths In the septic vanety
of phgue pertpheral buboes are absent The patient 15 profoundly
affected by the pligue touns which act on the central nervous
system Lxtreme prostration with 2 temperature rarely above 100 F
may be accompanied by nose bleeds drarthoer cte Ttis always of
short duration 18 hours to 3 days and mvariably fatal The blood
contauns over forty bacilli per 05 ¢ c of blood

In pneumonic plague the primary Jocalization of the plague bacil
Jus 15 n the lungs The intense congestion of the air passages with
haemorrhagic exudate i the alveolr and broncht but with little or
no fibrin formation 1s lobular 1n character extending to molve
entire Jobes Enormous numbers of P pestis are always present
General maluse severe headache nausea vomuting and tempera
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execute 1n effectine suppressie program the Soviet workers used
tens of thousands of workers” (Ioff) During the early years of
control work 1 Californta the United States Publhic Health Service
vaponized carbon bisulphnde 1nto the burrows of the squurels In
recent years methvl bromide has proved valuable particularly when
1t 15 accompanied by fillng of burrows Later gram poisoned with
thalllum sulfate or strychmne as bmit proved effectve Expen
ence has taught that wherever the rodent population density m
canyons and draws 1s permitted to rise to 20 to 25 ground squurrels
per acre the conditions for local eprzootics are particularly favorable
Control work once nstituted must be continued indefimtely The
natural enemies of the squurels—the coyote wolf badger skunk
hawk and mountarn hon—even when Iittle mterfered with by man—
have 1nrecent years failed to exercise any appreciable influence on
the reproductnity rate of the rodents and consequently syhatic
plague has assumed not mfrequently the function of a check on
their numbers
Flea control n houses native quarters ete should be accompa
med by rodent control programs Rat harborages should be properly
treated with DDT which 15 the pubeide of choice It may be ap
plied as a dust or m liquid form m kerosene since it 1s haghly effec
trve 1n destroying fleas n their huding places
In the presence of an outbreak of plague persons engaged 1n rat
control work should be immumzed and should wear flea proof
clothimg W hile repellents now available do not prevent fleas from
alighting the msects Jear e the impregnated surface and fail to bite
Prophilactic vacemation and the mjection of killed plague anti
gen bas been advocated Vanous preparations have been used The
available statistics have shown that they are mcapable of prevent
mng a plague mwfection but their use reduces the percentage of
mortality The workers m India using the so called Hrffkine heat
Rilled broth culture of a highly virulent plague stram have re
peatedly shown that the total number of plague cases and the death
rates are lower i the mjected than in the non mmmunized groups
For example Beals (1) reported that among 6 000 unvaccmated m
war m 1916 1917 there were 275 cases and 167 deaths while among
4378 protected with Haffkines vaccine there were only 89 cases
and 10 deaths The next year among 6 000 umimoculated there were
76 cases and 47 deaths while among the vacemated there were 17
cases with 2 deaths On the other hand these fayorable results have
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undertthen rat extermmation campaigns by properly truned per
sonnel Porsoning and fumigation are more effectne than trapping
for the destruction of large numbers of rodents Red squill phos
phorous barum cirbon e, zine phosphide and thallium sulfate are
the poisons commonly used Quite recenth ANTU and 1 prepara
tion designated as 1080 have proven more effective and may 1 time
displace the older types of poison Experience has shown that pre
baiting greatly enhances the chances of effective potsoning The
chemicals are miced with the but and some packaged 1s prper
torpedoes  which are distributed along tne runs where they are
macceessible to chuldren and chickens In the presence of murmne
plague these measures must be supplemented by the destruction of
rats and therr fless m the nests and burrows  Cyanogas 1s most use
ful for this purpose but only specially truned personnel should ap
ply the materials It 1s a hght powder which releases hydrocyanic
acid on contact with moisture 1t 15 lethal to rats and fleas For
stables cellirs and buildings sulphur diovide 15 serviceable smce
1t does not have the danger to human life winch hydrogen cvamde
does No rat control program 1s complete without destruchion of the
harborages and rat proofing of buildings Rublush refuse and gw
bage which are excellent harborages must be ehminated Howerver
wooden parts 1 houses must be remforced with metal to prevent
gnawing through concrete stone or brick walls discourage rat har
borage Screening of doors and openings around water sewer and
gas pipes will prevent entry of rats In South America smll flame
throwers using fuel o1l are employed m cleamng burrows and adobe
floors and walls

Importation of rts from an endemic area should be guarded
agamst by rit proofing of ships application of measures to prevent
the escape of rats from the vessels as well as boarding from whirves
This 1s accomplished by rat guards on the hawsers In the pust N
ships s ubng from phigue nfected ports were fumgated by ¢ amde
gas before entering 1 port of the United States

The suppression of plague n rural districts offers a great many
Aifficulties Aside from the wide extent of svlsatic plague over great
aseas the knowledge concerning the many ecologieal factors which
may wfluence the control operations 1s so madequ te that with the
exception of a few small areas 1 Califorma and according to the
Russtans n the Caucasian Steppes curtailment of the rodent popu

Jation has not hiquidated plague among the squrrels In order to



PLAGUE 349

of p or plague phy nurses
nd any others 1 contact w 1th the patient must be protected by
complete overalls gloves hoods equipped with goggles and face

mashs of exght layers of gauze covered by a deflection mask The
chance of mfection through droplets or draplet nucler 15 quite lngh

and occupational infection not mfrequent When acaidentally ex

posed to a case of unsuspected plague pneumonta the mdividuals
must be quarantined for 7 days and chemoprophylaxis with sulfa

dazine may be mstituted The awr of the room 1 which patients
with pneumomic plague are housed preferably under an oxygen tent

should be kept dry the use of ultraviolet hight screens and possibly
aerosols as auxlhary protective measures against aerogenic mfection
desenve consideration

ITEMS OF NOTE

Plague 15 primanily a disease of rodents

Bubome plague 1s usually a disease of tropical or sem tropical
chmates

3 Pneumome plague n epidemic form 1s a disease of cold and tem
perate chmaies

The control of rats and fleas 1s sufficient to control bubonic plague
m man

Pneumontic plague lends itself to no practical control methods
although chemoprophvlatis deserves consideration

In the United States squurels chipmunks prairie dogs marmots
pocket and white footed and meadow mice wood rats wnd hares
are naturally mfected m 14 Western States extendmg from the
Pacific Coast to hansas and from Arizona into the Provinces of
Brtish Columbia and Alberta

No practieal means are available for controlling the endemic
reservorr of sylvatic plague i the rural are1s

Chemotherapy with sulfadiazine constitutes an effectne treat
ment of human plague
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not been duplicated by other workers, and the repltes sent to the
Office International d Hygiene Publique in 1931 1932 n answer to
a questionnaire indicated that there was httle confidence m ant:
plague vacemes prepared from hilled microorganisms More recent
studies only m part support thuis shepticism The so called Umted
States Army vaceme 1s known to stimulate anttbodies m those
trexted with 8 000 formalin hilled plague baailh It 1s 1 sound pric
tice to repeat the mjections when the population remuns under
exposure

As early 15 1907 Strong (22) had demonstrated the 1 alue of Ining
avirulent plague cultures but 1t was not until 1934 that Otten m
Java began his careful evaluation of this method of protection In
his Iast publication (1941) he reported that nearly ten million vac
cmations had been performed In carefully controlled seres m
which tamily after family was mjected alternately with 1 000 mullion
hve orgamsms the mortality m the vaccmated was 1 01 per 1000 1s
aganst 4 75 per 1 000 1n the non vaccinated The steady decrease of
plague n Java 1s bemng attributed to the use of hye vaccmnes Equally
favorable results hwve been reported by Girard and Robic from
Madagascar where over two mllion vaccinations have been per
formed and by Grasset from South Africa Sigmificant statistical re
sults are not v ulble yet from these arens but the workers empht
size many advantages —single njections allowing mass mocultions
m much shorter time comparatnely httle reaction and economic
production becruse the vacemes are handled readily in the Ioplule
state It 1s important to emphasize as McCoy and Chipm dud
m1ny years ago that even vacemation with Ine vaceme his never
controlled an outbreak but 1t definitely reduces the mortalits
Pneumoic pligue 15 apparently not influenced by vaccimation Antt
plague serum produced on horses with Ining virulent or avirulent
plague struns has been recommended by lersin (27) and others
The evidence at hand shows that such sera are low m protectne
antibodies while sert of ribbits properly immunized are more prom
1sing There 1s Iittle proof that antipligue sera possess notew orthy

rophy lactic properties
r I{)uxilan cnsle)s (Ff p]ngue constitute mmportant sources of mfection
Strict 1s0lation of the patients 1n msect proof rooms 1s essent: il The
patients clothing must be disinfected and dismfested of fleas u(; ]
steam stentlizer The wearing of gloves and gowns should be mnd1
tory for all those who come m contact with patients In the presence
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of pneumome or suspected p plague phy nurses
and any others m contact with the patient must be protected by
complete overalls gloves hoods equipped with goggles and face

masks of exght layers of gauze covered by a deflection mask The
chance of mfection through droplets or droplet nuclet 15 quite ligh

and occupational mnfection not nfrequent When accidentally ex

posed to a case of unsuspected plague pneumoma the mdrviduals
must be quarantined for 7 days and chemoprophylaxis wath sulfx

diazine may be mstituted The air of the room m which patients
with pneumonic plague are housed preferably under an oxygen tent

should be kept dry the use of ultraviolet hight screens and possibly
aerosols as auxiliary protective measures against aerogenic infection
deserve consideration

ITEMS OF NOTE
Plague 1s primanly a disease of rodents

Bubomic plague 15 usually a disease of tropical or sem tropical
climates

(SR

=]

Pneumomic plague n eprdemic form 1s a disease of cold and tem
perate chimaces

The control of rats and fleas 15 sufficient to control bubonie plague
m man

Pneumonic plague lends itself to no practical control methods
although chemoprophylais deserves consideration

In the United States squirrels chipmunks prane dogs marmots
pochet and white footed and meadow mice wood rats and hares
are naturally infected 1 14 Western States extending from the
Pacific Coast to hansas and from Anzona mto the Provinces of
Bntish Columbia and Alberta

No practical means are available for controllmg the endemc
reservorr of sylvatic plague n the rural areas

Chemotherapy with sulfadiazine constitutes an effective treut
ment of human plague
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CHAPTER \X

TULAREMIA

TuLAm:Mu\ 1s pnmanly a disease of wild rodents especially rab
its Secondanly man 1s mfected The causatne agent 15 Pas
teurella tularensis

HISTORY

Smce 1910 the disease now called tularema has been recogmzed
under vanious names according to the circumstances n which 1t w1s
encountered Thus McCov designated it 4s a plague ke disease
of rodents n Utah 1t was known as deer flv fever and 1o Wash
mgton D C as rabbit fever 1 Idaho Lamb referred to 1t as “the
glandular type of tick fever ” and m Japan 1t has been reported as

Oharas disease

In 1911 (1) McCoy working m Tulare County Cahforma de
scnbed a plague like disease of rodents m California ground squir
rels The next year he and Chapm wolated the causatne agent of
the disease and named 1t Bacterium tularense (2) Both Chapin and
1 laboratory assistant had gone through n obscure attack of fever
m the course of their work and 1t was found afterwards that their
blood serum agglutinated this orgamsm In the years that followed
there were reported isolated instances of recovery of the tularema
baeillus from human cases

In Cincinnat: three cases occurred among the patients of ophthal
mre physicians In 1914 Vail described an eye mfection from which
Wherry and Lamb (3) 1solated the tularerma baenllus thus being
the first human case of tularemia on record to be diagnosed bacterio
logically 1n 1915 Sattler (4) and in 1917 Lamb (5) described s
lr eases of conjunctivitis

In 1920 Franas isolated the tularema bacillus from seventeen
jack rabbits and seven human cases of “deer fly fever This disease
had been known m Utah since the publication of a paper by Pe wse

a=y
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(11) 1n 1911 and w 1s so named because 1t was popularly supposed
that infection w1s due to the bute of the blood sucking fly Chrysops
discalis commonly found on horses Franeis proved that the deer fly
actually did transmit the tularemnt bacillus He named the disease
tularem:a because of the presence of the tularensis organssm 1 the
blood

THE ETIOLOGIC AGENT

Pasteurella tularensis 1s 2 small rod 02 by 03 to 07 microns oc
curring smgly It 35 non motile Gram negative and non spore bear
mg It 15 extremely pleomorphic y1elding bacillary, coccordal and
bipolar forms Growth on ordinary culture media does not tahe
place but blood agar destrose blood agar and dextrose serum agar
llows some development The addition of fresh rabbit spleen to the
medium favors growth but the best media are coagulated egg yolh
or blood dextrose c¢ystine 1gar

The orgamsm 1s easily hilled by heat mn ten mnutes at 56 C
to 58 C Coohing therefore renders infected tissue harmless Chemt
cal disinfectints destroy the organism easily—tricresol 10 per cent
m two minutes and formaln 0T per cent 1n 24 hours Glcerm
pure wnd undiluted 15 smtable for presesying spleens for laboratory
moculations the orgamsm remamming zlne many days when the
spleen of an affected rabbit or guinea pig 1s thus treated

When such glycennated spleens are reduced to a temperature
of —14°C the hme 1» prolonged mfinitely Four struns so treated
were still of muimum virulence two after 1 period of 13 years and
two after ten years When the organs of mfected ammals were
frozen at —14 C without glycerin the organism remamed virulent
for 42 months i the spinal cord 36 months in the brun 18 months
1 the spleen 12 months i the muscle and 6 months in the bone
marrow

GEOGRAPHIC DISTRIBUTION

Tulremin has been reported from all parts of the United States
(table 87) Some areas are much more heavily infected than others
however In five New England States from 1929 to 1943 only
twenty cases occurred and several of these were mmported (21)
Vermont 1s the only state reporting no cases of the disease

Tularerma has been reported from many other countnes nclud
mng Alaska Austria Canadn Czechoslovakia Germany Italy Ja
pan Norway, Russia Sweden and Turhey (table 38) The reports
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Table 3* —Stares rv Waien Toraresn Has B!E;l Toonp 10 Fust

(With Date of First hnown

Caljorma 190 Oregon 199
Anzomt 1907 Penneylvana 1920
Obwo 1908 South Carolina 197
Utal 1908 Texas 1925
Missourt 1909 Albama 1926
Idaho 1914 Colorado 1926
Thinos 1914 Flonds 1926
Indiana 1914 M hygan 1976
Wyomng 1915 Minnewta 1976
Vi 1920 Nebraka 1996
North Carolima 1021 Nevada 1976
Wa hington D € 191 North Dakota 1977
Tennes.ee 1922 Oklahoma 1927
Lowsnana 1993 outh D xhota 1927
Montana 1993 e Jersey 1928
Musais ippt 1971 ew Y ork btate 1978
New Mexieo 1921 iscon m 18
West Virginia 1921 hode Islan | 1929
Arkan as 1925 i wshimgton 1929
Georga 19% fas_achu. etts 1970
Towa 1895 Delanare 1930

ansas 1925 New Hampshe 1031
Rentucky 1975 Mame 1933
Marylind 1925 Connecticut 1910
Tahle 38 —CovnTries Ormes THan THE LAITED State 13 Wrtcn Totanexis Has

Bres Fousn

Japan 19 Autns 193>
Rus.12 1928 Cze hrlovahia 1936
Norway 1879 Turkey 1937
Canala 1930 Ala ka 1937
Sweden 1931 Germany 1039
Ttaly 1931

from Bulgara covering the pernod 1915 to 1926 are somewhat
doubtful since diagnosis was not confirmed Laboratory mfections
have occurred in England

SEASONAL PREVALENCE

Tularemia has no seasonal prevalence except as it 1s influenced
by sects or by contact with infected animals Laboratory infec
tions may occur at any tme Human cases are most pre\alent n
summer time m the western states where ticks and deer flies are the
cause of nfection (Dermacentor andersomt March to August
Chrysops discalis June to September) Human cases due to nfec
tion from dissecting jach rabbuts are lihewise most prevalent durmg
April to October because these are the months of greatest destruc
tion of these pests East of the Mississippt Ruver cottontail rabbits
are responsible for most human cases and since they are generally
protected by law except during a few winter months the seasonal

prevalence 15 apt to be November to January when the hunting
season 1s on
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1mals lilled early in the disease the first or second dny after illness
extubit no gross pathologic lesions although the mfection 1s present
m the liver as well as 1n all other tissues of the bods

Greene (19) has shown that long continued residence of Pas
teurella tularensis n buds tends to lower the virulence of the
orgamsm Gunea pigs mnoculated wath strans ssolated from natu
rally infected grouse Ined for fifteen davs while guinea pigs mocu
Iated with rabbit struns Inved for only six days The grouse stramns
passed through gumea pigs mncreased 1n virulence equal to the
rabbit stramns

SOURCES OF HUMAN INFFCTION

There are twenty methods according to Franess (12) by wiich
man mav be nfected with tularemia

Rabbits Cottontail rabbut Sylulagus flordanus jack rbbit Le
pus sp snowshoe hare Lepus bawrd: Rabbuts are the most probfic
source of infection, being responsible for over 90 per cent of human
cases n the United States with only 03 per cent of the cases oe
curnng beyond the range of Syluilagus sp (25) Persons who dress
rabbits with bare hands are most likely to contract the disease such
as market men hunters and housewnves The organism may enter
through a wound or cut or abrasion or directly through the unbroken
skin No human case has been traced to domestic rabbits

Ticks Wood tick Dermacentor andersom Dog tick Dermacentor
variabilis Ticks bate under the shin or 1n the haie ‘The wood tick has
caused many cases m Montana and surrounding states while the
dog tich 15 responsible for the disease i the southern and eastern
states An outbreak of 50 cases among soldiers in Tennessee was at
tributed to the lone star tick, Amblyomma americanum (26)

Tlies Deer fly Chrysops discalis The deer fly 15 the prmc:p:ﬂ
source of mfection 1 Utah It bites on exposed parts of the body
An outbreak of 30 cases was reported among 170 members of 2
camp of the Civihan Conservation Corps who worked stripped to
the waist because of the heat The bare backs of the men offered an
opportumty for the flies most of the lesions bemg on the back (14)

Other Insect Bites Insects of undetermmed species have caused
several cases (Thjotta reported a case apparently from 2 mosquito
hite )

Ammal Bites Tularemia has followed bites from the followmg
ammmals cat kitten shunk coyote tree squiurrel Montana gmund
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squurrel opossum dog hog lamb and white rat It 15 assumed that
the mouth parts of the ammal had been contammated by feeding
on mfected material

Laboratory Infections Laboratory workers have been mfected
mn many mstances Infection was caused by the orgamism pene
trating the shin of the hands or the conjunctiva

Ingestion Many cases mn the Umited States have followed the
mgestion of partially cooked rabbit meat Among 20 cases mn 5
families there were 12 deaths In Russia m 1935 there was an
epidemic of 43 cases among peasants who drank water from a brook
thought to have been contaminated by water rats (13) Streams in
the United States have been found contaminated with P tularensis
(20}

Rats Whater rat Arvicola amphibis Water rats caused more
than a thonsand cases 1n Russia n 1928 among persons who skinned
the anmals for therr pelts Wild rats mn Los Angeles and field mice
m other parts of Cahforma have been found naturally infected but
no human cases have been traced to them

Squirrels Tree squurels have caused quite a number of cases
among persons who dressed the animals Califorma ground squurrels
and the ground squurels m Utah and Montana are infected but
have caused no human cises

Sheep Sheep are not highly susceptible to tularerma Gwatlun
(23) however reported an epidemic m Canada m which 25 sheep
died The sheep herder was mfected when skinming carcasses
Sheepshearcrs 1 northwestern United States have been nfected
apparently by wood ticks 1n the wool

Opossum_Several cases are reported among persons who had
lilled and shinned opossums

Birds A few human cases of tularema have been reported follow
mg contact with pheasants and sage hens (27) Tularemia infection
has been demonstrated i sharp tailed grouse and ruffed grouse in
Minnesota and those birds are potential sources of danger

Miscellaneous Amimals Human cases have followed contact with
the following ammmals coyote deer red for bull snake qual

ground hog mushrat pig dog and shunk In many instances the
victim of the disease had skinned or dressed the ammal Several
human cases followed the scratch of the cat the mfection ap
parently being on the claws from contact with an infected animal

Eye Infections A considerable number of eve infections have



'

338 DISEASES OF RODENTS AND WILD ANIVALS

been reported the orgamsms bemng transferred to the eye by the
hands while the person was dressing rabbts or after crushing flies
or ticks Several cases resulted from infected maternl squirting 1nto
the eve from the animal being dressed

Potential Sources of Human Infection There are several potential
sources of mfechion in the Unsted States from which no human
cases have been reported but which are dangerous Tularemn
organisms hayve been 1sol ited from the following ammals m nature
Califorma ground squirrel ground squirrels i Utth and Montana
field mice of Cahforma wild rats of Los Angeles gray foxes of
Mmnesota and the praine dog m Utah The tick Dermacentor oc
cidentalis in Cibforma and the rabbit flea m Mmnesota are yectors
of mfection and potential sources of danger

THE DISEASF IN MAN

The incubation pertod of tuliremsa 1s about three days varymng
from one day to nine days The onset 15 sudden often occurrng
while the patient 1s at work There 15 headache chilliness vomting
fever and aches and puns 1n vanous parts of the body The sore at
the site of the mutial lesion develops while the assoctated lymph
glands become enlarged and tender The duration of the disease >
about three weeks with swerting loss of werght and much debility
Convalescence 1s slow covermg a period of two or three months
Cases without complications recorer with no bad after effects and
with complete immumty agunst 1 second attack Foshay (16) re
ported a case that was apparently recovered but which dev eloped
a local Jeston sev eral months later from which tularemn organisms
could be cultnated He drew attention to the danger of tulwrema
nfection to hearts with precwsting vascular disease Tularemc
pueumona 1s being reported more and more often and 1s a serious
disease (17) The tularermn organism 1s present m the sputum
not only of persons with pneumonic lesions but also of those suffer
1ng from other ty pes of the disease (24)

Several clmical types of tulwemin have been reported

1 Ulceroglandular the primary lesion bemg a papule later an
ulcer of the shin and accompanted by enlargement of the regional

h glands
Iyr;POfuloglandulnr the primary lesion being a conjunctivitis and
accompanied by enlargement of the regional lvmph glands Fulmt
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nant cases runnmg a Tapyd course with death have been noted
the oculoglandutar type

3 Glandular without primary lesion but wath cnlargement of
the regronal Iymph glands

4 Typhowhl without pnmory Jesion and without glandular en
largements

Fic 54 ~Ulcer of nght finder with rullury abscess
m ewe of tularermn

5 Poeumome usuilly without primary lesion nd without glan
dular enlargements

6 Monmgitic a rather rare ocenrrence {22)

Diagnosss of tulwremia can be confirmed by seviral methods
The organism may be cultvated from the lesion during the first
two weeks of the disease ither directly upon an appropriate cultare
medium or by unea pig moculation The shan test with the Foshay
wbizen of dead orgamsms may be positive as early as the third
dav of the disease 1t will also show  positve reaction when applied
five vears after recovery The agglutination test s positive in a Ingh
niter aftor 2 penod of two weeks and remawms 20 for many vews

The mortility 1 15525 cases reported m the United States up
0 1912 was 69 per cent

Foshay s serum  produced by mmunizing horses or goats wath
the tufareria orgamsm  has reduced the duration of the disease
mcludin,, the disability by about one half and the mortahty by
about one third 10 240 cases
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Pemcilhn 1s without effect m the treatment of the disewse but
streptomycin has given better results (27)

Fic 55 -Tularema due to tick bite

PREVENTION

\an can protect himself bv avoiding contact with mfected ant
mals Laboeratory workers should wear rubber gloves and take all
possible precautions known to medical science Hunters marhet
men and cooks should wear rubber gloves while shinning and dress
g rabbits The hands should be thoroughly w ashed with soap and
water after handling rabbits even though only the fur 15 touched
Scratches and abrasions on the hands should be treated with 1 dis
nfectant
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Thorough cooking destrovs mfection thus rendering a rabbut
safe for eating purposes even lhough 1t may have harbored the
disease Foshav has d the 1on of laboratory
workers and persons engaged m the wild rabbit industry with <
detouified viccme A considerable degree of protection 1s gven
but there are certun disadvantages which interfere with its general
use Persons who have passed through a course of the disease are
smmune 1nd may engage m such pursuits without danger

Isolahion and quarantine of human cases and subsequent house
disinfection are not necessary since there 15 no record of transmus
sion of tularemia from person to person

An ordmance prohibiting the sale of wild rabbits has been used
1m some cites to reduce the morbidity and mortality of the disease
during the 1abbit hunting season

ITEMS OF NOTE

—

Tularemu11s primarily « disease of rabbits although many other
ammals may be nfected and act as hosts

About ninety per cent of human cases are acquired from rabbits
Domestic rabbits have never been known to acquire the disease
naturally although they are entirely susceptible

There are a vanety of arthropods which may act as vectors of
1nfection

The virulance of Pasteurella tularensis 1s attenuated by residence
m birds

The disease 1s rather widespread over the world
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CHAPTER I

LEPTOSPIROSIS

LEI’I'OSPIROSIS 15 an acute atypical or latent mfection caused by
the 3} Lep k rhagiae or related spe

T

cies Primanly 1t 1s an affection of rats nd dogs secondanly a
disease of man Other names by which the mfection has been
designated are Weils disease leptospirosis icterohemorrhagiae
sprrochetosss icterohemorrhagiae  acute  hemorrhagic jaundice
spirochetal jaundice mfectious jaundice and canicola fever There
are many cases of infectious jaundice which e not of spirochetal
origmn

HISTORY

Infectious jaundice has been known to occur for many years
among soldiers sewer workers ditch diggers fishermen and persons
subjected to water accidents In the War of 1812 there were nu
merous cases among the soldiers while 1n the American Cavil War
there occurred among the Northern troops more than 71 000 cases
The mild form of the disease together with the lack of fatalities
would mdicate that these outbreaks were not of spirochetal ongin
but rather an epidemic catarrhal jaundrce due to a filtrable virus
Blumer (1) has reported many such outbretks mn North Amenca

Under the heading nfectious jaundice 1n the past 2 large group of
conditions have been mcluded from which from time to time have
been sep d such jaund as those d with malana
yellow fever typhoud fever relapsing fever and the like Lepto
spwrosis has more recently been separated as a distinct entity

Weil m 1886 reported four cases of disease m Europe m which
there was 2 sudden onset of fever chills prostration and jaundice
Stumson m 1905 described a spirochete m the organs of a patient who
had died in New Orleans presumably of yellow fever He called the

363
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orgamsm Spirochacta wnterrogans, it 1s now considered by most
workers that 1t was Leptospira

In 1914 Inada and Ido mn Japan transmitted to gumea pigs a
disease smular to Weil s disease m Europe They discovered m hu
man specimens as well as m the blood nd organs of the gumea
pigs an orgamsm wlnch they named Spirocheta 1cterohemorrhagae
(2) It was not long before these results were confirmed m the
armies of both the Allies and the Central Powers in the First World
War The German v estigators Hubener and Retter (8) gave to
the name of the orgamism 1solated by them Spirocheta nodose
Noguchi (4) after mahing a comparatie study of the spirochetes
wolated m America, Europe and Japan proposed a new genus
Leptosprra

Mever ind lus associites 1 1939 called attention to leptospirosis
n dogs

GLOGRAPIIIC DISTRIBUTION

The distribution of leptospirosts 1s Almost umversal The spiro
chetes have been found m rats and dogs and demonstrated 1n
ptients 1 an mcreasmg number of nstances m all parts of the
world

SEASONAL INCIDENCE

Leptospirosis occurs the year around but the majonty of cases
are reported during the summer months of June Julv August and
September This comerdes with the period of year vhen water m
fections are more apt to oceur

THE ETIOLOGIC AGENTS

Leptospira 1cterohemorrhagiae 1s the responsible agent of the m
fection n rats Leptospira canicola which has been found n dogs 15
closely related and can be differentiated only by serologic means

Leptospira scterohemorrhagiae 1s a spiral organism with wregular
wayvy undulations with one or both ends sharply hooked when seen
1n free space In semt solid media the orgamsms appear bent waved
or serpentine They are cyhndrical m shape about 025 to 03 m
crons by 7 to 14 microns with sometimes long forms 30 to 40 m
crons The ends are usually drawn out mto fine pomnts although
when resting they may appear blunt The motihty 1s very rapid
with 2 cork screw ot serpentine movement along the whole length
of the orgamsm There 1s no flagellum however
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The spirochetes are easily demonstrated 1n freshly drawn blood
of mfected gumea pigs by dark field 1llummation but are very diffi
cult to find 1n blood from human cases Coagulation fibrls 1n fresh
blood may be very misleading Durmg the first four days of 1llness
the diagnosis may be made more certaw bv concentrating the or
ganisms by means of the centnfuge the spirochetes bemg found m
the plasma sediment The method often fails because the spiro
chetes are not easily precipitated

Inoculation of gumea pigs with suspected human blood may be
made during the first few days of mfection but without certam suc
cess Some strawms of leptospira exhibit a low pathogemcity even for
young guinea pigs Packchanian has used deer mice with better
results

The cultivation of leptospira may be carmied out with material
from sedimented blood specimens

Serologic tests have been found very satisfactory The Schuffner
technic calls for an antigen exther Ivmg or dead prepared from
cultures grown on Verwoorts medum Agglutination tests carmed
out with Inng cultures are pamed by the disad ge of
ysis of the spirochetes n the lower dilutions makng readings m
possible There 15 Iikew1se an element of danger to the laboratory
worker with iving cultures

Agglutination tests carried out with an anhigen of organisms
Lilled with formalin have the advantage of bemng safer to the opera
tor stmpler to read no lysis m low dilutions and the possibihity of
absorption tests Care must be taken to use several stramns of lepto
spira and to regard readings n titres under 1 300 wathout dragnostic
sigmficance

Leptospira hebdomadis 1s the cause of seven day fever 1n Japan
The spirochete 15 stmlir to L icterohaemorthagae It finds 1ts
habitat m the field mouse Microtus montebells

MODES OF TRANSMISSION

The manner i which man b fected with lep
given by Schufiner i the following order (57)

Fust the occupational hazard whereby fishermen bargemen
slaughterhouse workers and others who work m locilities mfested
by rats are exposed to mfection Meyer (59) has called attentton to
the occupttional hazard of veternmarians and others who work m
dog pounds (camecola fever)

15
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Second the water acaident group consisting of persons who
have fallen 1nto wnd have been exposed for a considerable period of
time to water polluted by human or ammal refuse Simlar water
acerdents m clean bodies of water do not result m nfection

Third bathers and swimmers who are careless about the places
which they frequent the water of which may be polluted

Numerous miscellaneous and sporadic cases occur from a variety
of causes due to 7 known or unknown contact with an fected rat
the presence of an mnfected dog in the home and smmilar occur
rences

Passage of the spirochete through the unbroken shin probably
does not take place but passage through the mucous membrane 1s
posstble which accounts for the water acaident and bathing cases
with penetration of the nasal or buccal membrines

Passage of the orgamsm through wounds and abrasions must
occur sometimes The possibility has been demonstrated by Inbor
tory mfections as well a5 by rat bite ferret bite and dog bite An
other case of mfection 1s reported when the victim with an abraded
foot trod mn the blood of a rat which had just been halled

In England an outbreak of 18 cases among coal mmers w1s re
ported by Gulland and Buchanan (10) One out of every three rats
examined showed infection Further study by Buchanan (29) how
ever revealed that the habitat of the orgamsm ws m the roof slme
of the coal mme The shme produced by the glutinous envelope of
the orgamisms formed a jelly like or zoogleal mass In this the spiro
chetes multiplied 1n great numbers symbrotically with other organ
1sms

ANIMAL INFECTIONS

Rats are apparently not at all inconvenienced by Leptospira 1¢
terohemorrhagiac The sprochetes are found m large numbers m
the hidneys 1nd are excreted in the urine They are present in the
Iner and other orgins and may be excreted n the feces

Studies m various parts of the world huwe mdicated that 1bout
10 per cent of rats harbor the organism except m adult sewer rats
where the rate 1s as high as 45 per cent (table 39)

Probably all rats are susceptible to mfection the rate of nfection
dependmg upon various factors The sewer rat Raftus norvegicus
1s especially prone to harbor the spirochetes but the black rat Rat

tus rattus rattus and the roof rat Rattus rattus alexandrinus may
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Table 39 —Per CEnT OF RaTs InvECTED 1y DiFFERENT LOCALITIES

Rars Fooro

Pracr IFaR INvE TIcATOR INFECTED
Per cent
England 1918 Coles (8) 9
London 1919 Foulerton (9) 4
London 197 Stevenson (61} 20
AMdershot Englind 1936 Coppinger (30) 13
verpool 1938 ason (60 33
Dublin 1931 O Conncr (36) 40
Aberdeen Scotland 1934 Davidson and Smith (34) 24
Amsterdam 197 Schuffner (57) 2
Rotterdam 1934 Schuffner (o7) 22
Stockholm Sweden 1934 Qi (38) [
Hamburg Germany 1934 Reiter (39) 4
ome 1taly 193> Marches: (10) 4
Belgum (war trenches} 17 Stokes et al (T) 40
Bribane Australia 1936 Johnson et al (31) 6
Bri bane Australia 1937 Johnson et al (41) 2
Queen lan1 Australia 1934 Cotter e al (1) 30
Mamla Philippines 1928 Mehanley (43) 1
Japan (coal ynimes) 1917 Ido et al (6) 40
Guayaqul E uador 1934 Carbo-Nobc (34)
New York 1017 Noguchi {4) 177019
Nashwille 1917 Jobiing and Egg tein (13) 10
Clicago 1019 Otteraaen (171 3t0s”
Albany 192 Wadsworth (14) 40
Baltimore 1924 Robn ) 7
Washington D C 1924 Nelll (16) 10
San Franaiseo 1931 Rudlon (45) 33
T hester 1937 Syverton Berry (20) 33
Detrot 1937 Ra.per (501 16

cury the orgamsms though not 1n great numbers Old rats are
mfected to a much greater degree than young rats (table 40) The
density of rat population 1s a factor according to Schuffner the
rate of mfection mcreasing with densitv of rat population Likewise
epidermes among rats may be locahzed the rate of mfection 1 one
locality being as Ingh as 56 per cent and 1n a nearby area as low as
11 per cent (57}

Infection passes from rat to rat by way of food which 1s polluted
with infected urme and perhaps by sexual intercourse

TaMe 40 —Lepro pins INFECTION v Sewem Rats 1 Horasn (57)

tbir | Yowno
Torst Rars| _ Rare Rars
Yaawnen | Postmve | Po rve
| Per Cent | Prr Ceve
Amsterdam 1973 | a07 1 25
191 182 2 i
9 5 10 17 3
Rotterdam 1031 N 0
Waternnrks 30 1 0
Slaughter house. tsbles smmmingbaths 30 59 [
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Second the water acaident group consisting of persons who
have fallen nto and have been exposed for a considerable period of
time to water polluted by human or ammal refuse Sumilar water
accrdents 1 clean bodies of water do not result m nfection

Third bathers and swimmers who are careless about the places
which they frequent the water of which may be polluted

Numerous miscellaneous and sporadic cases occur from a variety
of causes due to a known or unknown contact with an mfccted rat
the presence of an mfected dog in the home and smular occur
rences

Passage of the spirochete through the unbroken shin probably
does not take place but passage through the mucous membrane 15
possible which accounts for the water acaident and bathing cases
with penetration of the nasal or buccal membranes

Pissage of the orgamsm through wounds and abrasions must
occur sometimes The possibihity has been demonstrated by labort
tory infections as well as by rat bite ferret bite and dog bite An
other case of mfection 15 reported when the victtm with an abraded
foot trod 1n the blood of a rat which had just been killed

In England an outbreak of 18 cases among coal mmers was re
ported by Gulland and Buchanan (10) One out of every three rats
exammed showed mfection Further study by Buchanan (29) how
ever revealed that the habitat of the organism was 1n the roof shme
of the coal mime The shme produced by the glutmous envelope of
the orgamsms formed a jelly ike or zoogleal mass In this the spwro
chetes multiplied 1 great numbers symbotically with other organ
1sms

ANIMAL INFECTIONS

Rats are apparently not at all mconvemenced by Leptospua 1
terohemorrhaguae The spirochetes are found in large numbers
the kidneys and are excreted n the urme They are present in the
liver and other organs and may be excreted in the feces

Studies m vartous parts of the world hive mndicated that about
10 per cent of rats harbor the organism except m adult sewer rats
where the rate 15 as lugh as 45 per cent (table 39)

Probably all rats are susceptible to mfection the rate of mnfection
ding upon various factors The sewer rat Rattus noruegicus
cially prone to harbor the sprochetes but the black rat Rat
s rattus and the roof rat Rattus rattus alevandrinus may

depen
15 espe
tus ratt
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In Califorma Meyer and his associates 1solated 11 cultures of the
camicola strain from dogs (59)

Raven (69) made agglutmation lysis tests on 105 dogs m rural
Pennsylvania finding 38 per cent positive to one or the other stram
of the orgamsm tests on fifty dogs i Philadelpha showed twenty
eight per cent positne Teactions The madence of the infection
increases with the age of the dog old dogs showng a higher rate
than young dogs (table 41)

TaHe 41 —Lerrosrmosrs v Docs (Raves)

Noweer Per Cest
LCxamen Posrrve
|
Netherlands 12 796
Belgum ! 100 410
Germany 250 86
Italy (Rome) ! 12 36
United States
ew York 1t 17
Sants Ros 23 143
an Francsseo 47 310
Pennsylvama (rural) 105 331
Philadelphia (urban) I 280

Dogs may exhibit a marked jaundice The kidney 15 mfected te
sulting 1 an acute or subacute and fatal mfection Atvpical and
1bortive cases occur the dogs which recover bemng carners of the
spirochete for several months and shedding them m the urme hlar
enbeek m Holland found the dog stramn (L camcola) less virulent
for dogs than the rat stram The Holland cases were not comph
cated by icterus as were the cases reported by Meyer in California

Dogs may become mnfected possibly by eatmg infected rats They
without doubt infect each other because of their mterest 1n the urine
of therr own species Sexual intercourse may be a factor also

THE DISEASE 1N MAN

Leptospirosis i man 15 imbated by alarmmng symptoms which
appear quite suddenly consisting of distressing muscular pams a
heawvily coated tongue 1 os1s alk 12 geal s;
toms and flushed conjunctivae Durmng this febnl period which Jasts
till about the Bith day spirochetes are present 1n the blood stream
The 1cteric stage extends from the sixth to the thirteenth day when
the fever decreases but hemorrhages may appear Thus 15 the fatal
period The comvalescent period beguns at the fifteenth day and lasts
to recoverv Jaundice appears i about one third of the cases
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Mice are subject to mfection the house mouse Mus musculus 1
well 15 certam species of field mice being natural carriers

Pachch (50) r ds five species as the most suitable for
expers tal studies—Peromy californicus califormcus P ere
mucus eremicus P mantculatus gambells (albino) P polonotus
polionotus and P truc: true:

Guinea pigs show resistance to some stramns of leptospra Syrer
ton studied over §00 gumea pigs infected with 34 strans strams of
low virulence produced jaundice n only one per ccnt of the ant
mals fever occurred m 80 per cent hemorrhages are generalized m
only a few anmals being confined to the lungs 1n 80 per cent of the
cases

Rabbits are susceptible to mfection, but are not ordinarly used
as laboratory anmmals Other ammals which may be expermentally
mfected include the gopher (Richardson ground squlrrel) the
weasel and the hamster

Foves suffer from canime Weils discase Dunkin and Ladlow
(46) reported the presence of L 1cterohemorrhagiae 1n a fox found
dead 1 a field Alston and Brown (47) mention three foxes that
died of 1 stmular mfection on a fox farm Macrae (48) reports an
outbreak m silver fox cubs where the organisms were demonstrated

Hogs have been reported on one occasion as responsnble for a
human infection Therr relation to the disease lachs confirmation
(48)
Horses may be infected expermmentally but recover and display
an mmumty 1 the serum They do not apparently continue to
harbor the organisms after recovery (49)

Cats may be infected sometimes Greene (64) made agglutm
tion tests on 100 cats m Cahforma finding Il of them negative for
L camcola There was one posttive reaction with L cterohacmo
rrhaguae

Dogs have assumed an mcreasmgly important place in the ept
demclogy of leptospirosis They are infected with two strams of the
organism  Leptospira wcterhemorrhagiae which 1s found in rats and
Leptospra camcola which 15 never found 1n rats hlarenbeeh m
1937 reported 21 dogs showing infection to the former and 81 dogs
to the latter orgamsm Borg Petersen and Jacobsen m Denmark
found only one dog mn 53 reacted to L canicola while 18 reacted to
L scterohemorrhagiae Meyer examined 111 dogs in New York
State 10 bemng infected wth canicola and 3 with icterohemorrhagite
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Tabl ,° —DisTRIBUTION OF SEVENTY THREE Cases oF LEPTo PIROSIS 1N THE UNITED
BraTES AND CaNADA (DTILES AnND SAWYER)

10 swimmers
8 ewer norkers
6 fish cutters
6 laborers
4 dairy workers
4 poultry dressers
4 who hived m cheap lodging houses
3 abattorr norkers
2 laboratory workers
2 vetennarians
2 eating place operators
1 hoseman on & fire boat
1 golfer who waded mn a river
1 who had a botl on his forearm which broke while he was

searching for o golf ballin dirty stagnant water

1 butcher
1 who worked and slept 1n a rat infested katcten
1 salesman 1n a meat and vegetable market
1 renovator 1n an old de erted carpet factory
1 quarry worker
1 machinist 1n a paper mill whose wife first had the infection
1 garage mechanic
1 unemployed brck mason
1 who moved wet lumber and waded 1n a nver
1 who hived in a rat 1nfested home and frequently trapped rats
1 who hived on a city dump for I8 years
1 12t eateher
1 who waded 1n a sever creek
1 kitchen worker
1 worker on the construction of a gas main
1 schoolgirl
1 housewife
2 oceupations not known

cupations three of which gave positive agglutmation reactions for
L 1cterohaemorrhagiae Al tests for L camcola were negative
Among the negative reactors were seventeen persons employed m
handhing dogs and nineteen men m the sewer mamtenance depart
ment

Swan and Mcheon (63) made agglutination tests on blood spect
mens of 101 coal mmers m England finding only two that gave
positive reactions both of whom gave defimite histories of mfection
Subclmeal infection did not ewst at least m this group of coal
miners

Laboratory workers have been infected on several occasions Frve
mstances have been reported by Zeulzer i France and Germany
two by Adamski m Warsaw (20) one by Alston and Brown m
London (47) and two m the United States (67)

Mortality i the American groap of cases was seventeen per cent
for persons less than forty years of age and sixty three per cent for
persons more than forty years (67) This 1s somewhat ngher than
the Netherland figures which were seven per cent for persons under
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The total number of proved cases of leptospirosis i man i the
United States up to 1937 was thirty two as reported by Packchanian
(62) This was increased to sixty by Stiles and Sawyer (67) m 1940
Since that time additional reports from different parts of the coun
try would mdicate that many more cases exist Scnekjie (66) found
thurty cases i New Orleans i the five year period 1939 1944 In
Cineinnats there were eight cases 1n one year (68) It would appear
that better laboratory facihties for diagnosis has increased mate
nally the number of cases reported

In other countries the number of ¢ases reported has been larger
In France m the period 1924 1932 there were 263 proved cases In
Great Britamn 1922 1939 there were 249 cases The Netherlands had
852 cases between 1924 and 1938 In Puerto Rico Larson reported
98 cases up to 1941

The majonty of cases show evidence of infection with L sctero
haemorrhagiac A small but increasing number of cases ate infected
with L camcola however

Leptosprosts 15 1 disease of adults More males than females are
mfected probably because of occupational hazards The rather rare
mfections 1 children are difficult to explam because opportunty
for infection must exist

Certamn occupations expose workers to a rish of mfection with
Ieptospirosis Stiles and Sawyer (67) have drawn attention to the
fact that courts n England ‘Germany and the United States have
awarded compensation to workers because of mdustnal infection
The disease should be considered an occupational hazard rather
than an occupational disease

In Great Britan among 142 cases occurnng m a period of four
years 99 were assoctated with fish workers coal miners nd sewer
workers Fifteen other cases followed bathing m mcrs and cansls
(47) In Holland among 325 cases of known ongm 68 were occtt
pational mcludmg fisherman and others working m water or
slaughter house workers and others workng mn places infested with
rats The remamder of the cases followed swimming or water
accidents In Australia m one year 188 cases were reported among
sugar cane worhers

In the Umted States among 73 cases tabulated by Stles and Saw
yer (67) there were eight sewer workers stx fish cutters and a
tmscellaneous group of other occupations (table 42)

Greene (64) tested 426 blood serums from persons of various 0¢
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Table 4 —DisTRIBUTION OF SEVENTY THREE CASES OF LEPTOSPIROSIS IN THE UNITED
TATEs AND CANADA (STiLES AND SAWYER)
10 ssammer
8 sener workers
6 fish cutters
G laborers
4 dairy workers
4 poultry dres ers
4 who lived 1 cheap lodging houves
3 abattowr workers
2 Iaboratory workers
2 veterinarians
2 eating place operators
1 hoseman on a fire boat
1 golfer who waded 1m a nver
1 who had a boil on his forearm which broke wisle he was
searching for a golf ball in dirty stagnant water
1 butcher
1 who worked and slept 1n a rat infested kitchen
1 salesman 1n & meat and vegetable mrket
1 renovator 1n an old de erted carpet factory
U quarry warker
1 machimst 1 a paper mill wh) e wife first had the infectron
1 garage mechanic
1 unemployed brick mason
1 who moved wet Jumber and waded 1n a river
1 who hived 1n a rat infested home and frequently trapped rats
1 who hved on a aity dump for 18 years
1 rat, eateher
1 who waded n a sewer creek
1latchen worker
1 worker on the construct on of a gas mam
1 schoolgiel
1 hou ewife
2 occupations not known

cupations three of which gave positive agglutmation reactions for
L wcterohaemorrhagie Al tests for L camcola were negatve
Among the negative reactors were seventeen persons employed m
handling dogs and nimeteen men m the sewer mamtenance depart
ment

Swan and Mcheon (63) made agglutination tests on blood specr
mens of 101 coal mmers 1n England finding only two that gave
Positive reactions both of whom gave defimte histories of mfection
Subclmeal nfection did not exist at least m this group of coal
mrners

Laboratory workers have been mfected on several occasions Five
wmstances hive been reported by Zeulzer m France and Germany
two by Adamski i Warsaw (20) one by Alston and Brown
London (47) and two m the Umted States (67)

Mortality in the Amertcan group of cases was seventeen per cent
for persons less than forty years of age and sixty three per cent for
persons more than forty years (67) This 1s somewhat higher than
the Netherland figures which were seven per cent for persons under
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forty years and thirty three per cent mortality for persons over forty
vears

PREVENTION

The prevention of spirochetl jaundice 1s a samtary measure
Those persons engaged 1n occupations where nfection 1s likely to
take place should take special precautions Ditch workers and sewer
workers should protect themselves by boots and shoes Fish workers
should take all samtary precautions as well as to prevent the en
trance of rits mto the establishments The extermnation of rats has
been emphasized as an important prophylactic measure The urme
of nfected dogs should be avoided Active immumzation with 2
vaccine which affords protection for a penod of six to twelve months
has been used but 1s not considered practical

An immune serum has been prepared using either horses or goats
Favorable results have been obtamed with such serums when ad
rumstered before the appearance of jaundice

Convalescent human serum has been used to some extent

ITEMS OF NOTE
1 Leptospirosis 1s caused by a Leptospira wcterohemorrhagiac ot
the closely associated spirochete Leptospira canicola
The natural habitat of L icterohemorrhaguae 1s the rat or the dog
The habutat of L canicola seems to be the dog
The disease prevails mn almost all portions of the world
Prevention consists m sanitary precautions
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forty years and thirty three per cent mortality for persons over forty
years

PREVLCNTION

The prevention of spirochetal j2undice 1s a samifary measure
Those persons engaged m occupations where infection 15 likely to
take place should take specil precautions Ditch workers and sewer
workers should protect themselves by boots and shoes Fish workers
should take all samitary preciutions as well as to prevent the en
trance of rats mnto the estiblishments The extermmation of rats has
been emphasized as an important prophylactic measure The urine
of mfected dogs should be avorded Active immumzation with 2
vaccine which affords protection for a pertod of six to twelve months
has been used but 1s not considered practical

An immune serum has been prepared using exther horses or goats
Favorable results have been obtuned with such serums when 1d
munistered before the appearance of jaundice

Convalescent human serum has been used to some extent

ITEMS OF NOTE

1 Leptospirosis 1s caused by a Leptospira wterohemorrhagiae ot
the closely associated spirochete  Leptospira camicola

2 The natural habitat of L cterohemorrhagiae 1s the rat or the dog

8 The habitat of L camicola seems to be the dog

4 The disease prevails in almost all portions of the world

5 Prevention consists n samtary precautions
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CHAPTER XXII

RAT BITE FEVER

RAT sitE fever 1s prmanly an affection of rats secondanly man s
mfected following the bite of a rat or sometimes of 1 weasel
ferret squurrel or cat

The term sodoku 15 comman for the disease i Japan and 15
found m English and Amencan hterature

HISTORY

Rat bute fever 1s said to have eusted m the fourth century 5¢ m
India from whence 1t spread to the rest of the world

In the Umited States 1t has been known for more than a century
cases having occurred 1 1830 according to Blumer (20) Carter m
1887 observed an orgamsm mn the blood of a naturally mfected rat
m India to which he applied the term Spinllum minus In 1900
Miyake (1) brought the disease to the attention of European m
veshigators who up to that time had quite ignored 1t only two cases
having appeared m European hiterature In 1916 Futah: (14) and
Tus associates m Japan described the causative agent of the disease
which they called Spirocheta morsus muns

PREVALENCE AND DISTRIBUTION

Rat bite fever 1s of world wide distnbution In England the first
cases were reported by Horder m 1909 since which time the dis
ease seems to have become quite prevalent In France Spamn Italy
Germany and other European contnental countries reports have
been recenved from time to time In 1915 Crohn (12) collected his
tories on 24 Japanese cases 16 American 8 Enghsh 2 French 1
Itahan and 1 Indian The next year Blake (13} added 28 more Ius
tories making 81 Duning the ten years from 1918 to 1927 there
were reported 90 cases from nineteen different countries Ruge mn
1929 reviewed 329 cases that had been reported up to then occur
ring i many parts of the world In India duning a nine year peniod
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CHAPTER \X\II

RAT BITE FEVER

AT Bt fever 1s pnmanly an affection of rats secondanly man s
R mfected following the bite of a rat or sometimes of = weasel
ferret squirrel or cat

The term sodoku 15 common for the disease m Japan and 1s
found mn Englsh and American literature

HISTORY

Rat bite fever 1s said to have existed 1n the fourth century sc m
Indin from whence 1t spread to the rest of the world

In the Umted States 1t has been known for more than a century
cases having occurred 1n 1830 accordmng to Blumer (20) Carter in
1887 observed an orgamsm 1n the blood of a naturally mfected rat
m India to which he apphed the term Spirdlum minus In 1900
Miyake (1) brought the disease to the attention of European m
vestigators who up to that time had quite ignored 1t only two cases
having appeared in European hterature In 1916 Futali {14) and
s associates mn Japan described the causative agent of the disease
which they called Sprrocheta morsus muris

PREVALENCE AND DISTRIBUTION

Rat bite fever 1s of world wide distnbution In England the first
cases were reported by Horder sn 1909 smce which time the dis
ease seems to have become quite prevalent In France Spun Italy
Germany and other European contmental countries reports have
been received from time to tume In 1915 Crohn (12) collected Ins
tories on 24 Japanese cases 16 Amencan 8 Englsh 2 French 1
Itahian and 1 Indian The next year Blake (13) added 28 more hus
tories maling 81 During the ten years from 1918 to 1927 there
were reported 90 cases from nineteen different countries Ruge m
1929 reviewed 329 cases that had been reported up to then occur

ning m many parts of the world In India dunng a nme vear perniod
375
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Spirdlum minus has been found m the wound at the site of the
ite 1n the lymph and sahvary glands and m the eirculating blood
There are numerous fatllures however n attempts to demonstrate
1ts presence 1n patients It cannot be cultivated on any artificial cul
ture media and 15 difficult or 1mpossible to demonstrate by dark
field technic w1th blood or lymph from the patient The best method
1s ammal mjection either gumea pigs or white mce using blood or
Iymph aspirated from the lesion” A prece of tissue removed from
the lesion may also be mserted under the skin of the test ammal
with good results After about two weehs the sprochetes mav be
demonstrated 1n the blood by darkfield or in stamned films

Streptobacillus mombiformus 15 the cause of Haverhill fever The
orgamsm 1s transmitted by the bite of the rat and 15 sometimes con
fused with Spinflum minus

THE DISEASE IN ANIMALS

Infection of rats with Sprrillum minus does not seem to mcon
vemence them The Japanese workers (14) did not find the organ
1sm present 1n the blood of all rats and there was no relation between
the kind of rat and the ratio of infection They found the orgamsm
only m the blood stream and not m the saliva and 1t was suggested
that possibly transmission of the spirochete from rat to man occurs
from 1nfection of the wound through bleeding gums Later mvest:
gation however showed the spirochetes present m the salna and
1t 15 undoubted that the spirochete 15 conveyed 1n this way About
3 per cent of brown rats have been found mfected Leadingham
(15) found 73 rats m Atlanta Georgia to be free of nfection
Bayne Jones could find no spirochetes in the rats of Rochester N Y
In Amsterdam one per cent of rats were reported to be mfected
while 1n London 25 per cent were found mfected

Field mice 1n Germany and the Umited States have caused human
mfections (32) In India 48 per cent of white mice were found to
be paturally infected with § munus

Anma (23) has reported that white rats are more resistant to
Manila strains of the spirochete than are white mice and both are
much more resistant than are gumea pigs Tabbits and Phulippime
monkeys for which tht orgamsm 1s very virulent

Transmmssion of rat bite fever occurs directly from rat to rat be
cause rats eat other rats dead from whatever cause some of which
may harbor Spirdllum minus Anma could not find that fleas are a
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70 cases were diagnosed at the Calcutta School of Tropical Medt
cne by demonstration of the spirochete (28) Swarup believes
however that this constitutes a very small number of cases com
pared to the rat population of India In Canada m 1933 Stewart
(24) reported 7 cases six of which were m Montreal Newfound
land had none Mexico 1n ten years tme (1918 27) reported but
one case mdxcatmg that most of that country 15 free from mfec
tion Cub and Central America are said to have had no cases re
ported (16) In the United States Wilcox (2) m 1839 reported a
case m a man forty years old The next year Watson (3) gave an
account of 1 seaman’ bitten by  rat over the eyebrow, who devel
oped the disease In 1869 there was a mother and son reported by
Gilllam (4) who developed the disease within two days of eich
other Three reports appeared m 1872 by Packard (5) m Phila
delpha and Earle (6) and Reece (7) mn Chicago Cook (8) 185
hd one case and Banker (9) m 1886 four cases In 1901 Evans (10)
published an account of three cases Two guls were butten by the
same rat at the same time both of whom took sick on the same dav
three weeks later Proescher (11) i 1912 added another

Bavne Jones (21) m 1931 found 81 cases that had occurred 1
the United States over a period of ninety years Wooley (85) m
creased the figure to a total of 110 in the next 10 years scattered
over 28 states The only large area from which no cases were r¢
ported was the sparsely populated Rocky Mountamn region

Additional cases of rat bite fever have been reported smce then
but the totl number that have occurred 1s not known Richter (34)
repots 93 persons bitten by rats i a four year period in Baltimore
65 of whom cme from an area of two square miles There were 7
cases of rat bite fever In the same perod there were probabh
many more persons bitten by rats who went to private physicians
or who treated the bites themselves Richter believes that rats de
velop a taste for human blood and after biting 1 person once they
will return for a further meal If not driven away they will contmue
to eat a considerable portion of flesh Infants are the chief sufferers
One child 1n Baltimore was bitten on eleven different mghts
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might wipe off the orgamsm from the teeth The bite of an mfected
ammal does not nvariably result m infection since there are several
nstances of two persons bemg bitten by the same rat and only one
contracting the disease

The mortality from rat bte feser 15 usually stated as about 10 per
cent Bayne Jones (21) however after correcting the figures on 81
cases 1 the United States and removing such cases as did not be
long 1n the list gave the mortality as 6 per cent From 1920 to the
tune he published his report (1930) no case died 1n the United
States

PREVENTION AND CONTROL

The prevention of rat bite fever 15 accomplished by the various
methods which have been devised for the suppression and destruc
tion of rats Prophylactic treatment of persons who have been bitten
consists m prompt cautery of the wound with antiseptic dressmngs
The cure of the disease has been accomplished by the use of the
arsemcal drugs and by pemetlhn

ITEMS OF NOTE
Rat bite fever 1s caused by Spirllum minus
The spirochete causes no meonvenience 1n rats
Human cases have been reported m Amenca for nearly a cen
tury
The, disease 1 man 15 contracted by the bite of an nfected rat
rarely by other animals
The prevention of the disease consists in the ehmmation of rats
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factor m spreading the infection from rat to rat or from rat to mn
The spirochetes remaned viable only a short time m the body of
the flea and did not multiply there

Rat bite fever following the bite of a cat has been reported m
several mstances (16) while Nixon (17) describes the same condi
tion followmg the bite of a ferret and Schottmuller (18) the bite of
a squirrel The weasel has Ithewrse been mplicated by Dick and
Tunmelff (19) as has also the dog (25) Iver reported 2 cases
from monkey bites (26) and Pillar a case from the bite of a bandi
coot (27) The bite of a pig has caused human mfections Al such
ammals must be considered probably as mechamcal carriers

THE DISEASE IN MAN

Rat bite fever m man 1s characterized by a local inflammatory
condition about the site of the bite wound with enlargement of the
contiguous hmphatic glands and accompanied by parovysms of
fever followed by periods of remission

Crohn (12) studied a large number of cases findmg the mcuba
tion period to average twelve days The more severe the bite how
ever the shorter the incubation pertod and the more severe the
illness Cases in which the meubation period lasted from 1 to 5 davs
the 1llness endured 111 days mcubation period 6 to 15 days illness
50 days ncubation period 16 to 35 days illness 51 davs

Occupation age and sex play no part i susceptibility to mfection
but are of some sigmficance 1n the possibility of exposure Crohn e
ported 31 males to only 20 females Bloom (30) gives the Bgures for
70 cases n the Unuted States as 87 males and 23 females Adults are
often infected especially men and grown boys 1n such occupations
s seamen and farmers Van der Bogert (31) could find only 6 cases
under 2 years of age mn the United States from 1921 to 1933 Other
mvestigators have reported a constderable number of cases m 1
fants Young children while sleeping are more apt to be bitten by
rats than are adults Richter found that 60 per cent of persons bitten
1n Baltumore were under one year of age

The location of the wound 1n the majonity of cases 15 on an e¥
tremity In 52 of Crohn s cases 1t was on the hand and arm 36 times
face and head 11 leg and foot 3 and not noted 2 Swab (29) re
ports a child bitten through both the upper and lower Iids of one

e As m rabies a bite on an exposed surface was more apt to

€
rgsult 10 mnfection than on a protected surface where the clothing



CHAPTER \XIII

HAVERHILL FEVER
{Erythema Arthnticum Epidemicum)

HA\'ERHILL Fever (erythema arthriticum epidemicum) 1s prima
nly an mfection of rats Man contracts the dusease directly by
the bite of an mfected rat or indirectly through mlk

HISTORY

Haverhill feser was not recogmzed as a climcal entity until 1926
For some vears before that time however there were cases re
ported as rat bite fever from which an organism different from
Spirorheta morsus murs was isolated Schottmuller (1) m Germany
was apparently the first to make such a report m 1914 In the next
ten years Blake (2) Litterer (3) Dick (4) and Tunmechff (5) m
the Umted States encountered sumlar conditions Ebert and Hesse
(6) m Russia Thorp (7) i England and Levadit1 and s cowork
ers (8) n France published other reports

The mik epidemic at Haverlll Massachusetts m 1926 was
studied 1n detail by Place Sutton and Willner (9) and served to
focus attention on the disease The term erythema arthrticum
epiderucum  was used by these authors as the designation for the
affiction Later 1n the sume vear Dodd (10) reported a case that
had occurred 1 Baltimore n 1923 usmng the same name

Two sporadic cases m Boston were reported by Hazard and Good
hund (11) m 1932 and by Scharles and Seastone (12) 1 1934 The
causatne orgamsm was 1solated mn each mstance In the second
there was 1 history of rat bite but none m the first Other authents
cated reports have been made with ssolation of the orgamism Le
mierre and is coworhers (13) i France described a case m a
railway worker due to rat bite Farrell Lord: and Vogel (11) re
viewed thirteen sporadic cases up to 1939 and added another from
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CGEOGRAPHIC DISTRIBUTION

Fnedall fever 15 probably widesprend lthough dequite re
ports are lacking Cases resembling the disewse have been reported
from Russia Germam, France and England as well as from vanous
parts of the Umited States Milk epidemics hne oceurred m Penn
svhama and Massachusetts while sporadie cases have been re
ported 1n Massachusetts Tennessee Iimos Marvlind New York
Virgima Ollshoma Michigan 1nd Washington D C

THE ETIOLOGIC ACFNT

8 bacdll Iifornus ( Faverhlhe mudtiforinis Strepto

thrix muns rattr) 15~ gram negatne rod 2 to 5 microns mw length
and 01 10 04 ymevons m width It 15 pleomorphac however and
under favorable conditions 1t may be observed w Rlaments 30 to 40
nucrons long It grows best m blood broth or asaitie fuid broth the
growth appearing at the bottom of the tubes While the orgamsm
prefers parhial anaerobiosis it 1s not 10 obligate anaerobe

The orgamsm can be cultw ated readily from the blood of patients
during the first three weeks of the disease It 1s varulent for white
mce but not for rabbits Tt will agglutimate patients serum tiken
durng the second weeh after anset m difutions vp to 1 640 All
britten Sheeley and Jeffers hase suggested procedures for the sdentr
fication of i bacillt liforms to dist kot from Sperd
tum minus (table 43)

Parher wd Hudson {22} placed the orgamsm w the order Actine
mycetales m the famsly Mycob md dered 3t a new
genus Haverlullta multiforms

MILK EPIDEAMICS

Two eprdemics due to row mulk we on record The outbrenk at
Chester Pennsmvhama m Mav nd June 1925 was studied by Arm
strang nd Wood but wns not reported at the time Place and
Sutton (21} m maling 2 final report on the Hoverdull epidemie
rentews the Chester merdent because of the stribing smilanty of
onset symptoms wd course of disease and the eprdesmologic refa
tion to the malk, supply There were about s hundred cases Ninety
two per cent of the Lnown patients recenved raw milk from = smple
bottlng plant m the ety wlile half of the remunder had partaken
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Brooklyn Allbritten Sheely nd Jeffers (15) described a case m
Philadelphia i 1 Iaboratory worker bitten by 2 white rat In 1941
karkwood and Stoll (16) encountered a case  Illinoss, Hart (17)

Fic 56 —Streptobacillus mondifornus cause of Haverhill fever
Courtesy of Dr I' Parker Jr

reported 4 case m 1 college student m Vurgmia while Larson (18)
described two cases m Washington D C In 1943 Ishmnel reported
a case due to rat bite the first to be recogmzed m Oklthoma
Wheeler (24) reported 3 cases m Detroit i 1945
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Tunnichff (5) showed that the etiologic agent of the disease was
carned by the rat as a bemgn mhabitant of the lung Strangeways
(20) and Lemierre (13) both demonstrated the orgamsms n the
nasopharynx of the rat The rat does not seem to be mconventenced
mn any \Vay

THE DISEASE IN MAN

The Haverhill nuilk epidemic was described by Place Sutton and
Willner (9) as a disease charactenized by an abrupt onset with
chills fever malaise vomting and headache an early eruption
rubellaform or morbilliform occurring on the extremities and tend
ng to become hemorrhagic a multiple arthritis of varymg but often
of a severe and crippling degree a fever curve of abrupt nise with
remussion m from two to five days and after a few days of relative
freedom from symptoms a recurrence with which the arthritic mant
festations appear

The disease due to rat bite does not differ 1n 1ts chmical features
from milk borne mfection The wound usually heals promptly and
shows little 1f any reaction

The incubation period usually 15 from two to ten days but some
times longer In the milk eprdemics 1t was short—often two or three
days The time seems to be dependent upon the number of organ
1sms causing the wnfection

Table /4 —DirrEnexTiaTiov oF Haveran: Fever Frovt Rat Bire Fever
eTER HART (17}

" Mavermma Tever Par Brre TEvPR

Infecting orgam m | Streptobacillu Spimllum
Portal of entry \numal bite Milk borne | Ammal bite
Tneubati»n perind Short Long

2 to 10 days 10 £ 20 or more days
VWound healing Prompt as a rule Induration and adjacent

lympphadenttis

General sy mptoms Prompt severe Delayed le  severe
Arthnt C mmm} Rare Il

Morbili form peteclial | No petechia
Leukocyto Marked St
Treatment Pent llin Arseme pepiaillin

Contact mfection from person to person does not seem to occur
The death rate 15 very low Blake (2) and Tunmclff and Mayer
é 5) reported fatal cases There were no deaths m the Chester ep1
lemic

There has been some confusion 1n the differentiation of Haverhill
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of milk from the same source in restaurants The etiology of the
disease was not determined

Table 43 —LaporaToRY DiaGN0SIS OF STREFTOBACILLTS MONILIFORMIS AND SPIRILLUM
MiNys INFECTIONS APTER \LLRRITTEN SHEEIEY ANp JErFERS (15)

Semmnrust Mnves

PROCEDURE I ! SrrEPTOBACILLTS MONN TFORMIS

Blood culture | No growth on ordinary mediums | Draw, blood at height of feser

Animal mocula
tion

ntraperitonedls with 2 c¢ o
citrated blood or mateml as
pirated from bite wound or ad
jacent _enlarged lymph node
daily dark field examenation of
morulated ammals blood for
Sprllum panus of Spinllum
runus 1 found before bth day 1t
13 probably a natural infection

Dark field examination of pitient s
blood serum from wound or i1n
volved lymph pode (rarely post
tive} stamed preparations of

Tissue flud

2dd to beef bomllon charac
terLtic gronth m 24 to 28
hours asatic flud or serum
enrichment of mediums peeded
for all subcultures

Inoculite mue and guinevr pigs | Inoculations with patient s ¢ ue

ve pegative resufs im
oculations of cyltures mto mice
result m polyarthnty and
death not pathogenic for rats
and guines pigs

Centnfuge jont fluds anl ex
amine amear  take eulture of
ot Auud m aseitic or sernm
owllon

tissue fluids by Wrights €1
emsa 3 or Font ma s stam (rarely |
po 1tive)
i
Technieally difficult and of cues Posittve agglutination precipttin

tiannble s lue and complement fivation m1y
offer confirmatory evidence

Serolage re
action
|

The outbreak m Hwerlull Massachusetts occurred m Jumary
1926 Thirty nine families were myohed with eighty six cases all
Iving 1n a small are1 The age of the patients vaned from two yews
to fifty four years The milk m every case came from 2 small daiy
selling raw mulk When the milk was pasteunzed the epidenic
stopped The etiologic agent was shown to be Streptobacillus monilt
formis The source of contumnation of the milk 15 not known but
1t 15 presumed that rats were mvolved

TUE INFECTION IN RATS

The rat seems to be the principle ammal reservorr of Streplo
bacallus monthformes The only other animal implicated 1s the wea
by Dich and Tunmcliff (4) Mice mjected with cultures

sel reported
m develop poly arthritis and die Rabbts are refractory

of the organis
to the disease
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Tunmchff {5) showed that the etiologic agent of the disease was
carned by the rat as a benign inhabitant of the lung Strangeways
(20) and Lemierre (13) both demonstrated the organisms 1n the
nasopharynx of the rat The rat does not seem to be mconvenienced
m any way

THE DISEASE IN MAN

The Hayerhill milk epidemic was described by Place Sutton and
Willner (9) as a disease characterszed by an abrupt onset with
chills fever malase vomting and headache an early eruption
rubellaform or morbilbform occurrig on the extremties and tend
mg to become hemorrhagic a multiple arthnibis of varying but often
of a severe and cripphng degree a fever curve of abrupt nse with
remission m from two to five days and after a few days of relative
freedom from symptoms a recurrence with which the arthritic mam
festations appear

The disease due to rat bite does not differ m 1ts chmeal features
from milk borne mfection The wound usually heals promptly and
shows little 1f any reaction

The mcubation period usually 15 fiom two to ten days but some
times longer In the milk epidemics 1t was short—often two or three
days The time seems to be dependent upon the number of organ
1sms causing the nfection

Tabl 4 —DirrERENTIATION OF HAVFRHILL FEVER FRoM RaT Bite Frver
Arrer Harr (17}

[ Favermur Fever Rat Brre TevER
Infecting organism Streptobac llus Spinllum
rtal of entrv Animal bite Milk botne | Amimal bate
Incubation perod or! Long
2 to 10 day 10 £0 20 or more days
Wound healing Prompt a a rule Induration and adjacent
Iympphademtis
General symptom Pr mpt evere Delayed less severe
Artho € mmon Rare
sl Morbilt form petechial | No petectial
Leuko yto Marked Sheht
Treatment Pen: lin

Arseme pemaillin

Contact mfection from person to person does not seem to oceur

The death rate 1s very low Blake (2) and Tunmelff and Maver
(5) reported fatal cases There were no deaths i the Chester ept
demic

There has been some confusion m the differentration of Haverhull
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fever from rat bite fever when the disese wis caused by the bite of

2 rat Hart (table 44) has assembled the silient points of distine
tion

PREVENTION AND CONTROL

The prevention of Haverhill fever depends on the control of rats
Sporadic cases occur from rat bite while epidemics result from mitk
supplies contammated apparently by rats Compulsory pasteuriza
tion of milk should be required as an added sfeguard

Pemcillin has been recc ded m the treatment of the dis
ease (23)

ITEMS OF NOTE

Haverhll fever 1s caused by Streptobacillus monihifornus

The tat s the chief reservorr of mfection

Sporachie cases occur from the bite of mfected rats

Epidemes anisc from unpasteurized milk apparently fected by
rats

The prevention of the disease consists m the ehmmation of rats
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CHAPTER XXIV

ENDEMIC RCLAPSING FEVER

ENDEMIC relpsing 15 1 disease caused by several closely related
spwrochetes Wild rodents and other ammals are reservous of
nfection of the endemic type of the disease from which the spiro
chetes are transmitted to man by ticks of the Ormthodorus vanets
{Epwdemic relapsing fever 1s sprend directly from person to person
by the body louse )
HISTORY

Eprdemic relapsing fever carrzed by the body Jouse has been
wide spread over the world probably smce the time of Hippocrates
Several severe epidemics have occurred n the United States Ober-
meter 1n 1873 showed that the disease was caused by a spirochete
Mackie 1n 1907 desertbed an eprdemic due to the body louse

Lndemic relapsing fever 1n the Umited States was first reported
by Meador (1} in Colorado m 1915 It was encountered m Cah
fornia i 1922 and 1n Texas 1n 1927 Weller and Graham (183) called
attention to the tick as a vector m 1930, which marks the begmning
of real nterest i the disease in this country (16) Ross and Milne
1n 1904, and Dutton and Todd independently had already demon
strated that the tick could transmit the disense

SEASONAL FREVALENCE

Relapsing fever m the United States occurs mostly durmng June
July and August (5) which represents the se1son when ticks have
an opportumty to bite therr victuns In warmer countries tich
bormne relapsing fever prevails throughout the year

The louse borne form of the disease which occurs 1n Europe wd
Assa has its greatest prevalence 1n wnter and spring

AGE AND SEX

Most cases of relapuing fever 1 the Umited States occur males

probably because of greater evpso;;re and opportumty of infection



ENDEMIC RELAPSING FEVER 389

There 1s no mdication that females are more resistant nor that age
has any connection with immumts

DISTRIBUTION

Endemuc relapsing fever has been encountered m various parts of
Africa Asia and Europe In the western hemisphere 1t has ocewrred
m Venezuela Peru Brazil Uruguay Argentma Panama Cuba
Mexico and Canada

In the Umted States 1t has been reported from a dozen or more
western states mncluding Arizona Cahforma Colorado Idaho han
sas Nevada New Mevico Oklahoma Texas Utah Washmngton and
Wyommg In addition ticks of the Ornithodorus species have been
found in Tlorida Minnesota Montina New York and Wisconsm

THE ETIOLOGIC AGENTS

Relnpsing fever 1s crused by spurochetes of the genus Borreha
Several different members of this group have been described as be
g responsible Morphologically they are mdistmgwshable They
are dehcate orgamsms averaging about 17 microns in length (vary
mg from 3 microns to 36 microns) with three to six spral turns
The ends are pomted In fresh blood specimens they exhibit a very
active screw lihe movement Arhficial cultvation can be carned out
by the use of stenile ascitic fnd contaming citrated blood and fresh
Lidney Incubation for seven days at 87 C under anaerobic con
ditions 1s necessary The orgamsms can be struned by the Romanow
shy or similar method

In many laborntories the spirochetes have been hept alive by 1n
Jecting a mouse or rat every third day Beck (6) showed that the
orgamisms would remun alne m defibrmated sheep blood at re
frigerator temperature for as long as 195 dvys Injection of mice was
made every two months therefore mstead of esery two days It
would seem that infected ticks might afford an even less laborious
and a surer method of preserving the living spirochete

The nomenclature of this group of spurochetes 1s confusing Bor
reha recurrentis (Spirocheta recurrentis Sprrocheta obermen Tre
ponema recurrentis) was discovered by Obermerer It causes the
epidernic type of relapsing fever spread by the body louse Europe
and elsewhere

There are several spirochetes that are transnutted by ticks which
have been designated by different names according to the locality
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Tic 57 ~Boricha recurrentis Tevas strun i hlood of white
manse (A M M 50437 )

m which they were found They m1y or may not be 1dentical Thus
Borrelia duttons 1s found m Centrnl Africa Borrelia persia m Perst
nd Northwest India Borrelia Juspanica wm Spaun and Morocco and
Borrcha marocanus m Morocco In the Umted States Borreha tun
cata 1s associated with the tick Ormithodorus turicata Borreha
parkert with O parker and Borrelia liermst with O hermst Bor
relia venezuelensis (ncotropicalis) 1s found in Venezuela Colombin
and Panam Borrelia novyr (sometunes called the Amertean stram)
w1s olated by Novy from an immugrant to the Umited States It
has not been associated with endemic relpsing fever

It has been emphasized by various workers (G) that immunologic
reqctions are not enticely reliable m dufferentrating these spurochetcs
for the same orgamsm may give different reactions when tested m
different stages of relapse Differences n virulence m1y be the re
sult of environment aver a period of tume Esen though alt the
steaws are but v wnants of Borreha recurrentis the different desigmy
tions should probably be muntuned for purposes of com emence
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MODES OF TRANSMISSION

The epsderme type of relapsing fever 1s transmtted from person
to person by the body lawse Pediculus humanns

EPIDEMIOLOGY OF RELAPSING FEVER
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Fio 58 ~Epidemmology of relapsing fever sbowing reserows of ivfection and methods
by which the disease 15 transautted  (Meyer }

The endemc type 15 ransmtted from anmmal to ammal and from
animal to man by the argasme bk genus Ormthodorus The arga
sine tiek (famdy Argasedae) 15 characterized by the fact that when
viewed from above ouly the Jegs are seen outside the bodv the
head and mouth parts bemg led The genus Oruthodorus 1s
distingmshed from the other members of this family genns Arges
by the rounded edge of the body There are numsrous species of
the genus Ormithodorus the speaes respoasihle far transmittcng re
lapsing foyer varymg according to geographic focation (table 45)
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m which they were found They may or may not be sdentical Thus
Borrela duttony 1s found m Central Aftica Borrcha persia m Persia
wd Northwest Indin Borrcha huspanica m Spun and Moroceo and
Borrclhia marocanus m Moroceo In the United States Borrelia tun
cata 15 assocrated with the tich Ormthodorus turtcata Borre
parker: with O parkers and Borreha herms: with O hermsi Bor
relia venezuclensis (ncotropicalis) 1s found n Venezuelr Colombia
and Panama Borrela novyr (sometimes called the Amertean strun)
was wsolited by Novy from 1n immugrant to the United States It
has not been assoctated with endemic relapsmg fever

1t has been emphasized by various workers (6) that immunologic
reactions 1re not entirely reliable in differentiating these spirochetes
for the same organism may gne different reactions when tested m
different stages of relapse Differences in virulence may be the re
sult of environment over a period of time Even though all the
strams are botvanants of Borseha recurrentis the different design
trons should probably be mmntamed for purposes of consemence
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ANIMALS SUSCEPTIBLE

A considerable number of ammals act as hosts of endemc re
lapsing fever dependmng upon the locality In western United States
there are a variety of rodents such as chipmunks ground squurrels
prairie dogs kangaroo rats white footed mice and other burrowing
rodents that have been found to harbor the spirochetes The red
tree squurel was also found infected m Calforma In Texas the
armadillo and opossum are resery ours of mfection (14)

In Panama opossums armadillos squirrel monkeys calves and
horses are possible hosts In West Africa certam spectes of rats are
infected while i North Afnica the shrew 1s a host

Experimental infection has succeeded with monkeys guinea pigs
whate rats and white mice Rabbits seem to be poor hosts although
mfection sometimes does take place

THE DISEASE IN ANIMALS

The course of the disease m ammals varies with the stran of
spirochete and the anmmal Thus Borrelia recurrentis and Borreha
persia cause mild reactions while Borrelia hispanica Borrelta dut
tom and Borrelia venezuelensts cause severe reactions

Monkeys and rodents generally speaking are susceptible to all
types In white mice the incubation peniod 15 about three days with
vanations according to the size of the doses and the method of
mocalation The ammals become visibly sick with roughed fur and
closed eyes Thus lasts for a penod of two to five d1ys dunng winch
time enormous numbers of spirochetes are present i the blood
after which they disappear and the ammal becomes apparently nor
mal for several days Then there 1s 2 relapse and the process 15 re
peated Usually there are two or three relapses

Some mice become paralyzed (neurotropic form of infection)
hving for two weeks or more before they die

Some rodents have an acquired y showmng no
although spirochetes are present in the blood

P

THE DISEASE IN MAN

The mcubation pertod 1n man of endemic relapsing fever varies
from six to nine days The onset of svmptoms are usually sudden
with hugh fever chills frontal headaches intense pans 1 the back
limbs and jomts together with varymg other disturbances The
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Adult ticks of the species O turicata were found by Francis to
Iive five years without feedmg and to harbor virulent spirochetes of
relapsing fever throughout that ttme when fed they were 1ine and
n good condstion 1t the end of seven and one half years (15)

Table 45 —Ticns Watcn HARBOR SPIROCHETES OF RELAPSING TEVER 1N DIFFERENT

OCALITIES
turicata I\ar;sax New Mextco Oklahoma and Texas 1n the Umted State
exico
O hermss Calfornia Colorado Oregon Wa_hington Nevada Idtheand Bati h
Columbia
O parkers Califorma Idaho Montana Nevidiand Wyoming
0 rudis {O venezuelen 15) Panama Colombia and Venezuelr
0 talage Panama Colombta snd Guatemala Arizona and Texas
O moubata Centraland Fast Africa
0 trolo ans (O papillipes} Iraq Iran Indian Russian Turkestan and Palestine
O lghorensts  Iran Indiaand Ruswan Turkestan
O erraticus (O marocanus) Spamn and Western North Afuict
O saugnyp Igypt Northand East Africa
O asperus Ira
4
n

tartahorskyr  Russia
terrucosus  Caucisus
Ticks are natural parasites of rodents but are not averse to feed
mg upon other ammals mcluding the human The adult tick 15
Jarge enough to be noticed and removed If 1t bites a person the
lesion 15 of suffictent extent so that there 1s a defimte Justory of a
bite The nymphal forms are capable of transmitting the disease

The spirochetes are capable of penetrating the mucous membrane
and sometimes even the unbroken shm as when the feces from m
mfected tick are rubbed into the shin

The manner 1 which ticks transmit
the infection to a new host seems 10
vary In some mstances the coval flud
and feces carry the spirochetes which
are depostted on the skin and enter
through the wound caused by the bite
or are rubbed 1nto the skin Other ex
penments hve shown that the spiro
chetes enter directly through the bite

The adult tick, once 1t has become
infected remarns so for hfe The spiro
chete 15 transmitted to the nest genert
tion with great regulanty Davis (17)
Fic 59 —Argansme tick Ot hoo quppested that the tick stself may

gmdm,'; ::,"'L;‘:':MZ ff g,ﬂ,ﬁ,’ be a more efficient sprrochetal resery oir
u
mﬁ;l’?c"‘; and Plant Quarantine thn the rodent host

&
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first attack lasts about three days when the temperature falls and
the patient feels quite normal except for weakness After four or
five days (the penod varving according to the sev enty of the dis
ease)  relapse occurs, with symptoms similar to the first attack
but somewhat less severe Without treatment there are two to four
or more relapses

Sprrochetes are found i the blood dunng the febrle periods
Chung (11) has shown that they likewise 1ppear and disappenr m
the urine He has demonstrated them in the spinal flurd durmg the
course of the disease {12) Diagnoss can be venfied by the comple
ment fixation test according to Stewn (18), using an antigen of
sprrochetes, washed from the blood of infected rats or mice

The death rate n Amerscan cases has been very low Treatment
by pemscillin has been effective cxperimentally (19)

PREVENTION

The prevention of endemic relapsmg fever 1s a matter of avoiding
infected ticks Cottages and camp sites where mfected rodents may
nest should be thoroughly clemed Adult ticks should be removed
from the clothmg when found Smce the nymphs may escape dis
covery, they are probably more potent sources of danger than the
adults

ITEMS OF NOTE

Endemic 1elapsing fever 1s transmutted by the tich Ormthodorus
of which there are numerous species m different parts of the
world

The etiologic. agents are spirochetes of the genus Borrclia

The reservorr of infection 1s one or another of the rodents or other
ammal varyng according to geographic Jocaton

4 The endemic infection n man 1 the United States 1s Jargely con

fined to ruril and sparsely settled areas

—
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diseases are for typhus—fleas and Ice for Rocky Mountam spotted
fever—ticks for tsutsugamush (serub typhus)—~mites There are
several other diseases which belong to the Richettsia group the re
lationship of which to the other members of the group as vet has not
been definitely determmed as trench fever boutonneuse fever
kenvya typhus and certam South African tick fevers

Table 46 —RICKETTSIAL Disesses TRANSMITTED FROM Aanils To Maw

Ertovoatc Annnn
GENT

Disgssh Reservorr

VECTOR

MMurine ty phus fever Rickettsie | Rat flen Xenopsylla
moosert cheopts Rat
Rocky Mountain potted Wood tick
fever R ricketts: D rmacentor Rodents and other
anier ont ansma]
La_tern dog tick
macentor
rarabolis
Brashan and Columbisn Cayenne tick
sprited fevers R ricketiss | Amblyomma
cajennense Dog
Boutc nneuse fever and Browndogtt k
Tenya typhus R conort Rhipreephalus
sanguineus Dog
South afn an tick bite Haemaphysalis
P pupes | leachs Dg
Tsutsugamushschisea e | 2 ot Tedam pute
entahs Trominculg ahamushe | Fiel 1 rats and mice
Qfever R burncte | Severalticks
H{nemaphy al 3
humerosa 1zoi s
cycl 15 Band: oot Tats
B wophalus annulatus cattle
Dermacenta
andersont
Ambl jomma
americans

The Rickettsiae of epidemic typhus have been named Rickettsia
prouazch and the nchettsia that causes the murmne type of disease
Rickettsia mooser

TYPHUS

There are two epidemiologic types of typhus which are deter
mined by the 1dentity of the arthropod vector murine tvphus trans
mitted by fleas from rodent hosts to man and epidenmc typhus
transmtted from man to man by Iice The two types of typhus are
stmilar climeally but eprd o Ily they are d lar In man

the chmeal symptoms are s;ymilarthe epidemic or louse borne form
being more severe




CHAPTER XXV

TYPHUS FEVER”®

RICKRETTSIA DISEASES

Tmns belongs to the group of diseases attnbuted to Richettsiae
These microorganssms may for the present be classified as fall
mg somewhere between the filtrable viruses on one side and the
true bactenz on the other They are minute orgatusms appeaning as
coccoid or bacillary forms withm the cells of ammal tissues They
are non motile measure about half a mucron mn diameter and are
reachly stamed with Giemsa or Castaneda stamns appeanng as bluish
bodies often showing a lavender tinge with Giemsa

Richettsiae have never successfully been cultivated 1 med:a free
from hiving cells but grow readily in tissue cultures In addition to
the above charactersstics 1t 1s important to note that the pathogeme
nickettsize may all be transmitted by arthropods from ammal to ant
mal The so called rickettsial diseases are usvally regarded as bemg
ammmal diseases which are transmitted from animal to ammal
cludmg man by various arthropods As a matter of fact the evt
dence 15 equally as good that Rickettsiae are arthropod parasites
and that ammals are only mcidentally mfected while acting as 2
souree of food for mfected arthropods Whaterer mas be the ongmal
host of the pirasite 1t 1s known that m some of these diseases the
nfections are present in certam animals 1n naturc and that speces
of at least four genera of arthropods may be mnfected by feeding
upon such fected animals In others the evidence indicates that
mfected ammals exist i nature Three of the identified rickettsial
diseases which occur 1 man —typhus Rocky Mountamn spotted
fever and tsutsugamushi—have been shown to be separate entities
although closely related The known arthropod vectors for these

¢ Prepated by R E. Dver MD Director Matiomal Institute of Jlealth Betlesda
Aanland 306
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ters of the disease in the past century In Ireland it was prticularly
assoctated with the failure of the potato crops More recently typhus
became epidemic m Serbia dunng World War I when 1t caused
over one hundred thousand deaths mn six months It took an esh
mated toll of upwards of 3000 000 hives 1 Russia 1n the years fol
lowing the revolution Durng World War I tvphus fever caused
epidemies m North Africa and Naples Data on the prevalence m
Central Europe during hostiltties are not yet available but many
cases were found m and around prison camps 1 Germany m the
spring of 1945

In envil populations typhus an its epidenue form occurs most
often m the poorer sections of eties where cold and poverty result
m a crowded and dirty population Under such conditions lce
abound and readily move from one person to another With the m
troduction of typhus mto such a population the disease spreads
readily from person to person frequently attaching those m at
tendance on the sick The morbidity and mortality rates among
doctors and nurses 1s very high

The peak of prevalence of epidemic typhus 15 m the winter and
spring This form of the disease 15 very severe the case fatality rates
varymg from 25 to 60 per cent of those attacked

Epidemic typhus has been mtroduced mto America from time to
time m the past four centuries m connection with immigration It
was present 1n Mevico shortly after the Spamish conquest probably
bemg wmtroduced with the Spanish troops In North Amernca out
breaks occurred at practically all of the northern Atlantic ports dur
mg the 19th century All of these outbreaks were more or less self
Limited the disease never gaming a permanent lodging in North
America as an epidemic disease A form of typhus has been present
m New York and Boston for many years under the name of Brill's
disease By some this type of typhus 1s considered to be a recur
rence of typhus in immigrants who had their first attacks years be
fore Others are of the opmion that Bnlls disease of New York wnd
Boston fits into the picture of the murine form of the disease found
particularly in the South Atlantic and Gulf States

THE VECTOR OF EPIDEMIC TYPHUS

For many years 1t was suspected that the body louse was the
transmitting agent of epidemic typhus but 1t remamed a suspicion
until 1909 when Nicolle (1) succeeded m transmitting the mfection
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EPIDEMIC TYPHUS-HISTORY AND EPIDEMIOLOGY

It 15 possible that typhus may have occurred 1n human bemgs
1 the early ervilizations but 1t 15 not until the middle ages that
wnitten description of a pestilence 1s defimite enough to warrant the
assumption that ty phus was present In 1083 an epidemic occurred
m Italy which probably was typhus A few years later m 1106
another tprderme apparently of the syme disease occurred m Bo-
hemia In both of these epidemics the outbreak followed fimme
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Fic 60 —Seasonal distribution of 5331 cases of munne typhus n the
United States 1932 1935 compared with 180 000 cases of epderme
typhus in Europe 1930 1935

This tendency for eprdemics of typhus to accompany hum1n musers
as during war cwl revolution and tumes of famme has been the
chief epidemiologic charactenstic of this form of the disease The
popular names that have been given the disease attest this fact—
gaol fever famme fever ship fever In many military campaigns
typhus has hilled more soldiers than has the enemy~the siege of
Granada the Thirty Years War and the Napoleonic campaigns es
pecually the Russian expedition for example In civihm populations
Treland Southeastern Europe and Russia were chief endemic cen
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In 1898 Brill first described cases of muld typhus like infection
occurrmg m New York City (3) This mfection was later shown to
be identical immunologically with louse borne typhus fever but
differed from that disease m 1its eprdermologic characteristics par
ticularly by 1ts lack of commumecability failure to be assocrated wath
poverty and durt and the difference mn seasonal prevalence As noted
above these cases may tepresent recurrences of previous infections
but 1 any event therr description by Buill 1s the starting point of
mveshgations of mild typhus After the description of mild typhus
by Brill cases were deseribed mn several of the southern eitres from
time to time until 1923 when Maxcy undertook a study of this dis
ease mn the Southeastern States (4) He found that the mfection was
fanly common m those States particularly the ports and towns
bordering the coast from Baltmore south along the Atlantic and
Gulf Coasts and 1n the Rio Grande Valley In s study he noted an
absence of lice a lack of communicability from person to person
and no tendency to attack the poorer sections of cities In addition
he pomted out that the disease was more prevalent n the late sum
mer and fall and was more apt to occur among those who were en
gaged m the handling of food stuffs—grocery men wareh men
and the like This latter observation was extended and confirmed by
Rumreich who found that a high percentage of the cases mvesti
gated by lum occurred 1 men who had Iived or worked 1n rat in
fested quarters (5)

In recent years there has been an apparent spread of the disease
to many of the towns and cities of the mtenor of the South Atlantic
and Gulf States and an extenston into certain rural sections of the
same States The accompanying map (figure 62) will grve an 1dea
of the present distnbution of the disease 1n this country as recog
mized at present Following the mvestigations i this country and
Mevco the disease has been deseribed at vanous places throughont
the world—Greece Syma Malaya North Africa South Africa Man
chura and the Hawanan Islands It 15 probably more widespread
than the above hst indicates

RESERVOIR IN NATURE
Many amals chiefly rodents have been found susceptible to
typhus and the infection has been recovered from two species
trapped m nature—common rats (6) and one species of field mce
(7) Swnce many rodent species are susceptible to the disease it 15
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to monkeys by means of body lice Head lice have 4lso been shown
capable of transmutting the mfectron expenmentally (2] but the
epidemologic evidence mdicates that the body louse 15 the principal
vector i nature Human body lice feed only upon man and under
conditions that bring about the crowding of human bemngs n close
quarters as cold and poverty lice multiply rapidly and pass readily
from person to person

THE LOUSE~PEDICULUS HUMANUS CORPORIS

VECTOR OF EPIDEMIC TYPHUS |

Fic 61

The v1rus multiplies i the body of the louse m the cells g the
iatestine becommg mfectious n four or five days The infection 1n
the louse reaches 1ts height in about ten days finally Jalling 1ts host
The virus 15 present m the feces of mfected lice ind may be trans
mitted through this medium 3t has not been defimtely shown that
the infection can be transmutted by the bite alone The virus 1s nat
transmitted through the egg to succeeding generations of hee

HISTORY AND EPIDEMIOLOGY OF MURINE TYPIUS

Just a5 the epidemuology of eptdemc typhus 1s bound up wath the
Iife cycle and feeding habits of human hee so 15 the eprdemiology
of murine tvphus determmed by the Iife cvcle and feeding habits of

the rat flea
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In 1898 Bnll first described cases of mild typhus ike infection
occurnng n New York City (3) This ifection was later shown to
be :dentical 1mmunologically with louse borne typhus fever but
differed from that disease 1 1ts eprdemiologic charactensties par
ticularly by 1ts lack of communicabihty falure to be associated with
poverty and dirt and the diff m 1 preval As noted
above these cases may represent recurrences of previous infections
but m any event their description by Brill 1s the starting pomt of
myestigations of mild typhus After the description of mild typhus
by Bnill cases were described 1 several of the southern cities from
time to time until 1923 when Maxcy undertook a study of this dis
ease 1n the Southeastern States (4) He found that the mfection was
fairly common 1n those States particularly the ports and towns
bordening the coast from Baltimore south along the Atlantic and
Gulf Coasts and 1n the Rio Grande Vallev In hus study he noted an
absence of lice a lack of communicability from person to person
and no tendency to attack the poorer sections of cities In addition
he pomnted out that the disease was more prevalent 1n the late sum
mer and fall and was more apt to occur among those who were en
gaged in the handling of food stuffs—grocery men warehouse men
and the Iike This latter observation was extended and confirmed by
Rumreich who found that a hugh percentage of the cases mvest:
stted by hum occurred 1n men who had lived or worked m rat 1n
fested quarters (5)

In recent years there has been an apparent spread of the disease
to many of the towns and cities of the mterior of the South Atlantic
and Gulf States and an extension mto certamn rural sections of the
same States The accompanying map (figure 62) will give an 1dea
of the present distribution of the disease m this country as recog
nized at present Followmg the mvestigations 1n this country and
Mevico the disease has been desenbed at various places throughont
the world—Greece Syna Malaya North Africa South Africa Man

chunia and the Hawanan Islands It 1s probably more widespread
than the above list indicates

RESERVOIR IN NATURE
Many ammals chiefly rodents have been found susceptible to
typhus and the infection has been recovered from two species
trapped 1 nature—common rats (6) and one species of field mce
(7) Since many rodent species are susceptible to the disease 1t 1s
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probable that the disease may be present in nature m several of
them or may extend to other species i the future The anunals sus
ceptible to tvphus fever are shown in table 47

Table 4~ —Axnuais Stsceemeis 70 Treavs Faver

Labocatery and domestic animals
Cat dog gumea pig rabbit (laboratory) white rat
Ammals not native n the United States
himprinzee
Monkey—two pecies (Vacacus sinteus Wacac 5 rhesus)
Hedgehng _ gerbil garden mow.e wood mou e
bpermophile (Ctlellus citellus)
Squirsel (Lerus-atlantorerus-gelt lus)
Dwatf mou. e (3us mnutus)
Meadow mou & (Mrcrotus lerrestres)
{nimals sntroduced mto the Umted State
Grey rat bouse mou e
Ansmals native in the United State
1y g squirvel (Claucomys rolans saturatus)
Oposstim {Drdelphts vargimana
Woodchuck (Varmola monaz monaz)
Cotton rat (Sigmodon Fisprdus huprdus)
Tuce rat (Orzyomys palusiris palustris)
Wood rat (A eotoma florsdana rubra)
Cotton mou e (Peromyscus gossypinus goss spin 8)
Golden mouse (Peromyscus m tiallx aureolus)
Meadow mouse §vmocu ‘pennyyloanice s penns loanscu )
Ol field mou e (Peromy cus polionotus polt nof’ 5)
White-Duted mou ¢ (Peromyscus leucopus 1o borucensis)

Sub pecies not wdentified

THE VECTOR OF MURINE TYPHUS

Expenimentally 1t has been shown possible to infect the human
louse the rat louse and several species of fleas with murine typhus
The evidence at present mdicates that the rat flea and the rat louse
are the vectors from rodent to rodent and that the rat flea transmits
the mfection to man Of the species of rat fleas expennmentally capn
ble of transmitting the mfection the species Xenopsylla cheopts 1s
probably the most common vector to man since this species readily
bites man when bungry and smce the curve of prevalence of this
flea fits closely the curve of mcidence of the disease i man

The virus has been recovered repeatedly from rat fleas found at
or near locations where typhus has occurred m man

Dyer has shown that the rat flea may be wfected by allowing 1t
to feed on an mfected ammal The wfection multiphes 1n the flea
reaching 1ts height m two or three weeks The feces of fected fleas
are mfectious and the mfection may gain entrance through flea
bates or through abrasions caused bv scratching It 1s possible that
the infection may be transmitted by the nhalation of dned flea feces
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or by contammation of mucous membranes by such nfected mate
il All attempts to transmit the infection by the bite alone have
been negative Unhke the louse the flex does not succumb to the
nfection The virus 1s not transmitted through the egg to succeed
mg generations of fleas (8)

~
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Fic 63 —Rat flea Xcnopsylla cheoprs (male)

THE DISEASE IN LABORATORY ANIMALS
Of the ammals known to be susceptible to typhus fever the
gumea pig 15 the most satisfactory for experimental use Ahhouﬂl
excepting the seventy of the response there are no recognizable
differences 1n the chinieal reaction of man to murme tvphus or ept
demuc tvphus there are certain differences m the reaction of guxfncﬁ
pigs to these two types In the murme type a fever develops a few
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days after mtrapentoneal moculation of wfectious matertal The
duration of this meubation period from the time of moculation to
onset of fever varies somewhat with the matenal used for mocula
ton If infectious gumea pig blood 15 used the meubation perod 15
usually 5 to 9 days i duration occasionally longer The fever 1s apt
to be uregular 1 type seldom gong higher than 40 C to 402 C

Fic b4 —Rat flea Xenopsylla cheoprs (femnle)

and commonly lasts from one to five days Occasionally gumea pigs
show fever a few days longer without other evidence of the pres
ence of secondary wnfections Uncomplicated typhus does not hall
the gumea pig Following mtrapentoneal moculation of murne
typhus virus mto the mile gunea pig and wsually comerdent with
the fever there 15 a swelling of the genitalia and a reddening of the
scrotum  From oedema of the undeslying tissues the scrotum is
tightly stretched and the testicles can not be pushed through the
Tings mto the abdommal cavity 2 reduction readily accomplished
tn the normal amimal This mvolvement of the gemtalia usually dis

appears with the fever Autopsy of animals at the height of the n
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or by contammation of mucous membranes by such 1pfected mate
il All attempts to transmit the ifection by the bite alone have
been negative Unhke the louse the fle1 does not succumb to the
infection The virus 1s not transmitted through the egg to succeed
mg generations of fleas (8)

Fic 63 —Rat flex \enopsylla cheoprs (male)

THE DISEASE IN LABORATORY ANIMALS
Of the ammals known to be susceptible to tvphus fever the
gumea pig 1s the most satisfactory for experumental use Altbouﬁx
excepting the severity of the response there are no recognizabie
differences m the climeal reaction of man to murine typhus or ept
derme tvphus there are certan differences mn the reaction of gmfnel
pigs to these two tvpes In the murnme type a fever develops a few
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DIAGNOSTIC AIDS

"The Wenl Felix reaction 1s constantly positrve m both forms of
typhus m man This reaction 15 the agglutination of certam B
proteus X strams by the serum of the infected individual The stramn
of this organism commonly used 15 known Y, and 1s not concerned
with the etiology of the disease The agglutmns appear 1n the sec
ond week and reach their height about the tune of defervescence
often reaching a titre of 1 1280 or more Titres of 1 320 or less
should not be regarded as diagnostic unless the chimeal preture s
compatible with typhus and other diseases can be evcluded Un
fortunately for the diagnosis of tvphus this reaction 1s also present
in other of the rickettsial diseases In the section of the United
States where Rochy Mountain spotted fever and typhus both eust
the Weil Felix consequently gives no axd m the differential dhag
nosts

The complement fixation test using Rickettsiae grown m the yolk
sac of the developing chick embryo 1s proving of greater value i
the diagnosis of nickettsi il mfections and m addition differentiates
between spotted fever and typhus

PREVENTIO\

The prevention of epidemic typhus 1s based on vaccination and
the eradication of the body louse by personal cleanlmess—bathing
and change of clothing In a measure this makes the prevention of
typhus m enil populations a soaal problem—education and the
lleviation of squalor In the control of epidemics of typhus the
patients should be freed of all vernun and segregated 1n surround
mgs where they may be kept free from vermin Contacts should be
deloused and segregated for at least fourteen days Rooms from
which typhus patients have been removed should be disinfected to
msure the destruction of all hice

The use of the new chemical DDT has proved to be the method
of choice for delousing This compound 15 prepared m a dusting
powder which by use of hand or power duster can be thoroughly
disseminated 1 the clothing without disrobmg

In the prevention of munne typhus the same measures should be
apphed which have been found of value 1n the control of bubome
plague—the destruction of rats and rat harbors The rat flea \eno
psylla cheopis when hungry feeds readily upon man These fleas
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fection will show a congestion of the blood vessels of both lavers of
the tumca covering the testicles often with hemorrhages and 2
filmy exudate on the surface Ricketisiae are readily demonstrable
n the cells of this exudate

In gumea pigs mfected with eprdemic typhus the meubation
period 1s about the same as that noted for the murme type The
fever 15 steadier m that days on which the animal shows no fever are
not common The fever usually lasts from 5 to 9 days As m murme
typhus the animals do not appear sick and do not die unless other
nfections are also present Transient reddening and swelling of the
scrotum occasionally 1s seen 1 guinea mgs infected with epidemic
virus but usually this reaction 1s lacking

Rabbits and monkevs when mfected with typhus virus of exther
form (epidemic or murine) develop the Weil Felix reaction usually
with a titre of 1 40 to 1 320 Gumea pigs do not show this reaction

Wihite 1ats develop a fever following moculation with the murme
virus but fail to do so mn response to epidemic virus Rats occasion
lly develop the Weil Felix reaction 1 low titres

In white mice the virus of the munne disease can be passed from
mouse to mouse indefimtely but the epidemic virus dies out after
il fe“ passages m the same SPECleS

Complete cross mmmunity evists between the two types of tvphus
m laboratory ammals

THE DISEASE IN MAN

Inman typhus fever runs a febrle course of about fourteen davs
The most defimte diagnostic sign 1s the rash which appears about
the fifth day The rash consists of rose red macules about 2 to 3 mm
i diameter which become defimtely petechial and darher as the
disease progresses The rash first appears over the lower chest or
upper abdomen spreading from this location to the upper arms
shoulders back and thighs In severe cases the forearms lower legs
nd palms and soles may be mvolved The rash seldom mcludes the
face

In the murme form of the disease serious complications are rare
and the fatality rate 1s below 5 per cent with most of the deaths oc
currmg m those over 50 years of age Complications particularly
pneumonia are more common in the epidemic disease and the cise
fatality may reach 60 per cent m severe epidermes

There 1s no specific treatment of proved value for tvphus fever
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spend part of thewr time away from their normal hosts along rat runs
and m the rat nests from which locations they attack man when
occasion offers Studes are now under way to determme the value
of DDT 1n the destruction of fleas i murme ty phus foc

Vacemes h1ve been prepared agamst typhus, both in Europe and
this country The vaceme with which the Amencan armed forces
were inoculated during World War II 1s prepared from nichettsiae
grown in the yolk sac of the developmg chick embryo This vaceme
has been used on 1 large scale and the evidence so far accumulated
shows that 1t will defimitely modify the seventy of a subsequent at
tack of typhus and as far as 1s known at present no death from
typhus has occurred m a previously vaccmated mdnidual The re
actions following the use of this vaccine are usually nuld Persoss
known to be allergic to chicken or to eggs should be shin tested be
fore vacemation to determine sensttiy ity

ITEMS OF NOTE

Ty phus fever 1s one of the Rickettsia diseases

There are two epidemiologie types of typhus epidemic or louse
borne and murine or flex borne

3 The epidemiologic features of ef typhus are

1 greater prevalence m winter 1nd spring

b commumecability from man to man

¢ tendency to attack distressed populations

d association with Jice

The eprdemiologic features of endemic typhus are

a greater prevalence n late summer and fall

b Inck of commumeability from man to mn

¢ association with rats and rat harbors

5 A lnown resennoir of murme tvphus eusts m two species of
rodents

The rash begins on the body and spreads to the extrenutics
avording the face

The Weil Felix reaction 1s present m practically all cases

The complement fixation reaction des clops uniformly and 1s 2
defintte aid 1n diagnosis

Pres ention and control of eprdermc typhus are based on vacein
tion and delousmg

10 Presention and control of murimne ty phus are bhased on the elm
\nation of rat harbors and the destruction of rats and fleas
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CHAPTER X\VI

ROCKRY MOUNTAIN SPOTTED FEVER®

Rocu MOUNTAIN spotted fever 1s one of the two nichettsial dis
eases endemic mn the United States (See Typhus Fever Chap
ter AV ) The nickettsiae described n connection with this disease
have been named Ruckettsia ricketts: or Dermacentrovenus rickettst
The disease 15 transmitted to man by ticks of two or more species

HISTORY

Rocky Mountun spotted fcver 1s known to have been present m
certain sections of the northern Rocky Mountam regions at the tune
that country was first scttled by wlhite men It 1s probnble that the
disease occurred among the Indians prior to white settlement but
no accurate data of that earlier peniod are available The disewse
was well recognized 1mong the settlers m the exghties and nmeties
of the list century but was first noted 1 the medical hiterature by
Maxey (1) m 1899

Until 1930 spotted fever was thought to be limited to the north
western states as with the exception of a single case which occurred
m Indana m 1925 (2) no cases had been recogmzed cast of 1
north and south line drawn through the center of the Dakotas In
1930 the disease was recogmzed by Rumreich (3) and climealls
wd epidemologieally differentiated from murme typhus m Mary
land and Virgima At the same time Badger (4) by Iaboratory
studies defimtely estabhished the identity of the eastern cises with
the northwestern cases of spotted fever Later study of the records
of earlier cases 1n the castern states has led to the conclusion that
spotted fever exsted in the east for at Jeast fifteen years before
recogmtion More recently a disease described in Sio Paulo Brazil
under the name exanthematic typhus of Sio Paulo has been found

Prepared by R F Dier MD Disector National Institute of Health Bethesd
Manyland 410



418

ROCKY MOUNTAIN SPOTTED FEMER

SFGT ™1 SAwS Pauun oy e 22433 ponods tryuno}, {yooy Jo LOUNGISI~ g9 org

GY6! OL Q28! S3LNNGO A8 NOMNGIBISIO 031803
Y3AF4 A3110dS NIWANAOW AMD0Y




412 DISEASES OI' RODENTS AND WILD ANIMALS

indistingmshable from Rocky Mountain spotted fever by cross im
munity and protection tests (5 6) The diseast. has also been 1dent;
fied 1n Colombia and Mexico Other closely related diseases re
Boutonneuse fever of the Mediterranean basm kenya typhus of East
Africa and possibly certam of the South Afncan tick fevers

Followmg the establishment of the fact that spotted fes er was not
himited to the northwestern states there his been a widespreid
recognition of cases farly well over the entire country Includimg
the year 1945 all but a few states had reported the recogmtion of
one or more cases within their borders In addition cases have been
recogmzed m two of the provinces of Western Canida—Brtish
Columbia and Alberta

The number of cases recogmzed annually 1n the Unsted States 1s
about 1 000 with the greater number occurrmg in the northwestern
states

As i other rickettsia diseases the epidemiology of Rocky Moun
tain spotted fever 1 man 15 dependent upon the life lustory and
feeding habits of the vector in this instaince 2 tick The disease oc
curs most frequently among those whose occupitions expose them
to the butes of ticks such as sheepherders agnecultural workers sur
veyors foresters and the ike A number of cases occur each yer
among campers acatiomsts pienichers and others whose occupa
tions or pleasurcs tikhe them nto the rural areas Occasional cases
oceur 1 urban dwelless from contact with ticks 1 vacant lots or
with ticks brought home by pets In several instances persons hase
acquired the infection by crushing ticks with their fingers while re
moving them from dogs The great mujority of cases of spotted fever
oceur 1n the late spring and early summer with n pecasiont] ese
developing m the late summer and fall There 15 some vanation m
this seasonal prevalence m the different sections of the country In
the northweest the disease 1s practically hmuted to the months March
to July incluswve with Apnil My and June the months of greatest
meidence In the states along the Atlantic seaboard eases oceur
during the same months noted for the northwest with an extension
to include the first part of August The season of greater meidence
m the east falls a httle later than mn the west the months of M
June and July being the height of the spotted fever scason

Age and sex have no influence on susceptibiity to the disease
There 15 1 greater mncidence among males than females and among

cluldren of both sexes than among adult females a fact which 15
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ting the mfection to their ek parasites The hst of animals found
susceptible embraces several species of rodents squurels rats mice
rabbuts and woodchuchs and of the larger ammals the dog and the
sheep It should be noted that the dog 15 possibly the chief resersour
of boutonneuse fever which 1s closely related to spotted fever

THI VECTOR

The role of ticks i the transmission of Rocky Mountain spotted
fever was largely worked out by Ricketts (8) m 1906 prior evy
dence bemg supplied by the work of McCalla (9) Wilson and
Ch (7) and suppl 1 data added by the work of Fricks
(10) Spencer and Parker (11) and others king (12) experimen
tally transmitted the disease by ticks about the same time that Rick
etts successfully carried out the sume expeniments Ticks of several
species have been found capable of hemng infected and of transmit
ting the mfection expenimentally while infected ticks of three spe
cies have been found 1n nature

Tick specres found mfected m nature are

Western Wood Tick { Dermacentor andcrsont)
Eastern Dog Tick ( Dermacentor vanabibis)
Rabbt Tack ( Haemaphysalis lepors palustris)

In addition to the three species listed above the followng species
have been shown to be capable of transmittimg the mfection expent
mentally

Pacific Coast Tich (Dermacentor occidentahs)
Brown Dog Tick (Rhipicephalus sanguineus)
Lone star Tich (Amblyomma amencanum)
Cayenne Tick ( Amblyomma cajennense)

Rabbit Dermacentor { Dermacentor parumapertus)

Of the above ticks D anderson: and D vanabilis are of the great
est importance m transmitting the disease to man m this country
while the others with the exception of the two rabbit ticks are
potentially important though not definitely convicted of causing
human infections Accumulated evidence mdicates that the rabbit
tck Hagmaphysahs leporis palustris although not feedmg on man
plays possibly a greater put than any other tick m the dissemina
tion of this disease 1n nature bemg the only tick which occurs in
all parts of this contment where spotted fever has been rec ogntzed
m man

In each of the species histed above the expenmental data show
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explaned by the greater nisk of exposure to ticks by reason of the
occupations of adult males and the more frequent excursion of chil
dren imto tick infested areas m the course of their play

1 1 1 3 i
MAR APR. MAY JUNE JULY AUG SEPT OCT

Fic 67 —Seasonal distribution of Rocky Mountun
spotted fever n the United States

In general 1t may be stated that all cases occur following condi
tions under which exposure to tichs was probable and that definite
Tustory of tick contact (bites or crushing of ticks) precedes the
onset of the diseise 1 man m the great majonty of cases

SUSCEPTIBLE ANIMALS

Studies made by Wilson and Chowning (7) in 1902 led to the
conclusion that a reservorr of Rocky Mountam spotted fever eusted
m nature n rodents and despite the fact that the virus of the dise1se
has never been recovered from a wild amimal 1t 1s undoubtedly true
that mfected ammals do exist 1n nature and play an mmportant part
n the perpetuation of the discase since protective antibodies hme
been demonstrated m the blood of certan wild rodents (11) Labo
ratory studies have shown that many species of animals are sus

cephible to the virus and while mfected are capable of
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to engorgement takling seven to ten days The female icreases
enormously m size during feeding and after becommng detached
she drops to the ground lays her eggs two to six thousand i num
ber and dies without feeding again From the eggs hatch six
legged larvae These larvae find a host presumably in most instances
a small rodent and feed to engorgement duning a period of four to
six dvys The lanvae then detach drop to the ground and after a
short period of sluggish actiuity become quiescent and moult to
eight legged nymphs These nymphs 1n their turn find a host and
feed to engorgement taking six to cight days in the process They
then moult to the eight legged adult male and female

Innature these ticks pass the wimnter 1n one of the flat or unfed
stages and probably consume two years i completing the cycle
from adult to adult Unfed adult ticks are said to be able to sunne
up to four years

The pereentage of infected ticks found i nature vanes from year
to year 1n known mfected localities In certamn small sections of the
northwest the percentage of ticks examned and found infected has
reached two per cent 1n certan vears while no infected ticks have
been found 1 the same areas i other years Out of about one thou
sand tichs taken from small areas in the east where spotted fever
was occurring i human bemngs the virus has been recovered surely
only once

‘THE DISEASE IN LABORATORY ANIMALS

Rhesus monkeys rabbits white rats and guinea pigs are suscep
tible to Rocky Mountain spotted fever and of these the guinca pig
15 the most satisfactory for experimental or diagnostic i estigations

To establish the infection n gumea pigs from a human case 2 to
4 cc of blood taken from the patient at the height of the disease
should be mjected intrapentoneally In examming ticks for the
presence, of the infection they may be ground up n a mortar sus
pended 1 a Iittle saline and this suspension injected nto the guinen
P1gs intrapenttoneally Experience has shown that attempts to disin
fect the outside of the ticks prior to gnnding them up are unneces
sary as secondary infections of the ammals seldom follow the mject
mg of ticks without prelimmary dismfection

The incubation peniod m gumea pigs following ntrapenitoneal
mnjection of blood vanes somewhat with the virulence of the virus
steamn The haghly virulent strains present i certan sections of the
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that stage to stage transmission of spotted fever virus takes place In
other words the infection may be acquired by the tick 1n one stage
of 1ts life cycle and retamed through subsequent moults to suc
ceeding stages and from infected adult females through the egg to
the larvae

DERMACENTOR, ANDERSONI
VECTOR_ OF SPOTTED FEVER IN THE NORTHWESTERN STATES

e = pom

Fic 68

The two ticks held accountable for most of the human eases of
spotted fever 1 this country D anderson: and D variabilis are
three host ticks spending the periods betw een feedings v from
the hosts The larval or nymphal stages are found on the smaller
ammals especially rodents while the adults are found more fre
quently on the larger ammals wild and domestic The adult tick
comveys the mnfection to man since the two immature stages wre
seldom found on man

The known distribution of D anderson: includes the states of
Washmgton Oregon Idaho Montana Wyonung Nev ada Utah
Colorado northern sections of Caltform1 New Mexico and Artzon?
and the evtreme western part of South Dahota while D vanabilis
has been reported from the remammg states of the Union Califor
ma Colorido Oregon South Dakota and Montana have reportcd

hoth species
The hfe cyc
follows The adul

le and feeding habits of the two Dermacentors 1re 18
t tich normally attaches to one ammal and fecds
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to engorgement takng seven to ten days The female mcreases
enormously m size duning feeding and after becommng detached
she drops to the ground lays her eggs two to six thousand in num
ber and dies without feeding agam From the eggs hatch six
legged larvae These larvae find a host presumably n most instances
a small rodent and feed to engorgement during 1 period of four to
six days The larvae then detach drop to the ground and after a
short penod of sluggish actvity become quescent and moult to
eght legged nymphs These nymphs m their turn find a host and
feed to engorgement taking six to exght days mn the process They
then moult to the exght legged adult male and female

In nature these ticks pass the winter 1 one of the flat or unfed
stages and probably consume two years m completing the cycle
from adult to adult Unfed adult ticks are said to be able to survive
up to four years

The percentage of infected ticks found 1n nature vanes from year
to year 1n known fected localities In certam small sections of the
northwest the p ge of tichs d and found imfected has
reached two per cent m certam years while no mfected ticks have
been found 1 the same areas n other vears Out of about one thou
sand ticks taken from small areas in the east where spotted fever
was occurrmg 1 human bemgs the virus has been recovered surely
only once

‘THE DISEASE IN LABORATORY ANIMALS

Rhesus monkeys rabbits white rats and guinea pigs ave suscep
tible to Rocky Mountamn spotted fever and of these the gumea pig
15 the most satisfactory for expermental or diagnostic investigations

To establish the mfection m gumea pigs from a human case 2 to
4 cc of blood taken from the patient at the height of the disease
should be mjected intrapentoneally In etxunmming ticks for the
presence of the mfection they may be ground up m a mortar sus
pended 1n a hittle sahne and this suspension myected mto the gumen
pigs mtraperitoneally Experience has shown that attempts to dism
fect the outside of the ticks prior to grinding them up are unneces
sary as secondary infections of the ammals seldom follow the mject
g of ticks without prelimmary disinfection

The mcubation period m gumea pigs following intrapertoneal
mjectton of blood varies somewhat with the virulence of the virus
stramn The highly virulent strams present n certain sections of the
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that stage to stage transmission of spotted fever virus takes place In
other words the mfection may be acquired by the tick m one stage
of 1ts e cycle nd retamed through subsequent moults to suc
ceeding stages and from infected adult females through the egg to
the larvae

DERMACENTOR, ANDERSONI
VECTOR OF SPOTTED FEVER IN THE NORTHWESTFRN STATES
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The two ticks held accountable for most of the human cases of
spotted fever in this country D andersom and D wanalilis are
three host ticks spendimg the periods betw een feedmgs away from
the hosts The larval or nymphal stages are found on the smller
ammals especially rodents while the adults are found more fre
quently on the larger animals wild and domestic The 1dult tick
conveys the mfection to man since the two immature stages e
seldom found on man

The known distribution of D anderson: mcludes the states of
Washington Oregon Idwho Montana Wyomimng Nevada Utah
Colorado northern sections of Cahforma New Mexico and Arizond
and the extreme western part of South Dakota while D vanalulis
Das been reported from the remamng states of the Umon Califor
na Colorado Oregon South Dakota and Montana have reported
Hoth spectes

The life cycle and feeding habits of the two Dermacentors are 1§
follows The adult tick normally attaches to one ammal and feds
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tite Listlessness and headache The onset 1s u ually sudden with a
chill or chilly sensations and rapidly nising fever Prostration 1 usu
ally marked In the more severe cases nosebleed may occur early
Soreness of the muscles and joints 15 commonly present The tem
perature nses rapidly and reaches 1ts highest pomt usually mn the
second week The termmation 15 by rapid Iyvsis after a febrle pertod
of about three, weeks

The most distinguishing characteristic of the disease 1s the rash
This appears between the second and fifth davs usually on the third
or fourth The eruption 15 macular rose red o colour at first and
becomes famnter almost disappearing during the mornng remission
of fever early i the discase The macules become more distinct each
day becoming defimtely petechial early m the second week i all
but the mildest cases In the severe cases the spots become deep red
or purplish and confluent Necroses may develop The rash usnalh
persists throughout the. febnle period and into convalescence be
coming browmsh n colour A branny desquamation often occurs
over the areas where the rash was thickest The site of the first loca
tion of the rash and 1ts spread and final distribution are mportant
1 the diagnosis of the disease The rash first appears usvally on the
wiists and ankles It spreads rapidly m the first twenty four to forty
eght hours to the back then arms legs chest and last to the ab
domen where 1t 15 least marked The palms and soles are frequently
mohved and gccasionally the face and the scalp are mcluded

PREVENTION

Methods for prevention of spotted fever have been directed at
the eradication of ticks To date these attempts have not been very
successful The dufficulty of the problem may be recogmzed when
the variety of hosts on which this parastte may feed 1s considered
In Montana the poisoning of rodents has been tred mn the hope of
fimiting the food supply availible for the immature stages of the
ticks The adult ticks have been attacked by the dippmg of domestic
stock ‘The clearing away of brush and the burning over of tick m
fested areas are doubtless of assistance 1 reducing the number of
bicks both by removing common sources of food for the ticks and
by actual destruction of the ticks themselves A tick parasite was
ntroduced anto Montana some eight or mne years ago but a Jonger
period of time must elapse before a deciston as to the value of tins
measure can be reached
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northw est produce the disease m guinea pigs two to three days after
moculation These ammals show listlessness, progressne loss of
weight and high fever usually 105°F or a httle above About 90
per cent of the ammals die around the end of the first week If the
nimal survives defervescence accurs after a varable periad of five
to fifteen days In a majonity of male gumea pigs infected with the
virulent stram a scrotal reaction develops about the third day of
fever This renction begins as a macular rash on the shin of the
scrotum Oedema of the underlying tissues and swelling of the
testicles are tbsent on gross mspection the reaction bemng largely
confined to the skin The rash becomes petechial and coalescence
of the spots occurs As the reaction progresses necross of the af
fected shin areas follows which 1s in turn followed by sloughing
As the guinea pig recovers healing takes place by scar formation
Necrosis of the tips of the ears frequently occurs At autopsy of
gunea pigs at the height of the mfection the most noticeable find
mg1s n enlarged and darkened spleen This organ 1s enlarged m all
dameters and may be from two to five trmes 1ts normal size

In less virulent struns m gumea pigs the percentage of deaths
mny fall as low as 5 per cent and the scrotal reaction be absent Of
the struns solated mn guinea pigs from human cases and from ticks
cst of the Mississippt River none has shown the scrotal reaction
seen 1n certamn virulent western strauns The stramns from S0 Pl
Brazil have shown scrotal reactions 1dentical with those caused by
vrrulent western stramns of the United States

Monkeys and rabbits develop the Weil Felx reactions when m
fected with spotted fever Monkeys often develop 1 rash sumilr m
character to the rash scen n human cases The rash i monheyvs 1s
found on the face over the lowcr back and the outside of the thighs
Necrosis of the ears somettmes occurs mn monkeys Virulent spotted
fever 1s lighly fatal i monkeys

Rabbits develop a fever and quite frequently show a scrotal re
action smilar to that seen 1n guinea pigs

THE DISEASE IN MAN

The dagnosis of spotted fever m the human beng 15 usually
made on clinical grounds and the complement fixation test

In man the disease has an mcubation period of two to tuehe
days most often being a week or a Iittle Jess The actual onset may
be preceded by 2 few days of 1ll defined prodromata~loss of 1ppc
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spring and early summer although out of season eases do
occur

Ticks once mfected remam so for life and pass the virus to suc
ceeding generations

The prevention of the disease 15 largely one of personal care
avording ticks plus the use of vaccine n known mfected areas
where 1t 15 not feasible to avord ticks

A serum has been developed which 15 of value in treatment
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Two types of vaccines have been prepared for spotted fever One
method utilizes rickettsiae harvested from mfected ticks More re
ecntly a viceme ssimalar to the typhus yolk s1¢ vaccine has been de
veloped In the production of immunsty there 1s no chotce betw een
the two vaccines The yolk sac vacemne should be asorded if sensiti
zation to cnchen or egg 1s present m the ndridual to be yaca
nated Sensitization to tichs oceurs but 1s relitrvely uncommon

Vacune may be administered to those whose occupations expose
them particularly to tick bites 1n known nfected areas Two or three
moculations of the vaceine give 1 degree of protection usually suff
cient to last through one tick season but the mmmumty apparently is
not permanent Occaston il cases of spotted fever have developed
vacemated persons but the saceine apparently lessens the scenty
of the disease and scems to ssuse recovery For its full protectne
value the vaccine should be trken 1t least ten days before exposure
to tick bite The vaccine 15 of no value m the treatment of the dis
ease

Probably the most effective method of prevention 1s the exercise
of personal care hnown mfected areas should be avosded smsofar
as possible during the tick season Those who must visit such areas
should frequently examme thewr clothmg and body for ticks The
tick usually does not become attached to 1ts host at once but often
times crawls iround for several hours It has been shown 4lso that
the chance of recenng mfection from the bite of an mfected tuck
1s drrectly proportion 1l to the length of time the tick has fd on the
exposed mdiv1dual

ITEMS OF NOTE

Rochy Mountam spotted fever 1s one of the Rickettsi: diseases
It has been recogmzed m most states of the Umted States wd
m Brazil Colombia Meuco and Cannda

The disease 1s transmitted to man by ticks

Several species of ticks are capable of transmitting the nfection
The two most unportant species n the United States arc D
andersoni 1 the northwest and D varabibis 1n the east
Ammals furnush food suppls for ticks and infected ammals prob
ably evist 1 nature

The disease 1s not transmutted from person to person

The disease 1s rural m nature and 15 prictically Iinated to the

v L) 1O =
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GEOGRAPHIC DISTRIBUTION

Tsutsugamush disease has been found over a wide spread area
1 the Astatic Pacific region Ongmally 1t was thought to be confined
to Japan but later expertence showed that 1t existed also i China
horea Nanset Islands Formosa Pescadores Islands Philippine Is
lands Indo Chmma Cambodia Malay Penmsula Ceylon Maldne
Islands Sumatra Java Borneo New Gumea North Queensland
(Austraha) Bako Islands Burma and India

There are probably other areas also where the disease exists
There 15 also the possibility, because the vector 1s a mute that areas
now known to be free of the diseise will later become fected The
disease 15 tropical m nature however and according to Cook (7)
does not occur 1t temperatures less than 65 F

SEASONAL PREVALENCE

No seasonal vanation 1 the madence of tsutsugamush disease
accurs m the tropics In cooler chimates such as Japan and Formosa
1 seasonal vanation has been noted with cases occurting mostly
during the months of July and August

ETIOLOGIC AGENT

The etiologic agent of tsutsugamushi disease 15 Richettsia orien
talis (R mpponca R tsutsugamushs R akamush:) Black and his
coworkers (1) confirmed the nchettsial nature of the orgwism
New Gutnea Early mn the course of the illness 1t can be recovered
from the patient s blood stream Injection of whate mice produces a
fatal mfection andntra and extra cellular bodies frequently occur
rmg mn parrs may be demonstrated m Giemsa stamned smears

Cultures mn bacteriological media (broth or agar slants) remamn
stenle but the orgamsm may be grown on volk sac tissue of fertile
hens eggs n a manner similar to the other rickettsia of the typhus
group

Strams of R orentalis 1solated from different geographic areas
vary m virulence but are :dentical 1 cross immunity tests

MITE VECTORS

Tsutsugamusht disease 15 transmutted by the hite of the larval
form of a mute of the genus Trombicula In the development of the
nute from the eyg to the adult onlv the lacval forms are parasitic on



CHAPTER X VII

TSUTSUGAMUSHI DISEASE
(Mte Typhus)

Tsmsuo,uwsm disese 1s an infechion of rodents, caused by Rick
ettsia orientalis Man is mfected by the bite of the rit mte

HISTORY

Tsutsugamushs diseise has been known ecording to Williams
(8) smce the sixth century In an extensive review of the literature
Blake Maxcy Sadush hohls and Bell (1) state that it was encoun
tcred by the natives of South China in the 16th century

Hashimoto described the diseise m Japwn m 1810, calhing 1t

tsutsuga  Palm m 1878 1dded further evidence cilling it “shima
mushi  The next year Baclz showed that 1t was caused by the bite
of @+ mite Chmeal and eprdemiologreal evidence was added by
Tanaka m 1899 and Irter by workers of the Kitasato Institute for
Infectious Diseases Aatashima and Miyapma in 1918 demonstrated
that field mice 1 Japan were rodent bosts The etiologic agent was
suspected by Hayosht in 1920 and named Rrchettsia isutsugamushi
Various other workers described the orgamsms under other numes
Nagayo and his assocrates 1 1930 1denbified it under the name of
Bichettsia onentahs

Lattle attention was pud to the disewe m ocadental countries
up to the Second World War when Amenican troops mvaded the
1slands of the Southwest Pacific Ocean

Amang the varous designations by which the disese has been
known are g hiby o ht Jrpanese mer fever
flood ferver hedani fever mite fuver, serub tvphus (K form) rurd
typhus tropscal typhus pseudo typhus and Mossan fever (3) By
prionity tsutsugamushy discase 1s the accepted term By common

usage serub typhus and nute tvphus arc more populr
422
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Trombicula mimor m Austrahn and New Gumea

Trombicula acuscutellans m India

Numerous spectes of mites mfest rodents n the Orient and 1slands
of the Southwest Pactfic and additional mvestigation has shown
that others than those hsted above are capable of transmtting
tsutsugamusht disease Some mutes are merely nuisances causmg a
severe dermatitis called scrubitch In North Amenca Trombicule
rritans causes ‘harvest itch

Ticks such as the genus Amblyomma m Sumatra have been
suspected m the transmission of this disease but evidence 15 lacking

RODENT HOSTS

A variety of rodent hosts of tsutsugamush: disease are found 1n
nature Rickettsial organisms have been found m the followmg rats
(3) =

Melomys Lttoralis Rattus assumdis Rattus conatus Rattus nor
regicus (white stram) Rattus norvegicus (black & whte stran)
Rattus rattus Rattus losea Rattus concolar brown: and Mus rattus
rufescens The vole Microtus belli and the band
Isoodon torosus also carry the orgamisms Numerous other rodents
are infested with mites and experience may show that they are reser
vorrs of rickettsial mfection

The laboratory ammals which are subject to infection mclude
white mice white rats gumea pigs and rabbits

Birds have been reported as possible hosts of the disease since
they are wfested with mites but this has not been confirmed ¥Wild
birds are capable however of distnbuting imfected mites over
wide areas and to distant countries i migration

Mates feed upon dogs cats wild pigs swamp hens bush fowls
parrots buffaloes monkeys lizards and probably many other am
mals Gunther Lsts seventeen such hosts Few of them probably
compare with rodents as reservours of tsutsugamushy disease

THE DISEASE IN MAN
The mites wlich cause tsutsugemushn disease attack regions
about the waisthne scrotum grom and armpits where they find the
morsture favorable The most common site of the primary lesion
according to Ahlm and Lipshutz (4) 1s found mn the scrotal area
though the mgumnal and anlle areas are frequentlv mvolved Cook
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vertebrate hosts The metamorphosis from Jarva to nymph requires
1 meal of blood from the host The nymph and 1dult forms are not
parastic on man or ammals but hve on the ground feeding on
plants The adults lay thar eggs on the ground, where the new
larvae hatch out

Fre 69 —Rhedaru mute Tromircda akamushi
Courtesy Sharp and Dolime

The larval forms which attack man are reddish mn color but of
almost microscopic size about 02 to 03 mm 1 length They we
six legged resembling tiny spiders They attach themselves to the
skin by means of thewr hooked mouth parts One meal of blood 1s Wl
that 18 necessary for the metamorphosis from Jary 1 to nymph wd
apparently the larva daes not feed a second time If the Jarva of 1
previous generation however has fed upon an mfccted rodent the
new Jarva will probably be capable of causing mfection m the new
host for the rickettsiae are transmutted through the egg from genera
tion to generation

Williams (3) bists the following mites responsible for the trans
russton of tsutsugamush: disease

Trombicula akamushe m Japan China Formosa Malya Pesct
dores Islands and Sumatra

Trombscule deliensis Australia India Malava New Gumer md

Sumatra
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At the earliest time possible after exposure a bath should be taken
wath thorough soaping and serubbimng of the skin
DDT 1s not effective against mites

ITEMS OF NOTE

—

Tsutsugamushi disease 1s one of the Rickettsia group of disenses
caused by Ricketisia orentals

The disease exists over a large area of Southeast Asia from Rorea
to Indta and in the 1slands of the Southwest Pacific from Japan
to northern Australia

The vector 15 the rat mite Trombiculs akamush: or related
species

Only the larval forms of the mite are parasitic and transmt the
disease

Mites once mfected pass the rickettsia on to the next generation
through the egg

The reservoir of infection 15 found 1 wild rats and mice
Mortality 1n persons suffering from the disease vares from two to
ten per cent depending on such factors as age condition of the
patient ete

Prevention consists i protection agunst mite bites There 1s no
protectne vaccine
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(7) found 92 per cent on the trunk arm or thigh The bite 1 pun
less and usvally overlooked

The primary lesion or eschar, where the mite causes the mfec
tion has a pinched out appearance about three to ten mm m
dimeter covered with a black crust and surrounded by 1 small
erythematous border (5) After an mcubation period of seven to
fourteen days the patient suffers from headache bachche weak
ness chilliness fever and msomma The fever nises to about 104°F
or 105°F About the fourth or fifth day after symptoms appear
there 15 a macular or maculopapulr rash on the trunk Mild cases
begm to improve m twelve to fourteen davs Severe cases my
deselop atypical pneumoma or encephalitis

Diagnosss 1s confirmed by the appearance of the eschar, when 1t
can be found by the recos ery from the blood strcam of R orientalis
durmg the febrile period and by a positine Weil Fehx test with
Proteus O\L after the twelfth or fourteenth day of illness A nega
tive Weil Felis reaction does not rule out the disease however

Vanous other diseases occur n regions where tsutsugamush: dis
ease 15 found such s malint dengue and infectious hepatitis
which make a differentinl dingnosis dufhcult

The mortality rate vanes from two to ten per cent depending on
varjous factors such as age the condition of the patient etc Above
the age of forty years the mortality rite 15 much lugher Tsutsu
gamusht disease 1s not transmitted from person to person

PREVENTION

There 15 no protective vaccine against tsutsugamush: disease
Persons gomng into mite mfested areas w here the disease evsts meur
some nisk of infecton This nsk may be mmimzed by precautions
learned by the mihtary forces during World War II

Camp sttes should be cleared of grass and debris the ground
burned over and then sprayed with ol Cots or hammocks should
be used for sleeping purposes rather than the ground Clothes
should be sprayed or rubbed with an antt mite flmd such as dimethy1
phthalate or dibutyl phthalate McCulloch found that dibutyl
phthalate was very efficient At a dosage rate of onc flud ounce per
sct of clothes 1t gave protection for 22 days the clothes bemg
washed 8 hmes 1 cold water during that penod (8) The hands
should be smeared with an anti mite flwd at frequent intervals w hen

1n tick. mfested areas, and care should be taken to proteet the wkles
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VECTORS
The tick of chief importance m Austriha n the spread of Q fever
1s Haemaphysalis humerosa but there are several other possible
vectors (table 48) H humerosa probably 1s an important source

Table 48 —Ticks oF PosstBLe Signiricance n TaE TRansysstov oF Q FEvEr Ix
Avstraiia {DERRICK 8)

Prnveresn | Ormer RePORTED RELATIOV TO
Tien Hosr Hosts Q Imver
Haemaphysalis Bandicoot | Raftus rattus
humerosa Raltus culmorum
oung: Proved vector among
Haemaphysalis opossum cattle horse bandicoots
Cattle Sheep horse dog
man Potential vector
Boophalus annulatus
microplus Cattle Sheep Canbe nfected
Tzodes holoc el 15 Bandicoot | Most buch and do-
mesticammals and
Riapicephal 3 man Probable vector
Banguineus Dg Bheep cattle h e
Potential vector
Ormthodorus gurney Thangaroo | Man Can benfected

Unlkely vector

of mfection among bandicoots but 1t does not bite man A possible
method of human fection 1s mhalation or wound contamination
with the dried feces of the tick The nichettsiae are confined to the
hnng of the epithelum and the lumen of the gut and the feces
are highly infectnne Hereditary transmission of the nickettsiae has
not been demonstrated m H humerosa

In the Umted States the rickettsiae have been found m nature
m nymphal and adult forms of the love star tick Amblyomma
amencana 1 Texas and the wood tick Dermacentor andersont m
Montana and Wyommg Experimental transmission has been ac
complished with the argasid ticks Ornithodoros moubata and Q
hermst The former remamed wnfective for 670 days and transmitted
the virus through the egg the latter conserved the nickettsiae m the
tissues for 979 days but faled to pass the mfective agent through
the egg 1n the few experiments tried

ANIMAL RESERVOIRS

The chief reservorr of Q) fever m Australin 15 the bandicoot a
small marsupial Agglutiation tests showed thurty four per cent
were infected n nature (8) Demick (9) found other bush animals
(two marsupials and seven rodents) susceptible to infection how



CHAPTER \AVIII

Q TEVER

FEVER 15 a nchettsial disease m which ticks are mvolved m
Q, the transmussion The bandicoot and other anumals i Aus
tralta are reseryorrs of mfection In the Umited States the etiologic
agent 1s identical with that found in Austrahia

HISTORY

The occurrence of an obscure fever among meat worhers and
slaughter house employes 1 Brisbane Austrihn n 1935 was
studied by Burnet and others of the Queensland Department of
Health The disease was designated as Q fever (1) aud the
causative agent was designated as Rickcttsia burnetr (2)

In 1938 Drvis and Cox (8) mn the United States reported the
wolation of ricksettsia orgamsms from wood ticks collected near
Nine Mile Creek Montana and Dycr (4) reported the first case of
human mfection The disease wns designated as American Q fever
and the organism as Richetisia dwporica (5)

The organisms encountered 1n Austrahia and i the United States
were shown to be 1dentical by Dyer (6) and Bengston (7}

CEOGRAPHIC DISTRIBUTION
Q fever has been encountcred in Australia almost all the cases
being confined to Queensland In the United States cases hrve been
reported in the Pacific Northwest Texas Ihnors and m Washing
ton D C where a laboratory outbreak occurred '

LTIOLOCIC AGENTS

The cause of Austrahan Q fever Richettsia burneti and of Amen
can Q fever, R diaporica are 1dentrcal by immunologic tests They
are simular to other members of the Rickettsta group m morphology

stanmg reactions
and 4 o8
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VECTORS
The tick of chief importance 1 Australia 1 the spread of Q fever
1s Haemaphysalis humerosa but there are several other possible
vectors (table 48) H humerosa probably 1s an mmportant source

Table 48 —Ticks or PossiBLE SIGMFICANCE IN TAE TRaNsMissioN ofF Q FEVER IV
AustrRaurs (Dergicn 8

Prvctear | Otrer Reportep | RELATION T0
Tick Host Ho s | Q Tever
Haemaphysahs Bandcoot | Pattus ratlus
2 a Rtt s culmorum ‘
youngs Proved vector among
Haemaphysalis opossum cattlelor e | bandicoots
bispinosa Cattle Sheep horse dog
man Potential vector
Boophalus annulatics
‘microplus Cattle Sheep Can he nfected
Izodes holocyclus Bandicost | Do tbush and do-
mesticamm-ls and
Rhipcephalus man Probable vectcr
sanguin us Dg Sheep cattle horse
Potentual yector
Ornithodorr sg et Tangary> | Men Can be infected
Unlikely vector

of mfection among bandicoots but 1t does not bite man A possible
method of human infection 15 mhalation or wound contammation
with the dried feces of the tick The rickettsiae are confined to the
lining of the epithehum and the lumen of the gut and the feces
e highly infective Hereditary transmission of the rickettsiae has
not been demonstrated 1 H humerosa

In the Umted States the nchettsize have been found n nature
in nymphal and adult forms of the lone star tick Amblyomma
amencang 1n Texas and the wood tick Dermacentor andersom m
Montana and Wyommng Experimental transmission has been ac
complished with the argasid ticks Ornithodoros moubata and O
hermst The former remained infectre for 670 days and transmutted
the virus through the egg the latter conserved the rickettsiae 1n the
tissues for 979 days but failed to pass the nfective agent through
the egg in the few expermments tried

ANIVAL RESERVOIRS
The chief reservoir of Q fever n Austriha 1s the bandicoot a
small marsupial Agglutmation tests showed thrrty four per cent

were infected m nature (8) Derrick (9) found other bush animals
(two marsupials and seven rodents) susceptible to mfection how
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Q FEVER

FEVER 15 2 richettsial disease i which ticks are mohed m
Q_, the tramsmuission The bandicoot and other animals in Aus
tralia are reservoirs of nfection In the United States the etiologie
agent 15 1dentical with that found 1n Austrahia

HISTORY

The occurrence of an obscure fever among meat workers and
slaughter house employes 1 Brisbane Austraba m 1835 was
studied by Bumet and others of the Queensland Department of
Health The disease was designated as Q fever (1) and the
causatie agent was designated as Richettsia burnctr (2)

In 1938 Davis and Cox (3) i the Umted States reported the
1solation of richsettsia orgamsms from wood tichs collected near
Nine Mile Creek Montana and Dyer (4) reported the first case of
human wfection The disease was designated as Amenican Q fever
and the orgamsm as Richettsia diaporica (5)

The organisms encountered in Austraha and mn the United Stites
were shown to be wdentical by Dyer (6) and Bengston (7)

GEQGRAPHIC DISTRIBUTIOV

Q fever has been encountered 1n Australia almost all the cases
beng confined to Queensland In the Umted States cases have been
reported n the Pacihic Northwest Tevas Imois and sn Washing
ton D C where a laboratory outhreak occurred '

LTIOLOGIC AGENTS

The cause of Australan Q feser Rickettsia burnefi and of Amen
can Q fever R diaporica are Wdcntical by wmunologic tests They
are sumtlar to other members of the Rickettsta group i morphology

stumn, reactipns
and g -
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The outbreak among Inboratory workers i the Umited States
was probably arborne from mnfected ammals or possibly from dried
feces of mfected ticks The p which panied the
disease 1n this outbreak would indicate this route of mfection

The treatment of Q fever 15 symptomatic

PREVENTION

The prevention of Q fever 1s difficult because complete knowl
edge concerning the eprdemiology of the disease 15 lacking For the
present precautions agamst ticks must be emphasized

ITEMS OF NOTE

1 Q fever 1s caused by the Richettsia burnets (R dwporica)

2 It s transmtted by ticks or through tick feces

3 It has been encountered only 1n Australia and the United States

4 Bancheoots cattle and rodents are the chuef reservors of mfec
tion n Australia 1 the United States cattle and sheep hav e caused
the disease

5 Infection through the respiratory route results 1n an atypical
preumonta nfection through the shin 15 mamfested by fever
headache and challs lasting one to three weeks

6 The death rate 1s very low

7 Prevention 1s difficult due to madequate knowledge of the ep
demiolagy of the disease
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ever, and he conmiders them factors m spreading the disease Ex
perimental mfection m all of them was mld and often mapparent

Cattle are a common source of human ifection m Australn
Calves experimentally infected show a brief mudd ilness Dany
cows tested 1n an endemic area showed 14 per cent posinve by
agglutination tests Infections were wmapparent

In the Umted States the disease has been traced to cattle and
sheep Monkeys rabbats gumea pigs, rats and mice lend themselves
to expermmentl mfection

THE DISCASE IN MAN

In Austraha there were recogmized 176 cases of Q fever between
1935 and 1942 Ages rnged from ten vears to suty four years
There w1s no sewsonal mewdence The majonity of the patints were
associated with slaughter houses, but some of them worhed on
dmry fams or foliowed other rusal pursars There was no evidence
of trwnsmission from person to person Three patients died

The discase mamfested stself by an acute omset with chills
prostrition and fever Headache was pronounced mn most cises
The fever was continuous lasting from 2 few days to two or three
weehs There wis no pulmonary mvohement m the Austraban
cises

In the Umited States, a few sporadic cases oceurred an 1938 1n the
Prafic Northwest In Washington D C 15 laboratory workers at
the National Institute of Health were affficted m 1940 All showed
signs of an atypieal or virus pneumoma The disabihity lasted from
10 to 14 days with no deaths (10)

An outbreal. amang cattle handlers took place 1n 1946 in Amansile
Texas with more than 40 cases and 2 deaths (12) In Chiengo a few
months later there were 9 cases among sheep handlers No deaths oc
curred

The muthod of infection m Q fever 1s not always clear In the
Austrahan cases ticks were without doubt the chief cause of the
ciscase Slaughter house workers might possibly be infected through
abrasions from the blood or tissues of the ammals they handled but

thas 15 1 rather portant method fering the low mfectsaty
of cattle It 1s presumed that the ticks found on eattle, espeeially
Hoophil fatus » iplus and Hy hysals b were

ey ?
the rn‘sp()nslble ageats Crushed ticks or tich feces are possible
sources of mnfection
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The outbreak among laboratory workers m the United States
was probably arrborne from infected animals or possibly from dried
feces of mfectcd ticks The pneumoma which accompamed the
disease w thas outbreal. would mdicate this route of mfection

The treatment of Q fever 1s symptomatic

PREVENTION

The prevention of Q fever 1s difficult because complete knowl
edge concerning the eprdemology of the disease 1s laching For the
present precautions agamst ticks must be emphasized

ITEMS OF NOTE

1 Qfever 15 caused by the Rickettsia burnets (R duporica)

2 It s transmtted by ticks or through tick feces

3 Tthas been encountered only m Australia and the Umited States

4 Bandicoots cattle and rodents are the chief reservorrs of mfec
tion in Australia m the United States cattle and sheep have caused
the disease

5 Infection through the respiratory route results m an atypreal
preumoma mnfection through the shin 1s mamfested by fever
headache and chulis lasting one to three weehs

6 The death rate 1s verv low

7 Prevention 15 difficult due to madequate knowledge of the ep
nlemxology of the disease
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CHAPTER X\Ix

JUNGLE YELLOW FEVER"®

Yr:u_o“ FEVER 15 1 specific virus mfection of vertebrites trans
mutted by blood suching mvertebrates Long known as a human
urban and martune disease 1t has withm the pist 15 years been
shown to be basically a discase of forest mhabiting primates with
some evidence mmplicating certamn prals and rodents as factors
i its mamntenance Among blood suching arthropods evidence of
ability to transmt the yellow fever virus has been found only mn the
case of certamn mosquitoes Infected mosquitoes carry the mfection
for ife but do not pass 1t to the next generation The mfiction m
vertebrates 1s never chrome nor does a cuner state occur The
persistence of the virus 1n a region apparently depends on wn un
broken chamn of self mited infections m vertebrates mfecting
successive generations of vectors
Eprdemologically ycllow fever my be considered as being
(1} A human disease with transmission occurring n or near the
house and with man to man transference responsible for
mamntaning the virus
(2) A jungle disease with transmssion to man occurnng m or
near the forest and with mmal to anmmal transference re
sponsible for mamtamng the infectron
Because the Aedes (Stegomyia) aegypt: mosquito 15 the trads
tional vector of urban yellow fever the human disese has 1n the
Amencas been called 1egvpt: transmutted yellow fever to chstin
guish 1t from jungle sellow fever, a mare generdl torm should be
used however smce m Africa the Aedes aegypt mosgnto 15 often
present atlewstn small numbers 1 areas where the jungle discase
ewsts and wmportant outbreaks of the human disease with trans
rission from man to man mn or near the house may oceur in which
aegyphi3s not necessarily the onlv or even the principal vector

MD DrPH The Rockefeller Foundition
Prepared by Fred L. Soper ;32 he Rockefeller Found it
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HISTORY

Tn 1881 Finlay suggested and i 1900 Reed and his co workers
proved that the traditonal urban and mantime yellow fever 15
mosquito borne Aedes (Stegomyia) aegypti bemng the vector
Antimosquito campaigns 1 Cuba Brazil Panama Mevico and the
United States were followed by the spectacular disappearance of
yellow fever not only in the cities worked but also m the smaller
communities of the surrounding regions By 1927 yellow fever was
apparently Limsted 1n the Americas fo a small section of north
eastern Brazil But the appearance of the disease durmg the next
few years at widely separated pomts m South Amenca which had
10 easy means of commumi.ation with one another or with the known
infected districts of northeastern Brazil showed that there were
still unk 1 m 1its epid 2

Rio de Janewro the beautiful capital of Brazil which had been
free of yellow fever for 20 years after having paid heavy trbute to
the disease from 1850 to 1908 was the first of these points to suffer
m 1928 In 1929 yellow fever was confirmed at Socorre Colombia
and at Guasapati Venezuela and m 1932 at Santa Cruz de la
Sierra Bolivia bured m the center of the contment The tradibonal
sector Aedes segypt was found m all these places and was un
doubtedly responsible for the recorded urban outbreaks but the
source of the virus which imtiated the outbreaks could not be
determned

In the meantime yellow fever virus had been established
leboratory anumals ( Macacus strcus and Macaca mulatta) m 1927
and vanous monkeys and certam mosqutoes of both Africa and
South America had functioned m the laboratory as vertebrate and
mvertebrate elements n the yellow fever mfection cycle

In 1932 a rural outbreak of yellow fever occurred 1n the Vale do
Canaon m the State of Espmio Santo Brazil i the absence of
Acdes aegypts Tlis outbreak has been followed by others m Brazil
Colombia Peru Paraguay Bolnia and Venezuela m which aegypti
could not be incrimmated In 1934 field studies mdicated that cases
were almost entirely hmited to persons having close contact with
the forest neutralization tests on wild monkeys showed that the

disease was present m the forest In 1935 Haemagogus capricornu
wwas mocr d prd logical mvestigations as being a
probable mosquito vector Attempts to capture infected mosquitoes
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onented by the occurrence of human cases, were unsuccessful untit
1938 when mfected Haemagogus caprcornu Aedes (Finlaya)
1 l and an unidentified sabethme were captured m the
forests of the State of Rio de Janerto Brazil In 1944 virus was
isolated from naturally infected marmosets captured at Itheos,
Bahia Brazil

On the other hand continued observation m northeastern Brazil
the only arex where yellow fever was known to persist in 1927 has
farled to imphcate vertebrates other than mn or wny vector other
than the aegyph mosquito m the transmssion of yellow fever in
this region The mfection disappeared in 1934 follow ing an intensive
rural ntr aegypt campaign Yellow fever mn the Americas has dur
ing the succeedmg years been imited to the jungle disease and
occastonal small aegypti transmitted outbreak secondary to the
Jungle infection

In Africh renewed mterest stimulated by the findings m South
America has resulted m observitions dicating that there also
yellow fever 1s basically v disease of the forest although it seems
probable that man to man transmussion by mosquitoes other thmn
aegyptt may be more frequent than i Amenica

GEOGRAPHIC DISTRIBUTION

While at one time or nother durning the 18th or 19th centunes
every country m the Amencas suffered mroads of yellow fever no
evidence eusts of the presence of the disease m North America 1
the West Indies or i Central America north and west of the Pan
ama Canal since 1925 Duning the past two decades urban yellow
fever has been observed m Brazil Colombit and Venezuela Evi
dence that jungle yellow fever has been present dunng the sume
period m Panama Colombia Venezuela the Guianas Ecuador
Peru Bolvin Brazil Paraguay nd Argentin has been obtuned
by neutralization tests or by microscopic exammation of lver tissue
remon ed routmnely by viscerotomy from the bodies of persons dyng
after less than 11 days of illness (Iig 70)

In Africa the line has not been so closely drawn betw cen aegypty
transmitted nd jungle yellow fever Before 1930 yellow fever m
Africa was apparently Iimited to the west cost extendmg for
unknown distance mto the imnterior  Neutrilization tests indicate
that the disease has eusted i recent times m French West Afrien
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Gambia Sierra Leone Liberia the Gold Coast Nigena French
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Fic 70 —Yellow Fever Areas of South Americ1

Uganda keny: the Anglo Egyptian Sudan Ethiopin Entrea and
French Bntish and Italian Somaldand (F: 1ig 71} Cases have been
abserved chmically and confirmed by laboratory methods as far enst

35 Renya and the Anglo Egyptian Sudan
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onented by the occurrence of human cases were unsuccessful until
1938 when infected Haemagogus capricornu Aedes (Finlaya)
leucocelaenus and an umdentified sabethme were captured m the
forests of the State of Rio de Janerio Brazil In 1944 virus was
1solated from naturally infected marmosets captured at Itheos
Baha Brazil

On the other hand continued obseryation 1n northeastern Brazil
the only area where yellow fever was known to persist m 1927 has
failed to implicate yertebrates other than man or any vector other
than the aegypti mosquito m the transnussion of yellow fever m
this region The mfection disappeared i 1934 following an mtenstve
rural ant1 aegypti campaign Yellow fever 1n the Americas has dur
ing the succeeding years been limited to the jungle disease and an
occasional small aegypt: transmitted outbreak secondary to the
jungle infection

In Africa renewed 1nterest stimulated by the findings mn South
America has resulted 1n observations mdicating that there also
yellow fever 1s basically a disease of the forest although 1t seems
probable that man to man transmission by mosquitoes other than
aegypt may be more frequent than m Americe

GEOGRAPHIC DISTRIBUTIONV

While at one time or another during the 18th or 19th centunes
every country 1n the Americas suffered mroads of yellow fever no
evidence ewsts of the presence of the disease in North America
the West Indies or i Central America north and west of the P
ama Canal since 1925 During the past two decades urban yellow
fever has been observed m Brazil Colombia and Venezuela Evt
dence that jungle yellow fever has been present during the same
period 1n Panama Colombia Venezuela the Guianas Ecuador
Peru Bolnia Brazil Paraguny and Argentina has been obtamed
by neutralization tests or by microscopic examination of Iver tissue
removed routmely by viscerotomy from the bodies of persons dying
after less than 11 days of illness (g 70)

In Africr the hine has not been so closely drawn between aegyptt
transmitted and jungle yellow fever Before 1930 yellow fever
Africa was apparently Timted to the west coist extending for an
unknown distance nto the mterior Neutralization tests mdicate
that the disease h1s existed 1 recent tumes i French West Africa
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southern Brazil when there were an estimated 15 000 cases m the
states of Minas Geraes and Rio de Janewo In spite of the fact that
yellow fever 1s undoubtedly much more prevalent mn West Africa
than i the Anglo Egyptian Sudan the largest recorded outbreak
m Africa was that m the Nuba Mountamns m 1940 with over 20000
cases The importance of yellow fever cannot be gauged by the
number of reported cases but by the threat of epidemics 1 pres
ently clean areas

THE ETIOLOGIC AGENT

The ultramicroscopie filtrable nature of the causative agent of
yellow fever was reported by Reed and Carroll m 1902 but was not
fully accepted previous to 1927 when the virus was established in
laboratory anmmals Once so established the virus of yellow fever
has been studied mtensively The hmited geographic distribution
of yellow fever with the consequent avalability of definite negatuve
controls and the high speaific antigenicity of the virus have made
this agent especially valuable for developing methods and techmes
applicable to the more general study of viruses

The virus of yellow fever 1s one of the smallest of the pathogenic
viruses {between 17 and 28 millmicrons) When thoroughly des
sccated 1t can be preserved over long periods at low temperatures
It bs readily to a temperature of 55 C and 1s very suscep
tible to chermicals and disinfectants

The moculation of yellow fever virus from a human pabent sub
cutaneously mto the rhesus monkey and intracerebrally mto the
white mouse generally produces a severe disease mvolving the
visceral organs of the monkey and the brain of the mouse The term
s pic 15 used to desiy this dified virus g both
viscerotropic and neurotropic properties

Repeated bram to bram transmission of the virus m the mouse
causes a decrease 1n viscerotropism and an increase m neurotropism
The neurotropic virus no longer causes visceral disease n the mon
key but does produce encephalitis when 1noculated intracerebrally
It has a shortened mcubation period n mice with a mortahty
approaching 100 per cent The neurotropic virus has been widely
used m the neutralization test

Yellow fever virus has been grown in special tissues both 1 vitro
and 1n 110 and has been adapted to chick embryos and even to
young chicks The famous 17D stramn used for vaccmation since
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PREVALENCE

The prevalence of yellow fever 1s most difficult to determme and
available official statistics are often misleading In the absence of
dramatic epidemics only routme viscerotomy can be expected to
reveal the presence of the disease There have been no important
urban outbreaks of yellow fever in the Amencas since the one oc-
curning mn Rio de Janerro 1 1928 29 and most of the jungle yellow
fever occurs 1n rural areas many of which are 1solated and without
medical services That even jungle yellow fever may be an wmpor
tant disease 1 its own night 1s shown by the 1938 epidemic
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certam forms especially the lower primates virus may errculate for
several days after 1 vanable mcubation period But the circulation
of virus 15 always limited and never continues over long persods
the same mdmvidual nor does 1t recur at mntervals In other forms
such as the canmes wnoculation of virus 1s not followed by circula
tion of the virus 1n recoverable amounts In still other vertebrates
crrculation 15 uncertam and m small amounts Animals which cir
culate virus 1 amounts so small that nsect mfection does not oceur
can take no part m the epizootiology of the disease

The vaceme virus 17D can circulate ;m man and m the rhesus
monkey but 1t has been 1mpossible to nfect mosquitoes by allowing
them to feed on vaccmated vertebrates

The yellow fever virus 1s highly antigenic producing specific
homologous antibodies 1n the primates and certain other forms The
antibodies are long enduring and generally persist throughout life
The neutrahzation test for yellow fever immumty 15 one of the most
specific of all biological tests when applied to the blood of primates
and certam other forms susceptible to infection wath the production
of mmumty The blood of certain groups apparently contams
viruerdal substances which may give rise to doubtful tests

Complement fixing antibodies and precipitins are produced
man and monkeys m yellow fever but tests based on such produc
tion have not been widely used since the development of the
neutrahzation test in white mice Apparently some nformation as
to the sevenity of the attack and even of the remoteness of the
wtack might be obtamed by combimng such tests with the neutral
1zation test

VERTEBRATE HOSTS

A vertebrate to be of importance 1n the natural mamtenance of
vellow fever must be (1) relatively numerous (2) susceptible to
mfection with eirculation of large amounts of virus 1n the peripheral
blood stream (3) acceptable and accessible to the vectars as 1
source of blood meals

The 1deal host would be a short Iived and prolific vertebrate not
Ralled by the mfection since a constant supply of non mmune hosts
1s required to keep the nfection going Man the traditional victum
of yellow fever fails to fulfil these conditions and istory 15 full of
mstances when yellow fever nvaded an area only to die out after
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1937 became modified while i tissue culture of embryome chick
cells m such a wav that 1t 15 no longer viscerotropic for the rhesus
monhey and has a greatly reduced neurotropism as shown by the
prolonged incubation period m the mouse and the low percentage
of rhesus monkeys which develop encephalitis even after direct
mtracerebral moculation

Yellow fever virus has not been grown in the absence of living
cells The essential mtracellular nature of the virus 15 emphasized
by the observation that the addition of immune serum to tissue cul
ture does not destroy the virus already present 1n the cellular ele
ments There 1s no evidence of different phases i the hfe cycle of
the vrrus and the mfected mosquito can be shown to have the virus
m actine form at all ttmes after the infectne meal The extrmsic
incubation period of yellow fever apparently depends on the speed
with which the virus 1s able to multiply within the cells of the
mosquito wnd spread to the salvary glands

The behavior of the virus in different blood sucking v ertebrates
varies In some there seems to be no persistence of the virus beyond
a few hours after the mfective meal In others the virus persists for
days wnd even weeks but apparently never invades the salnary
glinds since transmission does not occur Even among those mos
quitoes which can be shown to transmit the virus there wre wide
vanations 1n the eise with which transmission occurs and m the
petcentage of each species which becomes mfective Although 1t 1s
possible to produce wfectne adult mosquitoes from larvae m
mersed m gh concentrations of serum virus there 15 no evidence
that the virus ever carries over from one generation to the next

The mfected msect apparently remams infected for hfe Virus
has been observed to persist three months in 2 self propagating
protected colony of aegyptt mosquitoes But 1n nature yellow fever
routmely disappears some 6 weeks after the effective curtariment of
aegy ptt production 1 nfected districts

The behavior of virus in vertebrates vanes so widely that it 1s
unsafe to draw conclusions on any form which has not been exposed
to the virus under controlled conditions in the laboratory In man
after an mcubation period of 2 to 6 dvys virus 15 found errculating
1n the bloodstream m sufficient quantities to infect mosquitoes dur
g the first 72 hours after onset of illness The more sensitnve test
of ammal moculition has revealed virus as late as the fifth dwv In
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Fi6 72 —Types of are1s in Brazil where jungle yellow fever has oc
curted In the commumty pictured above cases were hmited to
workers m the fields adjommg the jungle six hilometers from the
settlement In the house shown below  which was situated on the
edge of the jungle cleven tenants hid suspicious attacks of fever
within a few months and later proved immune to yellow fever
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a short time m spite of an adequate density of aegypt: mosquitoes
Only large cities with a constant mflux of non immunes could mam
tamn the disease constantly i a small area over long periods of time
Through crowdmg m towns and cities and through trade and im
migration, man created conditions which during the 18th and 19th
centuries permitted yellow fever to become the greatest scourge of
the American tropics

Obsenations on jungle yellow fever show that the forest mfection
tends to persist 2t a gren pomt for a comparatnely short tme
generally measured 1n weeks or at most m months The mtervals
between sweeps of the virus through 2 grven area vary widely
Certamn relatively small districts such as Muzo 1 Colombia and
Ilheos m Brazil secm to Aeep the virus circulating with a short
cycle of 1 to 3 yewrs whereas the observed cycle m the Vale do
Canaan where yellow fever without Aedes acgypti was first con
firmed m 1932 was 8 yers and mn the stites of Mato Grosso (1934
44) and Goyaz (1935 45) 1t w1s 10 years Since repeated obsena
tions 1n study areas have failed to show mmportant differences m
the density of probable vectors durmg epidemic and mterepidemic
periods the dying out of the virus 1s attributed to the reduction of
the susceptible vertebrate population to the pomt where the local
vectors can no longer heep the infection active

Extensive yellow fever immunity surveys of ammal populations
m South America and Africa have been made Among the forms
found positive only the prmates the marsuprals and the rodents
are present m sufficient numbers to be considered mmportant 15
vertebrate hosts The results of Jaboratory mfections suggest that
of these the primates must be gren special consideration m the
epizootiolagy of yellow fever In certan districts where jungle
yellow fever has occurred however primates are very scarce and
the possibility of other hosts must be considered Marsupials some
of which can be infected 1n series have been reported as an ecle
ment m the cycle 1 Colombia Although some of the large rodents
have been found naturally immune there 1s hittle or no evidence
merimmating them 1 the yellow fever cycle

The observed rapidity of spread of yellow fever n southern Brazil
between 1934 and 1940 suggested the mteryention of more rapdly
moving forms than mosquitoes and primates or marsupuals Stuches
on a relatnely small number of families of brds have fuled to

reveal any susceptible species
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For Afnica

Aedes (Stegomyua) metallicus

Aedes (Aedimorphus) stohes:

Aedes (Stegomuypa) africanus

Aedes (Stegomya) luteocephalus

Aedes (Stegomya) stmpsont

Aedes (Stegomya) vittatus

Aedes (Diceromyia) taylor:
Eretmopodites chrysogaster
Taemorhynchus (mansomodes) africanus
Culex thalassius

For South America

Aedes (Ochlerotatus) scapularts
Aedes (Finlaya) leucocelacnus
Aedos (Taemorhynchus) fluviatiis
Haemagogus capricornu
Haemagogus spegazzinu

For North America

Aedes (Finlaya) trisenatus
Acdes (T hynchus)

i 4
For Europe

Aedes gemiculatus

For East Indies
Acedes (Stegomya) albopictus
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Of these Haemagogus capricornu Haemagogus spegazznu and
Aedes leucocelaenus 1 America and Aedes simpsonsi and probably

Aedes africanus m Afnica have been found infected m nature

The first evidence that Haemagogus might be myvolved m the
transmssion of jungle yellow fever came 1n 1935 from the State of
Gomaz Brazil after laboratory tests with this genus had guven dis
appomting results The natwves of districts where yellow fever oc
curred msisted and obsery wion confirmed that the principal blood
suching msects which molested them as they worked at the edge

of the forest was the Tittle blue mosquito

Three vears later

Haemagogus capricornn together with Aedes leucocelaenus and an
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INVERTEBRATL VECTORS

An arthropod to be of importance m the mamntenance of yellow
fever must be mfectible sufficiently long lived to surine the ex
trinsic mcubation pertod numerous and widespread and must feed
on susceptible vertebrates

The Aedes (Stegomyia) acgyptr mosquito 15 probably the only
arthropod capable of muntaming yellow fes er for long periods s a
human disease This vector adaptable as 1t 1s to completing its hife
cycle on shipboard must have been responsible for the trans At
lantic passage of the yellow fever virus

Aegypt has occupied 1ts position as the yellow fever mosquito
not because 1t 15 more mfectible or transmts the virus more reacily
than certam other mosquitoes but rather because of its adaptation
to the completion of 1ts Iife cvcle n close contact with man n and
around human hibitations Thoioughly adapted to passing through
the aquate stages m clean water 1n contaners such as Jars tanks,
barrels tins roof gutters cisterns cocoanut shells ete and hwnga
resistant egg viable for many months when properly matured
aegyptt has spread from ats Old World home around the globe with
man The tropteal forests of the Americas are free of the aegy ptt mos
quito but those of Africa harbor 1t i small numbers Aegy pti control
measures in the Americas are generally required only 1n and about
human habitations Aegypti 1s often most dangerous m regions where
there 15 so httle water 1t certam seasons of the year that supphes
have to be conserved by storing and 1t has never effectively estab
lished 1tself 1n many small centers of population along the Amazon
where water 15 so constantly accessible that no storige occurs

Aegyptr requires about a weeh under idenl conditions to develop
from egg to imago If an aegypti feeds on a vertebrate m whose blood
stream the virus of yellow fever 1s errculating freely it can later after
an mcubation period 1 which the virus multiplies i ats body trans
mut the mfection to a non immune vertebrate by bite At the uswal
summer temperature the incubation period of the virus i the mos
quito 15 9 to 12 d1vs Expenmentally this pertod can be varied by
Leeping the infected insect at different temperatures from 4 days 2t
37°C to 18 davs at 21

Laboratory tests have shown that many mosquitocs other than
aegryph can transmt yellow fever virus from anmAl to tumal The

pmemnl \ectors mnclude species of scveral different genern
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those of the first period The change generally comes from the third
to the fifth day The active congestion 15 replaced by venous con
gestion with low artenal tension The bradycardia may be extreme
and persist 1n spite of a secondary nse i temperature Nausea and
vomiting become more severe are assoctated with marked epigastric
pam and are of grave import

Albuminunia 1s one of the most constant findings of the second
pertod even m mmld cases A sudden progressie mncrease m the
alburin content of the urine 1n a2 much greater amount than can be
explained on the basis of the febnile condition occurring as early as
the second day or as late as the fourth or fifth day 1s almost
pathognomonic of yellow fever

Overwhelming ntoucation becomes apparent with the appear
ance of the dreaded tniad—jaundice hemorrhage and anuna

Hemorrhage may be shight or severe and jaundice 1s generally
slight during the first four or five days of illness But some degree of
icterus and some tendency to hemorrhage can be found m practt
cally all chmeally diagnosable cases Although hemorrhage black
vomit and melena never fail to impress the patient and the lay ob
server the most dreaded symptom for the experienced 1s anuria
Anuria seems to depend on the destruction of Iner parenchyma
and its appearance 1s not closely lated with that of alk 12

Death may oceur as early as the second day but 1s more common
from the fourth to the seventh days Although late deaths do occur
the disease has generally run 1ts course before the tenth day Late
deaths are generally due to mtercurrent infections

The observation of previous generations of climicians that numer
ous mild immumzing infections occur during epidemics of yellow
fever has been amply confirmed by the 1solation of virus and by
immumty surveys before and after known outbreaks Mortality fig
ures for different outbreaks and different areas vary but climcally
diagrosable yellow fever 1s always a sernious disease carrymng a mor
tality ranging from 40 per cent upward Yellow fever mfection on
the other hand probably has a mortality of somewhere between 5
and 10 per cent

The differential diagnosis of yellow fever 1s not difficult when
several assocated cases with adequate histories can be exammed
The clinical diagnosss of a single case on first mspection may be
most confusimg since varous severe nfections and ntovications 1
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unidentified sabethine was found naturally infected m the forests
of Rio de Janeiro, Brazi! In Colombr m 1940 and 1941 natural
mfections were found m A leucocelaenus and in mosquitoes then
rdentified as H capricornu Recently evidence has been presented
to show that the most 1mportant mosquito vector of vellow fever
Colombra previously identified as H capricornu Lutz 1s really a
subspecies of I spegazzinu Brethes known s H spegazzmnu falco

The accidental observation by Boshcll that Haemagogus prefers
to Ine considerably above ground level has led to studies m both
America and Africa which mndicate that ungle yellow fever 15
largely arboreal This finding helps to explam the high mcrdence of
jungle yellow fever among wood cutters 1nd lumbermen and among
farmers at the time new fields are being cleared

YELLOW FEVER IN MAN

The symptoms of vellow fever are those of 1n acute infection—
fever headache bickiche, congestion pam in the legs yomiting
and severe prostration—followed on the third day by those of a
severc. mtosication associated with disturbances of renal and hepatic
function These symptoms of jntovication re common to 1 number
of diseases and mntovications mvohving destruction of Inver paren
chyma The classical elimeal picture of yellow fever depends not
so much on the symptom complev—hemorrhage jwundice album:
nurt and anurta—as on the timing and sequence of their appear
ance with relation to onset In yellow fever the onset 15 usually
abrupt after an mcubation period of 2 to 6 days and both pulse nd
temperture tend to reach their peaks within a few hours after on
set Both drop on the second and third days the pulse errlier md
more rapidly than the temperature (Faget s sign) The pulse m1y be
expected to be below 100 by the third day and to drop to the fifties
ar even forhies as the disease progresses Imtial headache and ficial
congestion are constnt findings Although epistrus Jocalized hem
orthages low albummura and shght jaundice myy be apparent
during the first dus of illness the clssical symptoms of yellow
fever appenr charctenstically dunng the period of intowcation

The periods of infection and intoxicition m1y be separated by 2
spunious Jull 1n wiich the patient has 1 sense of well beng but
often onc period shades into the other In fulminant cises the
svmptoms of mfection are precocious and may blend culy with
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The greatest concentration of necrotic cells 1s m the nudzone of the
lobule and the necrosis of the cells about the penphery and the cen
tral vem 1s never complete

TREATMENT

No specific therapy of value has been found for yellow fever
Chemicl analyses of the blood suggest the use of glucose to com
bat hypoglycema and of cilcrum salts to nevtrahze the guanadine
Lke toxins common to destruction of liver parenchyma but these
measures have not been followed by recovery m monkeys showing
signs of 1ntoxication nor have strihing results i man been demon
strated Vitammn K has been suggested but no data are available as
to 1its value

All cases of yellow fever nfection mert careful handlmg which
means handling as httle 15 possible Unless unavoidable the p
tient should not be moved from the plice of onset of the diserse
after the first day Actraty during convalescence should be renewed
gradually

The gastro mtestmnl tract should be relieved by 1 salme purge
on the first day Abstinence from food except fruit juices 1s recom
mended during the mmtial period and until the temperature returns
to normal 1 the mtoxcation phase

For relief of vomiting cracked ice and codems hy drochloride may
be gven by mouth Antipvretics are contramdicated

EPIDEMIOLOGY

Aegypt: transmitted yellow fever in the Americas tends to atteck
both sexes and all ages and races when first introduced mto 2 com
mumty In towns where the disease has previously occurred the
distrsbution of cases will depend on the distnibution of 1mmumty
from previous outbreaks In highly endemuc areas mfection 1s m
tted to the young age groups Since the human population 1s slow
to replace one generation with another the continued presence of
yellow fever as a strictly human disease m 2 region depends on (1)
large population centers where the number of non immune arriy als
from births and immgration 15 great and (2) large rural and village
populations together with a w rdespread distribution of the aegvpt
mosquito able to mamtain a wanderng endemesty Human yellow
fever tends to die out through falure of the human host 1n towns
and villages subject to explosive outbrehs of yellow fever
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volymng the Iiver parenchyma may produce albummuna hemor
thage jaundice and anuria Fortunately the laboratory can help
through

1 Isolation of virus by moculation of the rhesus monkey or white
mouse with blood from 1 person suspected of having yellow
fever
Neutralization test during the first three days of illness re
peted after the fifth dvy If the first test 15 negative and the
second positive the presence of yellow fever 15 definitely con
firmed If both are negatine or if both are posttive yellow
fever can be ruled out A single positive test on the fourth day
or Iater 35 inconclusne since the date of infection eannot be
fixed
Microscopic exammation of Iner tissue removed post mortem
The pathologic picture n the hver 1s very charactenstic wd
for practienl purposes 1s almost pathognomonio Certan m
tovcations {carbon tetrachlonde tannie acid) may cause con
fusion in individual enses i which details of the clinieal preture
are unknown but no other ncute infectious disease s been
found to duplicate the yellow feser lesion

1)

]

PATHOLOGY OF YELLOW FEVER IN MAN

On post mortem examination the heart 1s pt to be found pile
and flabby the kidnevs tense and swollen Hemorrhage mw be
seen 1n any of the organs or serous surfaces but 15 espeerlly com
mon 1 the stomach and mtestines where partially digested blood
1s often observed

From the standpomt of differentinl dingnosis the hver 1s the all
mportant organ to be exummed In yellow fever 1t 15 generilly
norml 1 size and of ¢ mottled color and 1 fatty consistency The
gross appearance often fuls to indicate the degrec of destruction to
be found on microscopical examination

On microscapic section the typical yellow fever liver shows fatty
degeneration and a widely vary ing, amount of parenchymal necrosis
without evid of nfl; 10n or of tne tissue prohfern
tion There 1s 2 jumbling of the trabeculte which s more accentu
ated 1 the rudzone of the Jobule The number and size of the fat
globules observed vary greatly The nccrosis of the parenchym?
may imolve 1 few or almost all of the cells but its distribution 1s
always of a “salt and pepper rather than of a foeal or massnve tvpe
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Man 15 not an essential factor 1 the mechanism of jungle yellow
fever transmussion and often takes no part in mamtaming the virus
smee 1f acutely 1ll he remams at home The distnbution of 1m
munity m the human population cannot be taken as a measure of
the immumty of the susceptible animals 1n the forests Jungle yellow
fever tends to spread entirely independently of human travel routes
In general 1t makes 1ts way through forest areas and along gallery
forests bordering streams but 1t also appears 1 15olated bits of for
est which have no connection with the man source of mfection It
15 difficult to reconcile the observed spread of the disease with what
15 known of the rate of travel of vertebrate hosts and the dissemina
tion of known myertebrate vectors

Cases of jungle yellow fever have been observed to mitiate ae
gyph transmitted outbreaks in a pumber of mstances n South Amer
1ca during the past decade and it 15 probble that the virus causing
the outbreak mn the Anglo Egyptian Sudan m 1940 was of recent
Jungle ongm

PROPHYLAXIS OF YELLOW FEVER

In these days of rapid travel all parts of the world swtable for
yellow fever are accessible from known mfected areas within the
imeubation period of the disease 1n man The control of yellow fever
then 15 important not onlv to South America and Africa but also to
those countries where conditions evist which would permit out
breaks were the virus mtroduced The United States Mevico Cen
tral America the West Indies all have an interest i vellow fever
n South America India Asia and Austraha where yellow fever has
never been known are vitally interested 1n yellow fever m Africt
since they have all the elements except the virus for the produc
tion of a holocaust Once mtroduced mto Asia yellow fever might
well become estabhished as an urban and jungle disease

The discovery of jungle yellow fever first m Brazil and later n
several other countries of South America and Afrca the demon
stration that thus jungle yellow fever 1n ammals constitutes a perma
nent source of varus for the infection of clean areas the proof that
the jungle yellow fever regions of Africa extend practically across
the continent from the Atlantic to the Indian Ocean and the desel
opment of rapid interregional aviation with 1ts inherent threat of
carrymng passengers in the incubation peniod of infection from en
demic to clean areas have all stimulated among health workers a
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Aegypt: transmutted yellow fever tends to spread slowly within
the infected commumty and its movement from one plice to
other 15 along the Ines of human travel In the pist yellow fever
has spread through transport of the mfected vector through trans
port of the infected human during the ncubation period of the dis
ease or during the early duys of illness and also through the trans
portation of all the el ts of an epid fected humans
nfected mosquitoes, non immunes and a breeding colony of ae
gypti on shipboard Under modern conditions the greatest threit
of long distance transportation of yellow fever virus to clean areas
1s the air passenger traveling durmng the ncubation period of the
disease

Jungle yellow fever apparently depends on 1 supply of non
mmmune antmals m the forest and tends ta die out tapidly m many
places within 1 matter of weeks fter discovery In other outbreaks
the virus persists much longer the whole picture being remarkably
similar to that observed for human yellow fever The entire ept
zootic period for given areas has been observed to vary widely from
3 to 10 years probably depending on the rapidity with winch a
large non immune population of susceptible ammals could be es
tablished and on the intimacy of contact wath areas where the virus
was present at the time the non immune populatson became estab
hished Much of our hnowledge of jungle yellow fever m the past
has come from mvestigation of outbreahs in humans It 1s now 1p
parent that jungle yellow fever tends to be arboreal rather than ter
restrnal and that antmal infections may pass through a district with
out the production of human cases Field studses indicate that in the
jungle just as m the cities and towns yellow fever virus Iives a
wandermg eustence passmng constantly from plice to place even
1 the most suitable areas

The distnbution of human cases of jungle yellow fever will de
pend 1n great part on local conditions and even on local mdustries
Among Indian tnibes In g in the forest 2l ages wnd both sexes are
apt to become mfected early m Ife and the distribution of 1m
munity resembles that seen m urban populations subject to the
aegypts transmmitted disease In other districts where the young boys

and girls work 1n the coffce plantations bordering the infested for
est cases tend to occur mn young men and 1n bovs and girls In still
other districts where hewy logging 15 gomg on women and chil
dren are of hittle usc and cases are found to be limited to adult men
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tion eradication of adult aegypt: should be much easter than here
tofore and a return to the combned attack on the adult and larval
forms 15 anticipated

VACCINATION

Vacemation with modified yellow fever virus began s early as
1931 but only smee 1937 has 1t been practiced on a large scale The
17D virus now used m vaccnation 1s apparently free of all tend
ency toward viscerotropism and possesses a gre tly reduced neurot
ropism Millions have been vaccinated with this virus and m spite
of certam difficulties which have been encountered from time to
time 1t can be considered as one of the most successful wmmunizing
agents known Inoculation may be followed by shight symptoms of
malasse 5 to 7 days later but 1 general persons immumzed with
this virus feel nothmg Neutralization tests show that most of those
mocultted develop demonstrable antibodies and field observations
indicate that adequate protection develops 1 most cases within a
week Vicemation is recommended for all persons Iis g m or travel
mg to or through tropical areas of South Amenca and Afnica and
then praceeding to other parts of the world It 1s of primary mmpor
tance to mhabitants of forest areas smce there 1s not now anv
known method of preventing jungle yellow fever except through
vaccination Vacemnation apparently gives a long lasting mmmumty
and 1t1s probable that the period of 4 years now officially designated
as the proper interval between vaccinations will be lengthened

Vaccmation has a great idvantage over antilarval measures as a
means of controllng yellow fever i that its protechve action be
gms much earber than does that of the curtalment of mosquite
breeding Vacemation m mass of the entire population together
with the rapid spraying of 11l houses with DDT should be the first
line emergency measure agamst urban yellow fever

Smcee 1t 15 the human case which represents the principal threat
of the spread of the virus from the jungle to the town or rural settle
went mfested with mosquitoes capable of effective transmission of
the human disease and since at 15 the human case which endangers
clean regions the vaccination of native populations 1 rural en
demie regions may be expected not only to reduce the meidence of

jungle yellow fever but mdurectly to reduce all yellow fever in the
future
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renewed interest m yellow fever control Fortunately the recogm
tion of the mcreased threat comes at a time when control methods
are vastly superior to those of 15 years ago The des clopment of an
efficient vaccine providing 1 means of mdividual protection and the
1mprovement of methods for the eradieation of Aedes aegypts per
mut the health worker to face the future with equanimity

ANTI AEGYPTI MEASURES

In the enrlv years of this
century 1t legyptt meas
ures consisted of furigation
of houses to destroy the
adult mosquitoes and of
weekly inspections of all
prenuses to prevent 1egyptt
breeding in neglected ex
posed water 1n v arious ty pes
of artificial contamers Both
mensures proved to be very
expensive and furmgation
was eventually abandoned
following the observation
Fic 73 ~The water contuners m the court  that nttbreeding mensures
yard of this Brazhan home are bemg m lone would cause the dis

spected by a_member of the yellow fever
staff for evidences of mosquito breeding  2ppearance of yellow feser
n ahout the same penod 15

the combined program In recent years antibreeding measures hne
been so improved that complete species eridication 1s now standard
practice for anti aegypti campagns * After eradication 1 small sur
\ey squad carrying out inspections at long intervals 1s sufficient to
guard gamst dangerous reinfestation thus making permanent con
trol possible at Iow cost Br2zil and Bolivin hasve led the way in pro
moatng regionil eradication of the neg) ptt mosquito This measure
1s very important in preventing the spread of yellow fever awy from
the jungle atea and 1s also valuable for the control of dengue With
the development of the DDT mseeticide with 1ts residunl toae ac
1See The Organization of Permanent Naton wide Antt Acdes aegypts Measures

s D Bruce Wilon Senvulo Lima and Valdemar S§ Antines

) by F L Sopes
Kxegn;z‘;d )1'943 The Rockefiller Frundation
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The disease may be ntroduced mto towns and cities resultmg
m large epidemics

Jungle yellow fever occurs 1n extensive arens of South Amenca
and Africa

Rapid means of communication has ncreased the possibility of
spreading the disease to other parts of the world

An efficzent vaceme 15 available for the protection of man
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QUARANTINE AND TRAVEL RESTRICTIONS

The attempt to delimit dangerous yellow fever areas for the pur
pose of establishing quarantine and travel restrictions encounters
difficulties and these difficultres should ncrease rather than de
crease with the widespread use of vacemation Vaccmation will
prevent the human cases which have heretofore been an mdication
of the eustence of yellow fever m the jungle and will make the
neutralization test unrelisble smce this test does not differentiate
between the immumty produced by an attack of yellow fever and
that produced by vacemation More and more will 1t be necessary
to rely on y sunveys m Is to follow the movement of
vellow fever virus in the forests

In considering the results of immumty surveys it must be remem
bered that a lughly immune population may be mnocuous for the
immediate future whereas one with 1 low mdex may be on the eve
of becomng dangerous The regton in which y ellow feser has previ
ously been present but m which no evidence of 1its recent eustence
can be found may be just awaiting the chance mtroduction of the
virus from contiguous areas to become active Thus the forest reas
of sonthern Brazil were invaded by a wavelihe epizootic betwcen
1934 and 1940 But the disease died out 1 each forest soon after 1t
ippeared and careful mvestigations failed to reveal cases i the
following years Butin 1944 cases were once more diagnosed i the
wea first found infected m 1934 and the area of the 1935 eprdeimic
produced numerous cises 1n 1945 It would seem best to consider
1ll areas mn which jungle yellow fever has once been found and I
weas n which immune primates have been captured as potentially
dangerous In the same way ll cities and ports 1n close prosimty to
such areas should be Jered dangerous if infested with 1egvph

ITENMS OF NOTE

Yellow fever 1s 1 disease of man and ammals

1t 15 caused by a filtrable virus

In the jungle primates wnd massupals seem to be resersoirs of
nfection although other mnmals may be mplicated

The vectors of the diseise are Aedes nd Hacmagogus mos

[N

N

quitoes
Persons lnang m the forest or working 1n arc1s adjicent to the

forest are hable to become infected

«
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tnct from choriomenngitis The discoverers designated this virus
pseudo lymphocytic choriomeningitis Other viruses have been
described from time to time which occasionally produce a lympho
eytic menmgihs m man and which might be clinically confused
with lymphocy tic chon 1s such as La maladie des Proch
ers herpes febrilis etc

Lymphocytic chortomeningitis virus passes through V. N & W
Berlfeld (28) Chamberln L (3 27) and Seitz filters The more
rehable estimates of the size of the virus particles vary from 35 to 60
mllimicrons (28 29) The virus multiples m the chick embryvo
(80) It1s readily preserved m buffered glycerme at a temperature
of 8 C or when rapidly frozen or mn the dried state at low tempera
tures Salme 1s deleterious to the virus

ANIMALS SUSCEPTIBLE

Many species of ammals have been found capable of bemng ex
permentally infected by the virus ncluding man (81) cha
zees (1) several types of monkeys guinea pigs and white rats (2
26) cotton rats (32) rce rats (32) white mice (2) gray mce (3)
dogs (6 47) baby pigs (33) and fitches (9) In rabbits (33)
young chuckens (83) synan hamsters (34) ground squurels (35)
mule deer (35) and horses (35) the virus produces very shght or
10 recogmzable symptoms but virus has been recovered from the
blood or organs after varying numbers of davs

Cattle and calves (33) cananes and hedge hogs (35) have been
tested and are apparently insusceptible to the virus

SYMPTOMATOLOGY

Chorlomeningitis may produce markedly varying symptoms m
hif dviduals depending upon the seventy of the attack
and upon the localization of the virus Several clmienl types of the
disease have been recogmzed

(1) Grippal or Non nervous Type Cases charactenzed by fever
malaise prostration lumbar pams and leucopenia following expen
mentally mduced infections have been noted by French observers
(81) and mn this country spontaneously acquired cases have been
recogmzed m laboratory workers (40 41) Recovery after a week
or ten days may terminate the illness or may be followed by symp
toms of central nervous system myolvement

(2) Menngeal Type Memngeal svmptoms may mtate the at




CHAPTER A\

LYMPHOCYTIC CHORIOMENINGITIS®

YMPHOCYTIC CHORIOMENINGITIS 15 2 rarely fatal acute mfectious
disease occasioned by a specific virus described by Armstrong
and Lallie m 1934 (1)

The virus which m man produces vared climcal mamfestations
has been found occurrng spontaneously m white mice (2 45 21
23) house mice (3 17) monheys (4) dogs (6) gumen pigs (7)
roaches (8) and possibly ticks (9)

HISTORY

The virus of lymphocy tic choriomemmgitis was first 1solated and
described at the National Institute of Health 1n 1934 (1) durmng
study of the bramn from 1 patient who had suffered a fatal attack
presumably of encephaliis (St Louis type) The virus was luter
1solated from the spinal fluid of a laboratory worker by Scott and
Ruvers (10) 1935 and has subsequently been found 1n widely sepr
rated regions of the United States (1 2 3 4 6 10 11 12 13 14 15
16 17 etc ) Canada (9 18) England (19 20) France (21 22
Japan (23) North Afnica (24)

THE ETIOLOGIC AGENT

While there 1s cvidence that strains of choriomeningitis virus from
different sources mty vry somewhat 1n their virulence for expent
mental amimals and 1 therr affimty for vanous organs they hwve
with few exceptions been smmunologieally stlae McCGallum Tind
Jey 1nd Scott (25) 1solated 1 varus from two cases of diness cliny
¢ally resumbling choriomenmgitis When the virus was mnoculated
snto monkeys and mice the pathologic lesions simulted thosc of

gitis but logicnlly the virus scemed to be dis

<hor
Trepared by Churles Armstrong M D Medical D rector Unite ] States Public

Health Service 1354
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Chorlomemmgitss 15 most often confused with tuberculous menm
gitis or with acute aseptic meningitis of unknown etiology but must
be differentiated from syphihtic menmgitis torula hystoliica men
mgitis poliomyelitis mumps memgo encephalitis post infectious
encephalitis and herpes menngitis as well as other types of menm
gitss and encephaliis The grippal type of cases so far 1dentified was
indistinguishable chinieally from uncomplicated influenza

PROGMOSIS

Recovery 15 usually complete in from two to three weeks but one
or more relapses are not uncommon and recovery has i some m
stances been delayed for several weeks to even months Moreover
permanent 1l effects related to disturbances of the cerebrospinal
dramage have resulted 1 some cases for mstance Barker and
Fords (11) patent suffered from permanent symptoms which led
to the performance of a I the sut hnoid space was
found to be obhterated by fibrous tissue A group of three excep
tionally severe related cayes all of whtch terminated fatally 1s men
tioned below

SOURCES OF INFECTION

With the exception of one case contracted through exposure at
an autopsy there 15 no history among proven cases suggesting that
the mfection was m any mstance acquired through contact with
another case The lack of evidence of spread from patient to pa
tient together with the finding of the virus m unmnoculated white
mice (2 45 21 23) gray mice (3 17) monheys (4 5) dogs (6)
gumea pigs (7) and possibly ticks (9) naturally suggests
the evistence of some ammal reservorr for the virus from which
man becomes nfected Workers from the National Institute of
Health (3 46) investigated the homnes of several patients to de
termme the presence of arthropods muce rats pets etc which
mght possibly have served as the reservours for the infection Only
gray mice were found common to the houses mnvestigated Gray
mice were trapped m each abode and choriomenmgitis virus was
ssolated from emulsions of hnver and spleen of mice trapped m five
of the six homes mvestigated The single failure was i a home pre
viously overrun with mice and the patient prior to 1llness had re
cently trapped twelve 1n hus pantry and had disposed of them wath
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tack or may follow the grippe ike symptoms often after a more or
less complete remission of symptoms of several days duration Fever
severe headache vomiting stiff neck positive Rermig and Brudzin
sh1 signs are usual

(3) Meningo encephalitic Type TIn addition to such meningeal
symptoms as have been described above, somnolence anaesthesia
paralysis, and mparred vision ponting toward involvement of the
brain or cord may occur

(4) Asymptomatic Type Among 2000 sera exammed at the Na
tional Institute of Health by means of the serum virus neutralization
test between 12 and 13 per cent gave reactions indicating 1m
mumty A considerable sample of these immune individuals were
myvestigated and a history suggesting an attack of choriomenngitis
or any central nervous system mvolvement was the extreme evcep
tion Nearly all the individuals however gave 1 history of grippe
like 1llness which may or may not have been choriomenmgitis In
view of the varymg seventy of proven cases 1t seems probable that
attacks producing immumty but no symptoms may occur Such have
not however been actually recogmzed

LABORATORY DIAGNOSIS

In central nervous system types of the infection the spinal flud 1s
clear stenle to culture sugar content 1s usnally within normal Im
its and the cell count may reach 3200 the cells being mainly lym
phocytes The virus may be recovered from the spmal flmd or blood
especially i the early days of the discase through the mtra
pentoneal moculation of guinea pigs or the intracerebral mocultion
of mice Guinea pigs are preferable for pnmary 1solation Specific
\irus neutralizing or complement fiving antibodies may be demon
strated followmng an attach Neutrahzing antibodies however are
usually not demonstrable prior to 6 weehs following onset but m2
persist for years Complement fiuing antibodies appear earher but
are of short duration (57 58 59)

DIFFERENTIAL DIAG\OSIS

An etiologic diagnosis 1s Irgely the concern of the laboratory nd
may be established erther by transmutting the discase to guinet pits
ormice or by demonstrating the des clopment of specific intibodies
m the serum following recoven
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weaken or disappear Haas (51) moreover demonstrated that con
gemtally mfected mice were far more efficient transmtters of the
disease to cage mates than were mice expermmentally moculated
after irth

Mice an Effective Reservoir —The occurrence of cases of chorio
memngitis as well as protective antibodses among persons n the
lower economic strata of society 1s consistent with the concept that
muce are a source of human nfection

The fact that mice were abundant 1n the houses of all of six cases
studied m Washmgton and that virus was recovered from mice
caught 1n five of the six abodes pomts mn the same direction A cer
tam amount of direct evidence bearmg on this pomnt 1s afforded by
the development of choriomenmgitis among mvestigators who have
contracted the disease while handhing mfected mice m the labora
tory (40) or by patients who have had direct or mndirect contact
with gray muce prior to llness (17 53 47 19)

Reservotrs of Infection other than Mice —The virus has several
times been 1solated from the tissues of dogs during mvestigation of
canmne distemper (6 7) A remarhable group of three related
cases of choriomenmgitis of unusual seventv occurred among ca
nune vaccine workers from each of which we succeeded m 1solating
the virus (47) These laboratory findings were confirmed mn eich
case by other mveshgators The attacks proved fatal m all three
patients thus suggesting a stram of unusual virulence The strains
were all similar but peculiar m that they produced a febnle illness
n rabbits and white rats which amimals responded to moculation
with our ongmal strams by the development of antibodies but with
out definite symptoms A young dog mnoculated with this virus de
veloped fever with marked paresis and incoordination of the hind
legs but eventually recovered our ewlier strams of mouse origm
were noculated mto three dogs but produced no definite symptoms

The virus was possibly 1solated from ticks 1n one 1stance (9)
(Dersmacentor andersomi) and the latter have been expenmentally
infected by allowing them to feed upon nfected ammals Ticks have
been proved to transmit the virus through the entire Iife cycle and
to cons ey the disease to normal gumea pigs when mfected nymphs
were placed 1 their cages (52} Aedes aegypti mosquitoes were
also shown to be capable of transmtting the disease to a guine

pig when allowed to bite five days after fecding on mfected am
mals (15)
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hus own hands Extensn e trappmg was camed out 1 this home by
Armstrong but only two mice were caught both of which were
negative for virus

Virus among Mice Trapped i Washington D C —Armstrong
(47 53) trapped over 400 Ine mice from 78 scattered houses n
Washington D C of which 869 survived to exammation Irom the
spleens and hvers of 307 of these mice 65 strams of choromeningt
tis virus were 1solated that 1s one mouse out of every 5 exammed
ws a carrier of potent virus

These 65 infected mice exme from 35 of 78 houses where mice
were tripped that s 45 per cent of the mouse infected homes vwhere
trapping was carrted out were harboring mfected mice A total of
123 mice were caught in these 35 houses from which the 65 ifected
mice came 1e 52 51 per cent of the mice ¢tihen 1 homes where
mfected mice occurred were harboring the virus

Sixty two gray mice from homes where infected mice had been
tripped nd 47 mice from homes where only normal mice had been
caught were mnoculated intracerebrally with 10 to 15 mmmal lethal
doses of choriomeningitis virus 66 per cent of the former group
survived and 106 per cent of the Iatter while none of a group of 12
control mice ived These findings indicate a high proportion of iz
mune mmce among those trapped from homes harborng mfected
rmee s compared to the controls

These findings have been confirmed bv Farmer and Janeway (17)
and Yamrarat (48) who trapped mice m 2 home 1n which a case of
choriomenmngitis had occurred m Boston Virus w 1s recosered from
5 of 10 mice tahen Among a tota] of 108 muce trapped i Boston
they found only 8 or 74 per cent which were carriers of the virus
as compared to Armstrong s findings of 215 per cent for W ashing,
ton D C

Source of the Infuction n Mice —Mice expenimentally ingculated
with 1 non fatal dose of virus develop immumty after about 10 dus
(49) and rapidly free themselves of demonstrable virus When 1
pregnant mouse 1s lated with chor 1tis virus howesver
the mfection passes to the unborn young which after birth deselop
quite normally but continue to carry the virus as long as they Ine
and the females m turn pass the virus to their offsprng At the N1
tional Institute of Health ¢ strain of virus was obsersed to pass in 1
unbroken senes from an mfected mother through fifteen genera
offspring wath no apparent tendency of the virus to

tions of her
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weaken or disippear Haas (51) moreover demonstrated that con
gemnitally mfected mice were far more efficient transmitters of the
disease to cage mates than were mice expenmentally moculated
after birth

Mice an Effectiwe Reservorr —The occurrence of cases of chorio
meningitis as well as protective antibodies among persons mn the
lower economuc strata of society 1s consistent with the concept that
mice are a source of human mfection

The fact that mice were abundant n the houses of all of six cases
studied m Washmgton and that virus was recovered from mice
caught m five of the six abodes pomts m the same direction A cer
tam amount of direct evidence bearmg on this pomt 15 afforded by
the development of chonomenngitis among 1nvestigators who have
contracted the disease while handling mfected mice 1n the labora
tory (40) or by patients who have had direct or mdirect contact
with gray mice prior to illness (17 53 47 19)

Reservorrs of Infection other than Mice —The virus has several
times been 1solated from the tissues of dogs during investigation of
camne distemper (6 7) A remarkable group of three related
cases of chonomenmgitis of unusual severity occurred among ct
nine vaceme workers from each of wlich we succeeded n 1solatmg
the virus (47) These laboratory findings were confirmed m each
case by other mvestigators The attacks proved fatal m all three
patients thus suggesting a stram of unusual virulence The stramns
were all similar but peculiar m that they produced a febrile illness
m rabbits and white rats which ammals responded to moculation
with our ongmal strams by the development of antibodies but with
out definite symptoms A young dog moculated with this virus de
veloped fever with marked parests and mcoordmation of the hind
legs but eventually recovered our earlier strams of mouse onigin
were woculated mnto three dogs but produced no defimte symptoms

The virus was possibly 1solated from ticks m one nstance (9)
(Dersmaccntor andersom) and the latter have been experimentally
mfected by allowmng them to feed upon infected animals Tichs have
been proved to transmit the virus through the entire life cycle and
to convey the disease to normal gumnea pigs when mfected nymphs
were placed m therr cages (52) Aedes aegyptt mosquitoes were
also shown to be capable of transmitting the disease to a guinea

pg when allowed to bite five davs after feeding on fected am
mals (15)
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Expenimental trainsmisston from monhey to monkev by means of
monkey lice was twice accomplished (47)

MODE OF TRANSMISSION
There 15 1 striking lack of evidence to suggest person to person
transmussion but a close association between human cases and in
fected house mice has been repeatedly noted
Infection via the respiratory tract 15 suggested by the common
early respiratory symptoms Other possible routes are the gastrom
testinal tract by eating of contaminated food or through the shin
(54) or conjunctiva (22) Transmission by blood suching msects
has been demonstrated in the laboratory but the fact that cases
occur mamly during the colder months of the year rather than m the
summer (55) mdicates that they are probably of little significance
m the natural transmssion of the disease i the United States

INCUBATION PERIOD

Lepne nd Sautter (22) cite the case of a laboratory worker who
splashed mfected material into her eye on March 29 1938 Classical
symptoms of la grippe developed ten days later while meningeal
symptoms headache and stiff neck appeared on the 19th day follow
mg the accident Farmer and Janeways patient (17) handled a
gray mouse trapped 1n a house later proved to harbor infected mice
She developed fever on the 13th day and memngenl symptoms on
the 21st day One of the three fatal cases which we have mentioned
(47) developed systemic symptoms exght duys after assisting with
the autopsy of a proven case

Hiys and Hartmans patient (42) exploded a tube contaming
wvirus and the matenal spattered into lus face The patient was wear
ing a mask and gloves at the time but no glasses The matenal got
mto Ius har and may have gone mto his eves also Fever cough
and muscle soreness developed on the 16th day following the ac
cident Blood drawn on the 19th day contamned the virus

The mited evidence availble suggests that the nterval from
exposure to onset of grippe like symptoms may vary from 8 to 16
days while menmgeal symptoms if they develop occur later 19 and
21 days n the cases ated

PATHOLOGY

athology 1 man 15 not completely known smce but few

The
I’ases have come to autopsy  The three deaths onginating in

PI'O\ enc
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a laboratory where dog distemper vaccme was prepared (47)
showed cerebral oedema and congeshon but very hitle m the way
of memngeal or choroid plexus myvolvement On the other hand
blood vessel changes were evidenced by the presence of a shin rash
m one and possibly m two of the cases and of focal hemorrhages m
two cases These hemorthages were found beneath the dura 1n the
lungs the kidneys and walls of the small wnd large intestmes The
presence of free pleural and penitoneal flud m at least two of the
cases also pomnts toward vascular wjury While the strams of virus
from these cases were bemg studied at the National Institute of
Health three spontaneous mfections developed among monkeys
one of these monkeys developed a pronounced macular eruption
which faded after three or four days The lungs 1n this amimal were
studded with hemorrhages and there was a virus rich fd m both
chest and abdommal cavities There was some congestion and
oedema of the bram but the most strikmg lesion reported by Dr
R D Lilhe was a marked destruction of hver tissue beyond anv
thing previously encountered with any of the mouse strams which
we had studied It appears therefore that the strams in question
which probably ongmated i dogs were exceptional m therr viru
lence for man as well as in their host range and m the organ afim
ties Excellent pathological studies of the disease 1 expenmental
anmals have been published by vanious authors (1 26 85 55 21
56)

PREVENTIO\

There is much to be determmed relative to the exact method by
which man becomes mnfected It does however appear certamn that
prevention would be furthered by the construction of homes with a
view of rendenng them mouse proof and by reducng or elimmnat
g mouse mfestatton from quarters frequented by man

TREATMENT

There 15 no specific treatment of proven value Sulfapyndine and
prontosil are of hittle or no value Spmal tap for the reduction of
mcreased pressure often relieves the severe headache Patients
should not be permutted to leave their beds too early owing to the
tendency of the disease to relapse A good rule 15 to restrict the

patient until the spinal flud cell count has returmed to normal
Timits
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Experimental transmission from monhey to monkey by means of
monhey hee was twice accomplished (47)

MODE OF TRANSMISSION

There 15 2 strking lack of evidence to suggest person to person
transmission but a close association between human cases and m
fected house mice has been repeatedly noted

Infection via the resprratory tract 1s suggested by the common
early respiratory symptoms Other possible routes are the gastrom
testinal tract by eating of contamnated food, or through the skin
(54) or conjunctina (22) Transmission by blood suching msects
has been demonstrated 1n the laboratory but the fact that cases
oceur mainly during the colder months of the year rather than m the
summer (55) indicates that they are probably of little significance
m the natural transmssion of the disease n the United States

INCUBATION PERIOD

Lepine nd Sautter (22) cite the case of a laboratory worker who
splished mfected material mto her eye on March 29 1938 Classteal
symptoms of la grippe developed ten days later while menngeal
symptoms headache nd stiff neck appeared on the 19th day follow
ing the acaident Farmer and Janeway s patient (17) handled 1
gray mouse trapped 1n a house later proved to harbor infected mice
She developed fever on the 18th day and menmgeal symptoms on
the 21st day One of the three fatal cases which we have mentioned
(47) developed systemic symptoms eight davs after assisting with
the autopsy of a proven case

Hays and Hartmans patient (42) exploded 1 tube contaming
virus and the material spattered into hus face The patient was wear
ng 2 mash and gloves at the time but no glasses The material got
into hus har and may have gone mto Ius eves also Fever cough
and muscle soreness developed on the 16th day following the ac
aident Blood drawn on the 19th day contamed the virus

The lmited evidence available suggests that the mterval from
exposure to onset of grippe hike symptoms may yary from 8 to 16
days while meningeal symptoms if they develop occur later 19 and
21 days m the cases cited

PATIIOLOGY

man 1s not completely known since but few

The pathology mn
R b4 to autopsy The three deaths originating

proven cases have come
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ITEMS OF MOTE

Lymphoey tic chortomenmngitis 1s caused by  filtrable virus
The virus 15 found m mice dogs and other ammals

The method of transmission 1s uncertamn

There 1s no mdication that the disease 1s transmited from person
to person

5 Methods of prevention have not been determmed but ehmmnt
tion of mice from houses would seem to be mndicated

There 1s no specific trettment
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CHAPTER (AT

THE RELATION OF HUMAN INFECTIONS
TO ANIMALS

wEne are exghty three commumeable diseases listed by the
TAmerlcan Public Health Association which are of pubhc health
sigmficance (1) More than half of this number find no reservoir m
ammals nor do ammals have any part it dissemmating the causative

agents They are as follows

Bartonellosis

Chancroid

Chickenpox

Cholera

Common cold

Conjunctitis acute wfec
tious

Dengue

Duarrhea of the new born ep
demie

Dysentery bacillary

Encephalitis type A (Vienna
type)

Filanasis

Food poisomng  Stphslococ
cus

German measles

Gonorrhea

Granuloma mgunale

Hepatiis mfectious (acute
catarrhal jaundice)

Impetigo contagiosa

Influenza

Kerato—conjunctivitis nfec
tious

Leishmamasis American

Leprosy

Lymphogranulom+ v enereum
(mngumale)

Malaria

Measles

Menmgococcus menmgrtis

Mononucleosis infectious

Mumps

Paratyphotd fever (paratyphord
A)

Pediculosis

Pemphigus neonatorum

Pertussis

Pneumonia pneumococcal

Hookworm disease (ancvlo
stomiasis

46!

P bacteral other than
preumococcal
Pobomyelitis
9
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Relwpsing fever louse borne Sy philis

(eprdemic) Trachoma
Rheumatic fever Typhoid fever
Sandfly fever Typhus fever louse borne (ept
Scabies demic)
Streptococeal nfection— Vulvovagimbis m children
erysipelas Yaws
Streptococcal infection— Yellow fever—epidemic

puerperil fever

prdemmlogxc evidence from time to time seemed to impheate
animls in the spread of some of these infections Poliomy elitrs has
been associated with dogs cats clhickens and colts mn vanous re
ports Hull mvestigated an eptdemic of paralysis among hogs on
1 farm where two children were sich with pohomyehts but histo
logic examination of the spmal cord of the hogs revealed no evi
dence to mdicate thit the affection was poliomyelitis Two colts
on another farm where poliomyelitis existed m the family were hept
under observation for several weeks but the so called paralysis
apparently was due to a nutntional deficrency  Frost (2) mvestt
gated the connection of paralvzed dogs chickens and rabbits to
the epidemics of poliomyehitis 1 Iowa in 1910 ind m Cincmnatt
Ohio 1n 1911 finding no evidence to support the contention tht
such ammals were suffering from the disease or acting as carriers
Rillo and Lagrotta in Argentina have drawn attention to the do
mestic fowl s a reservour of poliomyelitis virus It 1s suggested that
the vector of transmission s the chicken louse Dysmanisium avts
The work has not been confirmed (11)

Jungeblut and Dalldorf (3) encountered three house mice from
which they olated a virus similar to that of poliomyehtis but
greatly attenuated The mice were taken from a house i which a
fatal case of the disease had occurred Pearson (4) solated 1 virus
from twenty two Norwegan rats on a eity dump that caused paraly
s1s 1n muce and cotton rats

Work done at the Unnersity of Berne Switzerland would md:
cate the cow and the hog as reservorurs of poliomsvehitis mfectron
One case of spontancous pohomyeliis m 2 hesfer was reported from
Berne (6) n which the microscopic findings were typical of the dis
ease Poliomyehitis has been transmitted through cows mulk m the
United States but 3t was not believed that the cow had v connec
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tion with the contammation of the milk It 1s probable that animals
have a small part if any m the eprdenology of pohiomyelites

Typhoid fever transmitted by the hen through the egg has been
suggested as a possibility It 1s known that poultry will readily par
take of human feces 1f given the opportumty and thts happens on
oceaswons too numerous around poorly protected privies and out
houses Mitchell and Bloomer (5) however found hens entirely
refractory to the tvphoid bacillus both by mjection and ingestion
norwasa carmer” state set up There 15 no evidence to belteve that
the hen 1s capable of transmutting typhoid through the egg

Typhoid fever 1s often transmitted through cows milk but the
cow 15 not responsible even though she partakes of badly infected
dnnhing water Contammation of the mlk 1n every mstance anses
directly from a human source

Influenza of human ongm has been suspected of causing mfluenza
m hogs which first appeared 1n 1918 Laidlaw (7) attempted to
show that swine mfluenza was an altered form of human nfluenza
the ongmal mfection occurnng during the 1918 epiderme Shope
(8) demonstrated that antibodies capable of neutrahizing the virus
of human mfluenza were present m the blood serums of old swine
on two New Jersey farms but absent from the serums of young
swine on the same farms The possibility of the dissemmation of the
virus by earthworms which mgest swine lungworms from infected
hogs and are later themselves devoured by other hogs has been
suggested It has now been shown that the virus of swine mfluenza
35 distinet from the vrrus causing human influenza

Paratyphoid fever 15 an enteric mfection caused by Salmonella
paratyphy A or S paratyph: B Paratvphoid A 1s practically never
found 1 ammals Paratyphoid B has been encountered m fowls on
four occasions nd other amimals a few times Ammals play such a
small part in the eprdemiology of the disese however that they can
be 1gnored for all practical purposes

ANIMAL DISEASES OF PUBLIC HEALTH SIGNIFICA\CE

There are thirty diseases listed by the Amenican Pubhe Health As
soctation that may be denived from amimals Twenty four of these are
pumanly animal 1n ongmn Man 1s subject to infection usually di
rectly from an ammal and rarely passes the mfection on to another
person Isolated mstances can be enumerated however where some
of the diseases has e been passed from person to person In the pneu
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monic form of plague such direct contact 1s the usual form of dis
semmation Tuberculosis other than pulmonary includes the bovine
nd w1an tvpes but may also mclude the human type

Actinomy cosis Q fever
Anthrax Rabies
Boutonneuse fcver Rat bite fever
Brucellosis (undulant fcver)  Relapsing fever tick bome (en
Choriomenmgitis lympho demic)
cytic Rocky Mountun spotted fever
Incephalibis eprdemmc (St (tick typhus)
Louwss type ) Trichinosis
Encephalomyelitis equme Trypanosomiasis Amertcan
Food Infections (sal llo Tsutsugamusht disease (mrte
s1s) typhus)
Glanders Tuberculosis other than pulmo
Haverhill fever nary
Hemorrhagie jaundice (lepto  Tularerma
spirosts) Typhus fever endemic (flex
Plague borne typhus)
Psittacos:s

Several diseases of public health significance are sometines s
sociated with animals but may be transmitted m various other wns

Coccrdioidomn cosis {coc Favus
adiord 1l granuloma) Rmgworm
Dysentery amebic Yellow fever jungle

Botuhsm tetanus and gas gangrene are infections which cannot
be charged directly to ammals except 15 ammals 2ct as passive car
niers and dissemmnate the causative orgamsms (see chapters XAXV
XXXVI and XXAVII )

OTHER ANIMAI DISEASES

There are several diseases distmetly animal in onigin which have
such a hmited distribution or to which man has such shght sus
ceptibihity that they are not Iisted by the Amenican Public Health
Association

Cowpox
Foot and mouth disease

Histoplasmosts

Listerellosis
Louping il
Milkers nodules
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Milk sickness Swine erysipelas

Rift Valley fever Infections with ammal parasites
Sore mouth of sheep (other than amebic dvsentery
Sporotrichosts ascartasis and trichinosis )

The ammal parasites which infect man as well as ammals are
mostly of small public health sgmficance Two are listed by the
Amencan Pubhc Health Association—amebic dysentery caused by
the protozoan parasite Amocba Justolytica and tnchinosis by the

de Trichinella spiralis Ascanasis of ammals 1s probably not
transmitted to man

Other diseases caused by animal parasites many of wlich are not
found m the Umted States are as follows

Protozoan Diseases

Balantichasis ( Balantidiem coli}
Leishmamasis cutaneous (oriental sore)
Leishmantasis visceral (kala azar)

Tryp African (sleeping sichness)
Trypanosomiasis Amencan (Chagas disease)

Nematode Infections

Creeping eruption (Ancylostoma brazihense)
Guinea worm disease (Dracunculus medinensis)
Lungworm infection (Metastrongylus elongatus)
Sheep wireworm mfection (Haemonchus contortus)
Strongyloidiasis (Strongyloides stercorals)
Syngamus mfection (Sygamus laryngeus)

Termdens mnfection (Termdens diminutus)
Trichostrongylosts ( Trychostrongylus sp )

Cestode Infections

Broad fish tapeworm mfection (Diphyllobothrium latum)
Dog tapeworm mfection { Dipylidieem cannum)

Dwarf tapeworm mfection (Hymenolepis nana)

Ech disease (Ech g }

Rat tapeworm infection { Hymenolepis diminuta)

Temasis bovine (Taenia saginata)

Temasis porcine (Taema solum)
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monic form of plague such direct contact 15 the usual form of dis
semunation Tuberculosis other than pulmonary includes the bovine
and avimn tvpes but my also mclude the human type

Actmomy costs

Anthrax

Boutonneuse fever

Brucellosis {undulnt fever)

Choriomeningstis Iy mpho
cyhie

Lncephalitis eprdemic (St
Louws type )

Encephalomyehtts equine

Food Infections (salmonello
sis)

Glnders

Haverhill fever

Hemorrhagte jamndice (lepto
spirosis )

Plague

Psittacosis

Q fever

Rabres

Rat bute fever

Relapsing fever tick borne (en
demic)

Racky Mountam spotted fever
(tick typhus)

‘Trichinosts

Trypnosomrasis Amerncan

Tsutsugmush disease (mite
typhus)

Tuberculosis other thn pulmo
nary

Tularemia

Ty phus fever endemic (flex
borne typhus)

Several diseases of public health significince arc sometimes s
soctated with animels but may be transmitted m vartous other wavs

Coccrdiordomy cosis (coc
adionda! granuloma)
Dysentery amebic

Favus

Ringworm
Yellow fever jungle

Botulism tetanus and gas gangrene are mfections which cannot
be charged directly to ammals except 1s ammals nct as passive cr
riers and dissemun ite the causative organisms (sce chapters AXXY

KXXAVIand Y\XVII)

OTHER ANIMAL DISEASES
There are several diseases distmetly ammal m ongin whichhave
such a limmted distabution or to which man has such shght sus
ceptibity that they are not tisted by the Amenican Public Health

Assoctation
Cowpox
Foot and mouth disease
Histoplasmosis

Listerellosts
Loupmg il
Milkers nodules
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lesions of the lung and liver and the living ammals spread enough
orgamsms to be a menace to man Worlers m slaughter houses ase
exposed to infection from hogs while the meat of mfected hogs n
some cases 1s capable of convey ing fection if eaten without proper
cooking (see chapter I )

Smallpox 1s a disease of man which cattle may contract but m 2
very modified form This was the behef of Jenner and has been sub
stantiated by experimental evidence by seyeral myestigators When
the infection has passed through the cow the virus will never agamn
produce the symptoms of smallpox m man It will bring about a
mild form of ifection however which protects the ndividual
agunst subsequent smallpox The admimistration of vaccme virus
therefore has come to be the principal factor m the fight agamst
smallpox It sometunes happens that a recently vaccmated mdi
vidual will carry the mfection of cowpox back to the cow thus start
g an epidemic among cattle Susceptible persons may vaccmate
themselves acaidentally 1n caring for or milking such infected cattle
(see chapter XI )
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Trematode Infections

Schistosormiasis (blood flukes Schistosoma japonicum and Schisto

soma manson: )

Lungfluke disease (lungfluke Paragonimus westerman:)

Fasciohasis (liver fluke Fasciola hepatica)

Opisthorchuasis (hver flukes Clonorchis sinensis and Opusthorchus

felineus)

Amphistomuasis (mntestinal fluke Amphistoma hominis)

Echimostoma imnfection (intestinal fluke Echnostoma docanum)

Fasciolopsis infection (mtestmal fluke Fasctolopsis busk:)

Heterophyasis (imtestinal fluke Heterophyes heterophyes)

Virus dysentery 1n man 1s a respiratory infection with gastro
ntestinal mamifestations (9) The causativ e agent may be the same
as the virus causing scours (pneumoententis) of cattle (10) Fur
ther study 15 necessarv on the problem

There are five diseases which are primarily human i origin but to
which certan ammals are susceptible They are of importance be
cause infected ammals may pass them back agam to man They are
as follous

Diphtheria Smallpox
Septic sore throat Tuberculosts {(human type)

Scarlet fever

Tuberculosis of human ongin 15 rare 1 most ammals The horse
sheep goat cat and hen are difficult to nfect artificially with this
type of orgamsm even when mjected under the shin but spontaneous
mfection occurs mn the dog and cow Gumea pigs are easly m
fected by mjection but spontaneous infection with the human tvpe
of organism 15 rare and no known cases m man have been attnbuted
to these ammals Anthropoid apes and monkeys are cven more sus
ceptible than man to the human tubercle bacillus and close assoc1a
tion with such infected ammals might be dangerous to a person
Parrots and cockatoos may contract the human type of tuberculosis
and spread the orgamsms to persons assoctated with them through
dust from the cage Hogs are as susceptible to the human as to the
avian or bovine type but Jess often contract 1t spontaneously Butler
and Marsh however found 30 per cent of the hogs fed on garbage
from a tuberculosts sanitarium to be mfected with the human type
amsm Smee the ife of a hog 1s usually short such mfection

f
doos develop bevond the glandular stage Old hogs may show

does not
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The relationship of streptococer to udder mfections of cows was
suspected as early as 1884 bv Nocard and Mollerau (4) In 1889
Bang produced 1nflammation of the udder of a cow bv mjecting mto
the milk duct a streptococeus 1solated from a case of mastitis 1 an
other cow

Davis 1 1915 distingwshed St d from the
ordinary bov e streptococa This orgamsm 15 acluded m the Strep
tococcus pyogenes group

THE ETIOLOGIC AGENT

Streptococcus pyogenes (25) 15 the term appled to a group of
orgamisms found 1n various human fections Griffith (42) distn
guished 23 types m the group They belong to Group A of Lance
field having in common various charactensties All of them form an
erythrogenic toxin that usually causes . sLm rash of greater or lesser
degree They are relatvely ther
15 the term usually apphed to the member of the Py uvenes group
which causes septic sore throat

Bovme mastitis due to streptococer belonging to the Group B of
Lancefield 1s qute common Formerly 1t was the practice to con
demn milk 1 which any streptococe: were found Now 1t has been
shown that the ordinary mastitis streptococer are without public
health sigmificance

THE AFFECTION IN ANIMALS

The meidence of mastitis n cows 1s high and 1s of considerable
economic significance In only a small proportion of the cases how
ever 1s the trouble caused by a human pathogen David and Capps
(10) applied a hemolytic streptococcus directly to an abrasion on
the udder of a cow causing an mfection as evidenced by the enor
mous number of streptococet found m milk but no external sign of
mflammation caking or “gargety” milh In another experiment
streptococer directly from a case of tonsillitis were mntroduced mto
the milk duct causing an mfection of several weeks duration with
numerous streptococet 1n the milk Their conclusions that strepto
coces of human engin may cause mastitis without external evidence
of infection were soon corroborated by other im estigators (21)

Smith and Brown (16) as well as I\rummede and Valentie
{12) showed that d with bovine
mastitis could be differentiated from those causing human tonsillitis




CHAPTER XXXII

SEPTIC SORE THROAT

SEP‘nc sore throat m man 1s caused by a member of the Strepto

coccus pyogenes group of orgamsms The orgamsm 1s primarly
a human pathogen but 1t may set up a focus of nfection i the
udder of the cow from whence 1t 1s transmtted back to man by way
of the milk supply

HISTORY

Septic sore throat due to mfected milk has been recogmized
Great Britain for many years In 1875 there occurred at South hen
sington Englind (1) severnl cases of sore throat and scarlet fever
among 20 persons who had used cream commg from a distnict where
there had been 119 cases of sore throat It 1s impossible to determine
from the evidence presented whether this was 1 scarlet fever out
break or a mived mfection of scarlet fever and septic sore throat

The first authentic record of an epidemic of the tonsilhitis or quinsy
type 15 that at Aberdeen (2) Among 110 families supplied by 2
single dury 90 famibes were affected with 300 cases Duning the
following years simlar epidemics occurred with considerable regu
lanty, the milk supply being mer ted by cr 1l evi
dence only

The first outbreak of septic sore throat recogmzed m the United
States occurred 1n Boston Massachusetts m May 1911 Winslow
(8) made 2 careful epdemiclogical study of the 1400 cases m
volved finding that 70 per cent were supplied with milk from one
dairy, the cases exactly comeding with the two mam delnv ery routes
of that dary The symptoms all pomted to a streptococcus 1s the m
fecting agent but there was hittle defimte information available on
this pomt In the laboratory of the Boston Board of Health as well
as other laboratones no constant orgamsm was found Theobald
Smth however 1solated strcpto:;)gcn from four cases at autopsy
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that numerous reports of sumlar outbreaks appeared in the nett few
vears In December 1911 and January 1912 an epidemic occurred
m Chicago Ilinoss m which Capps and Miller (12} estimated
10000 cases were involved traced to a milk supply supposed to
have been pasteurized Mann (13) encountered an outbreak in Con
cord New Hampshire 1n January and February 1912 where 426
persons were made sick by the use of milk and cream from one darry
In February and March of tlie same year 602 cases with 28 deaths
oceurred m an eprdemic m Baltimore Maryland where Frost (14)
found 65 per cent of cases used one mlk supply Vetennanans could
find no mastitis m the cows of the suspected herd and 1t was thought
that strep were mtroduced directly by infected persons In
April and May 1918 North White and Avery (15) studied two
epidemics mvolving 669 cases with 14 deaths whach occurred symul
taneously mn different localities but having their source m the same
dairy Two cows were found wath acute udder mflammation from
which streptococer were 1solated that were 1dentical with orgamsms
ssolated from the throats of several patients Smth and Brown (16)
encountered 7 eprdemics of sephic sore throat which accurred
Massachusetts during 1913 and 1914 Arumwiede and Valentine
(17) reported an outbreak of 232 cases June 1914 at Rockville
Center New York Armstrong and Parron (28) reported 42 out
breaks with 21 045 cases occurrmg between 1908 and 1926 all m
northern Umited States In 1918 the United States Public Health
Service began the compilation of milk borne epidemics of disease
mcluding septic sore throat {table 49)

In England (85) there were reported 21 epidemics with 2039
cases during the period 1857 to 1929 In Denmark 3 098 cases oc
curred i epidemics during the same period In Canada (86) from
1906 to 1935 there were reported 3 epidemics mvolving 584 cases
and 4 deaths

Practically all milk borne outbreaks of septic sore throat are
triced to raw milk In a few wmstances nulk has been mmproperly
pasteurized or mfected by a case or camer after the pasteunization
process was completed (table 49) An mstance 1s reported by Allen
and Baer {41) where powdered milk was contammated by a case
of septic sore throat 1 the hitchen 1n the process of reconstitution

The cow 15 responsible for two thirds of the cases of septic sore

throat and four fifths of the deaths m milk borne epidenmes (see
table 50)
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Frost and lus associates (32) noted that not all ammals harbor
g Streptocorcus emd s may cause epds Onlv two cows
out of 7 1n which the orgamsms were found were assocated with
epidemics the other 15 cows apparently caused no human cases.
The streptococer from all of them showed typical virulence when
cultured Brooks (33) beheves that while the types of streptacocet
which are common ineidents of mastitis m dury cattle apprently
are not infective for man they m1y sometimes produce severe tovic
disturbances espectally m children when the orgimsms are present
m milk i Jarge numbers together with therr toxns

The usual source of infection of the cow 1s 1 mfected person
Frost and Carr (26) recite therr expenience with an epidemmc ans
g from a very lugh grade muilk supply Laboratory eximntions
revealed enormous numbers of Streptococcus eptdenucus—36 000,
000 per cubic centimeter—in the milh of one ammal A few days
later 2 second cow was found mfected and 1 hittle Iater still a third
cow Cultures from the nose and throat of each person mw the dairy
1evealed that two were curying Streptoceccus epdemicus One
was a woman m the house who had no put i handhng the milk
the other w1s the ured man whose chief duties were the care of the
cows and the milk After he left the dury there was no more trouble

One quarter of the udder may be mfected with streptococcr with
out the other quarters becoming mvolved It 1s necessary therefore
to extmine mith from each quarter when looking for mfection Co s
once infected with Streptococcus eprdenucus are likely to remam
sources of danger over long periods of tune and probably never
should be returned to the milking line

Hadley and Frost found that cows could be quite easily mfected
by the simple process of smearing the tets with Streptococcus cpt
demicus and that mashihs subsequently developed The infected
quarter ustally lost 1ts function of secretion because of the sesenty
of the disease (34)

MILh BORMVE OUTBREARS

Although epidenics of septic sore thrott of milk ongin have been
recognzed m Englnd for half 2 centurv and $withinbank and New
man {11) 101803 recorded that hardly a year passed without an out
breah yetif was not untl 1911 that the disease was reported n the
United States Winslow s (3) study of the Boston emdemic focused
the attention of samtarians on this cruse of nfection with the result
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Table 49 Contirued
Yzan Prace Caszs | Dearms | SR Raw on
1035 | Arkadelphia Ark 85 0 raw
1935 | StateTramingSctool Red Wing
Minn 114 [} rw
135 | Dansville N Y 13 ¢ ran
1935 | Baldwmswille N 1 500 6 raw
1935 | Patter on N Y 120 I Taw
1935 orfu 1 0 ran
1935 | Yeurtshoro N Y % 0 raw
1935 w1 ton 16 1 raw
1935 | Waynesboro Va 14 0 both
193 | Nemngien Conn 24 0 raw
1936 | Greene County hy 2 0 raw
1936 | Relen o 0 1w
1936 | Faulwwn N J andSsurroundmg
tonns 17 7 raw
1936 | Black Creek N 1 M ¢ ran
1936 | Dryden N Y 50 0 ran
1937 | West Des Momes Ta Note | 0 ran
1937 | Monterey Calif 290 0 aw
1937 | Ponea City Calif 100 0 b th
1938 | Artesiaand Los Alanutas Calf + 3 raw
1938 | Ehzabeth Colo 5 raw
1938 | Ccblekli N 3 33 ras
1938 | Minetto N Y 63 ran
1938 | Norwood N Y 5 raw
1938 | Prospect N Y 20 ran
1938 | Winnebago States Hospital
1 onsin 25 ¢ ran
1939 | Tergus Falls Minn 271 0 ran
30 | Tdmond Okla 200 » raw
9 | Lowton Okla 100 0 r
39 | Dubin N H 0 0 ran
39 | Catshilld Sangertic N 516 ran
39 | Medna N Y C ran
1840 Dightonand Taunton Mass 784 1an
140 | YWaddington N 3 48 raw
1940 | Yorthington N ) 10 ran
1041 Huntington N Y e ran
1941 | State Mental Ho pital Wyo il P teunzed
Note2
1912 | Alto Ga t pasteunized
1042 | PmeMt Ry 18 raw
1942 | CumberlandaniBenton khy 47 ran
1942 | Coxsackie N 1 00 raw
1943 | Rowlev Ma Note 1 ran
1843 | Albany Comty N Y ‘ 23 pa. teurized
1843 | BumtHilsy N |
1944 | Fore t Lake Minn 100 0 ran

Note 1 Septie sore throat and

arlet fever both rep rted

Note 2 T e cream mfected frm di charging eat of ice cream maker

of twenty cases shows at once 1ts charactenstic features

THE DISEASE IN MAN

In the study of the Boston epidemic of septic sore throat Winslow
reported that the disease 15 a vanable one and single cases may
present hardly a feature in common with each other but any series
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Table 49 —Ermsstcs or Miuk Bornr Sepric Sore TrroAT TABULATED BY OFFICE OF
1L INVESTIGATIONS
U S Public Heulth Service 1920-1944

Univeraity of o Hampshre

W OR

YEAR Prace Cases | Deatns 1{5{';‘;2%;(1“
1920 Winchester Mass 43 0 ran
1922 Portland Ore 487 22 raw
1923 Arlington Mass 70 | 0 raw
1924 Danbury Conn 89 - Taw
1925 | Nahua'N 2 | 0 ras
1925 Summt und Chatham NJ 100 2 ran
1920 { East Hampton Conn 45 Q raw
1925 Logan Ohio 332 1 raw
1925 Chester Pa 400 0 raw
1925 Mercer Pa 53 2 raw
1926 Pleasanton Cahf 120 2 raw
1926 ( wlford Conn 223 5 raw
1926 } Himden Conn I 9, | o0 certified
1926 Brunswick Gn 900 0 certified
1926 Nashua N H 100 Q fsiig
1926 Madi on Vs 80 0 raw
1928 | Ramapo N Y 30 0 raw
1928 \ Lee Mass 950 48 Taw
1928 | Pottstown Pa 100 L pasteurized
1928 Oskaloosa Towa 100 3 Tan
1929 Charlton Mass &4 | 2 W
1929 Roche ter Minn 200 h 0 raw
1929 Wayld N 141 1 ran
1929 Swannah N Y T j 1 raw
1929 hlends])lp N 14 0 raw
1929 Oxford Ohio 70 J 0 raw
1929 Baraboo Wis 20 | 6 raw
1930 \ Orange County Calif 20 0 raw
1930 At Desert Me 40 0 Taw
1930 ‘ Ayer Mas 0 raw
1930 Wilbraham MAL [ aw
1930 Schroan N1 o aw
1930 Iﬂlllbr)ok\lll\ge N1Y 0 raw
1930 hing ton N Y 7 | raw
1930 ' Clyde N ¥ 0 raw
1930 McMmnvijle Ore 1] Taw
1931 Kentland Ind 0 raw "
1931 l Lancaster Qhio a ’m,‘,’fff.ﬁ,'n’;
1931 Oxford Ohiy ° ran

1931 Walton N ¥ 7 Taw

1931 Greenwich N Y o ran

1931 OysterBay N Y 1 raw
1931 Manon Mass ¢ Tan

1932 Topsfield Mass 3 ran

1032 | Miton Wis g raw

1932 Belton Tex 9 raw
1933 Chnlton Wis H Taw

1933 au bSolgnl\ra 0

arbendale

ig§§ Y Lurerneand T Hadley N Y 2

923 Rockville Cann 2

1934 Flemigton N H

1934 | Potsdm N H

1034 | Wateroo N3 H

1931 4‘ Lews burg W 9
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eptdemics indicated that there was no difference to susceptibility
by sex and that the age distubution of cases corresponded closely
to the age distributton of the population of the commumty 1 which
the eprdemics occurred The amount of milk consumed had a direct
bearing upon the probability of infection the attack rate varymg
directly with the quantity of milk {contaming the ainfections ma

terial) which a person drank 1rrespective of age

PREVENTION

The prevention of milk borne outbreaks of septic sore throat de
pends upon two factors

1 Rigid precaution m the prevention of udder nfection of cattle
bv human cases of sore throat

2 Proper pasteurization of all milk supphes

Since udder mfection with Streptococcus epidemicus often pro
duces no apparent evidence of 1ts presence cases of mammitis often
go gmzed til a derable amount of damage has been
done Even n certified dairies with regular exammation of both em
ployees and cattle Frost Gumm and Thomas found by laborators
examnation four cows mfected with Streptococcus epidemicus Or
dinary market milk therefore especially requires careful pasteurt
zaton as a supp\ememary protection

Brooks (37) has emphasized the necessity 1n an extensive out
break of septic sore throat lasting several days of looking for the
cow which 1s causing the trouble A person who 1s a carner of
Streptococcus epidemicus may contimmate the milk once but not
usually several days m succession After the cow which is harboring
virulent streptococer has been found then 1t 1s necessary ta find the
person who 15 harboring the germs 1n his throat that infected the
cow

Pasteunization as a means of destroymg mulk streptococer has
been much studied by numerous myestigators It would appear that
the bovine spectes are so heat resistant that some of them will wath
stand 143 F for sixty to mnety minutes and can subsequently be
demonstrated m small numbers m the mlk The human types on
the other hand are quite susceptible to pasteurrzing temperatures
and are entirely destroved withm the allotted time

Park (27) collected 100 strams of streptococes from cases of septic
sore throat tonsillitis scarlet fever mastoiditis glandular fever ery
sipelas and other human sources finding every one of them kalled
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Table 50 —Sources or INFECTION In 61 Mitx Borne Qurereans or Sgeric Sore
Taroar witi Cases anp Deatns For Esci SoURCE
U S 1928-1944
{Compmled from statisties of U 8 Public Health Service)

SoURCE oF InFECTION 1(\)5;'::;”?:- Eﬁ:;: gﬁ?&
Tnfected finger [ 245 ]
Cow . 5098 83
I 8107 105

The meubtion period 1s short about two days The onset of at
tack 1s rapid often accompamed by severe headache and acute
grippy pams The temperature 1s high reaching 103°F to 105 F
The throat 15 variable At first there 1s a diffuse redness extending
over the tonsils simulating scarlet fever Later, small isolated
patches of white appear resembling ordmary follicular tonsillitis
Stll later many cases may show an extensive membrane hike exudate
sumilar to that i diphtheria

The first stage of the disease lasts 8 to 5 days i which there 15
great prostration The patient entirely recovers 11 a short time pro
vided there are no compheations Numerous cases however show
such complications as abscesses in the perttonsillar region and cerv
cal glands Very severe cases may result m rheumatism pneumonrt
nephritis or pericarditis Death never follows the orgmal infection
but may be the result of a complication

In the 1928 epid at Lee M husetts the cases were dis
tributed among the different age groups as shown m table 51

A further study of that epidemic ndicated that 45 per cent of sick
families had 1 case 28 per cent had 2 cases and 27 per cent had
3 cases

Table 51 —FrivEvic oF Serric Sore Turoar at LEE Mass Srowing
Ace GROUPs AFFECTED

AGE 1000 Cases 40 DEATHES
0-15 20 per cent 3 per cent
1629 28 per cent, 3 per cent
4 per cent 3 per cent
45-59 19 per cent 31 per cent,
60 and over 11 per cent, 60 per cent

1

The expenience mn the Lee eprd that cluldren were
less prone to infection than other age groups has been confirmed m
England (38) Studies New York State (39) covering a sertes of
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Brows ] H Frost W D and Smaw M ] Infect Dis 1926 38 381
188

Bercex D H Baeep R S Merray E G D and Hrrenens A P
Manual of Determmative Bacterology 5th Edition Williams and Wilkins
Balumore 1939

Frost W D andCars A M Am ] Pub Health 1927 17 139 141

Parg W H Am ] of Pub Health 1928 18 710 714

ArvisTRonG C and Parron T Public Health Reports 1927 Supplement
62

Davis D] J Infect Dis 1937 60 374-380

Briav C 8 Vet Med 1937 32 70 74

Htcker G ] Trupere F and Jesnnes W S New York State Tech
Bull 199 1932

Frost W D Tuovtas R C Gusar M and Havrey F B J Infect
Dis 1930 46 240 252

Brooxs P R ] Prev Med 1932 6 111 116

Hapcey F B andFro T W D Cornell Vet 1933 23 40-46

Wansy A M J Egyptan M A 1932 15 796 818

Murray R H  Canad Pub Hedlth ] 1936 27 555-559

Brooks P B J Am Vet M A 1935 86 342-347

Prcken R M Bnt M J 1936 1 1291 1295

Steeerns E L Incramave H § and Reep E L Am J Pub Health
1937 27 1259 1266

Epwaros PR Am ] Hyg 193, 18 845 353

Attev R P andBser L S JTANA 1944 124 1191

Currrmit A S ] Hyg 1945 34 542
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after an exposure of 10 mmutes 1t 140F or 30 minutes at 138°F
The destruction of many of the orgamsms was surprismgly rapid
some showmg no growth after § minutes at 138°F

ITEMS OF NOTE

1 Septic sore throit 3s pnmanly 4 human snfection

2 The causatve agent may find lodgement in the milk ducts of the
cow without necessarily producing any pathologic lesion

3 The ordmary streptococer of bovine ongm do not ciuse sore
throat 1 man

4 Enormous numbers of streptococer may be elimmated from the
nfected udder of a cow, causing an acute outbreak of sore throat
among persons drinking the milk

5 Proper pasteunization of all milk supplies 15 the only sure sife
guard agamst such epidemics
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In 1923 Dich as well as Dochey differentiated the scarlet fever

trep! from other org m the group making bacterio

logic evidence possible Jones (9) and others 1solated typical scarlet
fever streptococer of human origin from the udder of a cow

THE ETIOLOGIC AGENT

Streptococeus scarlatinge (25) 1s the term usually applied to the
member of the Streptococcus pyogenes group which causes scarlet
fever It 1s a hemolyhic orgamism belonging to serologic Group A 1t
produces a speeific exotoun which can be neutralized by antitoxin
(See also Septic Sore Throat chapter XX XII )

THE INFECTION IN ANIMALS

Jones and Lattle (9) were the first to furmish bctenologic evt
dence that cows could be infected with scarlet fever streptococet
In a scarlet fever outbreak of 200 cases studied by the New Jersey
State Department of Health the usual relation of a case of scarlet
fever on one of the farms supplymg the milk was found More care
ful observations mdicated that one of the cows was suffermg from
an acute njury of the teat An mvestigation by Jones and Little of
the milk from this cow mdicated that as many s 345 600 000 strep
tococer per cubic centimeter were bemng elimnated The orgamsms
answered all the necessry requirements of scarlet fever streptococer
of human ongm (10)

Injection of these orgamsms nto one of the other teats of the same
cow produced no abnormality nor could streptococer be found 1n
the milk from that quarter until stll another quarter was mjected
when both of these show ed streptococer which gradually dimmished
m tw0 weeks

A normal cow was mjected by means of a teat tube with 15 to 20
of the scarlet fever streptococar wolated from the first cow There
was a severe general retction beginning withmn two days with se
vere fever and reddening of the shin The udder was swollen and
the rulk purulent On the second day 1 200 000 000 streptococea per
cubic centimeter were eliminated The mjection of another teat of
this cow resulted 1n a condition similar to the second njection of the
other cow 1n that the quarter showed no abnormalities but excreted
fora time a comparatvely small number of orgamisms (556 000 per
cc at the most) This would ndicate a lnck of immunity of the
other quarters when infection evisted m one quarter



CHAPTER X\XIII

SCARLET FEVER

S CARLET FEVER 18 primanly an mfectious disease of man caused by
a ber of the Strept us pyag group of org

Cows may become mfected from hum n sources and pass the cis
ease back to man through the mlk

HISTORY

The responsiblity of the cow for scarlet fever epidenucs was sug
gested from trme to time m the absence of other evidence Power
(1) 1 1882 1ttributed an outbreak to contamination by a cow suf
fering with puerperal fever hlem 1t the sume time showed that
cows moculated subeutaneously with matenal from a human case of
scarlet fever developed an abscess at the site of moculation and
materti from such an abscess could produce a similar lesion when
injected nto another cow

In 1885 Power {2) Cameron (8) and hlem (4) encountered
another epidenuc which they attributed to bovine ongin lacking
any human sources A vesicular eruption on the udder and buttocks
of several ammals accompamed by constitutional symptoms and dis
charge from the eves and nose with sore throat (Hendon disease)
was thought to be the cause Russell (5) 1 1888 Ifull (6) i 1890
and Jones (7) 1 1909 all reported similar mstances where 1 mik
epidemic of scarlet fever occurred and cows n the responsible herd
were found suffering from a condition simular to that described by
Power Klemn and Cameron Bacterrologic evidence was of course
entirely lacking

Busey and hober (8) m 74 eprdemies mchuded i Trasks com
pilation state that m 20 mstances the mfecton was attnboted to
diserse among the milk cows In 4 cases the puerperal condition of
the cow 15 blamed, 1n 9 there was disease of the udder or tetts m
& there was loss of hair and esting of the skin while onc cow wis

from a febrile condttion
suffening e
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Table 52 —Mitw Borve Crivesics oF ScaRLET FEVER TmULA'rz-:n FrROM REPORTS OF
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Antmals other than the cow re probably of small importance m
the spread of scarlet fever Reports have been made from time to
time concerming infection of dogs m contact with human cases but
all Jack bacterologic confirmation Numerous attempts were made
before the discovery of Streptococeus scarlatinae to induce mfection
1 laboratory ammals with matersal direct from human cases but all
were unsuccessful Several workers were able to produce lesions m
monheys and chimpanzees with hum i matertal while others fuled
The failure of Hektoen and Weav er 1 producing the disease 1 mon
Leys fed on milk to which hind been added matenal from the throats
of scarlet fever patients, 1s explaned by the work of Jones (9)

Since 1923 expernimental infection has indicated the susceptibility
of certain ammals The dog 1s aghly susceptible to the infection of
a hving culture of the organism succumbing 1n 3 to 5 days from an
acute hemorrhagie nephritis Ralled cultures and culture ly sates are
also hughly towie for dogs (12) Goats are quite susceptible to scarlet
fever toxm 1nd have been used to a certain extent as a subshitute
for human subjects 1n standardizing such toxin Mice rats guwmnea
pigs cats chickens pigeons monkeys calves and sheep have been
found entirely unsusceptible to toun while rabbuts and pigs gne
conflicting results (13)

MiILh BORNE EPIDEMICS

Many outbreaks of scarlet fever have been attnbuted to contimt
nated mutk supphes m the past Trask (8) listed 125 such eprdenucs
which occtrred prior to 1908 Armstrong and Parron {14) added
40 more cutbreaks m the Umited States from 1908 to 1926 All oc
curred i the northern states southwestern Ohso bany the most
southern locality In Canada Murray (15) tabulated 7 epidemcs
embracing 192 cases that occurred between 1906 and 1935 there
were no deaths In England Wahby (16} reported 88 epsdemics
with 7 650 cases from 1857 to 1929

In table 52 are listed 108 ¢pidemics which have been recorded m
the United States dunng the pertod 1919 1944

Jones (11) clamms that usually mik borne eprdemcs of scarlet
ferer are ot due to 2 human case or carrter on the farm or w the
dairy Mulk 1s not only an hibitive agent m wiich such organtsms
fasl to grow, but st contans an actie prinaple which greatly di
munishes the number of streptocacer at room temperature He con

cludes that “the opinion that severe outbreaks of scarlet fever result
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from human contammation of mitk must be viewed with consider
able doubt ” It 15 possible that a few mdividuals may contract the
disease through direct human contammation of the milk but the
occurrence of epidemics would mmply a much heavier inoculation of
the milk than would be probable by this means The enormous num
bers of streptococer shed from the udder of a single cow mfected
with this organsm may contammate a large bulk of milk and even
after some of the streptococcr have perished still show sufficient
numbers of living orgamisms to mfect man This 15 a reasonable
explanation of milk borne epidemics

The figures from the United States Public Health Service (table
53) would indicate that the cow was mmplicated 1 only one fourth

Table 53 —SoUrcES OF INFECTION 1V 65 MITK RORNE OUTBREAKS OF SCARLET FEVER
wrre CASEs AND DEATHs FoR EACH S0URCE UwiTED STaTES 1928-1944
Compiled from Stati tics »f the U S Pubhe Health Service

Sourex oF Nowmes or|  Toraw Tora

vFEcTION Oursmesns | Can | Dewm
Case ss | a7 Ih
Carner 9 836 9
Infected finger 2 13 0
Cox, |6 1923 19

of the milk borne outbreaks Complete bacteriologie eximmations
were not carried out 1n all outbreaks however The outbreaks which
were traced to the cow were responsible for more than a third of the
cases and half of the deaths

PREVENTION AND CONTROL

The prevention of scarlet fever of ammal ongin requires attentron
to several details First no human case of scarlet fever must have
contact with lactating cows Even a few orgamsms will be sufficient
to mfect the teats In the presence of a suspected mlk borne ep1
demic of scarlet fever careful exammation must be made of all cows
1 the herd for possible infy Finally p 101 of the milk
will be a complete safeguard for scarlet fever streptococer are easily
hilled by heat at 140 ¥ for 30 minutes

ITEMS OF NOTE

1 Scarlet fever 1s pumanly a human wnfection
2 Cows may become infected i the udder sheddmg enormous
numbers of scarlet fever streptococer mto the milk
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Table 52 Continued
1EAR Prace Cases | Deatns lg:';',‘;é;zg
1932 | Brdgewater l\e“ Berin N 1 - 0 rw
1932 | Lhaabeth N J [T 0 ran
1932 | Sweetwater Tex 12 0 raw
1933 | Thomaston and Plymouth Conn [ 100 1 Tan
1933 ngham Weymouth and Quiney
Ias: | 43 2 ran
1933 East :md West Bndge\n ater Mass 9% 1 raw
1931 | Anahem Calf T 1 ran
193¢ | Hampton Iow 25 0 ram
1931 | Fonton Ssnfordand McDonough o ’
1
1935 Westbury, N 5 0 T
1930 | Molie Iif 182 0 i
1936 | Kewanee Ill 27 [ ran
1936 | Belen N M 14 0 ran
1936 | Wellesville N ¥ 196 6 ran
1936 | Emerysille N 1 16 0 ran
1936 [ RedCreck N 1 73 2 ran
1936 | Vayned Tyrome N 3 16 0 ran
1936 | Potterswilic N 3 8 [ ran
1936 | Owego N Y h 6 an
1936 | Bradford Pa £ 0 ran
1936 | Combined Locks Jumberly and [
Little Chute Wis 108 1 ro
1936 | Menasha Appletonand Neenah
13 76 1 ran
1937 ockford 111 | 1 ran
1937 mmett Town hip Mich %a 1 i
1937 uttons Bay Mlc | 7 [] an
1937 | Hanmbal 17 0 rin
1937 cthlehem Tonk hip N 1 17 0 v
1 Chatanqua Town mp \ Y o 0 raw
I Starkey owns].up 9 ] an
1 Woodward Okla [ 1 both
19 Ponca City Okla I 2 [ both
19; Carnzo Springs Tex 9 0 ran
1937 | Burhngton Vt ‘ 6o 0 raw
1937 | West Des Moines Is Notel | — ran
1938 | Cardper 1II 136 [ an
1938 | Jordanwilleand Richfield Springs " o .
ra
19 C uthne Okla. \ 2 0 s
19: Hancock Wis | 4 0 ras
19 Newberg Vs 26 0 ran
19 HornellGity N Y | 18 0 raw
161 Canton Ohio 2 1 ras
19 Lawton Okla 3 0 ran
193 Casey, 11 24 0 | mw
194 Dinghampton N 3 [ 0 raw
1941 Pulteney N Y 3; g raw
1942 Greenview 11t 5 raw
1942 Cnnnonsvllle N1y 414 | 0 raw
18 | Lompon NS
1944 R:chl;md Center Wi ra

Note 1 Scarlet fever and septic sore throat both reported




CHAPTER XXXIV

DIPHTHERIA

‘Du’h‘mmu 15 prmanly an infectious disease of man caused by
Corynebacterium diphtheriae On rare occasions anmals may
become mfected thus acting as a source of mfection for man

‘THE ETIOLOGIC AGENT

The diphthena bacillus Corynebacterium diphthenac does not
mvade the tissues but localizes on a mucous member such as the
throat of man or in wounds where 1t produces a powerful toxm

There are several other members of the genus Corynebactertum
which are found m amimals but which hwe hittle sigmificance for
man Merchant (20) mentions four types associated with diseases
of domestic ammals

C pyogenes 1s a pus producmng orgamism which nfects cattle
sheep and swine

C pseudotuberculosis 1s found m horses cattle and sheep

C renalis mfects cattle prneipally but has been found 1n sheep
and horses Olafson 1 one mnstance encountered 1t m a dog It pro
duces no toxin

C equi1s found 1n pulmonary infections of horses 1n lymph gland
mnfections of swime and n normal cows milk

Brooks and Hucker (21) studied a large number of cultures of
diphtheroids from ammal sources finding that morphologieally
they showed a marked degree of varation

ANIMALS SUSCEPTIBLE
There have been reported m the past a considerable number of
mstances of infection of dogs cats and fowls with C diphthenae
Bacteriologic evidence however 1s either entirely lacking or 1s

faulty with diphtherord orgamsms often mustaken for true diph
thena bacillh

493
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Milk, under ordinary conditions prevents the growth of scarlet
fever streptococer even hilling them to a certam extent
Prevention of milk borne scarlet fever requires first that cows be
kept free from contact with human cases of scarlet fever and sec
ond proper pasteurization of all milk

Amimals other than the cow are probably of hittle importance 1n
the spread of scarlet fever
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DIPHTHERIA

IPHTHERIA 15 primanly an infectious disease of man cauied l:y
D Corynebacterium diphtheriae On rare uccasxon: ammals may
become mfected thus acting as a source of nfection for man

THE ETIOLOGIC AGENT

The diphthera bacillus Coryneb wm diphtheriae does n}:)t
mvade the tissues but localizes on a mucous member such as the
throat of man or i wounds where it produces a pow erful toxm

There are several other members of the genus Corynebacterum
which are found i anmals but which have Lttle sigmficance for
man Merchant (20) mentions four types assoctated with diseases
of domestic animals

C pyogenes 1s a pus producing organism which mfects cattle
sheep and swine

C pseudotuberculosis 1s found m horses cattle and sheep N

C renalis ifects cattle principally but has been found m sheep
and horses Olafson m one mstance encountered 1t m a dog It pro
duces no toxn Jand

C equu1s found 1n pulmonary mfections of horses m lymph glan
mfections of swine and 1n normal cows milk

Brooks and Hucker (21) studied a large number of cultures of
diphtheroids from anmal sources finding that morphologically
they showed a marked degree of variation
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Cats have been found by several mvestigators to be susceptible
to diphthena toan as well as to the bacilli When 1njected subcuta
neously erther with towin or with Iive cultures such ammals exhibit
defimte symptoms and often die Klemn (1 2) Brodie (3), Yabe (4)

Rlem (5) rubbed cultures mto the cornea of cats as well as m
Jected mtratracheally with defimte results Infection by feeding the
orgamsms m milk was unsuccessful however Intratracheal mocu
lations were successfully made by Welch and Abbott (6) with the
production of membranes from which the organisms could be re
covered Henke wis unsuccessful m the production of membranes

Savage (7) sought to determine experimentally whether cats were
capable of harborning diphtherta bacilh The implantation of large
numbers of virulent orgamsms mto the nasal cavities were effec
five 1n setting up any general or locl lesion The same was true
when massive doses were applied to the throat by swabs The or
ganisms sursived but 1 short period of time usually disappearmng
within twenty four hours Savage believes that the mucous mem
branes of cats are unfavorable for the growth or persistence of the
diphthena bacillus and that cats do not serve as carniers of diphthe
ritic wnfection He analyzes the eprdemmologic evidence of previous
cases reported concluding that the view that cats can acquire the
disease naturally 15 entirely without foundation

Simmons (8) on the other hand found two cats harboring true
diphtherr bacilli one 1n the nasal fossa and the other mn lesions of
the vocal cords The first animal developed 1 croupy cough was
unable to swallow, and cried continually About 1 week after the
cat developed this condition a woman with whom the cat slept de
veloped 7 typical case of diphtheria which proved fatal The or
gamisws 1solated from both the woman and the eat were virulent
for gumea pigs as proved by the mjection of two ammals one of
which was protected by antitoan

Domestic fowls were found by Lutterer (9) capable of not only
harbonng diphthersa bacills but of transmitting the disease to man
Two hundred and fifty six human cases suffering from acute or
carmier dxphthermc mfection were mvestigated where the family
owned fowls sufferng from roup fowl diphthenss cholera etc A
total of 1126 sich fowls were exammed 1n two flocks several fowls
were found harborng virulent diphthena bacilh 2s proved by
morphologic and v wrulence tests In each instance a child in the fn;n1

iy owning the fowls showed sumilar virulent orgamisms Successfu
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moculations of the virulent diphtherta organisms 1solated from both
the fowls and the children were made into other fowls suffering
from roup later the mfection mn the expermmental fowls was cured
with diphthena antitoxin

Horses are quite susceptible to diphthen toun when mjected
for the purpose of producing antitoun and consequently consider
able care must be used on mitial mjections True diphtheria occurs
but rarely however Cobbett (16) reports such a case m a pony
mfected by 1ts rider Munett (17) ikewrse recorded several cases
of u'ceratn e Ivmphangitis 1n horses mfected with diphthena bacilly
probably from human cases

Other animals exlubit some susceptibility to toin but apparently
donot contract the disense naturally Sheep have been used to some
extent for the production of antitown and may succumb from over
doses of toxin as noted by Roux and Yersm 1n 1889 Wermche m
1893 hkewise killed 2 sheep by gradually mcreasing the doses of
diphthena culture Goats have been used for the production of diph
theny antitoun for toun antitoun mxtures Ledingham found that
gots would succumb ta large mjections of toun (250 c ¢ ) Wladum
woff njected diphthera cultures mto the teats of three Inctatmg
goats Only one of them exhibited any constitutional sv mptoms
Diphthena bacalli were found in the mulk for a period of srx days but
they rapidly dimimshed 1 numbers Dogs have been utilized by
‘anous workers m experimental iy estigations They are susceptible
fo mjection of both touns and cultures Unconfirmed reports of
natural diphtheria imfection 1 dogs have been recorded Brandt m
1908 obtamned from a dog  culture which he considered true diph
thena but 1t did not hll gumea pigs when mjected Hull had cases
Teported of diphthena ifection 1 dogs but complete 11boratory
confrmation was lacking

The Iaboratory ammals vary n susceptibility Rats and mice are
quite immune  Gmnea Pigs are verv constant i suscephibihity and
hence are the ammals of choice 1n experimental work The standard
1zation of both diphthenia toun and diphthenia antitoun 1s based
upen the amount of toxin required to hill a guinea pig werghing 250
grams 1 four days

Monkeys were found by Burnet 1 3910 rather resistant n mfec
tion Seyventeen expeniments were made by rubbing virulent cultures
nto the abraded mucous membrane of voung ammals Eleven expert
ments were entirely negative 1n five the results were shght while
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m one ammal which was 1ll at the time of moculation, the lesions
were extensive

Eels were shown susceptible to diphthenia toun by Pettit on two
accasions while alligators were found highly susceptible by Metch
mkoff Frogs, when njected with toxin remamed well at low tem
peratures but developed paralysis when mantamed at 37°C

INFECTION IN COWS

Cows are quite susceptible to diphthena toxin They have been
recommended from time to time as a substitute for the horse m the
production of antitoxin, but they are not altogether satisfactory
Diphtheria bacillh when mjected under the skin were found by
Klem (2) to kill cows m as short a peniod as eleven days Fifteen
animals so treated exther died or showed marhed reactions Wladim:
roff had a sunilar expenence but Abbott (10) could not confirm
Klem s findings on two cows with which he worked

Cows fed diphtherin bacilli by mouth exhibited no il effects
(Klem) Diphtheni bacilli injected mto the udder through the teat
by Wladumiroff lulled a cow 1n ten days although diphthenia toan
administered m the same way caused no trouble

Dean and Todd mn 1902 (11) found two cows wath scabby teats
from which diphtherra bacilli were 1solated The animals were 1m
plicated m a diphthena eprdemic The authors concluded that the
cows were mfected by the milker Ashby m 1906 (12) sumdarly
found diphtheria baciili i ulcers on the teats of a cow mmphcated
m an eptdemic The milker of the cow however was probably re
sponsible for this condition since he lived 1n the house where the
first case of the epidemic origmated

Henry (13) describes an eprdemc of 32 cases where a cow was
mvolved A girl who did the milking had 4 lesion on the finger
whch proved to ke harbormg diphtheria bacill: With her removal
the epidemic ceased only to flare up agam two w eehs later It was
found that one of the cows had developed a sore on 1ts teat which
harbored diphthena baaillh The organisms isolated were virulent
by the usual protection tests

Graham and Golaz (14) reported a cow with sores on the teats

covered with thick black scabs When the scabs were removed a
ragged ulcerated surface was left that exuded a mucopurulent
fiud The teats were tender and the sores did not heal Cultures
showed virulent diphthera bacilli present An mvestigation revealed
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that the cow had been mfected by a milker who was a diphthena
camer This cow was responsible for fifty two cases of diphtherta
mostly among adults

Since diphtheria bacilh localize at the pomt of entry and produce
a tovemia rather than a bactererma such orgamsms do not find thewr
way mto the milk of infected cows unless the primary lesions are
on the teats or udder Instances of cutaneous diphtheria on the teats
or udder of the cow as cited above may be even more numerous
than reported Cases of true mastitis or udder wfection with the
diphtheria bacillus have not been reported and 1t 1s not hnown
whether they occur under natural conditions or not

MILk BORNE EPIDEMICS

Numerous epidemies of diphtheria spread by cow s mlk have
been reported In 1908 Trask (15) collected 51 such records which
had occurred up to that time and Armstrong and Parron (18) added
25 more from 1908 to 1926 1n the Umted States In the latter studv
pasteurized milk was implicated once certified milk once ice cream
once and butter once The epidemics were mostly m the northem
states although one epidemic occurred at Austin Texas and one at
Charlottesville Virginta In England from 1857 to 1929 there were
42 such epidemmcs recorded with 3 433 cases

Milk 1n such stances has been commonly thought to recerve 1ts
contamunation with virulent diphtheria bacilh directly from a human
carmier or case erther on the farm where the milk 1s produced or en
Toute to consumer

Recently the number of milk borne epidemics of diphthena has
fallen off From 1918 to 1944 only eleven are on record (table 51)

Table 54 —Miug BornE Ertpemics or Dirntnerta 1\ 1rE Unirep States

| Caszs | Devtns | Mux
1978 0ld Town Me 10 0 raw
1928 Brcks N C 38 0 raw
1931 Crandon Wis 2 o an
1933 Tdaho Falls Jdaho 7 2 raw
1933 Sunta BarbaraCo Calif 12 1 raw
1934 Lincoln han g 0 raw
1938 Puchlo Colo 31 3 raw
1941 Yieb terCity Towa 5 o W
1843 Hood Raver Ore 20 4 raw

This 13 partly due to mereased pastennzation of milk and partly
due to the decreased meidence of diphthena n the population
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m one ammal which was 1ll at the time of moculation the lesions
were extensive

Eels were shown susceptible to diphtherta toxn by Pettit on two
occastons while alligators were found highly susceptible by Metch
nikoff Frogs when mjected with touin remamed well at low tem
peratures but developed paralysis when mantamed at 37°C

INFECTION IN COWS

Cows are quite susceptible to diphtheria touin They have been
recommended from time to time as a substitute for the horse in the
production of antitoxn, but they are not altogether satisfactory
Diphthena bacill: when mjected under the sk were found by
Klem (2) to Ll cows i as short a period as eleven days Fifteen
ammals so treated exther died or show ed marked reactions Wladimt
roff had a sumlar experience but Abbott (10) could not confirm
hlen s findings on two cows with which he worked

Cows fed diphthena bacilli by mouth exhubited no il effects
(klem) Diphthena bacilh mjected mnto the udder through the teat
by Wladimiroff halled a cow 1n ten days although diphthena toxin
admimstered m the same way caused no trouble

Dean and Todd 1n 1902 (11) found two cows with scabby teats
from which diphthena bacillt were 1solated The ammals were 1m
plicated n a diphthera epidemic The authors concluded that the
cows were infected by the mlker Ashby m 1906 (12) sumlarly
found diphtherin bacilli 1n ulcers on the teats of 1 cow impheated
m an epidemic The mulker of the cow however was probably re
sponsible for this condition since he hived i the house where the
first case of the epridermc ongmated

Henry (18) describes an epidemc of 82 cases where a cow was
mvolved A gl who did the milhing had 2 lesion on the finger
which proved to ke harboring diphtherin bacilli With her removal
the epidemic ceased, only to flare up agam two weeks later It was
found that one of the cows had developed a sore on 1ts teat which
harbored diphtherra bacilh The organisms 1solated were virulent
by the usual protection tests

Graham and Golaz (14) reported a cow with sores on the teats
covered with thick black scabs When the scabs were removed a

ragged ulcerated surface was left that exuded a mucopurulent
fld The teats were tender and the sores did not heal Cultures
showed virulent diphtheria bacilli present An investigation rev caled
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The cow was not imphicated m all of the epidemics due to mik
In some 1nstances contamination of the milk occurred after 1t Jeft
the cow from a human case of diphthena, or from a carner

ITEMS OF NOTE

Diphthena 1s pnimanly an mfection of man

On rare occistons ammals may become naturally infected from
human sources

Most of the reports in the literature of ammal infection are un
confirmed by complete laboratory diagnosis

The cat 15 a doubtful menace chickens have been found harbor
mg virulent diphthena bacilh horses may contract the mfection
5 The cow may become mfected upon the udder and thus be a
sertous menace by way of the milk supply
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CHAPTER XX\V

BOTULISM

BO'ruLISM 1s an acute toxenua caused by the toxm of one of the
botulinum group of bacteria The toxin 15 usually ingested n
foods 1n which this orgamsm has grown

HISTORY

The first case of botulism to be recorded accordng to Dichson
(2) occurredin 1735 The disease was given its name by Mullen in
1870 because meat products were supposed to be responsible hence
botulism from the Latn botulus sausage Numerous cases and out
breaks occurred m the years that followed but little was added to
the knowledge of the disease In 1895 van Ermengem (6) studied an
outbreak mvolving thirty four cases and three deaths The causative
agent was 1solated from 2 ham which the patients had eaten and
was named Bacillus botulinus

Meyer has histed 367 human outbreaks of botulism which oc
curred 1n the Umted States from 1899 to 1942

Buckly and Shippen (11) called attention to the disease mn am
mals mn 1917

THE BOTULINUM ORGANISMS

There are 1 number of different orgamisms closely related which
cause botulism Bengston (1) divided them mto five types
Type A Cause of most American outhreaks from canned foods
Type B Cause of a few American outbreaks
Type C No human outbreaks Cause of outbreaks in wild aquatic

irds

Type D No human outbreaks Low toxicaty for man
Type E Cause of a few human outbreaks

Bergey classifies the organisms into two groups Clostridim
botuhnum mcludes types C D and E Thev are non proteoh tic
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food The orgamsms were lso found mn tumery waste sludge by
Greer (10)

BACILLUS SPORES
Fic 74 —Clostndwm botulinum

THLC DISEASE IN ANIMALS

Horses develop botulism from eating moldy or spoiled hay corn
or other feed m which botulmum toxin has been produced The dis
ease 1s mamfested by loss of muscular control sometimes called
‘blindstaggers Bacterologic confirmation 1s often laching how
ever and no aceurate figures are available on the extent of the ds
ease

Cattle are rather nfrequently mfected although outbreaks hue
been reported bv Graham and Schwarze and others Spoiled hay
and other feed m which the toun has developed 1s usually the
cause The disease has been described 1n cattle mn France by Rosst
and Vigel with symptoms mn the bovine simular to these occurrning
M man

Hogs sheep and dogs show a marked resistance to botulism and
do not develop the disease from natural causes Goats however are
susceptible Among the laboratory ammals cits rabbits gunet
pigs nd muce are extremely susceptible to subcutaneous imjections
of the toxins white rats frogs and fishes are almost completely re
sistant

Botulism afflicts various birds One cause of limber neck m chick
ens 1s toun of Cl botulinum type C Remnnnts of foods which have
caused allness and death among humwn bemngs have frequently
caused imber neck and death when thrown to chichens Such out
breaks 1mong fowls are not uncommon Two outhreiks occurred m
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Meyer and Gunmison found fifteen sub types n this group on the
basts of tovictty agglutination and fermentation Clostrdium para
botulism mecludes types A and B They are proteolytic and grow
more easily than the other types They are apparently more com
mon n the Umited States and hence nre the cause of more outbreaks
of food posoning

The toun formed by the oigamsms under switable conditions of
anaerobiosts and non acidity 15 one of the most powerful powsons
known (tible 55) Tt 1s an exotoun absorbed through the mtestinal

Table 20 —BorvLus Toxiy CompaRED wirk OTHER PowerruL Porsovs (13)
MiNryar LETHAT
Dose rER hiLoGRAM
oF Bopy Wereur
Botulinum toxin (dried) 000012 pulligrams
Tetanus toxin (preamt ited) 00033
Cobra venom (dried)

Tiein 003
Strychnne 000
Potas um cyamde 19
Diphtherra foxin (filt: itet 20 cubic mullimeters

tract It 1s neurotoxic either by feeding or by njection The toun
formed by each organism 1s neutrahized by 1ts homologous antitoxin

The spores are very ressstant to heat One stram was reported by
Easton and Meyer (3) to withstand 212°F for 830 minutes (table
56) Such heat resistance 1s of sigmficance m food preseryation by
cmmng

Table 56 —HEAT REstsTANCE OoF BoTuLinum SpoRes
Botulinum spores require the foll>ning periad of trme at different temperatures for

destructin
lg minutes at 120 C (248 F)

32 2t 110 C (230 I}
100 at10, ¢ (72t 1)
330 1100 ¢ (212 F)

The spores are widely distnbuted m nture Since the organisms
are strict anaerobes, they probably grow symbiotically an soil with
aerobes In view of the wide distribution m nature the organisms
would be expected to be present occasionally ;n mtestinal tracts of
man and ammals Dickson and Burke 1solated them from the feces
of ahog and Easton and Meyer from the feces of three hogs and two
cattle Tanner and Dack 1solated them from two of ten specimens of
feces from normal mdnduals This does not necessarily mean that
man 1s a carner of the spores but that the organisms may cnter nd
pass through the mtestmal tract should they happen to be on green
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food The orgamsms were also found i tannery waste sludge by
Greer (10}

BACILLUS SPORES
Fic 74 ~Clostndium botulinum

THE DISEASE IN ANNALS

Horses develop botuhsm from eating moldy or spoiled hay corn
or other feed 1n which botulmum toxmn has been produced The dis
ease 15 manifested by loss of muscular control sometimes called
bhindstaggers ™ Bacteriologic confirmation 1s often lacking how
ever and no aceurate figures are avarlable on the extent of the dis
ease

Cattle are rather mfrequently mfected although outbreaks have
been reported by Graham and Schwarze and others Spodled hav
nd other feed 1n which the toun has developed 1s usually the
cause The disease has been described 1 cattle in France by Rosst
and Vigel with symptoms i the bovine similar to those occurrng
1M man

Hogs sheep and dogs show a marked resistance to botulism and
donot develop the disease from natural causes Goats howerer are
susceptible  Among the laboratory ammals cats rabbits gumea
Pigs and mice are extremely susceptible to subcutaneous mjections

of the toxns white rats frogs and fshes are almost completely re
sistant

Botulism afflrcts various birds One cause of Limber nech 1n chick
ens 1s toun of CI botulinum type C Remnants of foods which have
caused ilness and death among human bewmngs have frequenth
caused himber neck and death when thrown to chick ns Such out
breaks among fowls are not uncommon Two outbre1n Jecurred m
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1910 with 103 outbreaks during the next ten years Tifty st of these
occurred in California and 81 1n the State of Washington with the
others m Colorado 2, District of Columbra 1, Illinois 1 Indiana 1
Michigan 1 New Jersey 1, Nevada 5 and Oregon 4 In 22 mnstances
the outbreaks 1n chickens were caused by careless disposition of
food which had caused human outbreaks and to which the chickens
had access

Botulisim 1n wild ducks has been described Iy Quortrup and Holt
(12) In shallow waters which serve as feeding grounds for these
birds the vegetation produces n oxygen defictent condition which
1s 1deal for the production of botulinum toun CI botulinum type C
15 the cwsitive agent

HOMECANNED OR HOMEPREPARED FOOD

RESPONSIBLE FOR OUTBREAKS OF

BOTULISM

are
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Fic 75 ~Cases of botultsm m man from various sources
{after Meyer)
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THE DISEASE IN MAN

The symptoms of botulmum mtonication compared wath other
food poisonings are given in table 18

In the Umited States the mortality from botulism has been about
65 per cent while m Europe 1t has been much lower around 25 per
cent Reasons for this are obscure Possibly Curopenn struns are less

1
m]\Ic) er collected figures on 367 outbreaks of botulism olving
1052 cases and 678 deaths which occurred in the Umted States
from 1699 to 1942 {table 57) Commercially canned products were

xespons!ble for 83 outbreaks Factory canners and pachers studied
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Table 57 —Bororisyt 1N THE UNITED STATES AND CavaDA 1899-1942
367 outhreaks 1 0u2 cases with 687 deaths or 6o per cent case futahty rate
Data Cllected by Ik F Meyer

Cahfornia 7

Washington ]

Colorado 26

Oregon 21

New York 1
Jontana i
ew Mexic> 1
yoming
diho

g
3
3
H
2
B ey &

Canada
Connecticut
South Dakota
Utah

Wi con
Alabsma
Anzona
rkansas
londa

Minnesota
\issonrt
kiahoma

IrgeLa
Test Virginia

2
[ ot

o
&
S

Home cinned products—284 outhreak

Commerc lly eanned products—83 outh eks

(No outbreaks have oceurred from commeraally canned products since 1974 )
therr problems however and solved their difficulties by better
methods of paching and processing Since 1924 no cases of botulism
have occurred from food canned in Amenican factonies

Home canned food products have caused from ten to twenty out
breaks a year Faulty methods recommended to home makers by
some extension services newspaper bureaus and manufacturers were
the cause of much of the trouble When the campaign for home
canming was maugurated dunng the Second World WWar faulty
methods were discarded and great emphasis placed upon proper
preservation of all home canned food products As a result the ex
peeted mcrease m botulism did not take place
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Table 53 —Facps Inyouven v 367 Qurareaks oF Boruusss 1899-1942
Dita Collected by b} Meyer

¥ egeladles and Frints
Stnng beans

S‘pchh or chard

Beet tops

Asparagus

Olives (minced oliv o< included)
eans

Chily peppers

Pers ()

Beet tops

¥y

Mushroom
km

Okruuml beans (1 okra ¥ eansand tomator )
Green tomatoes

Anty; ‘}Xlsw (Itahan)

App!

Apryeot butcer

Beans an cdp ppel

Black eved Susan becms
Home brew

Caubifloner

Cetery

Eggplant and green pepper
fangoes

{u, hroom s wece

ar par

eay string beansand ¢ uysts
Persyamons

Pickles

tmentos

ke sour grass tomatoes
balad dre_sing {must ird}
Shallots Musen
Saybein mash Natle
quash

uccotash

‘om ity 1Btsup

‘omato Juice

nrnato relish

\e)zeh
Vegetable. wup mctune

Meat
Ham (deviled ham meluded)

Beef

Blood 1usage
Clucken

Pork pmdum

Beel tlarr ales
Buft.len

Calf s he:ld v\n:ugrcltc
Trankfurter :msage
Meat ard cherne

Afigced meat )mmburger
Patted meat

83 ‘Three commerenlly prcked
QOune commeraially canned

22 Ten commerewally packed

17 Twno commercially prcked

13 Home canved

Tweh e cormmererlly packed

Home canned

1

ome canner
ome cannet
ome ¢ inned

ome canned
_ommeretally packed
Home preserv

omy canned
ome canned
ome c1nD:

i me canned

ome canned

Commerarrlly prep tred
ome ernned

orne canned
ot e Anne
ome canne
ome canried
ome canned
Commeresally pchedn Taly
HomeIre erved

Home panme:
Heme (anped
mmercrslly prehed
ome crnne
ome pannes

P R N e 1380 €9 i e St 8 5 B 5D

ome ¢ inne

One commerenily preserved
Two comeaeretally pre erve
Eme preserved

Home prescrved

Home preserv

Oue commarenly picke 1

ome eanned
ome pres rve
ome pre~erved
lome runnl’d

ke e 1 13 830 00

ot preserve
vﬂmmcrru]lvcannei



BOTULISM 507

Porkand beans 1 Commerailly canned
Prepared food (7) 1
Saustge and string beans 1 Home preserved
‘Tongue 1 Home preserved
Fish and Sea Foods
Tuna 7 Three commercially canned
Salmon 7 One commercally canned
Clams (elam juice and broth 1ncluded) 4 Four commerelly canned
Sardines (I 1rdine and tomato sauce) 3 Three e >mmerenily canned
Crab 1 Home canner
Fish (pickle 1) 1 Home Canned
Hernngs 1 Home Preserved
Sprats 1 Commerctally canned
ik and Malk Products
Chee e 5 Homeprepared
Milk (canned) > Twocommerewtly canned
Cavsat o food unknown I a
typical
Tt 367

PREVENTION AND CONTROL

The prevention of botulism depends on careful and adequate
methods of preservation of foods especrally home cannmg All non
acid foods (vegetables and meats) should be processed for adequate
times and temperatures under steam pressure Only m this manner
can the heat resistant spores be destroyed Wherever there 1s any
question about adequacy of process the foods should be thoroughly
boiled before serving Foods with appearances of spoilage as char
actenized by bad odor should not be eaten

Suspected food should be destroyed by adding Iye allowng 1t to
stand for 24 hours then burymg 1t m the ground

Antitoxin 1s available for cure of botulism but 15 not very success
ful after symptoms are evident Antitoxin of one type will not protect
ngamst the other tvpe

Buvalent antitoxin protecting agamst both types A and B 1s avail
1ble commercnlly It must be given m large nmounts and as early
as possible

TTEMS OF NOTE

-

Botulism 15 caused bv the towun of the botulinum group of bacte
na The toun 1s ingested m food which has supported the growth
of one of the orgamsms

The toxn free cells of this orgamsm are harmless to man and
ammals m the numbers which would ordinanly be mgested

The toun 15 quickly destroyed bv boiling

o

@
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Table 5% —Foops Inyorsep 1~ 367 Ovrersaxs or BoruLiey 1899-194°
Date Collected by h F Meyer

1 egeladles and Frunls

String bean

Corn

Spnach or chard

eet tops

Asparagus
Oltves (minced ohives includert)
Beans

Chultpeppers
Tew i

et t
Ty ops

Mushroom=
Okra

eary
Okraand heans (1 okra be ins ind tomatoes)
Green tomatoes
Ant\ruto ([talinn}
Applesauce
Apricot butter
Beans and peppers
Black-eyed Susan beans
Home brew
Canliflov er

Cel ery

Eguplant and green pepper
langoes

Iu hroom sauce

ar par
Pes string beansan | earrcts
Fersimmons

Pickles

smentos

kra-sour gr1 s-tomatnes
Salad dre sing (must ird)
Bhallcts My can

Soy heansmash \att>
quash

uer {ish

Fomat )it up

omato yui e

omntoreh b

Ceney

Yegethles

Vegetable uf mrcte

Mew

11m (deviled ham nelu leds
auage

Seel

Slood  wsage

hicken

‘ork product

Beef tamales

Bulf ifo et

C1lf s he wd vinugrette
rapkfurter sau ige
Teat and cherne

Tinced meat ham urger
Totted meit

83
36
22
17
13
13
10

e e e B i i e e N 1O T80 G e e Bt D

b NN

‘Three commererlly prcked
One commercially canned
Ten commererlly pached
Two commercutly picked
Home canni

Tuelve commerenfy packed

ome ¢ inned
e canaed
lome canner]
ome ennned

me canned
ome ¢ tnned

ommercially packed
ome preserve

jome CNne
vme eann
ome canned
ome e1nne
ome cannec
ome ctnned
lome ¢ 1nnec

DIE Cannee

prepared

ome canrne

ome canned
ome cruned

ome canned
me eanned

ome ¢ thned

ome cnned

ommercilly 1 whed i fialy

Home ¥ revervad

Tome canped

Tome canred

Commererlly packed

ome ¢ tnned

lome c1nned

ome < inped

Jne commercially § re ered
I'w > commera ully prewerved
Trme prescrve !

{fome presen ed

1>me preserve |

One commererally § 1 hed

¢ me can erd

yme preserved
nme { reseryed
Home canned

omie J reseryed
Commereily canned
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Pork and beans 1 Commereilly eanned
Prepared food () 1
Sassgeand tnngbeans 1 Home prescrved
Tongue 1 Home preserved
Fush and Sea Foods
Tuna, 7 Three commercially canaed
mon 7 One commeraily canned
Clams (ctam jutce and broth meluded) 4 Four comme:mally canned
Sardines (1 rdine and tomatosauce) 3 Three commeranlly canned
ra 1 Homecanned
Fish (prckled) 1 Home Canned
Hernngs 1 Home Preerved
Sprats 1 Commercially canned
alk and Malk Products
Chee ¢ 5 Home prepared
Nilk (canned) 2 Twocommercully canned
Causative food unknown (Ss mpte matology
typical) 33
tal 367

PREVENTION AND CONTROL

The prevention of botulism depends on careful and adequate
methods of preservation of foods especially home canming All non
acid foods (vegetables and meats) should be processed for adequate
tunes and temperatures under steam pressure Only 1 this manner
can the heat resistant spores be destroyed Wherever there 15 any
question about adequacy of process the foods should be thoroughly
boiled before serving Foods with appearances of spoilage as char
acterized by bad odor should not be eaten

Suspected food should be destroyed by adding lye allowwngat to
stand for 24 hours then buryimg 1t mn the ground

Antitoun 1s avarlable for cure of botuhsm but 1s not very success
ful after symptoms are evident Antitoxin of one type will not protect
agamst the other tvpe

Brvalent antitoxin protecting agamst both types A and B 15 wail

le commercially It must be given in large amounts and 1s ewrly
s possible

ITEMS OF NOTE

-

Botulism 15 caused by the toun of the botulmum group of bacte
na The toun 1s mgested i food which has supported the growth
of one of the organisms

The toxm free cells of this orgamism are harmless to man and
ammals m the numbers which would ordmanly be ingested

The toun 15 quickly destroyed by boiling

o

=3
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4 Spores are present 1n the intestinal tract of certain ammals with
out producing svmptoms of illness

5 Spores are widely distributed m nature

6 Prevention of botulism nvolves careful preservation and han
dhing of foods especially those which are pached 1n the home
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CHAPTER XA\VI

TETANUS

£TANUS 15 the result of wound nfection with the tetanus organ
1sm The disease affects all mammals both man and ammal
varymng degrees of seventy The natural habitat of the orgamsm 1s
the mtestine of the herbivorous animals from which 1t 15 spread um
versally To a less degree man lihew1se acts as an intestmal carrter
Tetanus has been recogmzed smce the time of Hippocrates It has
always been a scourge accompanyng war In 1885 Nicolater demon
strated the presence of the mfecting organism 1n garden earth and
mn 1889 Ratasato isolated 1t m pure culture

THE ETIOLOGIC AGENT

Clostridium tetan 1s an anaerobic spore bearmg orgamsm of con
siderable resistance The spores are destroyed by direct sunlight but
when protected will remam alive and virulent for years They are
not susceptible to the ordmary disimfectants or to boihng water ex
cept when exposed over long periods

The distribution of the spores 1s umversal They are present mn the
soil practically everywhere but are especially abundant 1n soil fer
tilized with human or ammal excreta

Anmals may carry tetanus orgamsms m therr mtestines over long
periods of time without harm to themselves Noble (1) found 18
per cent of the horses m the vicimity of New Haven so affected The
presence of the orgamsms m the ntestne 1s not always due to con
stant reinfection for Noble found one horse to harbor the orgamsm
continuously for four months although other horses m the same
stable were free Apparently the orgamisms grow and multiply 1n the
wntestine and are eltminated 1n great numbers with the dejecta

According to Park 15 per cent of the horses and calves mn the
viemty of New York City harbored tetanus bacilli i therr mntes
tnes Nmmt (3) cultvated the orgamsms from eght dufferent por
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trons of the stomach and mtestine m forty two rabbuts and gume
pigs with very constant results

Man may carry the organisms n his intestme Iihewise Pizzim
(4) found 5 per cent of human feces to harbor tetanus bacilli Men
working around horses and stables however were carriers in about
30 per cent of the mnstinces wlule men 1 other occupations show'ed
about 2 2 per cent Tulloch (5) studied the feces of 21 men returned
from oversets army service m 1919, obtammg positive results n 33
per cent from 33 enilians England 16 per cent were positive
Ten Broeck and Bauer (6) 1n 1921 examined the stools of 78 Cln
nese m Pehing and found 347 per cent harboring tetanus bacilli m
1924 they examimed 539 more such specimens from various parts of
China finding 265 per cent positne Buzello and Rhmel (7) m
Germany found 20 per cent of the feces from 40 ndrviduals positse
Van der Ress (8) found tetanus bacill i practically pure culture m
the large intestine of one of his patients Bauer and Meyer (9)
studied 487 specimens of hum in dejecta in Califorma of which 246
per cent were positive In addition 43 specimens from 19 other states
were exwmuned of which 9 howed tetanus bacilll Sex age and oc
cupation played no part i the distribution of carners No atovic
straws were found 1n the .29 cultures 1solatcd

Although the nitural habitat of the tetanus bicillus 15 the ntes
tine of the herbn orous antmal (the horse or the cow ) spores of the
organisms have been found 1n numerous locations McCoy showed
them 1n hay dust n the mortar of old masonry m the dust from
horse hur n the dust  houses barrachs and hospitals and n
court plster (10) It 1s only naturil to expect to find such 1 re
sistant orgamsm any where that the wind mught carry the dust of the
soil

Gilles (18) studied 63 samples of street dust collccted over a wide
area m Balttmore as far 1s possible free from recent contamnation
with horse manure Eleven samples yielded tetanus bacillus mine of
which produced toun and two no toin Apparently the ehmmation
of the horse from city streets his not cntirely freed street dust from
tetanus organisms

Gelatin sold for human consumption may contun numerous
spores In Professor Rettgers laboratory m New Hnen for severnl
stock culture of tetnus for the demonstration of the

years the
Tiboraton anumals was 2 package of houschold gelitin

disense 1
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THE DISEASE IN ANIMALS

Tetanus whether m man or anmals 1s a wound mfection requir
1ng 1 broken skin for the passage of the organisms By mouth nesther
the organism nor 1ts toxn 1s harmful The orgamism locates m the
wound where if anaerobic conditions are present 1t proceeds to
grow and secrete 1ts powerful toxin The orgamism does not wander
far from 1ts portal of entry It has been found m the Lymphatics
Lver and spinal flird (15) on a few occasions however The toxn
mvades the nerve tissue for which 1t has a special affimty thus caus
mg the charactenstic symptoms

Among domestic animals the horse 1s most susceptible to the dis
ease followed by sheep and goats mn order Cattle are only shghtly
susceptible although they may develop the disease upon artificial
moculation Dogs and cats are seldom affected Among the labo
ratory anmals guinea pigs and mice are extremely susceptible but
rats and rabbits require larger amounts of material The hen 1s quite
refractory

THE DISEASE IN MAN

The prevalence of the disease mn man varies i different locahties
according to the contamnation of the soil with tetanus spores For
mstance the Hudson River Valley and Long Island show a much
higher meidence than do other parts of the country—a fact that

des with the 1on of the soil

The average death rate trom tetanus for the ten year period 1923
to 1932 accordmng to Merkert (17) was 1 28 for 100 000 population
for the United States as a whole 101 for the State of Minnesota and
095 for the City of Mimmeapolis

The nature of the wound influences the development of the teta
nus orgamsm Puncture wounds such as those caused by stepping on
a nail are bad Wounds mfected with other orgamsms such as the
Welch bacillus favor the development of the tetanus bacillus

Gunshot wounds either from bullets or blank cartnidges seem to
be especially dangerous The number of cases of tetanus following
Fourth of July celebrations some years ago caused the American
Medical Assoctation to imitiate a campaign i the treatment and care
of wounds following aceidents from firew orks The deaths fell from
406 1n 1903 to zero 1 1916 1nd have remamed 4t a low level since
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then In 1937 there were 2 cases of tetanus developmg from 7205
mjunes connected with Fourth of July fireworks (18), the low rate
being due to immedsate use of tetanus antitoxin

Toy pistols were mvestigated by MclIntosh (19) who showed
that paper wads were free from tetanus but that felt wads harbored
the spores When the shin 15 accidentally lacerated by the explasion
the spores find an 1deal medum for development 1n the Jacerated
necrotic flesh

Tetanus 1 American soldiers during the First World War was
controlled by the admmistration of tetanus antitown to every
wounded m1n at the dressing station on the battle front at the same
tume he recewved the first dressing of his wounds The rate for the
American Army m 1917 18 was 1 m 6 224 wounded (36 cases of
tetanus mn 224 089 war wounds) agamst the British rate m Septem
ber 1914 before antitoxin was used of 1 1n 111

In the Second World War the disease was controlled by the
admimstration of tetanus toxod to all personnel Expenence m both
the British and American armues was very satisfactory

The presence of tetanus spores on the mnstrument causing the
wound 1s not necessary for infection The clothing and the shin are
lable to harbor tetanus spores in greater or less numbers espectilly
around the feet Such orgamisms are carried mto the wound

‘Tetus of the operating room has not been unknown especially
mn operations of the abdomen More serious however 1s tetanus fol
lowng childbirth a problem giving much concern to obstetricians
Tetanus of the new born—trismus neonatorum—1s a very common
cause of death 1n the tropics Infection takes place by way of the
umbilical cord

Rare cases of tetanus occur with no apparent lesion Several theo
ries have been advanced for this Spores m1y lie dormant in w ound
or scar tissue for months or yers until released to proliferate and
produce toun They may be mhaled with street dust where they
enter the body through the mnflamed tissue of the respiratory tract
or shght lesions of the nose They may be carried m a dormant con
dion to the lymph glands Iier or other parts of the body where
they ev entually cause the disease

Bwlogxcal products 1n the past have been known to carry tetanus
spores and cause the disease when applied In Indi m 1902 there
were 19 deaths following the admimstration of Haffkmes plague
vaccine to 107 persons The tetanus bacillus was apparently present
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with the plague bacillus growing w svmbiosis with st and thus pro
ducing toxm

In 1901 m St Lows seven children died from tetanus following
the admimstration of diphthena antitoun The serum mn this m
stance was sterile but the horse from which the serum had been
withdrawn was 1n the mcubation stage of tetanus and thus carried
m ts blood stream a large amount of tetanus toxn (11)

Smallpox vaccine was occasionally contammated with tetanus
spores 1 the days before governmental supervision On July 1 1902
all vaceme virus as well as other biologies sold m nterstate traffic
m the United States was required to come from a manufacturing
plant licensed by the United States Public Health Service Elaborate
precautions agamst and tests for tetanus since then have been com
pulsory making 1t impossible for material so contammated to find
its way mto the market

Anderson (12) studied all the cases of tetanus developing after
vaccmation between 1904 and 1915 Forty one such mstances had
occurred but not once could tetanus spores be found n the virus
the same stock as that used for v: 1on A study of 1
vaceme virus sufficient to vaccinate 200 000 people showed no mdi
cation of the presence of tetanus orgamsms Among 885000 men
vaccmnated m the United States Army 6 cases of tetanus developed
none which had any relation to the vaccine virus  Among 200 000
persons vacemated 1 the United States Navy two developed teta
nus neither of which cases had any relation to the vacemne virus
The causes for such cases are several such as uncleanliness acel
dental remov al of the scab bunion pads ete (see chapter XI)

Infecton of a wound with the tetanus orgamism followed by
growth and the production of toxin m the wound does not always
result i a case of tetanus Some stramns of tetanus bacilli produce
toan of such a low grade that 1t has no effect upon the body Natu
ral immunty 1s exhibited by some persons due to tetanus antitoun
n the blood stream According to Ten Broeck and Bauer (13) anti
toin 1n the blood stream 1s correlated wath the tetanus orgamsm 1n
the digestive tract Twenty six persons who exhibited antitoxin Iike
wise were mtestinal carriers while 36 persons who exhibited no

antitoxin were free from the organism in the mtestne (with only
two exceptions)

Mortality from tetanus mfection depends upon the care which
the case has received Before the mtroduction of tetanus antitoxin
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the mortality was bout 85 per cent (14) In the British Army dur
mg the Fust World War 2,152 soldiers developed the disease, of
which 1011 died—47 per cent Howeser, among 715 who recen ed
no antitoun or who exhibited a very short incubation period and
recenved antitoxn 1n France the death rate was 71 2 per cent while
among 1,437 men treated with antitoxin 1n England the death rate
was only 84 8 per cent

Cases of tetanus which have recenved no antitoun until after
symptoms have developed do not have s great a chance for re
covery In Mmnesota Merkert (17) reported a mortahty of 63 6 per
cent mn 33 cases from 1923 to 1932 In New Orleans (20) Gessner
reported 70 per cent mortahty 1n 368 cases from 1906 to 1918
Graffagnino and Davidson 67 4 per cent 1n 596 cases from 1918 to
1923 Graves 52 per cent m 217 cases from 1923 to 1930 Boyce and
McFetridge 59 5 per cent m 185 cases from 1929 to 1934 Cases of
tetanus 1n 1 group of hosprtals i half a dozen cities were studied
by Huntington Thompson and Gordon {21) with 63 per cent mor
tality 1n 642 cases In Boston at the Massachusetts General Hospital
the mortality was 699 per cent 1n 116 cases from 1872 to 1921 1t
w1s 455 per cent m 33 cases from 1922 to 1933

The longer the mcubation period the better are the chances of the
patients recovery the sooner the patient recenes antitoxin the
better wre Ius chances Iso

PREVENTIOV

The prevention of tetanus depends upon the admmstration of
antitoxin as soon after infliction of the wound as convement but
1 any case before the orgamism has had a chance to proliferite m
the tissue and town fixation of the nerve tissue has occurred

Antitoun gives only 1 passwve immunity however and so 1t has
certan disads mntages Tovord has come mto use for active 1mmu
mization of those groups especially exposed to infection Sausfrctory
results have been obtamed 1n both the British (23) and the Amen
can Armies (24) Pemalhn added to antitouin has been used for
treatment of the disease

ITEMS OF NOTE

1 The natural habutat of the tetanus orgamsm 1s the mtestine of the

herbn orous ammals (horse and cow)
92 Man may carmy the tetanus orginism an lus wtestine without

harm to lmself
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Tetanus orgamsms and tetanus toxin by mouth are harmless
Tetanus 1s a wound disease requirng a broken skin for entry
Tetanus spores are distributed universally They are much more
abundant 1n highly fertihzed soil

Tetanus orgamsms do not ordinanly multiply outside the animal
body

The merdence of tetanus i man 1s correlated with the contam
nation of the soil with spores

The cure of tetanus by use of antitoxm 15 not entirely satisfactory
nearly half the cases dymg Antitouin when used should be
admmistered as soon as possible after mfliction of the wound
Pemeillm added to antitoun has been used for cure of the dis
ease

The prevention of tetanus by use of toxord 15 quite certain
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the mortality was about 85 per cent (14) In the Bntish Army dur
mng the First World War 2152 soldiers developed the disease of
which 1011 died—47 per cent However among 715 who recerved
no antitovin or who exhibited a very short mcubation period and
recenved antitoxin in France the death rate was 71 2 per cent while
among 1437 men treated with antitowin an England the death rate
was only 34 8 per cent

Cases of tetanus which have received no antitoxm until after
symptoms have developed do not have as great a chance for re
covery In Mmnesota Merkert (17) reported a mortality of 636 per
cent 1 33 cases from 1923 to 1932 In New Orleans (20) Gessner
reported 70 per cent mortality mn 368 cases from 1906 to 1918
Graffagnmo and Davidson 67 4 per cent m 596 cases from 1918 to
1923 Graves 52 per cent m 217 cases from 1923 to 1930 Boyce and
McFetridge 595 per cent 1n 185 cases from 1929 to 1934 Cases of
tetanus 1n a group of hospit1ls 1n half a dozen cities were studied
by Huntington Thompson and Gordon (21) with 63 per cent mor
tality 1 642 cases In Boston at the Massachusetts General Hospital
the mortality was 699 per cent in 116 cases from 1872 to 1921, 1t
ws 45 5 per cent n 33 cases from 1922 to 1933

The longer the mcubation period the better are the chances of the
patients recovery the sooner the patient recenves antitoxin the
better e his chances also

PREVENTION

The prevention of tetanus depends upon the admmstration of
antitown as soon after mflichion of the wound 1s convenrent but
n any case before the organism has had 2 chance to prohferate m
the tissue and town fixation of the nerve tissue has occurred

Antitoxin gaves only 1 passive immumity however and so 1t has
certain dlsndw:mtages Toxoid hﬂS come mto use fol' active 1mmu
nization of those groups especitlly exposed to mfection Satisfactory
results have been obtamed i both the British (23} and the Amen
can Armies (24) Pemeillm added to antitown has been used for
treatment of the disease

ITEMS OF NOTE
1 The natural habitat of the tetanus organism 1s the mtestine of the
herbivorous ammals (horse and cow )

2 Man may carmy the tetanus organism in his intestine without

harm to himself
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Type B A d with lamb d Y

Type C Associated with struch m sheep

Type D Associated with enterotoxemsa of sheep

Besides certamn cultural differences all four types produce power
ful towuns which are distinct from each other The antitowns of each
type will neutralize the toxn of some of the other types

Morphologcally all tvpes are similar They are 10 to 15 ¢ wide
by 40to 80 u long They occur sigly or i paws and occasionally
m long threads or chans Capsules are present on specimens taken
directly from the ammal body They are non motle Spores when
present are oval central or excentric very often specimens from the
wmmal body will not show spores however

Clostridium novys { Clostridism edematiens) was 1solated m 1894
by Novy (18) from a gumea pig Wemberg and Seguin (4} de
scrthed 1t as v new species when they 1solated 1t from a human case
during the First World War It 15 08 by 10 broad and 4 to 5 long
with rounded ends occurring smgly or m pawrs and 15 somewhat
motile Tt1s a strict an erobe growing with great difficulty and form
ing abundant central or subtermmal spores Tt produces an active
soluble toun which 1s virulent for all laboratory amimals

All these orgamsms are found m the soil Normal animals carry
most of them m the ntestme Clostndium perfringens type A
seems to be especially widespread Taylor and Gordon (17) wnd
others have found 1t 1 the mtestinal canal of normal cattle sheep
pigs dogs cats rabbits gumea pigs poultry and man Maes (16)
demonstrated that woolen cloth carried large numbers of anserobic

spote formmng gas producing bacill morphologically resembling the
Clostridium group

THE AFFECTION IN ANIMALS

Wound mfections of ammals with members of the gas gangrene
group are known as malignant edema The horse 1s most susceptible
the affection appearing as a comphcation of surgical or accidental
wounds Sheep are often affected after castration or wound mflicted
while shearing Cattle are not as susceptible to the disease but oc
casionally develop st following parturiion Dogs sometimes are
fected through wounds inflicted while fighting Guinea pigs rabbats
muie etc are very susceptible to mjection of any of these organ
1sms The affection m animals 15 charactenized by a hot pamnful
crepitating swelling at the pont of moculation The outcome 1s usu



CHAPTER XXAVII

GAS GANGRENE

AS GANGRENE 1n man 15 caused by the imvasion mto mjured

tissues of certan anaerobic spore formng orgamsms belonging

to the group of which the Welch bacillus 15 a member These or

gatusms are frequently found m the mtestinal canal of normal am
mals where they Iead 1 saphrophy tic evistence

THE ETIOLOGIC AGENTS

A large number of anaerobic spore formmg bacill hav
described as the cause of gas gang In some J
names have been used for the same organism At other times the
orgamsm was only an merdental invader and was not responsible
for the gangrenous condition Reed and Orr (18) hst 21 members
of the group associated with the disease

Clostndwm scpticum (Vibrion septique  Clostndium edemtis
malignt) was discovered by Pasteur (8) m 1877 associated with
infections of Is which were supposed to have died of anthrax
hoch and Gaffkey later 1solated the orgamism and studred 1t care
fully It1s considered that Bacillus III of von Hibler and the bacillus
of Ghon and Sachs are :denticl with 1t The bicillus 1508 te 100
broad by 2 to 10 u or more long occurring principally mn long
chamns The spores are oval and evcentrie and are very resistant
The bacillus 1s motile and does not form a capsule It produces
pow erful exotoxin

Clostnidium perfringens (Clostridium welchu, Bacillus acrogenes

latus Bacidlus phlegmon: phy ) 15 the Welch
barcxl]us 1solated by Welch and Nuttall (2) 1n 1892 m an autopsy of
a cadaver schich showed gas bubbles mn the blood yessels There are
four tovicogemc types which have been encountered

Type A Present in human infections Not found in ammal infec

tions 516
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the type of anaerobe present 1n order that the correct specific serum
may be given and later 1n the disease to determme the number of
organisms present m order that closure of the wound may be per
formed with mtelligence

Reports of gas gangrene mfections are mereasmg m cnvil life
whether actually or from better diagnosis 1t 1s difficult to state
Ghormley (8) found that compound fractures produced the largest
number of cases of this trouble Reeves (11) expentenced most cases
n patients past 50 years of age who were constitutionally below
normal especially those with curculatory failure arteniosclerosis
thrombo angitis obliterans and diabetes mellitus

Callander (12) hsts among the varieties of trauma that predispose
to gas gangrene crushing and lacerating acaidents partseularly com
pound frictures where street and farm dirt gamn access to mjured
muscles gunshot wounds and puncture wounds where mud gravel
or bits of cloth are carried into the tissue and mjuries to the gluteal
and peroneal regions where fecal contumnation may occur

Aerobic organisms such as streptococer and staphylococar are
usually found 1 wounds m symbiosis with the anaerobes and pro
duce tovins wathin the tissues which ereate conditions favorable to
the growth and pathogenic action of the anterobes

The Welch bacitlus 1s most often encountered m enil hfe very
often other anserobes being absent Some strains of the Welch ba
aillus are not pathogeme however but give rise to exotoxins which
enhance the virulent character of any other anaercbes that may be
present

Mortality 1s about 50 per cent under ordinary conditions In
World War I 1t was 48 5 per cent in the Amencan Expeditionary
Force m France m el Iife 1t was 497 per cent mn 607 cases col
lected by Mullar (13) up to 1930 mn cases following amputation for
duabetic gangrene 1t was 75 per cent according to Eliason (14) In
World War II 1t was reduced to 11 per cent (20)

TREATMENT AND PREVENTION

Mortality 15 considerably reduced by antitoin Ghormley states
that at the Mayo Chimic 83 cases were encountered m a five year
period mortality was 44 5 per cent m the group without antitovn
13.4 per cent n the group recening antitoxin Bates ( 9) reported
16 cases treated without antitoxin showed a mortality of 50 per cent
while 16 cases tretted with antitoxin had a mortality of 18 per cent



518 ANIMALS AS PASSIVE CARRIERS OF DISEASE ORGANISMS

ally fatal Large numbers of gas bubbles are found on post mortem
exammation m the subcutaneous tissue surrounding the pomnt of in
fection Cl novyt cuses black disease 1 sheep m various coun
tries of the world The sheep liver fluke 1s probably responsible for
the spread of the discase

Infection by mgestion causes serious damage m sheep and lambs
Cl septicum produces a disease known as braxy’ or ‘bradsot m
the Scandmavian countnes CI perfringrens type B causes lamb
dysentery 1 the Brtish Isles and northwestern Umted States The
toxn forms i the mtestme Struck 1s caused by type C of ths
orgiusm It 1s found m England and Wales Enterotoverma 1s 1
condition of sheep ctused by Cl perfringens type D It occurs m
the United States Australia and Wales

THE DISEASE IN MAN

Gas gangrene m man 15 1 war time affiction Soils heavily ferts
hzed with animal or human excreta contun numerous spores of the
offending orgamsms with which gunshot wounds become contam
nated The depth of the wound as well 15 the mtroduction of other
orgamsms influence the extent of the resuling edema The site of
the wound nfluences to some extent the chances of infection The
buttock and the thigh are more apt to show gis gangrene wlen
wounded than other parts of the body (20)

At the site of the wound an extensive hemorrhagic edemn of the
subcutaneous tissue develops the serous effusion from which 1s
frothy with gas production and has a foul odor

Taylor (6) has classified the various stages i the caurse of gan
grene 1s follows 1 dormant stage 2 stage of cute gaseous disten
tion 3 explosive stage 4 stage of systemic ntoxication and 5 stige
of septicerna

Chnstopher (7) states that there 1s no ssgle pathognomonie chm
cal sign or symptom of gas gangrene The condition 15 2 syndrome
and the diagnosis generally depends on the combmed presence of
several signs or symptoms He gives the more relinble factors 1n dr
agnosis as Justory of recent wound swelling increised frequency of
pulse rate tympany crepitus ple color of skin odor abihity to mith
gas bubbles out of wound thin discharge roentgenographic findings
2nd mamntamned intelligence of the patient

The laboratory mav be of assistance m making bacterological
exammations of an open wound early n the discase to determme
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Eliot and Easton (10) had a mortahty rate of 20 per cent m cases
where antitoxm was used Ehason reduced the mortality from 49
per cent to 25 per cent The earlier the antitoxin 1s admmustered the
better chance does the patient have for recovery Polyvalent types
of antitoxin (Welch bacillus and CI septicum) are recommended
Treatment with antitoxin must be combimed with surgeal pro
cedures however, 1f the best results are to be expected

Roentgen treatment of gas gangrene has been recommended by
Relly and his co workers (15) In their evpenence there was no
mortality when patients were treated m the first 24 hours

The sulfonarmdes have been of value 1n some mstances and have
proved disappointing 1 other cases m the treatment of the disease
Pemallin when used m conjunction with surgery and antitoxin has
proved of value (20)

CI perfringens toxord has been admustered with tetanus toxoid
with mdications of success (19)

ITEMS OF NOTE

1 Gas gangrene 1s an affection of man caused by certun wnerobic
spore forming organisms

2 The more mportant orgamsms are Clostrndwm septicum Clos
tridiem perfringens and Clostridium novy:

3 The orgamsms are found m the mtestmes of many ammals as
well as of man

4 Infection of man takes place by way of wounded tissue

5 Malignant edema n ammals 15 caused 1 a smular way by the
same group of organisms

6 The prevention of the disease rests upon the cleanlness of
wounds

7 The cure of the disease rests upon surgery together with the
specific antitoxin and other means of therapy
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CHAPTER XAMVIIL

THE ROIE OF DIFFERENT ANIMALS
AND BIRDS [N DISEASES
TRANSMITTED TO MAN

Tns progress of man from cve shelter to pent house has been
mfluenced constantly by the lower amumals It 1s human nature
to take credst for all desirable at to refuse responsibihity
for the undesirable Man can pride himself therefore on the wisdom
of Ins ancestors gomg back as far as the stone age who brought
under domestication various anmmals But for that he would be Liv

g under conditions which he passed some thousands of years ago
for no people have advanced very far who have not made use of
domestic animals Because of that his ascent from a savage state
was hastened—he was assured both bountiful lirder and plentiful
labor the excess food supply not required for home use was a source
of barter and the emancipation for the heaviest burdens of Itbor
allowed time and energy for trade commerce and travel That was
only the beginning however Anmmals proceeded to change the
frontiers of nations to crown and uncrown langs to dictate relt

gious practices and to cause many a diplomatic headache they have
Ieft a mark on architecture on landscapes on styles of clothes they
have sent to death untold milhons of people and have saved from
death other millions

THE HORSE

The horse 1s counted among the most intelhgent of the lower am
mals His friendshsp for man has been close and s contact ntimate
yet the mstances when he has conveyed a communicable disease to
s master have been comparatively rare {table 59)

The horse was domesticated at a relatively recent date but 1t
mmmediately tock a leading role mn the destinies of mankind No
other animal has so fired the imagination There have been demon
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time went onhorses made 1t possible for armies to carry with them
food supplies ammunition and even heavy cannon which otherwise
would have been left behind
The horse has had an even more mportant part to play m the
development of civilization from a non military standpomt The
wagons of commerce the carriages of society the messengers of
mercy and love all depended upon the horse man s farthful servant
1nd friend
The number of horses m the Umted States has been dimmshing
dunng the last few years with the 1ncreased use of motor transpor
tation In 1918 there were 21 555 000 horses m the country while m
1927 there were 15279 000 and in 1940 only 10087000 The con
trol of contagion 1n horses has been made easier not only by the
lessened number of such animals but also by the fact that they have
almost disappeared from city streets The horses that remamn are
largely on the farms where they lead lives more or less 1solated from
other animals of their kind and hence have less opportunity than m
previous times of contracting contagion
Glanders 15 the only disease which 1s distinctly of an equine na
ture the horse bemg the only reservorr There never were very
many human mfections and now the disease has been eradrcated mn
the United States and Canada Equne encephalomyehitis 1s serious
m epidemic seasons but domestic fowls and other birds are of more
consequence than horses as reservors of mfection Anthrax 15 some
times d to man from mfected hides or from horse har
used 1n shaving brushes but such cases are not numerous Brucello
S1s 15 an mmportant disease m horses causing thewr non use due to
fistula of the withers Horses however are relatwely unmportant
sources of human infection compared with the other animals Horses
suffer from such shin mfections as histoplasmoss sporotrichosis and
nngworm but the number of human mfections acquired from this
source 15 not large
Horses are resistant for the most part to the rodent diseases al
though 1 Panama they have been found to harbor the spirochetes
of endemic relapsing fever Ticks of the Dermacentor variety feed
on horses and persons pulling off such ticks and acaidentally crush
mg them m ther fingers expose themselves to tularemia or Rocky
Mountain spotted fever
A few cases of Salmonella food pqisomng have anisen from con
sumption of horse meat i Europe Tuberculosis (bovine type) may
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horses angel horses ghost horses witch horses fairy horses sun
horses moon horses wind horses sea horses mght horses and head
less horses The centaur of the early Greeks that weird combination
of 1 horse with a man s body at 1ts head resulted from mmpressions
formed by the first encounters of Grech warriors with an enemy
mounted on horses The American Indians also believed that horse
nd rider were one bemg when they first met mounted Spanish
soldiers Horses have been worshipped mn various lands The Trojan
horse ws accepted by the people of Troy becuse they thought the
Grechs had built 1t as a peace offering to the Goddess Athena
The horse has left a more complete record over the earth for a
longer period of time than any other of the domestic amimals Some
mullions of years ago 1t was a dog like creature with five toes Fossil
remuns would mdicate that 1t roamed pretty well over the earth
mcluding America By the time that man took his plwce m the
scheme of things perhaps a hundred thousand years ago 1t had
reached its final state of development the equus form that we
Rnow tody Its range by then was confined to the plains of Asia
north of the Caspian sea ind eastward to Mongohn Primitive man
used the horse only as a source of food supply In the late stone age
pentod about 25 000 years ago horses must have been quite plents
ful for one camp site of less than two acres in France has shown the
bones of more than eighty thousand horses Through the centuries
that followed drawings of horses were made on the walls of caves
but 1lways indicating the animmal m a wild state The strength the
speed and the sagacity of the beast made 1t difficult to capture and
domesticate
The period known as civihization was ushered 1n 1s 1 horseless
age Babylonia 1 all 1ts wisdom owned no horses Egypt had no
horses with which to build the pyramds and none for several hun
dred years to come the Arabs did not use horses until after the
Christian err Horses were first mtroduced s sery nts of man by
the wild tribes hiving 1n the hills of Persia About four thousand
years 1g0 these tribes descended to the plains of Mesopotamra rud
ing the settlements and driving out the Sumerinns and Babylomans
The progress of the my aders was greatly facilitated by the asses of
the east  so called by the dismayed Babylomans
The horse has held a sigmficant place i military operations At
first 1t was used to draw war chanots for 1t was a small ammmal By
750 5 breeds had been developed large enough to carry nders As
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hewal the first consideration of health officers 1s to the milk supply
that children and the sick may not suffer

In 1940 there were 60 675000 head of cattle (three months old
or over) mn the United States of which number 33 523000 were
milk cows The same vear there were slaughtered 19 756 000 cattle
and 5890000 calves at federally nspected establishments while
5215,000 cattle and 3731 000 calves were slaughtered at other es
tablishments

More than a score of diseases may be transmtted from the cow
to man (table 60) Bovine tuberculosis once so common has been
prictically eliminated m the United Stites Brucellosis 1s a sertous
problem Brucella abortus has a relatively low pathogemety for
man but the hog and goat struns of the orgamsm cause serious 1n
fection when they are present m milk Pasteurization 1s an adequate
sifeguard for milk and proper cooling for meat Slaughter house
worhers are subject to Brucella mfection by contact Salmonella
food poisoning may be caused by mfected meat the cow bemng sus
ceptible to several Salmonella types Anthrax may be contracted by
persons handhing infected hides L. 1losis 15 an encephalitis of
cattle which sometimes 1nfects man

Several virus diseases are of importince Cowpox 1s contracted
directly from the cow but i the Umted States 1t 15 rure except as
the virus 15 propagated for yaccine to be used for smallpox immuny
zation Sometimes cows are infected with cowpox by persons who
have been recently vaccinated Milkers nodules occur m persons
who have been ssociated with cattle suffering from this infection
Foot and mouth disease occasionally infests man but outbreaks m
cattle m the Umited States are rare Ruft Valley fever 1s found only
m Afrie Cattle suffer from rabies and the virus 1s present mn the
milk and tissues sever1l days before symptoms appear but human
mifections from these sources are yare  Scowrs  (preumo entents)
of cattle 1s caused by a filtrable virus according to Baker (3) and
this virus 1s possibly the same as the one 1solated by Rexmon Price
and Hodges (4) m virus dysentery of mmn Q fever 1s a nichettsial
diserse from which cattle suffer slaughter house workers bemng
especially hable to mnfection

The fungous mfections which affect cattle are not of great impor
tance Coccidioidomycosis 1s a serious disease m man but other
sources of mfection than cattle may be more important Actmomy
cosis 15 common n cattle but the method of human infection 15 1n
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be contracted by horses from cattle and such infected horses may
serve as reservorrs for the remfection of cattle but rarely of man
The horse suffers from a varsety of amimal parasites (Monmg lsts
thirty nine helminths) but none are of significince to man n the
United States
Table 59 —D1 Eases TraxswiTtep FrRoM HoreE To Man

MeTHOD OF

Di1sgasE L7toLogic AGENT Husan INFECTION

Anthrax Bacillus anthracis By contact hairand hide
Brucellosis Brucella abortus Brucella

suts By contact
Lncephalitis St Low type Filtrable virus By mo quito bite
Lneephalomyelits equine Filtrable virus By mo quito bite
Clanders Malleomyces malley By contaet
Histoplasmosis Histoplasma capsulatum | By contact
Relapsing fever (endemue type) | Spirochetes genus

Borreha By tick bite
Ringnorm Trnea barbae

T1inea crrcinata By contact
Sporotnichosia Sporotrichum schencky Tilmugll <kin abra 10ns
Tuberculo 13 Vycobacterium tuberculosts

‘ar bows Through infection of cons

THE COW

The cow has been called the foster mother of the world —it 15
the most indispensable of all the domestic creatures furmshing not
only Iabor but milk and meat as well it has also been called 2 pest
to be found wherever civilized man makes lus abode —1t 15 a prolific
source of contagious diseases for man

Cattle were domesticated n very early tumes first in Asia from
whence they migrated into Africa and then to Europe There were
several wild types which eventually served to produce the various
breeds known today Cattle have taken a spectacular place 1n the
Iustory of the world From time to time they have held temporary
pro as sacred Is—the Bible reports golden images of
calves which the Israelites worshipped 2 stone statue of a sacred
cow has been found m Egypt the stone bull of Siva 1s still held m
reverence m India They have furmshed amusement and sport in the
arenas of Spain wnd the rodeos of the Umted States always however
with man 1s the opposmg contestant and the anmmal as the eventual
laser For the most part cattle have held 1 lowly place content to
pull a farm cart or furmsh milk or wast for the butcher

Present day envihization 15 absolutely dependent upon cattle for
both mulk and meat In times of storm violence or economic up
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Several score of anmal parasites are found m cattle The only
ones of importance 1n the United States are the beef tapeworm and
the hydatid tapeworm Echinococcus granulosus Neither of the
flukes Fasciola hep or Sch 19f are found m this
country The round worms found mn cattle sometunes affhct man
m other countnes They mclude the gwnea worm Dracunculus
medinensts the sheep wireworm Haemonchus contortus a throat
worm Syngamus laryngeus and an mntestinal parasite Trichostrongy
lus Afncan trvp 515 a pr infection not found else
where than certain parts of Afnca

THE HOG

Swine have been used for food since early times In Turkestan
bones of swine were found i camp htter dating about 6000 B¢
Chma swine were supposed to have been domesticated mn 3468 B¢

The number of hogs four months old on farms 1n the United States
April1 1940 was 34037 000 The same year 50 398 000 were slaugh
tered at establishments under federal mspection and 27,212 000 at
other establishments

Hogs do not have the intimate contact of the home 1n the United
States that they have m some countries hence the opportumty to
transmit infection (as well as to contract 1t from the household) 1s
lessened Furthermore the relatively short life of the pig before 1t 15
slaughtered lessens opportumty for 1t to develop many diseases
Swine are responsible for a considerable number of human mfec
tions however

There are five bacterial diseases of 1mportance which are trans
mitted to man (table 61) Anthrax 1s acquired usuallv by handling
the hides and bristles Brucellosis 15 acquired by contact the per
sons most i danger bemng butchers and abattowr workers Brucella
suws and Brucelle melitensis infect hogs but not Brucella abortus
Salmonella food nfections from pork and pork products are not
common Hogs are susceptible to many tvpes of the Salmonella or
gamsm but not to Salmonella typhimurium Swine erysipelas 1s of
economie ymportance but human mfections are often acquired n
other ways than by contact with hogs Tuberculosis of the humm
type may be contracted by hogs from garbage contammated by a
tuberculous person All such garbage fed to hogs should be cooked
Bovine tuberculosis may also be contracted by hogs from infected
cattle Tuberculous hogs ars el d by mspection at slaughter
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doubt Ringworm especially Tinea barbae and Tinea circinata oc
castonally may be contracted by man from contact with cattle

Table 60 —Diseases TRuNSWITTED Froy Cow 1o Max

Mernop oF

DiseasE LEmioLoauIc AGENT HoMan INFECTION
Actinomycosis Actinomyees boris Method tn doubt
Anthrax Baellus anthraces By contact and lndes
Brucellosis Brucella abortus

Brucella melitensts
Brucella su1s From milk and by contict
Cocadioidomy cosrs Cocerdvordes immatss By mhalition and through
abrasions
Conpox Filtrable virus Through skin abra 1ns
and vacemation
Diphtherin Corynebacterum
diphtheriae From milk
Foot and mouth Ds ease Filtrable virus By contact and through
mil
Tasterello 15 Lasterella monocylogenes Method uncertain
Milkers nodules Probably a virus By contact

Milk Sickne s

Qlever
Thit Valley fever
Tingnorm

Salmonella fo d porsonng
Searlet fever

Septic sore throit
Tubereulosis

Animal Parasites

Beef tapew orm nfecton
Facoliais

Dracontia 1
Congylonem 1 infection
Hidatid dise ¢
Tungwormanfects n
Barcocy stiasts

Schistosomit 13

Sheep wirewormnfecticn
Syngmus infection
Trichostrongylus 1nfection
1 rypancsomiasis { \nean)

A chemteal pot on

Ruchetisia burnets

iltrable virus

linea barbae

Tinea ciretnato.

Salmonella bacterta

Streptococcus pyogenes

Streptacoceus pyog nes

Tycobactersum tubercu
s var bors

Taema saginata

Fasciola hepatica

‘ Dracunculus medinensis
Gongylonema pulchrum

Echinococcus granulosus
Metastrongylus clongatus
Sarcocystis species

Schistosoma gapontcum
Haemonchus contortus
Syngame s laryngens
Trcho trongylus pertex
Trypanosoma gambrense

| Trypanosoma rhodesiense

By ick bite
Dy moquito bite
By contact

From meat
Frommilk
From milk

From milk or me1t

From meat
1 rom raw {Ahn!food_
From dnnkingwater
Trom dninking water
Usually fromd ¢
By mouth
tom_contaminited f >d
and water
Through the skin
From drinking water
By mouth
Trom food or water

By tsctse fly bite

Milk sichness 1s due to 1 chemenl poison found m the mulk of

cattle which have eaten white snake root People 1n rural commum
tres may be poisoned but 1n cities the dilution of the poison with
milk from other sources renders milk harmless

Three diseases of human ongn diphtheria scarlet fever and
sore throat are sometumes passed to the cow by an infected

septic
5 fany serious ep\demlcs have resulted Pasteunzation 1s 1

milker M
adequate safegu wd
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six months old) on the farms In the same year 17351 000 were
slaughtered at establishments under federal supervision and 4 232
000 at other establishments

Sheep 1n their relation to public health are of mmor significance
(table 62) Anthrax may be contracted by persons handling infected

Table 6. —DisEasEs TRANSMITTED FROM SHEEP TO Man
1

! MeTHOD OF
Drserse LrioLoutc AGENT J Huwsn INFECTION
Anthrax Bacillus anthracis |From hide and wol
Brucellosis Brucella abortus |
Brucella melitensis
Brucella.surs By contact
Creerdindomyeo 15 C des tmmalt By halation and through
ahrasions
Foot and mouth dise & Filtrable viru By contact
Listerelloais Listerella monoeylogenes | Method uncertain
Louping ll Filtrable viru Method uncertam
ever Rickettsig b trnelt By tk Fite
it V alley fever Filtrable virus By mo quiobite
Salmonella food pooning Salmonella bactersa From mutton
Sore mouth of sheep (¢ n
tagious ecthyma) Tiltrable virus Probably through un ab-
rasions
Rocky Mountain potted fever | Richetisg rickettst Bytiekhite
larema Pasteurellatularensis By tick bite
numal Parantes
2. ciohiosis Fasciola hepatica From raw plant fccis
Lungworm infeett n etastrongylus elongatus | By mouth
Hydatid di ease Echtnococcus grarulosus | Usually from dogs
Sheep wirew orm infection Haemonchus conlortus Crom drinking water
Tnch mfection I'rich From f>od or wate
Trypanosomia. 15 (African) ‘rypanosoma gan biense
Trypanosoma hodesiense | By iset ofly hnte

Indes or wool Listerellosis 1s not uncommon 1n sheep but human
mfections are rather rare Sheep rank close to goats m susceptibility
to brucellosis human infections occurring from contact or m slaugh
termg infected ammals Sall lla food p g Iy
comes from eating mutton but not as often as from other causes
Rocky Mountam spotted fever and tularemia are both found n
sheep along with other ammals and people bitten by wood ticks or
pulling the ticks from the wool and crushing thern n therr fingers
may be mfected Foot and mouth disease louping 11l and sore mouth
i sheep cause human disease very rarely Rift Valley fever 15 of
consequence only m Bnitish East Africa Rabtes oceurs m sheep and
persons handling such ammals could be mfected but this seldom
occurs Sheep handlers have suffered from Q fever but 1t 1s not
certan whether the sheep were responsible or the tichs with whch
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houses under federal supervision but numerous hogs are slaugh
tered on farms from which human infections may arise

Table 61 —DisEAsFs TRANSMITIED PRost Hoc 10 May

DisEass

LErioLocie AGENT

r MeTiop or
Huwvan INFECTION

Brucello 1

Tusterello 1s
Salmonella food infection
Snineery 1pels

Tuberulosis

Amimal Parasites
Amphistomia 14
Bahintschass
Fasciolopsis imfetion
Lung fluke dise tsc

Lungworm mfection

Hydatid dt ewse
Gongylonem vinfecttn
Opisthorelnss

ork tapeworm tnfeeti n
Trchino 15

Brucella melitensis

Brucella surs

Lasterella monocylogenes

Salmonella bacteria

Erysipelothriz
rhustopathiae

1121/cobaclcnn m tuberen
lonts var bous

W ycobactertum tubercu
losts var homints

{mphistoma homar 15
Bolantudwum cols
Fascrolopsis busks

1 aragonimus  estermans

Wetastrongylus elongatus

Echnococcus granulosus
Congylonema pulchrum
Clonorchis sinensts
Taenta solim
Trichinella spiralis

By contact and through
abrisions

Method uncertain

From pork products

Through shin abra sons
From pork products

i
From pork products

From food and nater
From food and water
From ran plant fand
From eating eriyfi h and

crabs

By mouth from erth
worms

U unlly from dog
From dninkmg water
From exting ran fish
Trom pork

| From pork

Several diseases which may afflict hogs are of lesser importance to

man Listercllosis oceasionally 1s found in hogs but human mfec
tions are rare Actinomycosis 1s probably but 2 shght menice The
virus diseases e without significance 1lthough hags are susceptible
to foot and mouth disease when exposed

The anmmal parasites because of the nature of the hog are numer
ous Among twenty four helmmths listed by Monmg (1) which in
fect hogs nwe are trnsmtted to man Trichmosis 15 the most sen
ous This together with the pork tapew orm have probably mfluenced
the course of mans actions for thirty centuries They m1y have
been responstble m part at least for the ancient Jewish prolubition
agamst pork The pork tipeworm 1s of less consequence m the
Umited States but trichinosts infects nearly twenty per cent of the
population The other ammal parasites which mfect hog and man
are rare or 1bsent m the United States

THE SHEEP AND THE GOAT

1s one of the oldest agricultural pursuits In the

USID,
Sheep x ; 1940 there were 40 129 000 sheep nd lambs (over

Umted States in
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as they do today they were put into treadmills turning the wheels
of mdustry they were sources of entertainment baiting the bull and
the bear or fighting with each other m the pit To fulfill the require
ments of these various tctivities the different breeds have been de
veloped

The number of dogs m the United States 1s impossible to estimate
defimtely for many owners have faled to register therr ammals
There are numerous dogs however which can boast no master but
wander from the hospitality of one hindhearted person to another
or else live on the scraps of the street and garbage pail a menace not
only to all other dogs but to mankind as well

Rabies 15 the most sernous of the affictions which can be charged
against the dog In no other ammal does the disease find a reservorr
for 1ts perpetuation and seldom do other animals spread 1t farther
than one remove” from the dog The mereased number of dogs to
gether with rapid modes of transportation of both man and his dog
has resulted 1n a sharp mcrease 1n rabies not only i the Umted
States but many other countnies Leptospirosis 1s becommg an m
creasing problem m dogs with human infections by both Leptospira
wcterohemorrhagiae and Leptospira camcola

Tularema 1s sometimes found m dogs human mfections resulting
from contact or from tick bites Brucellosis 15 occasionally present
but the dog 15 not a large factor i the epidemiology of the disease
Cocaidioidomycosis by mhalation or through sk abrasion as well
s ningworm and sporotrichoss through shin abrasions may be con
tracted by man from the dog Among the rickettsial diseases the
dog 15 one of the reservors of Rocky Mountam spotted fever in the
Umited States and of Boutonneuse fever Brazihan typhus and
Renya typhus elsewhere

Dogs may become mfected with various other bacterial diseases
from other anmals but do not form a sernous menace to man Tu
berculos:s 1s contracted sometimes from association with tuberculons
persons from drnking infected cow s milk or from the offal of
slaughter houses Anthrax and glanders are occasionally acquired
by dogs from eating anmals that have died of those diseases In
fection with foot and mouth disease 1s difficult as 1s also trichinosis
Dogs are sometimes wnfected with the virus of lymphocytic chorio
menmgitis They may act as mechamcal carmers of rat bite fever
where mfection has followed the bite of a dog which had recently
fed on an ammal dead of the disease
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the sheep were nfested Tuberculosts of bosine or avian ongin 1s
sometimes found in sheep, but rarely the human type of disease

Several score of ahuml parasites mfect sheep, few of which find
residence m man Several round worms more or less akm to hook
svorms are found i the Umted States They are the lungworm and
Metastrongylus elongatus the sheep wireworm Haemonchus con
tortus and mtestinal parasites of the Trichostrongylus specis hu
man infections are not common The Iver fluke Fasciola hepatica
and the protozoan parasttes of African sleeping stckness Trypano
soma gaml and T rhodesiense are found only m other parts of
the world

Gonts are very much m the stme category with sheep i regard
to the public health, with the exception of brueellosis Smce goats
mulk 15 used for human consumption, this disease 15 of mmportance
Without showmg any signs of mfection goats may excrete thou
sands of Brucella meltensis orgamsms in the milk In the warm
countries around the Mediterranean Sea brucellosis has been a sert
ous problem but in the Umted States the number of goats used for
mulk purposes 1s relatively small There have been senous outbreaks
however m this country from this source Pasteurization 15 4 sife
guard

Goats are rather susceptible to the bovine tvpe of tuberculosts
and may infect man through unpasteunized goats mulk or may
spread the disease to cattle with which thev may be assocrated

THE DOG

Dogs enjoy 1 more himate contact with man than any other am
mal sharmg not only lis dwelling but sometimes even hus bed and
his board Thus man 1s exposed to several disetses from which dogs
suffer

The dog was the first animal to become domesticated probably
some 60 000 years ago by savage cve men and for the same reason
that the society matron of today owns a dog—namely the desire of
the human being for a pet The early dogs were half wild wolves or
jackals which developed rather rapidly through domestication and
crossbreeding They adapted themselves quite readily to purposes
of economic usefulness They were natural hunters assisting in pro
curement of a food supply they were tramed to protect other do
mestic ammals tending the flocks and herds m agnieultural com
mumttes they were itched to harness pulling wagon or sled even
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helmmths being recorded by Monmg Comparatively few of them
are responsible for human mfection however

Several protozoa mfect dogs but are of small epidemiclogical sig
nificance 1n the Umted States Endamocba histolytica 1s sometimes
found Letshmania donovams and L tropica are acqured by dogs
but not n the Unmited States Trypanosoma cruzi 1s spread by the
dog together with other ammals 1 South Amernica

The dog tapeworm 15 acquired by man from dogs through swal
lowmng an infected flca while the fish tapeworm comes mdirectly
from dogs by eatmg fish which have ltved 1 water contammated
by dog feces Echmococcus granulosus 1s another tapeworm ac
quired directly from dogs by swallowmg dog s feces from soiled fin
gers All three tapeworms are found m the United States

The flukes are not of importance m the Umted States Elsewhere m
the world they infect dogs meidentally 1n the same manner 1s man
1s mfected Dogs may be of importance mn passing the parasites back
agam to fish and crabs however The Iner flukes Clonorchis sinen
s1s and Opsthorchus felineus as well as the mtestinal flules Echino
stoma 1l Heterophyes heterophyes and Fasciolopsis bushs
(reported i dogs only once) are acquired from eating infected fish
The lung fluke Paragonimus westerman: comes from mfected cray
fish and crabs while the blood fluke Schistosoma japomicum passes
directly through the shin from water 1 which 1t 35 swimming

Creeping eruption 1s found 1n southeastern Umited States It 1s
caused by the round worm Ancylostoma braziiense closely related
to the hookworms It passes directly through the shin hence dogs
should be kept from bathing beaches where people go barefoot
‘The human hookworm Necator americanus 1s rarely found m dogs
while the dog hookworm Ancylostoma caninum 1s seldom if ever
found n man The guinea worm Dracunculus medinensts parasi
tizes the dog but man 1s fected from swallowing cyclops which
carnies the parasite in dnnling water Strongyloides stercoralis
passes directly through the shin from moist soil Nerther of the last
two are found in the United States

THF CAT

Cats enjoy an intimate contact with the human fammly Because
of prolific breeding and the mistaken sympathy of some persons
which allows cats to wander homeless mstead of bemng destroyed
the number of such ammals 1n the country 15 numerous
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Table 63 —Diseases TRANSMITTED Frovt Doc o Max

Disease

EtioLecic AGent

MEerzop oF
Human INFECTION

Boutonneuse fever
Brazihan typhu
Brucellosis

Chernomenmgitis lvmphoey tic

Cocerdiordomy costs

Colombian ty phus
henya typhus
Leptospiro 13

Rabses
Ringworm

Rocky Mountain spotted fever

South African tick fever
Sporatrichosis
Tuberenlows

Tularemia

Amimal Parasites
Smebss

Creeping Lruption
Dog tapeworm infection

Dracontiat
¥ chine chasmus infection

Echinostoma infection
Fish tapeworm mfeeticn
Gnathostoma infection

Rackettsia conort
wheblsia ricketlsy
Brucella abortus
Brucella melitensis
Brucella su1s
Filtrable virus

By tick bite
By tick bite

By contret
Method uncertan p s
stbly by ticks

C iminaty

Rickettsiaricketls
Rackeltsra conore
Leptospira cantcola

L aterohaemarrhagiae
Filtrable virus
Vicrosporum felineum
Tinea crrcinata
Ricketlsia richkettsy
Rickettsia prypery
Sporotrichum schenchs
Uyeobacterium tubereulosss

a
Mycobactersum tubercu
losis var homimis

Pasteurella tularensis

Endamocba hstolytica

Ancylostoma branhense
Dipylidvum caminum

Dracunculus medinensis
Echwnochasmus perfohiatus

Echinostoma locanum
Daphyllobothrium latum
Grathostoma spimgerum

Hydatid d: eases

1 o1 hmamass (hah azar)

Lershmamasis (Onental sore)

Lung fluke disease
Opisthorchiasis

Echinococcus grandosus

Lewshmana donotan
Lewshmania tropica
F aragonimus westermans

Clonorchus stnensts
Ppllehord 18 felineus

[trongylordias:
Thelazra infection

Trypanosomta 1 Ameniein

Strongylowdes stercorals
Thela wa californicus
‘helazia callpasda
‘rypanosoma erit ¢

5 and thre ugh
skin abrasion

By tick bite

By tick bute

Through skin abrasions
By dog bite

By contact

By contact

By tich bite

By tick bite.

Through shin abrastins

By contact

By contact
Through skin abrastons
and hy tick bite

From food and dnnking

water
Through the shin
Tom swallowing an in
fected flea
Trom drinking water
From eating fresh water
fish

From eating fish

From eattng fish

Method uncertun

From eating fish

By snallowing parate
eggs from dog feces

By sandfly bite probibly

By sandfly bite_probably

From eating crayfish and

From cating raw fish
Through the skn
Through the sla

Method uncertain
'y s assin bug bite

Dogs have been reported susceptible to the orgamsm causing
scarlet fever and free access of 1 dog to a2 human case of the dise1se

might be 1 menace to children

A large numi

ber of ammal parasites are found mn dogs fifty nine
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from fish The hyver fluhe Opmsthorchis felineus 15 common m Eu
rope while the closely related species Opisthorchis pseudofelineus
1s found m the central part of the Umted States The Chmese Iiver
fluke Clonorchus sinensis 1s also closely related but not found in the
United States These parasites are natural mhabitants of the cat but
man 15 usually infected from eating fish that carry the parasites

Table 65 —DisEases TRansyTTED FROM CAT TO Man

Mernop OF

Disesse ETiorogic AGENT Huvan INFECTION
TRabres Filtrable virus By catbite
Ringworm A scrosporum felinewm By contact
"nea ctreinaia By contact
{chorion schoenteinty By contact
‘Tuberents 15 Al ycobactersum tuberculosss
var boves By contact
Amimal Parasites
Amebiagis hastolyt, From food
and dnnking water
Creeping eruption Ancylostoma bra iense ‘Through the shin
oz tapew orm 1nfection i From 11 an m
fected flea
Echinstomanfection locanum Trom eating infected fish
F1 htapeworm infection Drphyllobothrium latum From eating infected fish
Gratt ostoma inection 4 Hlethod uncertawn
H heteroph jes Irom eating infected fi h
Let hmannasis (ala azar) Leishmania donorans By andfly Bite probably
Lung fluke disea e aragonsmus uestermant | Trom eating ifected cray
fi hand erabs
Opt thoretsa 1 Opasthorches felineus
Optsthorchis pseudofelineus
chs snensts From etting nfe ted fish
Shit mmt Sehistasoma japonteum Through the ¥in

Strengylod a1
Thelazia infeetion

Strong flovies stereo alis
Ttela 1a califormcus

Through theskin
Method uncertan

Other flukes which the cat harbors ineidentally are the Orental

lung fluke Paragontmus testerman: acquired by man from crayfish
and crabs and the mtestnal flukes Echinostoma docanum and
Heterophyes heterophyes with which man 1s infected 1 the Orient
by eating raw fish The blood fluke Schistosoma japonicum found
m China and Japan wfects cats but must pass part of its life 1n the
snail before 1t infects man

The round worm Trichwella sprralis sometimes wmfects the cat
which mn turn 15 mnfected by the rat but man 15 mfected with tnch
nosis from pork Strongyloides stercoralis 1s an intestmal parasite of

the cat which passes durectly through the skin from the soil i trop:
cal climates
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Rabes 15 not uncommon m cats becuse of the contact m the
house with dogs The rabid cat 15 a serious menace especially to
children

Three types of ingworm may be contracted from cats Ringworm
of the scalp m children 1s caused by Aicrosporum felneum and
ringworm of the glabrous shin by Timea circinata Favus an mfec
tion of the scalp caused by Achorion schoenleinn 1s acquired from
cats which m turn acquired 1t from rats

Cats are furly resistant to most bactenal diseases On rare occa
stons they h1ve been found suffering from bovie tuberculosts from
mfected milk or meat They are susceptible to glinders but rarely
contract the disease naturally They have grven positive agglutim
tion tests for brucellosis on the Island of Malta ind Bruce 1solated
Brucella mel from the 1c glands of five such infected
ammals They may carry the orgamsms of tularerma and rat bite
fever mechanically on their teeth after feeding on other nfected
ammals and severnl human cases of each disease hve been reported
followmng a cat bite They harbor the spirochetes of leptospirosis
from eating infected rats Therr relation to diphthiersa 15 1n doubt
but Simmons reports two cats from which he obtaned diphthena
bacillt One 1nstance has been reported where five cases of endemic
typhus fever were acquired from kittens The cat flea Ctenaceph
alides felis harbored the virus (2)

Ammal parasites are common 1n cats Among the protozoa there
are three that deserve mention Endamoeba histolytica 15 found
but the cat 1s probably of small sign:fi m the epidemiology of
amebic dysentery compared with other methods Trypanosoma
cruzs 1s carnied by cats 1n South America and Letshmanta donovam
m southern Europe and Asia and northem Africa

Monmig lists thirty seven helmmnths found in cats a considerable
number of which mfect man Several are found 1n the Umited States
Creeping eruption caused by Ancylostoma brazliense 1s present m
the southeastern part of the country Cats should be kept from bath
g beaches and other places where people go barefoot The dog
tapeworm Dipylhdiim caninum 15 acquired from the cat by swal
lowng a flea which has taken up the tapeworm egg Children are
the chief sufferers but the disease 1s relatively uncommon Another
tapeworm n the Great Lakes region of the Umted States Diphyllo
bothrsum latum finds a reservorr wn the cat but man 1 nfected
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times these migrations melude hundreds of rats traveling together

The black rat or Enghish rat Rattus rattus rattus has been known
m Europe since the twelfth century It appeared in North Amenca
m the sixteenth century where 1t was the common rat among the
early settlers Later 1t was supplanted to a large degree by the more
ferocious and more prolfic brown rat At the present time 1ts range
m this country 15 confined to certun are s mn the southern states
where 1t inds a warmer (imate more to 1ts Iiking The black rat 1s
a great sea traveler breedimg 1n the walls of cargo vessels In some
nstances as many as 99 5 per cent of rats on a ship are black rats It
15 a good chimber and finds 1ts habatat in the upper stories of buld
mgs The black rat was the cause of plague i the middle ages

The roof rat or Alexandran rat Rattus rattus alexandrianus was
supposed to have ongmated mn Egypt It 15 closely related to the
black rat the chief difference bemg that of color (tawny black or
grav) Itis not numerous 1n the United States but may be found m
the semitropical portions of the southern states Like the black rat
the roof rat 15 a great climber and often nests n trees It may be
found on ships also

The common house mouse Mus musculus found its way to Amer
1ca with the earliest settlers It has been able to hold its own wath
the brown rat because of 1ts ability to escape mto retreats too small
for the rat to follow The distinction between rats and mice 1s arb
trary the mam pomnt of difference bemg size

Field rats and field mice m the United States are numerous and
are of importance from the economic standpoint n destroying crops
They are of lesser significance as far as disease 15 concerned al
though potential sources of danger

The number of rats 1s estimated to equnl the human population
m the United States They are not of course distnbuted evenly
and some communities will be badly infested while others which
have waged anti rat cxmpagns will be relatively free The same 15
true of farms In cities 1t 1s estimated that the rat population 1s de
creasing due to eternal vigilance

The cost of mamtaming rats 15 estimated to be about two dollars
per rat per year or approuimately $250 00000000 It vanes from
fifty cents each per annum on farms to five dollars each m hotels
Rats go into the fields to destroy the crops before thev are harvested
thev breed enormously in storehouses and warehouses and ships to
feed upon any merchandise available thev damage the buildmgs m
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THE RAT AND MOUSE

The domestic rit—domestic 1n the sense that it makes its abode
with man—1s the most nseless of all animals There 15 nothing to sa
m s favor there are numerous reasons why 1t should be exterm:
nated As a marauder 1t has taken heavy toll of farmer and merchant
and householder as 2 murderer 1t has destroyed millions of nnocent
persons Among the antmals 1t 1s man s public enemy number one
Rats were present 1 Europe in the Phocene period as indicated by
fossil remains the lake dwellers during the glacial period 1 Eu
rope knew 1t the Philistines made golden mmages of them the
Romans prctured them on coms Greeh Roman and Etruscan works
of art show them at various occupations such s gnawing the ropes
of ships or feeding on mussel beds from Palestme and Italy ncient
bronze and terra cotta works mdicate the presence of rits

There are hundreds of different species of rats and mice m differ
ent parts of the world Some are found i human dwellings and
others 1n the field or forest In different parts of the globe different
types of house rats are encountered and 1n most countries more than
one type 15 present Their importance as disease carriers varies 1¢
cording to the morphologic ind brologic tvpe

The brown rat Rattus noruegicus also called the Norway rat
sewer rat wharfrat and barn rat 1s supposed to be of Asiatic origin
It appeared 1n Europe carly in the erghtecnth century and reched
North Amernica about the time of the Amencan Revoluttion prob
ably being brought from England as an accidental passenger (it 1
not 2 natural mhabitant of ships as are the black rat ind the roof
rat) Itis now the most common species mn the United States It 1s
larger 1nd more ferocious than the blick rat or roof rat and has
drven out those species i many places It has made ats home m
houses and farms 1 the country and m warehouses and about mar
Lets and wharfs 1n the city It Jacks ability to chmb to any extent

and Ines m the ground 1n excavations or under floors It often uses
the sewers m ctties for highwavs hence the name sewer rat It
breeds prolfically the female after a gestation penod of twenty
one days gnng brth to 1 dozen or more young From three to five
litters a year occur usu ally during the warm months of the year
Some females however may produce more hitters and 1t 1s not un
common to find young rats in cold weather It 1s 2 great traveler
sugrating from building te bullding and from farm to farm Some-
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shown to harbor various types of Salmonella orgamisms m their 1
testimes Chonomeningitis may possibly be transmitted to man from
the rat through food but the epidemiology of the disease 1s obscure

Leptospirosis m rats 1s common the spirochetes bemg acquired
by man through skin lesions erther directly from the rat or from
contammated water Tularemin in rats 1s se}Jdom found in the United
States but elsewhere Inrge epidemics have resulted from handling
nfected such rodents Ringworm and sporotrichosis sometimes are
acquired from rats through sk lesions or by contact

Poliomyehtis virus has been encountered in rats and mice occa
swonally but the eprdemology of the disease probably does not
clude these ammals

The several ammal parasites which affhet rats wre not of great
epidemiologic importance Food contammated by rat droppings
may contam eggs of the rat tapeworm or the dwarf tapeworm
End, ba hastol 15 ik conveyed to man through such
contammated food or drmking water The rat suffers from trichino
sis and may possibly imnfect the hog from which man receives hus
mfection Trypanasoma cruz: has been found 1n rats in Cahforma
but no human cases of trypanosomasis have been traced to such
rodents

THE HEN AND OTHER BIRDS

Poultry 15 the most numerous of all hivestock on the farms In 1940
there were about 338 000 000 hens 1 the Umted States Receipts
from poultry and eggs exceed a illion dollars annually

The domestic fowl 15 assuming increasmg mportance as a carrier
of human disease The viruses of equne encephalomyelitts and St
Lows encephahtis which mfect horses and man find a natural reser
vorr n the hen Swine erysipelas 1s a disease of hogs but the causa
twe agent Erysipelothnx rhusiopathiae 15 carmed by hens to hogs
Poultry 1s naturally infected with Brucella abortus and Br suts in
the Umited States and with Br melitensis m France making the
control of brucellosis m the cow hog and goat more difficult Many
types of Salmonella bactersa are found m poultry and accordmg to
Barnes the domestic fow! 1s the mam reservorr of such orgamsms
affecting man Sal lla typl 1um the most cause of
Salmonella food poisonmg m man 1s found more frequently m hens
than m all other animals combmed § pullorum 1s a senous disease
m chickens but human mfections are rare although some have been
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which they live by making holes m walls and foundations they de
stroy poultry and eggs and attack hvestock upon occasion The
United States Department of Agriculture reports cases where rats
gnawed the feet of elephants gnawed holes 1n the bellies of fat hogs
and hilled young Inmbs

There are nearly a score of human diseases carnied by rats most of
which are found in the United States (table 65) The most sertous
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Table 65 ~-DrsEasEs TRANSUITTED FROM Rats axp Mice To May

Disease

LrioLocic AGENT

MFrriop oF
Huaay InFEcTION

Chonomentngitis 1y mphocy tic g:ltmblc virus
i

Haverhill fever
Histoplasmo 15
Leptospirosis

Tlague
fever
Xiat bite fever
Ttelapsing fever (endemic)
Tingworm

Silmonella food infection
Sporotricho 15
Tsutsugamu hds ea e
Tularetma

Typhus Fever (murine)

Amimal Parasttes
Amebtasts

Dwarf tapew orm infection

replobaciilus monaliformis|

Histoplasma orgamsms
Leptosprra rcterokaemor
giae
Pasteurella pestts
Ruckeltsta burnels
Sprrsllum minus
Borrelia spirochetes
chorton achoenletnt
on quancheanum
Salmonella bactena
Sporotrichum schenchs
Rickettsia orientalis
1 adteurella tularensis
PRachettsia moosers

Endamoeb lustolylica

Hymenolepss nana

[ Method uncertam

By rat bite and from milk
)y contact

Through sk abrasions
By flea bite

By tick Fite

Byrithte

By tick bite

By contact
From contammate | food
Through skin aben 1ms
By mute bite
Through skin abra ons
By fleabite

From food and drinhmy
wter

Trom contaminated fc 1

From eating er1vfi h and

Lung fluke ds ense aragonimus weslermant
erabs
Rat tapew orm infection Hymenolepsdimnuta | From swallowng infected
m ect
Frem pork product

Trichino 13 Trichwnella sptralir
Try 7

By a sa.sinbug bite

(Amencan)

15 plague transmitted by the rat flea Eternal vigilance by public
health authonities has prevented the spread of plague i rits i the
United States but 1t 1s always 2 potential danger (sylvatic plague
15 found 1 ground squirrels i many western states) Other diseses
transmtted by the ectoparasites of rats are murme typhus fever by
flea bite and tsutsugamush: dise1se or mute typhus by mites (the
Jatter 1s found only in the Orient nd adjacent territory) Endemic
relapsng fever 1s transmitted by ticks

Rat bite fever and Haverhill fever are caused by rat bites In one
Hayerhill fever resulted from milk possibly contaminated
Imonella food mfections often result from food to which
parts of the country hve been

eprdemrc
by rats Sal
rats have had 1ccess Rats i many
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sipelas and of brucellosis Duchs carry the virus of ormthosss as well
as a tapeworm Drepamd L lata which 1ly m
feets man Pigeons are more or less commonly infected with the
wvirus of ormthosis ( psittacosis) and are perhaps a serious menace
Pigeons likewise carry Erysipelothrix thusiopatiuae the cause of
swine erysipelas

The psittacine birds such as parrots parrakects parrotlets cocka
toos and related species both in the domestic and wild states are
of consequence because of psittacosss The virus 15 exceedingly viru
lent for man who 15 fected by contact with such birds Parrots m
captivity are susceptible to the various types of tuberculosis human
bovine and avian and are capable of infecting persons who Ine
where such birds are hept

Wild birds of many lunds act as resenvous for the viruses of
equme encephalomyelitis as well as of St Lows encephaliis the
disease bemg transmatted to the horse or to man by the mosqurto or
other msect Tularemmia 1s found 1 varous wild game birds such
as the grouse quail or sage hen but the virulence of Pasteurella
tularensis seems to be lower for man when commng from such
sources Wild birds sometimes 1ct as mechanical carriers of mfec
ton such as anthrax after feeding on dead anmals

WILD ANIMALS AND GAME

Many wild ammals harbor agents of disease with which man
mght become nfected but contact with man 15 so remote that com
paratively few imfections take place

The moakey 1s subject to most of the ills of mankind In ats wild
state 1t carries the virus of ]ungle yellow fever transmitted by mos
quitoes and relapsing fever transritted by ticks Plague 15 rare m
the monkey but does sometimes occur Tuberculoss 1s found only
m monkeys m captvity The various animal parasites which e car
ned by monkeys mclude those which cause amebiisis balantidiasis
schistosomuasis termidens infection and American try panosomiasts
(Chagas disease) An eprdemic in baboons due to Salmonella typh:
munum was reported by Scott An epidemic i chunpanzees was
studied by Wilbert in which he found spirochetes sumilar to Lepto
spira interohaemorrhagiae

There have been several reports of trchmosis from the consump
tion of bear meat infected with Trichielle spirohis The bear also
harbors the virus of Rochy Mountam spotted fever as does the
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reported The egg 25 well as the flesh my contam the organisms
Ormithos:s (psittacosts) m the domestic fowl 1s assuming an increas
ngly important role i the epidemiology of that disease Avian tu
berculosis very rarely finds a human victim Diphtheria has been
reported in poultry, the mfection coming from human cases but
such nstances are probably uncommon Lsterellosis occurs as 1
systemic disease of chickens but how man 1s mfected 1s uncertan
The fowl mte Dermanyssus gallinae, causes an itchy dermntiis on
the hands of poultry attendants

Table 66 —Diseasrs TRAN<MITTED BY PouLTRY aND OriER Birps 1o Maw

oF
DisEAsE Lriotogic AGENT ! Mernon

Domestic Foul
Brucelloss

Encephaltis St Lous type
Encephalomveliti equine
Lusterellosis

Ormthosis

Salmonella food infections
Swincerysipelas

Duck
Duck tapew orminfection

Felunostoma mfection
Ormthosis

Pigeon
Ormitho 1
Swineer 1pelas

Turkey
Brucellows

Swineery 1pelas

Psittacine Bir Is
Porttaco 19
Tuberculo 1 (humn type)

1d Game Burds
}-,r:rephnhm St Low type
Encephal myelitis equine
Tularem

Brucella abortus
Brucella mehtensis
Brucella suts
Filtrable virus
Eiltrable virus
Lasterella monocytogenes
Faltrable virus
Salmonella bacteria
Erysipelothriz
rhussopathiae

Drepandotaenia
lanceolata
| Pelingsioma revolturs
Hiltrable virus

| Tulteable virn
Er ssipelothriz
rhusiopathiae

I
Brucella abartus
Brucella melitenss

| Brucella surs
Trysipelothrez

rhusiopathiae

Faltrable virus

A1 jcobactertum tuberculonis

‘ Komame

Tattrable varus
| Liltrable virus
1 asteurclla tularensis

| Hoaan IvrecTion

By contact

By mosquito bite

By mosquito bite
Method in doubt

By contact

From poultry and egzs

Through skin abrasions

| By moutn,
’ From mollu cs
By contact

By contict

‘ Through skin abry tons

By contact

Tlrough kin abrastons

By eontact
By contact
By m rsquita bite

By mc quite bite
Tf.ruugh skin abrasions

Other domestic birds also act as reservorrs of discase that may be
carried to man Turkeys are of importance as carriers of swine eny
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Tolle 6 —ReviEn oF Disesses Warer Aantais Travswir 1o Mav Wira trE
Annan Hosrs

Disease

ETI010GIC AGENT |

Cosuon
Axnrat Host

UsvTar MerHOD OF
Hutan InrEcTION

]

Actnomy coms
Amebia.ss
Ampht tomia 15

Anthrax

Balantiha 1s

Teef tapewormn
fection

Botuh m

Boutonneu ¢ fever
Brazhan ty phus

Ch nemenngit
Ivmphocytic

Coectlt \domyeosts

Golombinn typhus
ntag us ecthyma. of
sheep

Conpox

C eepingeruption
Diphtheria

D gtapewormn
fection

Dracontia

Drwarf tapew srman
fection

Fehmorhasmu 1n
fection

Fehinostoma
fecti 0

Teehin wetymnin
fectinn

1ctinomyees boris

Endamoeba ‘
hustolyirca

tmphiston a
I homims

|
, Bacillus ant} racis \
| Balantidtum cols
I
| Taenia sag watt
Clostndaum pire
botulinum
R kettmaconore |
Rurhetlsia recketts:
Brucella abortt s ‘
Br melilensis

Br suis

Filtrable vira
|

Caces lon Tes
ammilis
| Ruck timarich 2
Filtratley ru
! Fittrable vieu
tne lostoma
bra \l ense

Corunebactertu
diphtheriae

Dip ludeum I
camin m

Dracunculus
‘medimensis

Hymenolepts nana

Echinachasmus
perfoleates
Fehinoste na

Ech nostoma
verolutum

Cow hore sheep
hog, goat dog

wild animals Aethod in doubt
Rat dog cat From contaminated
monhey food and drinlang
| water
Hog From contammated
| food and dnnking

Cow horse sl eep ‘B) contact  haie

\_geat wildammal _an
Hog rom contamnated
food and dnnking
water
Conr In ufhuentl\

Inle~tme’ of many | Through home-
mals canned f

Dog. By tick bite
| Dog, By tick bite
Coat cow hog Through milk and
sheep horse dog | by rontact
hen turkey
\ou e ‘th.nbly thoough
Rodonts dog com Py lnhal}?non and
sheep rough woun
Dxg PR R
Sheep Trobably throy, }
| skinabrast n
Con , Trraugh b
| rasions and by
| vaceination
Dog cat ‘Thbmugh the un
rok
Cow .Through mulk
Dog ¢at Fromswallowiagm
| _ fected feas

Dog eon furber \Fromdnnkmg
mga

Rat m ue From contaminated
food

Dog From eating fresh
water fi b

Cat dog hog From eatingin
fected fish

Duck From moltuses
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Rocky Mountun sheep the mountun lon the wildeat the badger
and many other wild ammnls Deer suffer from anthrax and foot and
mouth disease acquired from cattle Tularemia 1s acquired from
rabbits Trypanosomasis in Afnica (African sleeping sichness) finds
a reservorr i antelope trvpanosormiasis in America (Chagas dis
ease) finds residence 1n the bat armadillo and opossum but 1n the
United States no human cises have been reported from such m
fected ammals The armadillo and the opossum likewse are reser
vous of Rochy Mountam spotted fever and endemic relapsing fever
The covote and the fox suffer from rabies mahing 1t difficult to erady
cate the disease i dogs Occasionilly they may be nfected with
tularemia

Wild rodents e responsible for several disexses The ground
squircel 15 the reservarr of sylvatic plague in western Umited States
but other carriers include clupmunks prairie dogs marmots pocket
mice white footed mice meadow mice wood rats and rabbits Rab
buts are the chief cause of tularemin 1n man but the etologic agent
of the disease 1s found m ground squirrels tree squurels praine
dogs woodchucks mushrats and chipmunks Chipmunks also har
bor the spirochetes of endemic relapsing fever
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Table 67 Continued

Disease

Lriovocic AGenT

Usuat Merrop oF
Hunan INFECTION
|

Coxyov
Anntar Host

Opisthoreha 1 {Cont )
Ormithosis

(P tttaco 15)
Plague

Pork tapew ormn
feetscn

Qlever

Tabies

Rat bite fever

Rat tapenormin
fection

Pelap mgfever
endemic

Rift Valley fever
Hingworm

Pocky Mountain
spotted fever

Rutssian spring summ
bt

ever
Salmonella foo31n
ong

Sarcocy tia 15
Searlet fever

Schistosomin 4

Schistc omma 3

Bheep wirenormm
fecti n

South Afnican tick
fever

Opisthorchis
Jelineus

Filtrable virus
1 ssteurella pestes

Tarma solium
Rucketisiab arnets

Tltr ible varu

Sperllum minus

Hymer oleps
drmn ia
Spir> hetes genu
Borreha
Filtrable virus
o
g arckeanum
Achoron
schoenletnty
Microsporum

Tinea caprtis
Tun acireunata

Ruchettsia recketts

Tiltrable virus

| Satmonellabactera

8 reoc stss spocies

.smptoc cous

(St scntatmae)

Schast
apomeerim

Sch manson

Haemonchw

contortus

Ruckettisa pypers

Dog cat_other

ITrm extmg raw
animals fih

P attacme bird

hen pigeon
u ks By contact
Ratand other
rodents By fleabite
Hog Trom msufﬁclenﬂy
cooked park
Bandicc ot rat cow
By tick hite

cep
Dog w i ¢ yotc
other ammal | Doghite sometimes

other ammal Yites

Rat By rat bite
Rat mou e Trom swallowng m
fected insect
Wildrodent and
otherumals | By tch bite
Catlleand heep | Mosquitobute
Rat By contact
Cat rat dog Bj contact
Cat dog By contact
Cow horee BY contact
Dog cow, By contact
Cat dog horse
eoy monkey By contact
Wildr>d nt and
otherammals | Byt kbite
Wild rodent IBy t1 kbt
Cow hog hen ! Infected meat and
heep rat food ¢ ntanu
natedty rat
droppings

Cou sheep hor e

hog rabbrt TFrom contamnated

mou ¢ food and nater
Cow From milk
Dog_cat con

otherammals | Through the elan
Monke Through the shin

Sleep goit con Trom drinking
water

Dog By tick bite
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Table 67 Continued

Disesse

1 LrioLocic AGENT I

UsuaL Meruop or
Hoaas IvrECTION

Couvov
Annvar Host

I'ncephalitis Japane e

J Hiltiable virus

Tneephalitss St Lours
type Filtrablevirus

Tneephlomyelitis I

equine Tiltrble virus

T cioliaars Fasciola hepatica

|
| Fa ciolopsis busks

Fi htapenormin !
fection Diphyllotothrium
lafury

Easerolop 1 mfection

Toot, 1nd mouth

disea ¢ Dilteible 1rus
Cas gngrene Clostrrdaum
) perfringens and
others
( landers Valeomyces maller
{ nathost yma mfection { Grathostoma
sprnagerum
C patho tomanfection | Gratho toma
hasprdum
Haverhull fever Streplobacillus
monalsforms
Heterophydia 15 Heterophyes
heterophyes
Histoplasm) & Ihstoplasma
capsulatim
Hydatid disea e Echinococcus
granulosus
|
henya typhus Rickettsia conors
Leishmania.1
Kal1 azar Lewshmania
donerany
Terhman 1
Onental ore Teishmama

tropica

Lepto piro 1 Leptospwacamcola

Teptospiross L 1clerohae

et Tromhagiae

T1 terellos Listerella m ono-
cylogenes

Eiltrable virus

Loupu 1 aragonimus

gl

e
Tuog ﬂukcdbﬂ pragonimus
Vetastrongylus

elony

Probabit aviru
A chemucal et n
Clonorches sinennx

Tungworm nfecticn

ilhers nodules
1tk sickness
Opr thorelnt 14

Birds rodents /u‘ mo quite ite

Hen other birds

andsnmals 1Dy mo quto bite

Hen horse other

birdsand antmal [ By mo quito bite
Sheep con other
herbwvorousam ' b mm raw plant
\ mals \
Hog

I‘romdr'm plant

! Dog cat wild

carntyores | From e ting fish
Coy and other

cloven footed By contictand

animals through milk
Inte tmesof many |

ammals Through wounds

| Horse muleand

donkey By contact
Dog «at | Mfethod uncertain
lHog Method uncertain
Itat Bv ratbate and from

il

Dog cat I Erom eating h
Hor e | Pru ably by con

Dog con sheep By s“ tlowing, par

hog otheram

mals Jot Teces
by By tick bite
‘l)t)g Probably by sand
fly brte
Dog Probatly by sand
fly bite
Dog Through skin ab
rasions
Rat dog Through shin ab-
rastons

Cow sheep hen

Dlhcrnmma]s Method uncert un
Sheey AMethod uncertun
Hog doz eat From eating eriy

wild amm s £ handerib
IDg sheep ecw By mouth
Con By contact
Con Fromm

Dog cat hog

\
From eating mw
wildanimas fish

| E—
]
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Disease

Coyuon

ET10L06I¢ AUINT | wiat fosr

Uswuaw Mersop oF
i Huaaw INFECTION

Opt thorchias {Cont )
Ormuthoss

(Pttaco 1)
Plague

Purk tapesormm
' n

Qlever

Labies

Rat bitefever

Rat tapewormon
fection

Relapang fever
endemie

Rift Valle: fever
Ringnorm

Rocky Mo ntan
spotted fever

Pussian sprong surmmer
ver

Sd\mone“a foodan

Sarc oy ta.
Sca let fever
Sehistos m 1
Seln tosim ax

Sheep “ lm\\ nm\ m

South Afni an tick
f ver

Opathorchis Dog cat_other
felineus aumals

Filtrible virus P rttacinebird
hen pigenn
ducks

It teurellapesiis | Rat and ather
vodents

Taenta soltum g

Rickelt 1aburnete DBangd: ot 11t cor
sheep

Dog_ Il ¢ yote
otber nimal

Filtrable virus

Sprrillummanus | Rat
1Ty nenoleprs Rat mou e
dunonuls
Sprrochete genus | Wild radents and
Borreha other ammals
Filtrable virus Cattle and sheep
4chorion
quincheanu o Rat
Achorion
schaenlernty Cat rat dog
Vnicrosporum
felineum Cat dog
Tin abarbae Cow horse
Tinea capitis Dog con
Ttnea crreinaly Cat dog horse
co  monkey

P el s arckeitn | Wildrodent anl

other ammals

\ Wild rodents

Fltrat le sirus
“almonelia bactens | Coy Fog hen
sheep rat

Sarcocy tisspeeics | Cow heep horse

Tiog rabhit
mouse
Streptococeus
Puogenes
(St scarlating ) | Con
Sehustosoma £ cat cow
Japomem other anmals
Sk mansom Monke

Haemon hus
contortus

Steep goat cow

Richettisa pyypens ‘T’ 1

-

[ Frm eatng raw
fisl

By centact
By fleabute

‘ From msuﬂiﬂently
caoked

‘ By tick bite
‘ Dog bite sometimes
{other ammal Tite
‘ By rtbite
From snallowing in
fected insects
By tick bite
f Mosquito bite
By contact
By contact
By contact
By cotact
By eontact

By contact

Ly tick bite
By tick bite

Infected m at and
£ m1
nated by rat
dropping

From contammnate |
food and  ater

Trom milk

Thiough We san
Through the ki

From drinking

/ Byt kbite
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Diszsse

ImoLomic Asent

Cowvov
Anmvar Host

Usvsr Meriop oF
Huoyan InrFrerioy

Sporotricho.1s

Streptococcus sore

Strongyloidiasis
Swine ¢rysipelas
Syngamus infection

Ternidens infection
‘etanus

Thel iz infection
‘Thelazi 1 infection
Toxoplm) 1
Triching 14
Tnchostrr ng Ius

Tryp nosomiacs
Afncan

Trypny omua 19
Amencan

Sporotrichum
schenkt
Streptococcus
Dpyogenes
(St eprdemicus)
Strongylotdes
stercoralis
Erysipelothriz
rhusiopathiae
Syngamus
laryngens
Terntdens duninulus
Clostridium telany

Thelaza cale
forntensty
Thelaza callipaeda
Toroplasmu species
Trichinella spiralis

| Trrctostrongylus
’ pectes

Trypanosomn
gambrenseand
Tr rhodesiense

Trypanosoma eruzy

Tsut ugamu brdisease | Rachetlsia ortentalis

Tuberculo 1 aviw

Tuberculosas bovine

Tuberculot human

Tularemia
Typhus fever munne
Rt

law fever jungle
type

Wycobacterium
tuberculosts var

aum
Y tuberculosisvir
bons
W 12 berculosis var
hominis
P steurella
1™ tularensts
Richettsia moosert

Filtrable virus

Hor e rat dog

Cow

Dog cat

Hog hen turkev
Cow goat water
Monkey

Intestine of horse
and other animalsf

Dog cat

o

Rodent  bieds
Hog rat

=]

Cov sheep goat
other herbivorous]
animals

Antelope con
sheep horse

Armadillo opos
sum bat mon
key rodent

og caf

Fieldrats and mice

Hen hog wild burds|
1n captivity

Cow hog dog
goat eat har e

Hlog dog

Rabint otherani
mals and wild
birds

Rat

Wild ammaly

‘Through  kin ab
alons

Trom nulk

Through the shin
Through ki al
rasion

By mouth

Probably by mouth

Through kin ab-
rasions

Method uncertain
Method uncertain
Method uncertiun
From_m ufficiently
cooked pork

¥ rom food or water

Iy tsete fly bute

By assas.nbug
bite

By mitebite
Humannfections
very rare

Infected milk or
or by con

ct
Trom pork or by
contact
Through skin ab-
T jons or 1t
ite
By flea bite

By mosquito bite
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Abattorrs
Qfeverm 430
swine erysipelas n 144
Abortion listerellosis as 160
Actinomyces necrophorus 261
Actmomycosis 306-311
mmals susceptible 303
geographic distribution 308
snammals 309
inman 309 310
prevention 810-311
transmassion 308
Adults leptospirosis in 870
Aegvptiyelloy fever 432 453
see jungle y ellow fever
Ared psittacons n 219
Agglutination test
or brucellosts 112
furfhnders 126 181
for leptospirons 365
Almentary canal as place of entry of
tuberculosis 25 32
Alnvasato method of rabres \accmne
2
Allergic tests for brucellosss 112 113
Alkah disease 281 288
see mifk sickness
Albgators diphthersa1n 496
mebrasis 290
Anaerobre spore formmg hacilly
as cause of gas gangrene 516 51™
Ancylostoma 596
Antelope foot and mouth disexse
Animals
actmomveosis n 308 309
anthraxn 69 71
atthropod bome  vectors i 264
270 273
arthropod parasites in 301
botulism in 503504
brucellosis m 100 103

Raies Vg
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Ammals (Continued)

contagious ecthyma of sheep m 260

diphthenam 493 497

endemic relap ing fever in 393

favusn 316

foot and mouth disease m 231

gas gangrene m 517 518

glandersn 120 121

helminthic parasites m 292 301

influenza in 471

leptospirosis in 366 369

hsterellosis n 159 161 165 171

Ivmphocytic choriemeningtis m
455

milk sickness n 281 285
aratyphoid fever n 471

Bxag.',‘;"m 354356

polromyeliis m 470 471

pox diseases m 241

protozoan parasites m 290 292

Q fever m 429 430

rbesn 179 192 195

rat bite fever m 877-378

relation of human infections to 469

475

nft vallev fever m 270

nngworm i 315

Rocky Mountan spotted fever m
14418

role i disetses transmitted to man
25 550
salmonella infection in 150 154
scarlet fever i 487 489

septic sore throat in 477478
sporotrichosis m 312318

swine erysipelasn 136 141
tetanus 1 511

tsutsugamusha disease m 425
tuberculosts m 9 52

typhoud fever m 471

typhus fever m 403-106
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Anthrax 59 93
acute 70
agricultural 76
apoplectic 70
duagnosis of 73
etiologrc agent 60 64
external 73
from shaving brushes 78 79
Eeomap}ncp evalence 84 69
1story 59 60
mammals 69 71
mmn 7175
mdustrial hazard 75 78
mternal 73 74
intestinn] 72
memngeal 72 74
prevention and control 79 95
pulmonary 73 74
subacute 70 71
treatment of 86
Ant1 aegvpt measures 450-451
Antitoun
for cure of botulism 507
for cure of g1s gangrene 519 520
for cure of tetanus 514
Aphtha see foot 1nd mouth disease
Armadillos endemic relipsing, fever
mn 3
Arsemeals
1n treatment of anthrax 88 90
n treatment of rat bite fever 379
Arthropod borpe encephbaliides 264
277

animal reservoirs 270 272
arthropod vectors 267 270
etologic agents 267
};eognphxc distnbution 266 267
ustory 264 266
m horses 272
i man 273 275
m sheep 272 273
prevention and control 275 27
seasonal prevalence 267
Asthropod parasites 301 304
nichettstae as
Arthropod vectors 396-397
As; 36
avas m
glandersn 119 120
Assassin bugs
as vectors of
as vectors o

{ encephalitis 267 269
f srypanosomasts 291

Avian type of tubercle bacill: 6
classification of 7
meats 43
m chickens 50
1n dogs 40
m goats 50
1 horses 49
mman 53 55
n sheep 50
mswme 46 47

Bacillus abortus 96 97

Bacillus anthracts 61 64

Bacillus maller 120 121

Bactertum hepatolytica 159

Bactenumsmanacytogcncs 159 161
16

Balantidasis mmn 291
Bandicoots
Q fevern 428-429
rat bite fever in 378
tsutsugimush disease 425
Bang s abortion disetse 94 95
see bruce llosis
Bangs fever 94
see brucellosis
Ber role m diseases trnsmitted to
man 545 516
Bed bugs s source of tuliremn 054
Burds
botulism n 503
plguen 340
role mn disese transmitted to mn
543 550
tsutsugamush: discase in 425
tulwreminin 355 357
yellow fever in 440
see lso fowl
Bites 1s sources of discase
from amimals tulwremn 356 357
from assassin bug encephilomyeh
s 269
1y panosoraiasis 291
from cats rabies 194
from dogs rabies 193 197
from fleas pligue 340
tularemn 354
typhus murine 403
from fhies anthrix 70 74
Jeishmantasis 291
trypanosomasis 291
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Bites as sousces of disease (Con
tinued)
tularemia 356
from hee Iymphocytic choriomen
mgtis 4

relapsing feser epidemuc 388
301

tolarerma 354
typhus fever epidemic 397 399
400 403-104
from mites encephalomvelitis 269
Toupmg 1l 270
tsutsugamusht disease 423
from mosquitoes encephahitides
267 269
Raft Valley fever 2T
yellow fever jungle 442
from rats Haverhill fever 384
rat te fever 375
from ticks Brazihan typhus 39™
Boutonneuse fever 897
Colombuan typhus 89~
encephabtis spring summer 270
encephalomyelins equme 269
Renya typhus 397
Rift\ alley fever 279
Qfever 429
relapsing fever endemic 591
Roc{:y VMountamn spotted fever
415

South African tich fever 397
tularemia 35
Black Death 824 345
see plague
Black disease 518
Blindstaggers 503
Borrel bodies mn fowlpox 244
Botulnum orgamsms 501 505
Botulism 501 508
hotulnum organtsms 501 503
history 501
n ammals 503-504
mman 504-507
prevention and control 507
symptoms 154
Boutonneuse fever 397 412 415
Bovine type of tubercle bacill; 5-6
classification of 7
detection in human bemngs 33
1 cats 43
m cattle 918
n dogs 4041

553

Bovine type of tubercle bacilh (Con
tinued)
1n goats 50
m horses 4849
mn sheep 50
m swine 46-48
transmussibility
bovine to humans 18-33
humans to bovine 33-34
man to man 34-35
Bradsot 518
Bray 518
Bnll's diseases 399
see typhus fever
Brucella species of 94 99
Brucella abortus 94 97 938
etiologrc agents 97 99
geographic prevalence 99
mammals 102 105
mman 103 107 111 115 116
Brucella melitensis 94 97 93
etiolagic 1gents 97 99
geographic prevalence 99
n ammals 100 102
mman 105 107 115 116
Brucella stns 94 97
etiologic agents 99
geographic prevalence 99
mman 105 111 116
Brucellergen allerenc test 113
Brucellosis 94 118
etiologic agents 97 99
Eeo"rap}uc presalence 99
1story 95 9
1 anmals 100 105
mnman 103-112
laboratory dlaznos:s 112115
names for 9.
prevention and treatment 115 114
seasonal prevalence 100
Bubo m plague 336339 344345
Buffalos foot and mouth disease 1n
1

Butchers
as source of tuberculosis 21
Lable to tuberculosis 27 28
swine erysipelas n 142 143
Butter tremetolm 284

Califormia disease see coccrdiodomy
cosis 317 18
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Anthrax 59 93
acute 70
agneultural 76
apoplectic 70
diagnosis of 73
etiologic agent 60 64
external 73
from shaving brushes 78 79
geographic p evalence 64 69
history 59 60
m anmmals 69 71
mman 7175
ndustrial hazard 75 78
mternal 73 74
mtestinal 72
meningeal 72 74
prevention and control 79 93
pulmenary 73 74
subacute 70 71
treatment of 86
Ant zegypti measures 450451
Antitoun
for cure of botahsm 507
tor cure of grs gangrene 519 520
for cure of tetanus 514
Aphtha see foot ind mouth diseise
Armadillos endermic relipsing fever
m 393
Arsenscals
m treatment of anthrax 88 90
1n treatment of rat bite fever 379
Arlhmpod7bome encephalitides 264
27

anmmal reservoirs 270 272
arthropad vectors 26~ 270
etiologic agents 267
{;eog,’faphlc distribution 266 267
history 264 266
in horses 272
mman 273 275
msheep 272 273
prevention and control 275 276
seasonal prevalence 267
Arthropod parasites 801 304
nckettsiae as 396
Arthropod vectors 396-397
Ass 316
favusin
glandersm 119 140
ssin bugs
As:: \s ectorsg of encephalitis 267 269
as v ectors of trypmosormasts 291

Avian type of tubercle bacilh 6
chssification of 7
meats 43
i chickens 50
m dogs 40
m goats 50
m horses 49
mman 53 55
in sheep 50
mswine 46 47

Bacillus abortus 96 97

Bacillus anthracrs 61 64

Bacillus maller 120 121

Bacterium hepatolytica 159

Bactersum monocytogenes 159 16
165

Balantidiasis 1 man 291
Bandicoots
Qfevern 428429
rat brte feverin 378
tsutsugamushr disease 423
Bang s abortion diserse 94 95
see brucellosis
Brngs fever 94
see brucellosis
Bear role 1n diseases transmutted to
mn 545 546
Bed bugs s source of tuliremit 354
Brrds
botulism m 503
phguemn 340
role in disease transmutted to min
543 550
tsutsugamush: diserse m 423
tularemitin 355 357
vellow fever in 440
see also fowl
Butes 1s sources of disease
from ammnls tulremsy 356357
from nssassin bug encephailomycli
tis 269
trypanosomiasis 291
[mr:)yg'lls rbes 194
from dogs ribses 193 197
from fleas plague 340
tularemsa 354
typhus munne 403
from flies anthraix 70 74
lesshmaniasis 291
trvpnosomiisis 291
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Children (Continued)
Rocky Mountain spotted fever m
412-414
Chimpanzee
lymphocytic choriomenmgtis m

scarlet fever m 488
Chipmunk
enderc relipsing fever in 393
plague n 338
tolarermain 354
Chonomeningatis see lymphocy tic
chorlomeningitis
Chrome form of swine erysipelas 137
141

Chmate effect on plague 338 334
342 343

Clostndium botulmum 501-502
Clostridum parabotulism 502
Clostndium tetam 509
Cocerdioidomycoss 317-318
Gochliomipa amenicana 261
Cockatoos

ormthosis in 212 224

tuberculosis of human ongin m

474

Commercially canned food 15 source
of botulism 504 507
Complement fivation test
n diagnos:s of glanders 126 131
m dragnosss of ormithosis 222
m dragnosis of Raft \ alley fever 280
m diagnosis of Rocky Mountain
spotted fever 418
Contagious ecthyma of sheep 260 263
animals susceptible 260
etrologic agent 260
geographic distribution 260
mman 261 262
m sheep 260 261
prevention and control 262
seasonal prevalence 260
Contagiousness of tuberculosis 51
Contamnated arr as source of tuber
culoms 21
Cow see cattle
Cowpox 246 247 255 257
see pox diseases
Coyotes
rabiesn 183 192
tularerma i 854
Creeping eruption 296

555
Cultural behavior of tubercle baaillt
56

Culture methods
for diagnosis of anthrix 80 81
for dragnoss of glanders 131
Cumberland filters 186
Cumming method of rabies vaceme
191

Cyelops 297
Cyprus fever 94
sce brucellosts
Cysts of parasites causing mfection
man 289 250

Danubian fever 94
see brucellosis

DDT
m delousing for typhus fever 407
408

m eradication of egypti mosqui
toe 450-452
1 prevention of arthropod para
sites 203 204
m prevention of plague 347
Deer flies as cause of tularemin 353
356

Deer fly fever see tularemin 351
Dentl caries distmguished from
glanders 124
Dhramond Shin disease 137 138 141
Dibutyl phthalate 1n prevention of
tsutsugamushr disease 426
Dumethyl phthalate 1 prevention of
tsutsugamu h disewse 426
Diphthern 493 468
“mmls susceptible 493-496
etiologic agent 493
m cattle 496 497
milk borne epidemics 497-498
Diseases review of transmutted from
ammals to man 547 550
Dusinfection of raw mnterials 1 prc
vention of anthrax 81 84
Dogs
actinomycosis mm 208 209
anthraxn 69
brucellosis m 101
cocerdioidomy cosism 317
diphthenian 493 493
foot and mouth disease in 234
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Calves
1 milker s nodules experiments 256
m vacane virus for smallpox 249
0

25
tetanus in 509
see cattle
Camels foot and mouth disease m
4

Crnaries
fowlpoxn 248
ornithosis i 212 214 215 225
Canicoln fever 363 372
see leptosprrosis
Cardinal signs of glanders 122
Cats
actmomycosis in 209
botulism in 503
brucellosis in 101
diphthenia m 493 494
favusin 316
foot and mouth disease n 234
hookworm in 296
Ieptospirosis in 368
milk sickness in 285
plague n 339
Q feverin 429
rablesm 193 194
rat bite fever m 375 378
Tift Valley fever in 279
nngnarmn 314-315
role 1n diseases transmutted to man
7 540

salmonellrin 153
swine erysipelasin 136
tapewormn 298
tetinusn 511
tuberculosis in 4346 174
tulremia i 354

Cattle
actnomycosis i 308 309
anthrxn
arthropod borne encephlitides

271

botelism m 503
Brucella abortus m 94 98 102
105 116

Brucella mehtensis m 100 101

cocardiordomycosis in 317
diphtheria n 493 496497

foot and mouth dz;e;sc i 231 237
s gangrene in 5
f:lan%crgrlmmumty to 120

INDEX

Cattle (Contnued)
Dsterellosis in 159 160 163 168
mastitts in 477-478
milker s nodules in 255 259
rilk sickness i, 281 282 285
plague m 340
pox diseases 241 246 247
protozotn parasites in 291
Qfevern 429 430
ribiesn 193 194
Rift \alley fever m 278 279
nngwormn 314 315
role n disetses transmitted to man
528 531
roundworms m 297
salmonellan 152
scarlet fever m 486491
smallpoxn 475
swine erysipehis in 136
tapeworms in 299-300
tetanus i 511
tuberculosis in 9 39 474
Cautenization 1n rabies tre itment 202
Cestode nfections 473
Chamoss foot and mouth disense in
234

Charbon see nthrax
Cheetah torulosisin 817
Chickens
arthropod borne enceph thtides 1
270

7

botulismin 503 504

fowlpoxmn 248

m tubercle bacall typing 8 9

hsterellosis in 159 161 165

Iymphocytic choriomenmgutis n
455

milk sickness in 285
ormthosism 212 295
role m diseises transmutted to man
3 545
salmonellim 150 151
swine erysipelis m 136
tuberculosis of 50-55
Chigoe 301
Children
bovine tuberculosis in 24 26 28
32

leptosprrosis n 370
peittacosis m 219
rablesn 197

rat bute fever in 378



INDEX

Children (Continued)
TRorky Mountatn spotted fever m

Chimpnzee
Iymphocytic chornomenngitis in
455

scarlet fevern 488
Chipmunk
endemic relapsing fever n 893
plaguem 338
tularemia in 354
Chonomenmgyt ~ see lymphocytic
choriomenmgitis
Chrome form of swine exysipelas 137

14
Chimate effect on plague 333-334
342343

Clostndwm botulum 501 502
Clostndwm parabotubism 502
Clostridium tetans 509
Cocadimdomyeons 317 318
Cochliomyia anericana 261
Cockatoos

ormthosis m 212 224

tuberculosis of human ongm

474

Commercially canned food as source
of botulism 504 507
Complement fixation test
m diagnosis of glanders 126 131
n diagnosss of ormithosis 222
n diagnos:s of Faft Valley fever 280
n dragnosis of Rocky Mountam
spotted fever 418
Contagrous ecthyma of sheep 260 26%
anmals susceptible 260
etiologic agent 260
geographic distribution 260
mman 261 262
msheep 260 261
Prevention and control 262
seasonal prevalence 260
Contagiousness of tuberculosis 54
Contammated uir as source of tuber
culosis 21
Cow see cattle
Cowpox 246 247 255 257
see pox diseases
Coyotes
rablesn 183 192
tularema in 354
Creeping eruption 206

555
Cultur1l behavior of tubercle bacills
56

Culture methods
for diagnosis of anthrax 80 81
for dingnosis of glanders 131
Cumberland filters 186
Cummng method of rabies vacemne

191
Cyclaps 297
Cyprus fever 94
sce brucellosis
Cysts of parasites cansing mfection n
man 289 290

Danubuan fever 94
see brucellosis
DDT
1 delousing for tvphus fever 407
408

1n eradication of 1egyptt mosqu
toes 450 452
m prevention of arthropod part
sites 203 204
m prevention of pligue 347
Deer flies as cause of tulwrerma 853
336

Deer fly fever see tularemm 331
Dental cartes distinguished from
glanders 124
Diamond Shm” disease 187 138 141
Dibutyl phthalate m prevention of
tsut ugamush diserse 426
Dimethyl phthalate m prevention of
tsutsugamushi disease 426
Diphtherin 493 498
ammals susceptible 493 496
etiologic agent 403
m cattle 496497
milk borne epidumics 497-498
Diseases review of transmitted from
ammals to man 547 550
Dismfection of raw matenals i pre
vention of anthrax 81 84
Dogs
actinomycosis in 208 209
anthraxin
brucellosis i 101
cocaidindomy cosis m 317
diphtheriam 493 495
foot and mouth disease m 234
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Calves
1n milker s nodules

Cattle (Continued)
1 llosis m 159 160 163 168

P
m vaceme virus for smallpox 249

250
tetwnusin 509
see cattle
Camels foot and mouth dise1se in
234

Canartes
fowlpoxn 248
ornithosis m 212 214 215 225
Canrcola fever 363 372
see leptospirosis
Cardmal signs of glanders 122
Cats
actinomycosis i 209
botulism 1n 503
brucellosis in 101
diphtheriam 493 494
favusn 316
foot and mouth dise1se in 234
hookworm in 296
leptosprrosis in 368
milk sickness m 285
plague n 339
Qfevern 429
rablesin 193 194
it bite feverm 875 378
Rift Valley fever in 279
ringwormn 314-315
role m diseases transmitted to man
537 540
salmonella m 153
swine erystpelas in 136
tapeworm in 208
tetanus i 511
tuberculosis in 43-468 474
tulwrerma in 354
Cattle
actinomycosis in 308 309
anthrixin 69
arthropod bome encephalitides
271

botuhsm m 503
Brucella abortus w94 98 102
105 11

Brucella mehtensis m 100 101
coccidiodomycosis in 317
diphtherrn 493 496 497

foot and mouth disease n 231 237
gas gangrene 1n 517 )

glanders immunity to 120

mastitis in 477478
mulker s nodules in 255 259
mrlk sickness in, 281 282 285
plague n 340
pox diseases in 241 246 247
protozotn parasites m 291
Q fever n 429 430
rablesin 193 194
Rift L alley fever m 278 279
rngwormmn 314 315
role m diserses transmitted to man
528 531
roundworms in 297
salmonellam 152
scarlet fever m 486-491
smallpoxin 475
swine erysipelas i 136
tapeworms n 299 300
tetrnus m 511
tuberculosisin 9 39 474
Chutenzation 1 rabies treatment 202
Cestode mfections 473
Chamoss foot and mouth disease in
234

Charbon sec anthrax
Cheetah torulosis in 317
Chickens
arthropod borne encephilitides m
270

botulismn 503 504
fowlpoxm 248

m tubercle baceillt typing § 9
isterellosss m 159 161 165

Iy mphocy tic choriomenmgtss i

455
milk sickness in 285
ormithosts n 212 225
role i disetses transmitted to man
545

salmonelln 150 151
swine erysipelas m 136
tuberculos:s of 50 55

Chigoe 301
Children

bovine tuberculosis 1n 24 26 28

32
leptospirosis n 370
psittacosis m 219
rables m 187
rat bite fever m 878
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farcy 119
see glanders
Fascioliasis 300
Favus 315-316
Febns undulins 94
see brucellosis
Ferrets
plague n 338
rat bite fever m 375
Finches ormthosisin 212 215 225
Fireworks as source of etwnus 511
512
Fish
as a source of broad fish tapeworm
208

as source of botulism 507
as source of swme erysipelts 135

14
Fitches lymphocytic chonomemngtis
m 455

Freed virus i rabies 187 189
Flatworms 292 298-300
eas

as vectors of plague 323 832 834
340 343
as source of tuliremn 354 356
Fhes

as vectors of anthrax 70 74

as vectars of leishmaniasis 291

as vectors of trypanosormasts 291

as vectors of tularemia 356
Flukes 292 299 300 303
Foot and mouth disease

amimals susceptible 234

etiologic agent 234 935

geographic prevalence 233 234

hustory 231 233

mammals 236 237

nman 237 238

Pprevention and control 238 239
Fos s erum an reduemg tolarermna

Towlpox 248 249
Fowls

~nthraxn 69
arthropod borme encephaltides m
0

arthropod parasites in 301
botul mm 503 504
brucellosis n 101

diphthena m 493 495

foot and mouth discase m 234

457

Fowls (Continued)
fonlpoxm 248
sterellosis m 159 161 165
rablesin 192 193 195
role m diseases transmitted to man
543 545
salmonellain 150 152
swine erysipelas in 186
Foxes
brucellosis n 103
Ieptospirosis m 368
listerelloss in 159 161 163
tulrerma
Frogs
diphtheria m 496
rabes in 195
Fruits causmg botulism 506
Fumigation 1 control of aegypt: mos
quitoes 450
Fungous disenses 306 319
actmomycosis 306-311
cocerdioidomycosts 317 318
Iustoplasmoss 316-817
sporotrichosis 811313
superficsal fungous diseases 313
Eil

torulosis 317
Furious rabies 194

Game 10le mn diseases transmutted to
man 545 546
Gas gangrene 516
etiologic agents 516 517
manimals 517 518
mman 518 519
treatment and prevention 519 520
Gastro ttestmal tract as site of tuber
culosis m calves 14
Ceese
actinomyensis m 308 309
arthropod borne encephalitides m
2

70

salmonellam 151
Gelatin contamning tetanus spare 510
Gerbille

lsterellosis in 160 165

plague n 330 337
Gibraltar fever 94

see brucellosts



336 INDEX

dogs (Continted)
lg‘gas gangrene in 517
ookworm n 296

leptospirosis in 363 364 368 369

lymphocytic chonomeningitis 1n
454-459

mill sieknessin 285

plague n 339

Qfevermn 429

ribiesin 179 182 192 194 200
201

clmination of 202 209
rat bite fever m 378
ringwormn 314-315
Rocky Mountun spotted fuver m
415

role m diseases transmitted to man
534 537
roundworms in 297
salmonellyin 153
scarlet fever in 488
sporotrichosis in 312
swine erysipelasin 136
tipewormm 208
tetanus m 511
tuberculosis in 40-43 474
tlaremiin 354
dricuntnisis 297
dned-cord method of ribies 1 wceine
188 190
drugs in treatment of glanders 131
ducks
quhrgpod borne encephalttides m
70

botulism in 504
ornithosis m 221
yole m diseases transmitted to mn

salmonelluin 151

yumb rabres 194

yysgonie stram of tubercle bl 7
1 bovine type of tuberculosy 35

marthworms in anthr v spread 80

cclunococcus granulosus 298 299

cperthella typhosa 149

cthyma of sheep scc contagious ec
thymn of sheep

Eczema contigiosa see foot and
mouth disease
Eczema vaceination 252 233
Education of employer 1nd employecs
m prevention of anthrix 81
8486
Eels diphtherram 496
Eggs
of parasites causing infection 1t
man 289 290
salmonelln infectron in 151 155
tuberculosis in 52
Encephalitis
followng smallpox vaceine 252
followmg yellow fever inoculation
8

1n Disterellosis 160 165 166
see arthropod bome enceph ilitides
204 277
Lndamocha hastolytica 290
Endemic rehpsing fover 388 3¢5
age and sex 388 389
antmalks susceptible 393
distribution 389
etiologrc 1gents 389 390
hstory 388
m animals 393
mmin 393 394
mode of transmisston 391-392
prevention 394
seasonal pres alence 388
Entenc fever inman 153
Enterotoxemi of shecp 517 518
Enzootic hepatitis sce Ruft Valley
fever
Eptdemic relapsing fever 388 391
Epizootic hmphangitis 317
Equine cncep{’m]omychhs sce arthro
smd barne encephalitides
Erysipehs sce swine erysipelis
Envsipeloid of Rosenbnch 184 141
Frysipelothric chusiopathiae 134
135 112 143
Erythema
1n septicemic swine erys pelas 137
in swine erysipelas of man 141
Frythema arthriticum eprdemicurs
see Haverhull fever
Etiologic agents review of 547 550

Eugonic strains of tuberele bacillt 7

10 human type tuberculosis 85
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Hemnﬂ:’gtglalrs mfecting man 291

Hen ace chickens
Hepatits hsterellosis as 160
Herpes 315
serngworm
Histoplasmos:s 316.817
Hogs see swine
;Iug\esmethod of rables vaceme 191
tomecanned food as source af botu
Ism 504507
Hockworms 292 296,09~
Horsepor 247
orses
actnomy coss n
A
tulismn 503
Brucella abostus m 103
Brucella melitensism 100
phtheriyin 493 495
:Ill;l;r:xcrehpsmg feverm 893
gean;ph;;%m) elitisin 264
;a\'us mn 318
0t and moyth disetse 1n 2
g]axg:mgrenem 517 e
ﬁanders m 119 128 132 133
I:stophsmcs:s w 317
]eplos 0SS 1 363
Sterellosis i 160 163
]ou]ﬁmg il 971
Mk sickness m 283
Plague n 340
Poxdiseasessn 241 24~
feverm 429
Tabes 1 193
meworm i 314315
e ?gclsli;;;es transmitted to man
salmonella 1n 153
Sporotrichoss m 812
:Wme erysipelasin 136
etanus in 509 511
togxelosls m 817
reulosts i 4t 7.
;}:: Teview of 54511.459504‘4
n ln;e;!l);ns relation to ammals

denived from
mimals 471 472
e :‘Iu:xyr;i m animals 469.471
o
lisBeron o 5 R0l §

Human type of tubercle bialt (€
tinued)

mcats 43

m dogs 40 41

in goats 50

in horses 49

msheep 50

mswine 46 47

relation to bovine type in man
Hydtid disease 298
Hydrophobra 178

see rabres

22

Tmmuntty
mornithosis 221
mrables 198
m Ruft Valley fever 280
Incubation peniod
1n endemic relpsing fever 393-394
i glanders 129
m Haverhill fever 385
1 lymphocytic chariomeningitis
460

in milk sichness 286

m ornithosts 226

mrabies 193 195

1 rat bite fever 885

m Rift Valley fever 280

1n Rocky Mountan spotted fever
418

1n salmonella mfection 154

1n septic sore throat 482

m tetanus 514

Infections

eye as source of tularemnn 357

from animal parasites 289 306
arthropod parasites 301
helmnthie parasites 292-303
hookworms and ther allies 296

297

prevention of 801-302

protozoan parasites 290 202

roundworm infections 1 man
297 298

tapeworms 298-500

tnichina worm 293 296

laboratory as source of tularem

357

usual methods of human 547-550
see also skin Jesions
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Gumea pigs (Continued)
anthrixm 69 85
botultsmn 503

Giriffe foot and mouth disetse m
4

23
Glanders 119 133

hustory 119 120

mhorses 121 198
cause and trwmsmission 121 122
control ind eradication 126 128
differential diagnosis 124
positive diagnosis 124 126
postmortem appearances 122
symptoms nd course 122

mman 128 132
cause and transmission 129
diagnosis 131
prevention nd control 132
symptoms and course 129 131
therapeutic wnd surgical treat

ment 131 132
susceptibihty 120
Cnathastom+ mfection 298
Goats

actinomycosis n 308

anthraxm 69

arthropod borne encephahtides n

271

botulism m 503

Brucella abortusm 103

Brucella melitensis m 94 95 99
2 116

contagious ecthym of sheep in
260

diphthena m 495
foot wnd mouth diseise m 231 232

=
Iisterellosts 1n 159 160
pox diseases m 241
rabiesin 193
Ruft Valley fever m 279
role 1n diseases transmitted to mn
532 534
scarlet fever n 488
tetanus i 511
tuberculosis in 50 474
Goat skins as source of anthrax 76
Gongy lonema mfection 297
Great Bnitamn incidence of bovine ta
berculosis m 22 25 532
ippal chorlomeningitis 455
gugrl:uen bodies 1n sgmnllpov 243
9
Guinea pigs

actmomscosis m 308 309

brucellosis m 101

diphtherra m 495

endemc relapsing fever m 393

equine encephalomyelttis in 269

foot and mouth disease n 234

gas gangrene m 517

glandersn 131

i tubercle breih typng 8 9 35

1 detection of tubercle baesll 1n
milk 38

leptospirosis n 364 365 368

hsterellosis m 159 160 165 168

lymphocytic choriomenmgitis m
454 455 457

milk sickness m 285

ormithosisin 213 218

pligue n 328 336 837

Q fever m 430

rablesm 193

rat bite fever n 377

Rocky Mountam spotted fever n
417 418

salmonellam 153

swine erysipelas m 136

tetanus n 510 511

tsutsugamushi disease in 425
tuberculosis of human ongin in 474
tularemia i 355 356

typhus fever n 401.406

Habel potency test for rahies vaceine
205 207

Hair as source of anthrax 75 78
Haemonchus contortus 297
Harvestitch 425
Haverhill fever 877 381 387

etiologic agent 383

ﬁeogmpluc distribution 383

1story 881-382

mnman 385-386

nrts 384 385

milk epidemres 383-384

prevention and control 386
Head as site of anthrax 72 74
Heat m pasteunization of milk 86-37
Helminthic parasites infecting man

292 293
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Louse {Continued)
as vector of typhus 397 399400
403404
Lungs
as site of glanders m horses 123
as site of pneumomic plague m man
344

as site of tuberculosts in cats 43
as site of tuberculosis 1n cattle 13
as site of tuberculosis 1 dogs 42
Lymphangitis distinguwshed from
glanders 124
Lymphate lesions 1n glanders 124
Lymphocytic chonomenmgitis 454
465

ammals susceptible 455
diffesential diagnoss 456-457
etologic agent 154455
tustory 451
meubation pertod 460
labratory diagnoss 436
mode of transmission 460
pathology 480-461
prevention 461
prognosts 457
sources of mfection 457-460
symptomatology 455-456
treatment 461

Lymph node
as site of tuberculosis 1n cattle 38
as site of tuberculoss n dogs 42

Mnlana parasites relatian to other pri
mate hosts 292

Mahgnant edema from gas gangrene
517 518 g

Mabgnant pustule see anthrax
Mallemn test for glanders 120 122
124 132
ophthalmic 125
other methods 126
palpebral mtradermic 126
subcutaneous 124 125
MnHem;lyces maller 121 129 181
32

Malta fever 94
see brucellosis

Maltese fever 94
see brucellosis

Man

actmomycosis in 207 310

anthraxn 7175

arthropod borne encephalitides 1n
264 287 273 275

arthropod parasites m 301

as source of diphthena m ammals
493 498

as source of scarlet fever in anmmals
486 491492

as source of septic sore throat n
ammals 478

as source of smallpox m ammals
475

as source of tuberculosis 1 ammals
474 475

botulism i 504 507

brucellosis :in 94 95 99 102 105
112 115116

coccidiordomycosis m 318

«ontagious ecthvma of sheep 1n
261 263

endemuc relapsing fevern - 93394

favus n 316

foot and mouth tisease n 231
237 238

gas gangrene m 518-519

gastro-ententis m 154

glandersm 119 120 128 133

Haverhill fever m 385-386

helmmthic parasites m 292-301

hustoplasmosis m 317

leptosprrosis in363-366 369 372

bisterellosisin 159 161

tvmphocytic chonomenmngitis m.
455 460-461

milker s nodules 255 259

milk sicknessin 281 282 286

ormithostsin 212 219 220 226 227

plague m 323 832 334335

protozoan parasites m 290 292

Qfeverm 430-43L

rablesin 179 182 193 195 197

rat bite fever m 376 378-3"9

Rift Valley fever in 278 280

nngworm m 318-315

Rocky Mountam spotted fever in
418419

septic sore throat in 481-489

smallpoxm 241

sporotrichosis n 311-812

swime erysipelasn 184 111 144
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Influenza m ammals 471
Ingestion
as source of glanders in horses 121
as source of swine erystpelas 1n
man 142
as source of tularemta i man 857
Inhalation
as source of arthroped bomne en
cephahtides in man 276
as source of glanders in horses 122
as source of omithosis n man 220
as source of Q fever :n man 429
Intradermal test for brucellosis 113
1

4
Intestme habatat of tetanus 509

Japanese B encephahtis sce arthro
d bor bt

INDEX

Larva migrans 296

Larvae of parasites causing infection
nman 289 290

Levinthal Cole Lillie bodes 217

Leather as sonrce of anthrax 75 77
"8

Lesshmamasis 291
Leptospirosts 363 372

ammal jnfections 366-369

etwlogse agents 564

geogmp}uc distribution 364

ustory 363-37.2

mmwn 369-372

modes of transmrssion 365

prevention 372

seasonal incidence 364
Leswons

m rctinemycosis 309

n ecthvma of sheep

0 rne
g 2oe 1

H see leptosp,
Jungle yellow fever 432453
anti aegypti measures 450451
epidemiology 447449
ctwlogic agent 437-439
geographic distibution 434436
listorv 433 434
mman 444-446
1w ertebrate hosts 442 444
pathology 446-447
previlence 436-437
prophylaxts 449450
quarantine and travel restrictions
52

treatment 447
vacemation 451
vertebrate hosts 439 441

hangiroo Qfeverm 429

I\elsgr method of rabues vacaine 182
Renyn typhus 397 412

L:Ile’d 2{%5 rabies vaccine 200

Lambs

contagrous ecthyma of sheepin
260 263

Tuft Valley feverm 279

swane ery sipelasin 136

see also sheep

261 262

m diphthena 496

n glanders 124

m bisterellosts 185 170

m phigue 335

m sporotrichosis 311 312

m tsutsugamush disease 425 426

m tlaremis 355

sce also skin lesions
Listerella 159 161 162 165 171
Listerellosis 159 178

differential diagnosis 165

epiznotrology 163 165

etiology 161 162

Instory 159 161

m animnls 185 171

mman 171

prevention and control 171 172

seasonal incidence 163
Llamn

actinomycosis m 308

foot and mouth disease in 234
Lonkeets ormithosis n 224
Loupmg 1! see arthropod bome en

cephahitides

Louse

as vector of epiderme relipany, fe
ver 388 391

as vector of lymphocy tic choriomen
ngius 460

as vector of poliomyelstis 470

asvector of tularemia 354 355
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Louse (Continued)
as vector of typhus 397 899400
403404
Lungs
as site of glanders n horses 123
as site of pneumonic plague in man
344

as site of tubereulosis m cats 45
as site of tuberculosis in cattle 13
as site of tuberculosis in dogs 42
Lymph.mgms distingwished from
glanders 124
Lymphatic lesions 1n glinders 124
Lymphiz);xc choriomenmgtis 454

animals susceptible 455
differential diagnosis 456 157
etologic agent 454-455
hustory 454
incubation period 460
Iaboratory diagnosis 456
mode of transmission 460
pathology 460-461
prevention 461
Prognosis 457
sources of infection 457 460
symptomatology 455 456
treatment 461

Lymph node
as site of tuberculosis m cattle 38
as site of tuberculos:s in dogs 42

Malana parasites relation to other pn
mate hosts 292
Mabgnant edema from gas gangrene
517 518
Mabgnant pustule see anthrax
Mallem test for glanders 120 122
124 132
ophthalmie 195
other methods 126
Plpebral intradermee 126
subeutaneous 124 125
Mallemnyce) mallet 121 129 131
32

Malta fever 94
e brucellosis

Maltese fever 94
see brucellosis

Man

actinomycosisin 207 310

anthraxm 7175

arthropod borne encephalitides in
264 267 273 275

arthropod parisites i 301

as source of diphthena m animnls
493 498

as source of scarlet fever m ammnls
486 491.492

as source of septic sore throat in
anmnls 178

as source of smallpox m animals

as source of tuberculosis in animals
474 475

botubism m 504 507

brucellosis 1n 94 95 99 102 103
112 115 116

cocerdiordomycons in 818

contigious ecthvmn of sheep in
261 263

endemic relapsing fever n 595 394

favus in 316

foot and mouth disease in 231
237 238

g1s gangrene m 518 519

gastro ententis n 154

glandersin 119 120 1928 133

Haverhill fever m 385-386

helmmthic pacasites m 292 301

Iistoplasmosis in 817

leptospirosis m_363-366 369 372

bLsterellosis m 159 161

Iymphocy tic chortomeningitis m
455 460 461

mulker s nodules n 255 259

mulk sickness in 281 282 286

ormithosis m 212 219 220 226 227

plaguem 323 332 331.835

protozoan parasites m 290 292

Q fever n 430-431

rablesin 179 182 193 195 197

1t bite fever m 376 878 379

Pift Valley fever m 278 280

rngworm m 313 315

Rocky Mountain spotted fever 1n
418 419

septic sore throat in 481 483

smallpoxn 241

sporotnichosis m 811-312

swine erysipelas in 134 141 144
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Man (Continued)
tetanusin 511-514
torulosis in 317
tsutsugamushi disease n 425-426
tuberculosis m 3-59
avian type 53 55
bovine type 18 39
tuliremia in 851 856 360
!yghus fever m 406-407
yellow fever in 444 446
Marmot plague n 337 338
\larsupmrs yellow fever m 440
Mastitis n cattle 477
Meat
causing botulsm 506 507
causing salmonella infections 154
155

from animals with rabies 209 210
mspection for tubercle bacilly
m cattle 39
mswine 48
Mediterrnean fever 94
see brucellosts
Mediterranean phthusis 94
see brucellosis
Menmgtis hsterellosts as 1681 171
Metastrongylus elongatus 297
NMice
anthrixm 69
botulism mn 503
brucellosis m 101
endemic relapsing fever 393
gas gangrene in 517
Haverhill fever infections in 384
histoplasmosis in 317
leptospirosis ;n 368
Ivmphocytic chonomenungitis
454 455 457459
Qfevern 430
rat bite fever 377
Raft Valley feverm 279
nmgworm in
Rocky Mountn spotted fever m
415

role 1n diseases transmitted to man
540-543

salmonellan 153

swine erysipelasn 136 144

tapewomnmns In

tetanus i 511_

tularemiam 354

tvphus feverm 401

INDEX

Macrob s multiform 1
216

Micrococeus mehtensts 95 97

Milk

as source of anthrax 72

as source of botulism 507

as source of diphthernn 496 498

as source of foot and mouth infec
tion 238

as source of Haverhill fever m mwn
383-384

as source of human brucellosts 109

as source of scilet fever 486491

as source of septic sore throat 476
481

as source of tuberculosts 21 32
mncats
i dogs 42
s source of typhoid fever 471
contammation caustag mfection

36 38
diet m milk sickness 286
effect of brucellosis on 103
rabtes virus n 209
tremetolin 284
Milk borne epidemics
of diphthena 497 498
of scarlet fever 488-491
of septc sore throat 478-481
Milkers
danger of cowpox among 246
hable to milker s nodules 255 259
hable to tuberculosis 27
Milker s nodules 255 259

prevalence 256
relation to cowpox 257
Milker s warts sce milker s nodules
Milk sickness 281 288
history 281 282
m ammals 285
mman 286
potsonous plints 282 284
preventton 987
tremetol 284 285
Mites
as vectors of encephalitis 267 269
as vectors of tsutsugamushi 297
123-425
Mite typhus sce tsutsugamushi disease
Mongaose plague n 339




INDEX

Monkeys

actinomycosisin 308 309

brucellosis m 101

diphtherian 495 496

endemic relapsing fever in 393

lymphocytic  choriomemngitis
454 455

omithosis in 229

plaguem 339

Qfever n 430

rat bite fever 377

TRuft Valley fever m 279

mgwormm 314-315

Rocky Mountain spotted fever 1n
417418

role m diseases transmitted to man
545

n

salmonella m 154

scarlet fever n 488

sporotnichosts 312

tuberculosts of human ongm
47

4
hus fevern 406
yellow Pungle feverin 433
Mononucleosts Listerellosis as 161
171

Mosquitoes
as vector of encephalitis 264 269
273

as vector of lymphocytic choriomen
mgitis 459

as vector of Ruft Valley fever 279

48 vector of tularerma” 356

a8 vector of yellow fever 432 442
444

Mouse see mice white mice

563

Mycobactennum  tuberculoss  var
atum see avian type of tu
berele bacilh

Mycobactersum tuberculosis var bo
ws sec bovine type of tubercle

bacdlt

Mycobacterium tuberculosis tar ho
mirus see human type tubercle
baailh

N1s1l passages as avenue of infechon
from hsterellosis 164 165

Neck as site of anthrax 72 74

Necrosis In sephicemic swine erysipe
las 137 138

Neapohtan fever 94

see brucellosis

Negn bodies as evidence of rabies
182 187 201

Nematode infections 292 298 473

Nemerteams mfectmg man 292

Neorsphenamune m treatment of an
thrax 87 90

Nernve tissue 15 vaccne for rabies 188

Neutrahzation tests

Y
Nocard s bacillus 213 214

Ocstrus ovis 163
Ohara s disease see tularemia
Opossum

endemic relapsing fever m 393

m 854 357

Op omic test for brucellos:s 114

Mules
Brucella melitensis m 100 Q fevern 429
equme ot Tbs m 264
270 272
favus m 816 Ormithosss 212 230

glandersn 119 120
1ymp2§§y(lc choriomeningitss 1

ik sickness m 285
sporatrchosis m 812
Multimamate mouse phgue 330
336 138
Mumram see anthrax
Mycobacterium 4
differencesin 6
species of 4

etiologic agent 216 218

general epidemiology 219 221

Tustory 212 215

immumity 221

1nman 226 227

laboratory duagnosis 221 222

prevalence and distribution 215
216

protective and preventive measures
227 228
spontneous disease 10 finches 225
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Omuthosis (Continued)
spontaneous disease i1n pigeons 225
226
spontaneous  disease 1 tropical
birds 222 225
Osseous tuberculosts relition of bo
vine tuberculosts to 30

Paralysis  accompanying  antirabie
treatment 198 199
Paramelitensis 98

Parasites infection from see mfec

INDE\

Pathogcsmcny of tubercle bacill: 56
4

Pathogenic mycobacterium 4
Penicillin
in treatment of anthrax 88 89
n treatment of endemic relapsing
fever 394
m treatment of gas gangrene 520
m trextment of Haverhill fever 383

6
1 treatment of rat bite fever 379
m treatment of swine erysipels
144

it treatment of tetanus 514
mt of tul. a 360

tions from anmal p
Parasitic mycobactentum 4
Paratyphord fever jn anmals 471
Paravaccrma 246 247

see pox diseases
Parenchymn of the udder as site of

tuberculosis m cattle 15
Parenchymnl organs a5 source of tu

berculosis lesions 33
Tarrakeets

ormthosis In 212 216 222 225
role n diseases transoutted to man

545

Parrots
ormthosis m 212 215 222 225
role in diseases transmitted to mm

545
tuberculosis of human ongm m
474

Parrotlets
ormthosis in 212 224
role 1n diseases transmitted to man
545

Pasteunization
in control of brucellosis 115
1n control of diphtherta 497
1 control of foot and mouth dis
ease 239
1n control of Huwerhill fever 386
1n cantrol of milk stchness 287
in prevention of scarlet fever 491
1n prevention of septic sore throat
483
10 reducing, danger of tuberculosis
10 29 3

thod of ribres vaccine
P”te“rlsrgelm) 201 202

Pesta magna 242

Petechiae n septicemic swine erysipe
las 187 138

Pfefferella maller 121

Pheasants arthropod borne encephah
tidesn 270

Pigeons

arthropod borne encephalitides 1

270

fowlpox m 248
ormithosts 1n 212 216 218 225
226
as sou ce of ormthosis 1w man
220 221 297
rabesin 195
role i discases transmitted to man
545

swne erysipelasin 186
Plague 323-350
ambulatory 344
bubome 334 344
eprdemiology and ecology 332 343
ctiologic agent 327-328
geographic distribution and preva
lence 328 332
history 823327
mman 344 345
murine 82§ 330
preumonic 334 844 345
prevention 345-349
septicemic 344
spontanecus 339
sylvatic 329 831 336313
Poliomyelitis in ammals 470-471
Polyarthntis m chronie swine erysipe
s 141
Foultry sec fowls
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Pox diseases 241 254

cowpox 246 248
fowlpox 248
horsepox 247
sheeppox 247 248
swinepox 248
etiologic agents 243 245
history of smallpox 242 243
vacgine vimas in 248 253
efficacy of 250 253
preparation and uses 248 250
Prane dog
endemic relapsing fever m 393
pligue n 837 838
tularerua m 354
Precipitmn test 1 diagnosis of glinders
126 131

Prmates yellow fever in 410

Protozoan diseases 473

Protozoan parasites 290 292 302

Psittacosis see ormithosis

Psittacus 212

Puking fever see mlk sickness

Pulmonary lesions 1n glanders 123

Pulmonary tuberculosis caused by bo
vine tubercle bacilh 2427 32

Purpura haemorrhagica distimguished
from glanders 124

Qfever 428 431
ansmal reservowrs 429 430
etiologie agent 428
geographic distribution 428
hastory 428
inman 430431
prevention 431
Vectors 429
Quail arthropod bome encephalitides
270

Quarantine for yellow fever 452

Rabbut fever see tuliremia
Rabbits
actmomycosis n 308
anthrax n 69
botuhsmin 503
brucellosis n 101

565

Rabbuts {Continted)
endermic relapsing fever m 893
favusin 316
foot and mouth disease n 234
gas gangrene m 517
Haverhill fever in 384
leptospirosis 368
lxstereﬁusls m 159 160 165
Iymphocytic  choriomerungitis  m

45

milker s nodules in 256 257

milk sickness n 285

ormthosis in 229

plague m 328 337 338

pox diseases n 241

vacemne virus - 249

Qfeverm 430

rabies in 193

rat bite fever m 377

Rocky Mountam spotted fever m
415 418

scarlet fever n 488

swine erysipelas n 136

tetanus in 510 511

tsutsug 1mushs disease m 425

tubercle bacallh tyl}:)mg 89 35

tuberculosts  of human ongm m
474

tularemia m 3851 854-356

typhus fever m 406

Ribes 179 211

etiologic agent 186

geographic prevalence 183 186

Tastory 179 162

m ammals 192 195

mman 195 197

prevention 197 209

elumination of rabies n dogs 202

209

treatment of persons bitten 197
202

problem of milk and meat 209 211
Rash m Rocky Mountamn spotted fe
ver 419
Rat bite fever 375-380
differentiation from Haverhill fe
ver 385
etwologic agent 376 377
history 375
n .mmals 377-378
nman 378 379
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Ormithosts (Continued)
spontaneous disease 1n pigeons 225
226
spontaneous disease m
birds 222 225
Osseous tuberculosis relation of bo
vine tuberculosis to 30

tropical

Paralysis  a ny

INDEN

Pathogenrcity of tubercle bacill: 56
54

Pathogenic mycobactersum 4
Pemcﬁlm
1m treatment of anthrax 88 89
mn treatment of endemrc relapsing,
fever 394
1n treatment of gas gangrene 520
1 treatment of Haverhill fever 385
386

m of rat bite fever 379

treatment 198 199
Paramelitensis 98
Parasites ifection from see nfec
tions from ammal parasites
Parsitic mycobacterum 4
Paratyphord fever i anmmals 471
Paravaccima 246 247
sce pox diseases
Parenchymn of the udder as site of
tuberculosis m cattle 15
Parenchymal organs as source of tu
berculosis lestons 33
Parrakeets
ormthosisn 212 218 222 225
role 1n diseases transmitted to man

Parrots
ornithosis n 212 215 222 225
role in diseases transmitted to man
545

-
tuberculosts of human ongin
474

Parrotlets
ornithosis in 212 224
role m diseases transmitted to man
545

Pasteurization

1 control of brucellosis 115

1n control of diphtherna 497

1 control of foot wnd mouth dis
ese 239

1n control of Hwverhill fever 386

1n control of milk sickness 287

1 prevention of scarlet fever 491

n prevention of septic sore throat
4

1 reduemg danger of tuberculosis
10 29 3

2 method of rables vaccine
Fas 9UF188 160 201202

m treatment of swne erysipelas

m treatment of tetanus 514
m treatment of tularemin 360
Pesta magna 242
Petechiae m septicemic swine erysipe
las 137 138
Pfeifferella maller 121
Pheasants arthropod borne encephali
tidesn 270
Pigeons
arthropod borne encephalitides
270

fowlpoxn 248
ormthosis I 212 216 218 225
226

as sou-ce of ormthosis m man
220 221 227
rablesn 195
role 1n discases transmitted to mm
545

swine erysipelasin 136
Plague 323-850

ambulatory 344

bubomc 334 844

eprdemiology and ecology 332 343

etrologic agent 327-328

geographic distribution and preva

Ience 328-332

lustory 323-327

mman 344-345

munne 329 330

preumonic 334 344-845

prevention 345-349

septicerme 344

spontaneous 339

sylvatic 520 331 336-343
Poliomyelitis sn animls 470-471
Polyarthntis in chrome swine erysipe

Poultry sce fowls
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Salmonella food mfections 147 158
ammals and birds responsible 151
154

enteric fever 155

epidemiology 156

etiologic agents 149 150

gastro enteritis m man 154 153

Iustory 147 148

not causing psittacosis 214

prevalence 148 149

prevention 156 157

symptoms 154
Salmonella typhimursum 148 155
Saprophytic mycobacterum 4
Sarcocystiasis “as a protozoan mfec

tion 202

Scarlet fever 486-492

etiologic 1gent 487

Tustory 486.487

manmals 487 488

milk borme epidemics 488191

revention and control 491
Schattenfroh method of disinfection
83

Schistosomasis 300
Serubutch 425
Serub typhus see tsutsugamush: dis

ease
Sea food as source of botulism 507
Semple method of rabies vaceme 191
Septicemic form of swine. ervapelas
137 138

mman 142
Sephic sore throat 476 485

etiolopc agent 477

bustory 476 477

mnammnls 477-478

mman 481 483

milk borne outbre ks 478 481

prevention 483 484

erum
m prevention of foot ind mouth dis
ease 239

m prevention of leptospirosts 872

n prevention of plague 348

1 treatment of anthrax 86 90

m treatment of glanders 132

m treatment of isterellosis 171 172

1 treatment of ribies 197

n treatment of swine erysipelas 145
Scymoué Jones method of disinfection

3

567

Shaving brushes as source of anthrax
7879

Sheep

chimomycosis in 308 309

anthraxm 69

Brucella abortus m 103

Brucella mehtensis m 100

cocardiordomycosis 317

contagious ecthyma 260 263

diphtherian 493 495

equine encephalomvelitis n 271

favusm 31

foot and mouth disease m 231 232
234

gas gangrene in 517

glanders mmunity to 120

Dstereflosts m 159 160 163 164
166 169

loupmng ill n 266 267 271 272
27

mmilker s nodules mn 257

milk sickness m 285

plaguem 340

pox diseases m 241 247

Qfeverm 429-130

rabesm 193

Raft Valley fever m 278 279

nngworm m 315

Rocky Mountam spotted fever m
415

role m diseases transmitted to man
532 534

roundworms m 297
salmonellam 152 153
swine erysipelas i 186
tapeworms m 299 300
tetanus n 511
tuberculosis m 49 50
tularemiiin 354 357
wirenorm 297
Sheeppox 247 248
Shimmushi see tsutsugamushi dis

ease
Sk lesions
as source of anthrax infection 72
85

as source of foot and mouth infec
tion 238

as source of milker s nodules 255

as source of rabies 195 209 210

as source of swine erysipehs 134
141 143
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Rat bite fever {Confinued)
prevalence and distibution 375
378

prevention and control 379
Rats N
arthropod parasites iy 301
black %%SP
brown 335
brucellosis m 101
endemic relapsme, fever m 393
foot and mouth disease n 234
Haverhill fever mfection m 384
485

leptosprrosis in 363-364 366 36
plague m 323 329 330 333-336
338

Qfevern 430

rauesm 195

sat brte fever m 875 877

relation to Iisterellosis 164

Rift Valley fever m 279

rmgwormn 318

Rocky Mountain spotted fever
415 117

role in diseases transmutted to mm
540-543

roof 835
salmonellam 153
sporotrichosis in 312 313
swine erysipelasin 137
tapeworms in 298
tetwnusin 511
trichinosis m 296
tsutsugamushu disease 425
tularemsa m 354 357
typhus fevern 401-403
viruses of s carners of enterrditis
156 157
Bayless goldenrod s cause of mulh
sichness 281 284
Relapsing fever endemuc 388
Respiratory lesions m glanders 123
129

Restraint of dogs 203 204
Ricebirds ormthosisin 225
Rickettsia discases 396-397 410
Rickettsiae 396-397 410
Ruft Valley fever 278 280
etiologic agent 278-279
history 278
m ammals 279
n mn 279 260

INDEX

Ruft Valley fever (Conttnued)
insect vectars 279
prevalence and distribution 278
Ringworm 313-316
w mmals 315
mman 313-316
ningworm of the beard 814
ringworm of the glabrous skin
314315
sealp nngworm m children 313
314 &

vaccmation nngworm 314

Roaches lymphocytic choriomening:
tisin 454

Robms arthropod borne encephalt
tdes 37

Rock fever 94

sce brucellosis

Rocky Mountam spotted fever 410

421

history 410-414

t Jaboratory anmmals 417 418

mman 418 419

prevention 419420

susceptible animals 414 415

veetor 415 417

Fodents

endemic relpsmg fever m 393

pliguen 323 332 336

QIcerm 429

Rocky Mountain spotted fever m
414-415

role 1 drseases transmtted to man
546

simonellan 153

tolarermia i 851

lyiahus m 397 401403

vellow fever n 440
Rotlauf sce swine ery sipelas
Rouget sce swine erysipelis
Roundworms 292 297 298 302-303
Russtan fever see arthropod borme

encephalitrdes

St Lows encephalitis sce arthropod
borne encephilitides
Salmonella abortus-cqus 103 104 153
Salmonella choleraevuis 147 148 153
Salmonells enterstids 148 155



INDEX

Salmonella food nfections 147 158
ammals and birds responsible 151
154
entenic fever 155
epidenmiology 156
etiologic agents 149 150
gastro-ententtis n man 154 155
hustory 147 148
not causing psittacosis 214
prevalence 148 149
prevention 156 157
toms 154
Saimonella typhimurum 148 155
Saprophytic mycobacterium 4
Sarcocystiasis as a protozoan mfec
tion 292
Scarlet fever 486-492
etiologic agent 487
Tustory 486487
in animals 487-488
rmilk bore epidemmics 488 491
prevention and control 491
: h method of d

83

Schistosomniasis 300

Scrubtch 425

Serub typhus see tsutsugamush: dis

ease
Sea food as source of botuhism 507
Semple method of rabues v1ceme 191
Septicemic form of swine ensipelas
137138
mman 142
Septic sore throat 476-483
etiologic agent 477
hastory 476477
manimls 477-478
mman 481-483
milk borne outbreiks 478-481
prevention 483 484
Serum

1n prevention of foot and month dis
ease 239

n prevention of leptospirass 372

1n prevention of plague 348

m treatment of anthrax 86 90

1n treatment of glanders 132

1 treatment of listerellosis 171 172

in treatment of rabnes 197

m treatment of swine erysipelas 145
Seymoug 3yones ‘method of disinfection

567

Shaving brushes as source of anthrax
7879

Sheep
actimomycosis 1 308 309
anthraxm 69
Brucella abortus m 10
Brucella melitensis n 100
cocerdiordomycosis i 817
contagious ecthyma 260 263
diphthienan 493 495
equine encephalomyelitis s 271
favusn 315
foot and mouth disease m 231 232

234

gas gangrenen 517

glanders mmunity to 120

listerelloss n 159 160 163 164
166 169

louping 1ll 1 266 267 271 272
273

milker s nodules m 257

mlk sickness in 283

plague n 340

pov diseases m 241 247

Q fever in 429-430

rabiesn 193

Rift Valley feverm 278 279

nngwormn 815

Rocky Mountam spotted fever
415

role i diseases transmitted to man
532 534

roundworms m 297
salmonellan 152 153
swine erysipelas m 136
tapeworms m 299 300
tetanus m 511
tuberculosis m 49-50
tularemia in 354 357
wireworm 297
Sheeppox 247 248
Shimamushi  see tsutsugamushi dis
ease
Skin lestons
as source of anthrax mfechon 72
85

as source of foot and mouth mfec

ton 238

as source of milker s nodules 255

as source of rabies 195 209 210

as source of swine erysipelas 134
141 143
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Skin lesions {Continued)
m glanders 121 123 129
m urbicanal swine erysipelis 139
141

Skins as source of anthrax 75 78
Skunks
Tabiesm 193 184
salmonellam 154
Slaughter
of ammals with foot and mouth
disease 239

1 n

INDEX

Squirrels (Continued)
Rocky Mountam spotted fever in
415

tularemta n 354 857
Stanhvl £
L L3

Stempocken 257
see milker s nodules
Strangles distinguished from glanders
124

Street virus 1n rabies 186 188
S

of anmals with 1 nfec
tion 156

of horses with glanders 127 128
132

Slows see mitk sickness
Smallpox 241 245
etiologic agents 243 245
history 242 243
n ammals 475
see pox discases
Sodoku see rat bte fever
Sore mouth of sheep see contigious
ecthymn of shee,
South African tick fever 397 412
Sparrows omithosis 225
Spwochetes
1 endemtc relipsing fever 388 392
m leptosprrosis 364-363
m rat bite fever 377
Sprrocheta  icterohemorrhague  see
leptospurosts
Spitzpocken 257
see milker s nodules
Splenic fever see anthrax
Spores
causing gas gingrene 516 517
of botulinum toan 502
of tetanus 509
Sporotrichosis 311-313
n ammals 312 313
i man 311-812
Sporotrichum schencki 811
see sporotnichosis
Squirrels
endemic relapsing fever m 393
Ivmphocytic chonomenmngitis 1

455
plague m 331 337 338
rat bite fever n 875

P
as cause of scarlet fever 487
as cause of septic sore throat 477
Streptomycin 1n treatment of tulare
mn 360
Struck of sheep 517 518
Strongyloidiasts 297
Sulfa drugs
1n treatment of anthrax 88 %0
m treatment of gas gangrene 520
n treatment of glanders 131
in treatment of listerellosis 172 173
1 treatment of swine erysipelas 144
Sulphur grinule relation to actinomy
conis 307
Superfictil fungous diseases 313-316
avus 315-316
rngworm m ammals 315
nngworm nman 313-315
Suncate plague m 339
Suslik plague m 337
Swine
~ctmomycosism 307-309
anthrixin 69
arthropod bome encephahitides 1
271

Brucella melitensisin 101

Brucella suism 94 99 103
diphthentin 493

foot and mouth disease 1n 231 234
f,h“d"s mmunity to 120
eptospirosis in_368

hslereﬁoslsm 159 181
Ivmphoeytic  chortomeningitis  in

3.

itk sickness in 285

poxdiscases in 241 248

rabiesin 193

rat bite feverin 378

role 1n diseases transmitted to man
531 532
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Swine (Contmnued)
roundworms it 297 298
salmonella;n 151 152
scarlet fever n 488
swine erysipelas m 134 141
tapewortas w299 300
trschina worm in 293 266
tuberculons m 46 48 474 475
tularerma i 354

Swine erysipelas 134 146
etologic agent 135 136
Hustory 134
m amumals 136 141
mman 141 144
prevalence 134 135
prevention 144 145

Swinepox 248

Syngamus mfection 297

Syphibs relation of smallpox vaceine

to 252

Tannenes anthraxm 7576
prevention of 84 85
Tapeworms 202 298 300 303
Tarbagan plague mn 336
Termdens infection 207
Tetanws 509 515
etiologic agent 500 510
n anmnals 511
mman 511 514
prevention 514
relatton of smallpox vacemne to 252
“Thrushes ormthosisn 225
Tacks
as vector of endemic relipung fe
ver 388 391 392
as vector of loupmg il 264 270
=

569

Travel restuictions for yellow fever
revention 452

Trematode infechons 474

sce flukes
Trembles see mlk sickness
Tremetol as poison causing mulk sick

ness 283 284285

Trench fever 287
Tnchma worm see trichinosis
Trichinella spiralis see tnichinoss
Trchmosts 293 296
Trichostrongylus infection 297
Trypanosomiasis 291
Tsutsugamusht disease 422427

etiologic agent 423

geographic distnbution 423

Tustory 422

mman 425-426

mite vectors 423-425

prevention 426-427

rodent hosts 425

seasonal prevalence 423
Tubereulin test

w cattle 36

i chickens 51

1 dogs 43

m goats 50
Turbellirians 292
Turke)

arthropod borme encephalitides

0

27
fowlpoxn 248
role m diseases transmutted to man
544 545
salmonellam 150 151
swine erys)pelasm 136 137
Tubercle bacillus 3
bacillary types of 56
determnation of type 6 ~
differences in 6
features of 4 5

as vector of lymph
ingitis 454 457 459
as vector of Q fever 428 429
as vector of Ruft Valley fever 279
as vector of Rocky Mountamn
spotted fever 397 412417
as vector of tularemia 353 354 356
Torulosis 317
Toun coumg botulism 501

mmilk 3638
types i anmals 40 50
mecats 43
m chickens 50
m dogs 4041
m goats 50
n horses 48-49
1 sheep 50
mswine 46-47
Tuberculosss 3.

P ap nfec
tion 29"

avian nman 53 55
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Tuberculosis (Continued)
etiologic agent 4
mdividual resistance to 3
1 cats 43-46
mcattle 918
n chickens 50 55
m dogs 40 43
i goats 50 53
1n horses 4849
m sheep 49-50
nswme 46 48
of human ongm m ammal 474
475
susceptibility to 3 4
transmssibility of bovine type
bovine to humans 18 33
control of mfection from eattle to
man 36-39
humans to bovine 33 34
man to man 34-35
Tularemia 851 362
ammals susceptible 354
etiologic agent 352
geographic distnbution 352 353
Iandular 359
1story 351 352
n ammals 355
mman 358 360
menmgitic 359
oculoghindular 358 359
preumonic 359
prevention 360-361
seasonal prevalence 353
sources of human infection 356 358
typhaidal 859
ulceroglandulir 858
vectors 354
Typhoid bacillus 149
Typhod fever i ammals 471
Typhus feser 396-409
hagnostic aids 407
epidemic typhus 398 400
hustory and epidemiology 398

399
vector 399-400
1n laboratory animals 404-106
mman 408 00
e typhus 4
ml;:s‘:or}?nnd eprdemiology 400
401

reservorr 1 nature 401-403
vector 403-404

INDEX

Typhus fever (Continued)
prevention 407-408
nickettsin diseases 396 409

Undulunt fever 94 95
see brucellosis
Upper extremity as site of anthrax
7274

Urticinal form of swine envsipehs

137 138

Vaccination
for anthrax 79
for arthropod borne encephaliides
275

for brucellosis 104 105
for contagious ecthyma of sheep
262

for jungle yellow fever 451
for hsterellosis 171 172
for plague 347 348
for rabes 204 209
for smallpox 243
for swine erysipelas 144
for typhus fever 407
Vaceme
for foot and mouth disease 232
239

for jungle yellow fever 437-439

for phgue 348

for rabies 188 192

for Rocky Mountain spotted fever
420

for typhus fever 408
Vaccine virus
for smallpox
cfficacy of 250 253 475
preparation and use of 248 250
1 milker s nodules 258 257
Vaceiua for immumity in smallpox
241 255

Vampire bat rabiesin 195
Variola see smallpox
Vegetable fibers as source of actino
mycosis
Vegetables causing botulism 506
Vesicles
In cowpos 216



INDEX

Vesicles (Continued)
m foot and mouth disease 237
m septicemic swine erysipelas 137
Vesicular  stomatitis  differentiation
from virus of foot and mouth
disease 233
V etennarans
lable to leptosprrosis 365
hable to tuberculosis 27
Varulence test m tubercle bacill typ
ng 89
Virus in vellow fever 437-439
Viscerotomy i discovery of vellow fe
ver 434 436
Vole tsutsugamushn disease m 425

Warzenpocken 257
see milker s nodules
Water acaidents relation to leptospt
rosis 863 366
Weasel
Haverhill fever nfection n 384
rit Inte fever m 875 378
Webster method of rabres vacone 192
Wenl Felix reaction
n dagnosis of tsutsugamush dis
ease 426

571

Weil Felix reaction {Continued)
m diagnosis of typhus fever 408
407

Weils disease see leptospirosts
Wheals 1n urhicarial swme erysipelas

Whte mice
endemic relapsing fever m 393
qungle yellow fever m 437
Iymphocytic chonomenmgitis 454
435 45

ormithosis in 218 216 218
plague n 328
rat bite fever m 377
swine erysipelas m 136
tsutsugamush: discase i 425
typhus fever m 406
see also mice
White snake root as cause of milk sick
ness 281 283
Wild amimals role m diseases trans
mitted to man 545-546
Volves rabies among 183 192 193
Woodchuch Rocky Mountam spotted
fever m 415
Wool as source of anthrax 75 7776
Wool sorters disease see anthrax

Yellow fever see yungle yellow fever









