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FOREWORD

Tue leptospiral actiology of Weil's disease was establ shed
forty one years ago  The laboratory proof of chinical belref had
been long awarted as 3t was away back 1n 1886 that Weil had
given his reasons for separating this condition from the ruch
of bitious fevers, and Landouzy apparently, had to some extent
anticipated this by some three years When proof came it was
not the work of a single indisidual or group of investigators
Credit for 1t 1s usually given to the team of Japanese investigators
led by Inada, but two groups of German workers studving the
outbreaks of jaundice which were occurring m thest troops on
the Western front in the 1914-18 war, had mdependently
concluded that Weil’s disease was caused by a sprrochaete It
is true that different names were given to the spirochaetes
mcniminated, but it was clear that they were dealing with the
same micro-orgamsm, the one now known bv the name of
Lett > ’ H P
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the leptospires and the diseases thev engender has not waned
Not that this has led to myv working afresh on any of these
problems, but I have attempted to heep myself informed as to
what was transpiring in the leptospiral world  And had I not
seen the monograph to which 1 am writing thts foreword I
might have retained the comfortable belief that 1 had succeeded
reasonably well However let me confess that I had no idea
how rapidly and how far knowledge of the leptospires and the
leptospiroses had advanced I was aware, of course, that m
the past forty years a number of new leptospiral diseases of
man had been described—mud fever, seven-day fever, autumn
fever and canicolz fever to mention some of them—and that
their causal leptospires had been shown to be distinct from
L cterohaemorrhagtae But 1 had no 1dea that over 50 different

! leptospires had been described, 37 of which had
defintely been associated wath disease 1n man  The great
majority of these leptospires have already been gnen specific

o




Vi FOREWORD

names by therr discoverers, but Dr Alston and Dr Broom
consider that this 1s prejudging the 1ssue and very wisely prefer
to refer to them as * serotypes” until a closer study shows
whether or not they are entitled to specific status

It would appear also that the various human diseases caused
by these numerous serotypes do not differ as much as one
might expect from the fact that they bear different labels
They have a family Ikeness due to a basically simlar disease
pattern  Where they do differ 1s 1n seventy, and this 1s quite
defimitely 2 matter of serotypes since some, L canmcola for
example, consistently produce a muld tvpe of disease tn man,
whereas others, like L tcterohaemorrkagiae, give nise to z
more serious condihon with a not inconstderable mortahty
Incidentally, man 1s no more than an accidental host of these
leptospires—he 1s of no oecological sigmficance for them And
with the possible exception of the dog the same probably
applies to the other large animals 1n which infection has been
found, the true hosts are provided by varous species of
Munidae

Many other aspects of leptosprrosts might be mentioned, but
sufficient has probably been said to show how much would be
gained by bringing all this information together into one
comprehensive story And who could be better equipped to
do this than the twa authors of this monograph who, by their
personal researches, have added so matenally to our knowledge

of leptospirosis
S P Bepson



PREFACE

Qur aim 1n this book has been to tell what 1s known about
leptospires and the diseases which they cause in man and
animals, and to show where new knowledge 1s at present being
gained and may be hoped for 1n the future  Recently, mn the
U S A, m Malaya, in Israel and in parts of Europe, the disease
has been found with increasing frequency, and often caused by
serotypes which had not previously been hnown to be present
m those regions

It 1s a matter for concern that, though 1n human beings the
majorty of cases are of the milder forms, the disease may cause
an Hlness which affects people singly or in groups, znd may
tequire several weeks of convalescence Also it has been
recognised—only duning recent years—that endemic lepto-
spirosts among farm anrmals may cause serrous financial losses
In some countries

We have written this book in historical sequence and have
given full references for the statements made We have
included eprdemuology, chmical and pathological descniptions
of the disease, therapeutics and prevention of infection  Since
we wish to consider the subject as comprehensively as possible,
we are glad that Mr Charles Doughty, Q C, has wntten a
Chapter on the legal aspects of leptospirosss in Cngland and
Wales  He gives details of the legal responsibility of employers
towards any of their employees who contract the disease by
reason of the nature of therr work, and also gives examples of
other sets of circumstances 1n which persons might be held
legally responsible for inf d on therr p
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CHAPTER 1
HISTORY AND GENERAL SURVEY

Chinteal Obsersanons  Duscovery of the Infective Agent  Creation
of Genus Leptosprra , "Taxonomy of Leptospra wctevahasmorrhagiae
Discorery of Further Serotypes  Distnibution snd Spread

HISTORY

Cuintear OBSERVATIONS
‘The separation of leptospiral jaundice from ather infectious
diseases of the hiver occurred m two stages—the first was
chnscal, and the second, nearly thicty years fater, bactenological
The term ¢ Weil s disease * was first used by Goldschmmdt (1887)
to designate the form of nfectious jaundice which Adolf Wesl
{1886), Professor of Medicine at Herdelberg, had establsshed as
a separate entity from a study of four cases  Two of the cases
had eccurred m 1870 and the other two 1n 1882, but they all
presented such sumilar features that Wesl considered them to
be the same disease Al the patients were men, and o each
case there was 1 febride diness with severe nervous syrnptoms,
enlargement of the liver and spleen, jaundice and signs of
renal mvobiement  After a severe but relauvely short course
recovery was rapid  Recurrence of fever for five or st days,
following an afebnie penod of one to seven days, occurred 1n
three patients
In dfferential disgnosis, Weil carefully conudered the
secogmsed  diseases of (1) c:tarrhnl Jmundlcc, {2) prumary
h {3) a combi of 1 jaundice and primary
nephrtes, {4) yeltow atzophy of the Iner, {6) pyacmic or
septicacmic fever, (6} recurrent fever, (7) bilous typhosd fever
He supgested that the cases represented a new entity, aithough

he could not esther its 1 basis or the
mfectise agent  The four patients were employed respectively
as a chemust, soldier, h and which

gaveno clue tothe aetiology of the condition Howey cr, Landouzy
3



4 GENERAL CHARACTERS OF LEPTOSPIRES

(1883 a & b), who had i fact described the disease three years
before Weil, associated 1t with work n sewers He noted
that men were most likely to be affected when they had been
employed 1n sewer work for a comparatively short time, but
he attibuted the disease to emanations from sewage, and thought
that 1n time the men developed an immumity ~ He described
the illness 1n one patient as a general disease affecting the
lungs, spleen and liver, with albuminuria, and m a second 2s
a disease chiefly of the lungs, liver and kidneys

There seems Iittle reason to doubt, as stated for example by
Dupre (1891) and Austom (1953), that cases of Weil's disease
had been recorded by stll earlier observers Some of the
clams however are almost certainly mcorrect Thus there 15
no evidence that the epd; of jaundice 1n Minorca d
by Cleghorn (1751) was Weil’s disease, and the very fatal
malady which attacked soldiers wounded at the siege of Caro
1n 1802 (Larrey, 1812) was most probably gas gangrene

Durnng the thirty years following the publication of Weil's
article, the term * Weil’s disease ” was used m all parts of the
world, but particularly 1n Germany, to describe a febrile 1llness
with dice 1n epid and end: form, but there was
doubt as to its applicabality to individual cases and even to 1ts
Justification 1n general

As early as 1889, Young reported as an example of Weils
disease an 1llness which began two days after the patient had
returned from Yeomanry traming m South-West England
Young gave an excellent day-to-day description of the disease,
noting suppression of urine, tarry stools, jaundice, injection
of the eyes, and recovery after five days of acute sllness In
1892, Jaeger reported mine cases among soldiers 1n the garnson
at Ulm, Germany, and attributed therr 1llness to bathing 1n 2
niver near the town

In 1903, Chowdry gave a good account of what he considered
to be Wel's disease i endemic form at Port Blar i the
Andaman Islands  He had records of 588 cases which occurred
between 1892 and 1903, and he associated the illness with
sudden or prolonged exposure to ram while cutting wood, or
working on embankments, m bnck fields or nce fields, 13 per
cent of the patients died, but relapses were uncommon m those
who survived
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Hunter (1908) stated that most French and English writers
had dechned to recogmize Wesl's disease as separable from
scterus grauss or miectsous gdundece, and he agreed with thar
opiion  However, he gave a detatled account of the character»
1sucs of the disease, derved mamnly from German teports
This sncluded the clinical features gnen 1 Wetl's onn report,
and Hunter lard emphasis on the seventy of muscular pans
and nephotis  enlargement of the spleen was said 1o be usual
Among the zetiological features he noted that the incidence
was highest ameng boys and young men—by some estimates
90 per cent of the pavients were male  Most were men swhose
oceupations or habits exposed them to insanttary surroundings
Hunter quoted mne cases among men working st 2 slaughter-
house near Dreeden, 1n addition to the amne mentioned above
(Jaeger, 1892} due to bathing tr a nver

Cockayne (1912}, mn 2 good review, clearly separated eprderme
catarrhal jaundice from infectious jaundice or Weal s discase  He
belicved that the former was much more commen and mulder,
was almost world-wide and was an aw-borne infechon  He
considered that Weil’s disease was probably due to contaminated
water or food, and occurred chiefly around the Mediterranean
Bea  He based his opinion about the Mediterranean area an
reports such as that of Sandwith (1904}, who described an
endermic and epidemic iliness of severe jaundice, aften with
aephntis, anura and uracta, i Smyrna and Alexandna
Sandwith however did not consider thar Wel's disease was
& separate entity

In 1915, Boggs was equally sceptical when he wrote m an
amicle 1n Osler and McCrae’s Sysiem of Medictne

Weil s disease 332 vype of ifecuious jsundice in which fever, enlasge
ment of the spleen and hier, nephrits, and muscular pain sccampany
the wcterus  But there are 50 many simior sporadic and epidemic
cases tn which one or more of these features may be santing that 1t
seems hardly sustifiable to scparate thus group shacply fram all the
others

This sceptictsm was shown to be unjustified by the discovery
of the causative orgamsm of this form of jaundice 1 1915, and
the fulure i clinical acumen seems to be rather conspicuous
when the description of the ifiness and the zeuological features
enumerated by Hunter arc considered It would appear that
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the success of bacteriology had made Europesn clintcians
doubtful of their judgment

DISCOVERY OF THT INFECTIVE AGENT

Japanese cl and pathol had been d of
the existence of Wel's disease as a separate form of jaundice
long before the discovery of the infecttve organism Inada,
Ido, Holi, Kaneko and Ite (1916) asserted that the illness
was well known 1n both endemc and epidemic form, and that
1t was charactenized by conjunctival congestion, muscular pam,
fever, jaundice, haemorrhagic diathesis, albuminuna, and had
a farrly fugh death rate  They stated also that splenic enlarge-
ment was uncommon and occurred 1n only 10 per cent of their
patients

In November 1914, at the Impenal Umversity m hyushy,
Inada et al (1916) first saw spirochaetes 1n the liver tissue of
a guineaprg which had been njected with blood from a patient
suffering from Weil's disease Thev obtaned sumlar results
with blood from 13 out of 17 other cases of Weil’s disease, and
failed to find spiroch mg I lated with blood
from patients suffering from other infections, including catarrhal
jaundice They concluded therefore that the spirochaete was
the casual orgamism of Weil's disease, and they named 1t
Spirockaeta icterohaemorrhagiae

The results of other expetiments with the spirochaete were

luded 1 the same ton  They found that cultures
m artifictal medium grew better at 22°-25°C than at 15° or
37°C  They showed that the organisms could gan entry mto
gumeapigs through the abraded or even the apparently mtact
skin  They noted that hving sprrochactes could be seen in
patients’ unne for as long as twenty-five days after the onset
of tllness By means of Pfeiffer’s test they showed the presence
of antibodies m the serum of patients, and found that the
mmune bodies persisted m the blood for 2 number of years

Ido Hoki Ito and Wani (1916) reported finding virulent
S 1cterohaemorrhagiae 1 the kidneys of 40 per cent of 86
house and ditch rats By disinfecting ground and removing
stagaant water from certan places mn coal munes, they considered
that they had twice prevented epidemics of the disease They
experimented with active and passive immumization in man and
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animals, but did not achieve conuincing success by preventive
moculation

The was d d 1nd. dently at a
later date by German workers and was named by Hubener
and Rester (1915, 1918) Spirochaeta nodosa, and by Uhlenhuth
and Fromme (1915, 1916 a & b) Sprrochaeta scterogenes  These
names are not used currently in Enghsh but are regarded as

with Lep

Hubcner and Reuter reponed that they had mfected guinea-
pigs with the peripheral blood of at least seven men suffering
from Weil's disease and noted that they were most successful
when blood was taken 1n the first three to six days of iliness
The disease produced m guineapigs showed the signs of Wel's
disease seen 1n human beings, and caused death on the fifth
to twelfth day, with the morbid anatomy and histology of the
human disease  They made twelve sersal passages in guineapigs,
mfecting the antmals per os and per anum  They also success-
fully infected monkeys and rabbits From the unne of a
patient on the fifteenth day of illness they produced the disease
in guneapigs  Later, by dark-ground illumination, they saw
small, elongated structures showing lashing motility, and
beheved that these were the cause of the disease

Uhlenhuth and Fromme also transmtted the infection from
man to guneapyg and were first 1n Europe to demonstrate
active ) 1n dark-ground prep from
fivers  The same orgamisms were seen mn fixed films statned
by Giemsa's or Levadit’s methods

The Japanese findings were confirmed by Bntish workers
n soldiers infected 1n France  Stokes and Ryle (1916 a & b)
diagnosed sprrochaetal jaundice on a climcal basis in ten so]d:ers,
and they demonstrated sp n
mnoculated from 2 out of 10 Stokes, Ryle and Tyllcr (1017)
eported about 2 hundred cases, and they infected gmmneapigs
with blood taken from the second to the seventh day of illness
They shosed the preserice of protecuve antbodies in the
serum of convalescents, but they failed to culture the organism
They also d m
with matenal from wild ms

Dawson and Hume (1916) gave an account of 178 soldiers
suffering from infectious diseases with joundice  They
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separated them nto 76 with spirochaetal jaundice, and 102
diagnosed as entenc jaundice or catarrhal jaundice  Of the
sprrochaetal type (mainly dragnosed chimcally) 18 were severe
and 68 mild; splenic enlargement was uncommon. They
passed the mfection to a gumeapg from at least ane patient,
and saw what they took to be spirachaetes 1n the blood and
unne of others Dawson, Hume and Bedson (1917) m 3
summary of therr work m Belgum on 76 cases gave a low
mortality of 4 to 5 per cent Costa and Trowster (19162)
reported the nfection in French troops, and Sisto (1917)
2nd other workers found 1t on the Italan front

CREATION OF GENUS LEPTOSPIRA

Noguchs (1917, 1918 a & b) carefully studied the Sprrochaeta
tcterohaemorrhagiae of Inada, strams from Botish cases of
Weil’s disease 1n Flanders and from wild rats in the USA
He found that these organisms were the same 1n form and i
ymmunological tests, and that they reserabled no other organism
except Sprrochaetn biflexa which Wolbach and Binger (1914)
had 1solated from a fresh-water pond in Massachusetts, US A
Noguch considered the morphology to be suffictently character-
stic to justify the creation of a new genus which he named
¢ Leptosprra’, to be meluded in the Order Spirochastales along
with  Sprrochaeta, Saprosprra, Cnstspira, Spironema and
Treponema

Babudierz {1954 b) suggested dmdwng the Order Spiro-
chaetales 1nto two farmbes and eight genera on the basis of
optical and electron microscopical studies  The diviston was
based on the presence or absence of septa axostyles, undulating
membranes, flagella, cnstae, and granules of voluun This
classification 1s given 1n Table T

The genenc name Leptospira has become more and more
ficmly established since 1927 The ongnal stramn of L bifleva
found by Wolbach and Binger did nat survive its first sub-
culture and, although the name 15 used for nonpathogemc
saprophytic Jeptospires, Leptosprra h 2 1s the
type * spectes * or * seratype * of the genus It has been shown
that saprophytic leptospires which are readily obtamed from
tap water and water 1n natural surroundings differ culturally
{Hindle, 1025) and serologically from pathogenic serotypes
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12 GENERAL CHARACTERS OF LEPTOSPIRES

From Indonesia, L pyrogenes was first reported 1n 1923, and
L batarzae 1 1926  Both of these have been found to cause
disease in Eastern Asia and elsewhere

In 1928, the i1solation of L grippotyphosa was made tn the
USSR This serotype 1s carried by field rodents, and 15 a
wery frequent cause of leptospiroms n human bemngs and
anmmals i many countries

In 1931, L andaman A was identfied in human bemngs m
the Andaman Islands and has only rarely been found elsewhere

The 1solation of L ¢anicola 1n the Netherlands was reported
1n 1933, and this serotype which 1s pathogemc to dogs, cattle
and human beings has been found 1n most parts of the world

In 1937, the identification of L awstrals A and L australs B
was reported from Australia These serotypes are the cause
of leptospirosts in sugar-cane workers 1n Australia and 1n some
persons in other countries Also m 1937, L pomona was
reported from Australia, and this serotype infects human beings
and animals, especially cattle, i many parts of the world

L hyos (syn mutis Johnson) was first reported mn 1942 1n
Australta and has been found, ke L pomona, to mfect pigs
and human bemgs 1nt several countries

Three new serotypes were first reported from Denmark and
have later been found mn other countries, chiefly European,
they infect field rodents and human beings They are L sgroe
(1939) L saxkoebing (1944) and L ballum (1944)

The discovery of new serotypes still continues In 195%
and 1955 several have been found i Australia, Malaya and
Borneo In USSR several serotypes have been solated,
but have not yet been compared fully with serotypes known
elsewhere More than 50 serotypes have been named although
not all have yet been compared fully with the * recognized’
standard serotypes The serological comparnison of 39 1s given
in Table II

DISTRIBUTION AND SPREAD

Leptospirosis 15 transmitted to man, generally mdirectly,
from small rodents and certain other ammals which harbour
Ieptospires 1n therr kidneys and excrete the organisms 11 the
uritne For most serotypes rats and field mice are the reservoir
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In 1928, the wofation of L gnf
USSR This serotype s carrsec
very frequent cause of leptospu
animals 1 many countries

In 1931, L andamon A was 1de
the Andaman Islands and has only

The wolation of L cameola in 1
1 1933, and thus serotype which 1
and hweman besngs has been found

In 1937, the wdentification of I «
was reported from Austraha TH
of leptospirons 1n sugar-cane work
persons in other countries  Alsc
reported from Austraha, and this st
and anamals, espectally cattle, 1

L hyes (syn wmutss Johnsen) w
Australia, and has been found, hl
and human bemngs 1n several cour

Three new serotypes were first
have later been found mn other «
they snfect field rodents and huma
{1939), L saxkoching (1944) and »

The discovery of new serofyp
and 1955 several have been four
Borneo. In USSR, several s
but bave not yet been compared
elseshere  More than 50 serotyp
not all have yet been compared
standard serotypes  The serologi
m Table 1T

DiSTRIBUTION AND SPREAD
Leptospirosss 15 transmutted t
from small rodents and certan
leptosprres m thesr hidneys and
urine  For most serotypes, rats 2
hosts of pnme importance, and r
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CHAPTER II

MORPHOLOGY AND CLASSIFICATION
Or LEPTOSPIRLS

Darh feld M croscopy  Electron M croscopy  Stab [ 17 of
Ant gen ¢ Const tuton  Ant gen ¢ Subtypes

MORPHOLOGY

Darx FIELD Microscory

AW serotypes of leptospires show the sime morphology
For a descriy as seen mucroscopically using hght of the
visible part of the spectrum 1t would be difficult to 1mprove
on the account grven by Wolbach and Binger (1914) of L bifleva
‘These workers studied the organism alive and dead by dark
ground illumination and also n films fixed by osmic acid and
staned by Giemsas method Tor the exact obsenvation of

phology mn as T d a state of the as posstble
and for photographic studies they exposed drops of flud
containing leptospires to the fumes of osmic acid and then
rapidly mixed them with 3 per cent melted agar 1n water on a
warm microscope st de  Ther description of appearances by
dark ground illumnation 1s as follows

Ths spirochete 13 characterized by the extreme closeness of the
turns 1ts small size and curved or flexed extrem ties  Tle average
Iength 18 from five to sevea microns  The amplitude or width of
the sprrals measured from crest to crest 1s from . to 20 micron

The two ends of the spirochetes arc thinner than the body and
taper to pownts  They are more or less sharply cuned and sometimes
hate the form of & crook. When alne the spirochete spus with
extreme rap d ty on its long axs m such a manner that the cuned
ends gne the appearance of sohd bulbs o flask Like bodes In
add tion to 11 s rapud rotation about the long aws th erc 13 faly rapid
translatory motion 4n either direction of the long aus  The Ining
spirochete 18 strarght 2nd presents the appearance of having a ngid
longaus  Occasional shightly flexed forms which are motiontess have
been seen to stra ghten out and to begin to spin rapudly  In stuned

15
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The possibility of the existence of wviruses (stmlar to
bacteriophage viruses) which could lyse leptospires must also
be mvestigated Much less 1s known of the detals of mor-
phology and of the bolic processes of leptospires and other
sprrochaetes than of other bacterial organisms




Tic +

1 tcterohaemorrhagsae (4 00 approx )  Photormicrograph by dark-
ground illumination  Rmdly supplied by Dr ] D Fulton and
DrD T Spooner National Instrtute for Medical Research London



i6 GENERAL CHARACTLRS OF LEPTOSPLRES

preg the ch of the hving are fost  The
bodies become bent or fexed and the spirals less regolar and less
closely wound

The curved ends, gving umque appearances to the spirochete 1n
motton, are peculiar to this orgamism, and for this reason have been
utilized 1n the construcuon of 2 name  ‘The name Spiracheta biffext
3s proposed

All serotypes of leptospires show the morphology descnibed
by Wolbach and Binger, mncluding the curved end or ends of
most individuals 1n a preparation (Fig 4)  There are howeve
some strams which are consistently straght-ended, as 12
sirain of L bemapun which we possess, and as the Jackson
strain of L 1cferohaemorrhagiae has become m our hands

ELrcTRON MiCROSCOPY

Durmg recent years, leptosp have been d by
electron microscopy  Morton and Anderson (1943) ganed 2
resolving power of 3 mp and described the appearance of
L acterohaemorrhagiae and L camcola  Their measurements
agreed reasonably with earlier observations by the wisual
microscope, but theirr most interesting findings were the
negative ones that structures resembling flagella, such as were
seen on some of the treponemes, Were not seen on the lepto
spires  Also, unhke some treponemes, leptospires did not
show any granular internal structure or extruded granules
In some circumstances a sheath-like structure appeared round
individual micro-organisms, but they thoughe that thrs mght
be exther an artifact due to washing with distilled water or be
related to the ceil wall

Electron microscopy has been used to examung the granules
often seen 1n old cultures of leptospires It has been thought
possible that these granules mught rep 2 ble stage
which could explan the filterability of the genus noticed 1
carlier studies of the orgamsm  Bessemans, Wattebolle and
Baert (1942) 1solated such granules by the micro-mantpulator
and behieved them to be capable of developing into normal
leptospires when transferred to fresh culture medwm, they
called the granules *leptospirogénes’  Jakob (1949) described
round bodies, up to 50 mp m diameter, each with 2 flagellum
m 20-day cultures of eight serotypes of leptospires  He agreed




lic 4

I cterohaemorrhagiae (+ 4 MW approx)  Phatamicrograph by dark.
ground sllumination  hundly supphed by Dr ] I Fulton and
Dr D I Spooner National Institute for Medical Research, London
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L tcterahaemorrhagiae (~ 15000 approx ) Flectronmicrograph, washed organ

sm osmc acid and shadowed with gold-manganum  hindly supplied

by Dr ] D Fulton and Dr D F Spooner National Institute for Medical
Research, London
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with Bessernans et af that the geranules are part of 2 repro-
ductise system and that they have no higher survival value
than the usust forms Babudiery (1949 a) studied the same
cultures as Jakob and considered that they were contamunated
vath a filterable organism Hyphomcrobuon vulgare  Thus
question needs more study

Babudier: demonstrated an axuat fllament (or axostyle)
teptospires by the electron microscope, and this feature has
also been cleatly shown by Bradfield and Cater (195") and by
Spooner (1055) uho has provided the
w Figs 5, 8 and 7 Fxg 5 shows L mewkazmorrhagxaz and
demonstrates the morphology swmlar to thot seen by dark
ground slumination  In Fig 6 the fine axial filament can be
seen cobng sprrally round the main body of the leptospire
which 15 stself spurally corded, bov much less closely than m
dark ground preparauens  The reasnn for this dufference bes
w the dehydration which s needed to meke a preparation for
the electran microscope

In Tyg 7 tho sl filaments are more clearly seen, and a
fine regufar cross stration of the longer filament can be observed
The natyre of these cross stnstions, and the question whether
they are related to the power of motility of the organsm require
further smvestigation  The leptosprres i Figs 6, 6 and 7 were
fired with osmic acd znd shadowed with gold manganum, and
the phatographs show that the filament 1 more resistant ta
this tzeatment than the man body of the organism

Bradficld and Catee & electeon micrographs show the axostyle
as a thin fitzment wound wth open cosls round the thicker, more
closely ¢orled, spiral body of the otgamsm  ‘Ehey made models
of each genus of the spirochastes and the model of a lepeospire
wis made by endowmng a *fibre buadie’ with contracnlin
and & core with some elastsaaty

In the madel {T1g &4} tus s achieved by winding a stout elastic
tand spically arosnd a prece of rubber tubmg which 1 at first hetd
gt by & metal cod nside st The elasuic tand 18 wound under
moderate tension and secursly fastened to the tubmy by wiee evers
fen ichen 1 e metal rod 13 now retaoved (Fig $8) the tenwon
m the clasuc band {sepresenting the bundle of fibres) throws e
rubber tabing (representing the protophsmic £ore) anfo the form of
@ spurpchacte The final shape of the helis 13 th3t in which the forces

c
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resisting deformation 1n the rubber tube Jyust balance the tenston in
the elastic band

Breese, Gochenour and Yager (1952) also examned eight
serotypes of leptospires by electron microscopy, and ther
photographs of each serotype clearly show an axial filament 1
the form of a very thin filament entwined about the mam
structure and often extending beyond 1t at both ends It
would appear that this thin thread, surrounding the leptospire
with wide coils and extending beyond the ends of the bulkier
part of the organism, was scen by Timmerman (1927) 12
preparations staned by Giemsa’s method and partly decolounzed

Czekalowski and Eaves (1955) produced a step by step
disintegration of leptospires by the action of sodum deovy
cholate, and the resulting appearances were examined by the
electron pe  Washed leptospires were suspended 1

i\ l of sodium deoxycholate, ranging 1n concen
tration from 001 to 10 per cent After pertods varying from
30 seconds to 30 munutes the orgamusms were fixed with osmic
acid, 2nd drops of the suspensions were allowed to dry on the
usual collodion-filmed grids and shadowed with chromim
Electron mrcrographs of normal leptospires showed the cyto
plasmic element and the axostyle ¢ wound round each other
Iike a rope of two unequal strands’ From therr photographs
the authors could not determine whether the filament wss
within the cellular membrane or outside 1t When leptospires
were treated for short periods with low concentrations of
sodium deoxycholate the two clements separated Grooves
on the cytoplasmic cyhinder showed where the axostyle formerly
lay Apparently the axostyle was outside the cellular membrane
and was generally released by simple unwinding although
occastonally 1t scemed to have cut through the underlying
protoplasmic colls  After the filament had unwound 1t fe
mamed attached to each end of the cytoplasmic cylinder where
1t appeated to penetrste into the substance of the cytoplasm,

and there termunated n a more or less sphencal knob he
Tl co A7 h ke beinterpreted as
i . W 'iment mught

PR
‘e L L)
Swain (1955) also studied L tcterohaemorrhagiae by electron
mucroscopy  Preparations, fixed with osmic acid, were made
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of organisms (1) suspended 1n normal saline, (2) after exposure
for 2 hours to saline diluted 1f3 with distilled water, (3) after
incubation for various periods from 10 to 30 munutes with
pepsin, and (4) after mncubation for 10 mnutes with trypsin
- r e e

and did not conform to the waves of the organism (in this
way the findings differed from those of Czekalowsk: and Eaves)
Both pepsin and trypsin dissolved the leptospires, but the
axostyle was relatively more resistant than the protoplasm

In spite of these recent advances in description of the
morphology of leptospires, nothing s yet known of the internal
structure of the body 1n the way that cell wall, nuclezr material,
volutin granules and other granular constituents have been
found t sty i electron mucrographs of sections of varous
bacill and cocer

CLASSIFICATION

Wenyon (1026) included the Order Spirochaetales among
the protozoa, but most workers now follow Breed, Murray and
Hitchens (1918), who consider them to be bacteria  This 1s
an important change because zoological differentiation depends
essentially on morphology, and there are no morphological
differences which could be used to subdiide the genus
Leptosptra 1t was soon realized however that practical con-
siderations made it necessary to have some means of dis-
crommating between groups of strans which showed dis-
stmilar properties
achieve that aim  In distingmishing the two
wothers made use of differences i (1)
guineaptgs , (2) the symptoms of discase
(3) eprdemiclogy, as evidenced by carrier |
distnbution of the two diseases, and
serological tests

Other observers have tned to o
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basis for classifying the strains of leptosprres which have been
1solated 1n increasing numbers from disease conditions 1n man
and ammals It seems adwisable therefore to compare the
relative values of the vanous cnterra

(1) Tests of path y and cross-p depend on
the mutual reactions of host and parasite Vanations 1n the
resistance of hosts of the same spectes may occur as the result
of differences of age, sex or other factors In the same way
strains of the same serotype may differ marledly m virulence
even when freshly 1solated It 1s unlikely therefore that these
tests will give regular and consistent results

{2) To some extent 1t 1s possible to drvide the climcal forms
of leptospirosts into severe and mild depending on whether
jaundice 1s or 1s not a usual promnent feature 1n human
mfections The differentiation 1s however not sufficiently
constant to be of salue for taxonomic purposes

(3) There 15 a general tendency for the leptospires which
produce the different forms of illness to be associated eack
with its own carrier host of election  But this 1s by no means
an mianable rule One ammal species may act as host to
more than one serological type of leptospires, and comversely
one serotype may be carned by different hosts

(4) Serological tests provide an indication of the antigenic

of micro and have long been used as

2 method of differentiation of bactena The serological
charactenstics of leptospires mught therefore be utilized as 2
basis for cl provided that the are stable
and distinctive characters

STABILITY OF ANTIGENIC CONSTITUTION

Although most observers consider that the agglutinogem
characters remain constant, aberrancies 1n the serological
reactions of certamn well-established © type stramns * have been
reported on vanous occasions Wolff and Broom (195%)
studied closely the records of these aberrant results, and reached
the concluston that they did not necessarly indicate that
spontaneous antigemc variation had taken place  As alternative
explanations they suggested that in some cases mstakes 11
labtllmg mught have been made at some point m a senes of

b In other the cultures might have been
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dentall d

with water leptosp which over-
grew and finally replaced the onginal strain
These possibtlities emphasize the need for exercising strict
precautions to ensure that all cultures are correctly designated,
and also the value of periodic venfication of the serological
charactenistics of strains
Volff and Broom concluded that, provided strains of
guaranteed lineage are used, the system based on the antigenic
constitution of leptospires provides a vahid practical method
of classificaton  In wview however of the present lackh of
about the k of leptosprres they dered
that 1t 15 not possible for a decision to be made regarding the
enteria which may finally be used 1n the subdivision of the
genus  In these circumstances it does not appear justifiable
to designate a group of strains of the same antigenic constitution
as a ‘species’ They suggested that the term *serotype’
(serologmal type) should be adopted instead
The of the serotypes 1s blished on the
evidence provided by cross-absorption tests If, in such
reactions, each strain removes all the anttbodies from the
antiserum of the other strain, the two may justly be considered
serologically identical  If however only part of the antibody
content 1s absorbed in each case, some ‘limit of absorption®
must be adopted to allow the decision to be made whether or
not the two straing shall be regarded as belonging to the same
serotype  In defimng thetr standard WVolff and Broom stated
that " two stramns are considered to belong to different sero
types 1f, after cross-absorption with adequate amounts of
heterologous antigen, 10 per cent or more of the homologous
titre regularly remains 1n each of the two antisera®
‘The decision to establish the 10 per cent limit was made for
reasons of practical expediency, and no theoretical basis 15
clamed for 1t  Some observers (World Health Organisation,
1958) constdered 1t too high and 2dvocated a lower hmut, but
at present 1t 1s the criterion generally adopted because 1t appears
to work satisfactonly 1n practice
Even if the 10 per cent limit 1s retaned for establishing
scparate scrotypes, a study of mnor antigemc differences
among strains of the ' same ' secotype mught provide iformatian
of practical as well as theorctical value For example the
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24 GENERAL CHARACTERS OF LEPTOSPIRES

identfication of minor antigenic components might prove
useful 1n eprdemiological mvestigations 1n a manner comparable
to the part played by Vi bacteriophages It 1s possible also,
as Fuhner (1950 a} suggested, that minor antigenic differences
among stramns mught account for the vanety of ‘ Paradoxical
Reactions’ (p 194) sometimes found i the sera of patients
duning the early stages of sllness These however are questions
which can only be answered by further observation and
experiment

ANTIGENIC SUBTYPES

‘The stipulation that homologous agglutmins must remamn
m both antisera after absorption 1s important because of the
exstence of so called  complete” and ‘incomplete biotypes’
The terms were commed by Grspen and Schuffner (1939 a) to
describe two antigenic subtypes of L scterohaemorrhagae first
recognized by Borg Petersen (1938) He absorbed an antt
serum, prepared agamst stramn M20 of L rcterohaemorrhagiae
with strain RGA (the first strain to be grown in culture 1
Europe) After absorption, the M20 antiserum no longer
agglutinated strain RGA but 1t retamed 1ts full titre aganst 1ts
homologous strain, M20 By contrast, no homologous antt-
bodies remammed ;n RGA antiserum after absorption with
stramn M20

Borg-Petersen concluded that strain M20 possessed antigenic
components additional to those present 1n stran RGA  There
was no indication that strain RGA had ongmally possessed
the additional antigen and had subsequently lost 1t durng
prolonged cultivation in artificial media On the contrary,
Borg-Petersen found that recently isolated strams, obtamed
both from rats and from cases of Weil’s disease might belong
to either subtype There are no differences between the
chinical pictures of the disease caused by the two subtypes,
so the additional fraction 15 not apparently associated with
virulence

These findings have Deen confirmed by many wther workers
In studies of p 1tis 1y to distinguish
the two subtypes by designating the *complete (M20) and
incomplete (RGA) biotypes® as L cterobaemorrhagiae (AB)
and L icterohaemorrhagiae (A) respectively
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L 1cterohaemorrhagiae grows on the chorio-allantoic membrane
of 10-day-old chick embryos, and this was confirmed by Dawt
(1939) Brede and Lempind (1951) cultured twelse serotype
of leptospires 1n the allantorc Auid of incubated hens’ eggs
and they believed that this flud, used tnstead of rabbut serum
mproved Korthof's medium

All these media are fluid, or only shghtly jellified, and arc
used 1 tubes No satsfactory sold medium for surface
growth on plates has yet been produced Woratz (1952
reported that he had obtained very slow growth of leptospire
on the surface of agar slopes, but he stated later (persona
communication) that this belief had been mustaken

GrowTI! REQUIREMENTS

Chang (19471b) reponcd 2 long series of cxpcnments with
cultures of L He Tuded that lepto
spires show evidence of living on proteins or amino-acids anc
of being incapable of using simple carbohydrates (glucose
galactose, mannitol, fructose), that they require serum for
growth 1 artificial medium, that the growth factors of serum
are destroyed by heating at 100°C for less than one minute
and cannot be entirely replaced by a combination of vitamuns
glycerol, cytochrome-¢ and serum albumin

Chang confirmed that the op of b
15 11 the range of 25°-30°C and he found, with the small numbex
of serotypes which he used, that pH and Lp, were not altered
duning growth (see Frunder, 1952, below) Chang found
with his tryptose and Inver-extract medium that L cterohae
morrhagiae had 2 generation time of 24 1o 48 bours, and showed
the greatest density of growth duning the third week of culture
Tulton and Spooner (1956) found that the mean generation
time of the same serotype grown at 25°C 1n Korthof’s medium
was 58 to 68 hours durning the loganthmic phase and that the
peak of growth occurred at about twelve days

By contrast, Fane (1857 b) esumated the gencration time
it o of a highly virulent strmn of L scterokaemorrhagiae to
be from 58 to 11 6 (average 8 3) hours n guineapigs

The vnrulence of L 1c usually d e

beul m fluid medum, and

Chmg (mv a) believed from 2 few expenments that the




CHAPTER III
PHYSIOLOGY OF LEPTOSPIRES

Cultural Requirements  Chemical Composition, Survival
Outside the Ammal Body Resistance to Physical and
Chemical Agents, mcluding Antibiotics

CULTURAL REQUIREMENTS

ComposiTioN oF CULTURE MEDIA

Leptospires are paratively easily cull d 1n artificial
medium  From the time that Inada et al (1916) grew the
first stramns of L & h h m a dified form of

Noguchr's med for other sptroct (Noguchy, 1912) a
naturally-formed body flud, such as serum, or ascitic or
hydrocele flnd, has been the essential constituent of the media
used A very sumple formula which was recommended by
Gardner (1943) 1s a solution of 12 per cent rabbit serum in
glass-distilled water 'The medium however cannot be recom-
mended for mantaimng strains because growth progressively
dimimshes m sertal subcultures

In Fletcher’s medium nutrient agar was added, Schiiffner
used peptone instead of broth, and Sorensen’s solution nstead
of Ringer’s He also found that growth was often improved
if the rabbit blood was slightly haemolyzed Other recipes
such as Korthof’s (1932) give precise details of the amounts
of peptone, salts, serum and haemoglobin and of their
assembly For practical purposes, Korthof’s medium 1s very
reltable

Chang (1947 a) elaborated a medsum 1 which tryptose took
the place of peptone, and m which liver extract was used m
addition to salts, serum, haemoglobmn and agar He found
that the sera of rabbts, horses or guineapigs were equally
satisfactory

Morrow, Syverton, Stles and Berry (1938) found that

26
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METABOLISM

Usng the Warburg apparatus Chang faded to detect any
consumption of oxygen and be conmdered that the need for
the presence of oxygen might be evplaned ether by a very
small consumption, or by its use as a catalyst Howeser,
working with denser susp of leg Marshall (1949)
showed that aerobic respiration could be measured by the
Warhurg techmgue  Ovxygen uptake was markedly stimulated
by rabbit seram, but not by carbohydrates, ammo acds,
haemoglobin or peptone

Fulten and Spnunct (man) made an e_\&cnswc myestigation
of the b f L wm Karthof’s
medium  Because of the slow rate of growth and the low
metabohic actvity of the organsms the authors were not
surprised that lule chemical change of the medium accom
penied growth  There was no change in pH duning 21 hours
ncubation, glucose was not unlized, and the appearance of
inute amounts of some volatile fatty ands was almost the
unl} alteration found in the medim

of the org; in culture medm

consumed axygen and produced carbon droude at a slow but
steady rate Scrum protein was wdentfied as the actise con-
stituent of the medmm snppomng respiration A cytochmmc 3
system was di d by py 19 washed b
ond was found to be xmohcd n resprration {Fig \7) The
respiration of leptospires was not altered by substances hike
malonate, flworide and awsenate whech sntubst the enzymes
concerned with the metsbolism of glucose By contrast,
respreation was greatly reduced by eyamde and ande, a fact
which sndicates the presence 1 the ofgamsms of a cytochrome
system

Czekalowski, Meleod and Rodican (3933} confirmed the
finding of Dinger (1832} thot, m the seme-sobid medwum,
teptospsses frequently grow mn very marrow zones, or discs, @
few millimetres below the sueface  All the strams they examned
produced growth dsscs, but with pathogenuc seroty pes the zones
were narrower, and occurred farther below the surface, ﬂnn
thote which developed 1n cultures of water Jeptospires ac
other probably nanpathogensc serotypes  From this and

@
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addition of 2 small amount of an emulsion of fresh Iner of
healthy young guineapigs maintamned the virulence of straws
m culture, and even revived 1t after 1t had been lost Dinger
(1932) found that the leptospires which grew densely mn 2
narrow zone, or disc, 1n semi-sold medium remained virulent
for nearly three years without animal passage

Schneiderman, Greene, Schieler, McClure and Dunn (1951)
gave prelimimary reports of careful expenments which showed
that much of the value of the serum in medm lies m the
albumin fraction In general the crystalline, and alcohel
precipitated albumms had httle or no activity, whereas the
fractions precipitated at 71 per cent ammonmum sulphate
saturation from horse, human and sheep (but not bovine)
serum was nearly as effective as dialysed rabbit serum  Later
the same workers (1953) found that the growth of L camcole
i a ch Ily defined d lacking 1ds but
supplemented with rabbit serum albumin, was stimulated by
certain concentrations of argimine, aspartic acid, glutamic aad
or prolne Growth was inhibited by any one of 16 ammo
acids at one or other of the concentrations tested The rabbit
albumin could not be replaced by a muxture of amtno acids
which lated the d p of the albummn
as determined by microbiological assay

Thiamine was found to be the only vitammin essential for the
growth of L camcola L ballum, L camcola, L scterohaemorr-
kagrae, L pomona and L sejroe could be marntained in subculture
m a simple med: of salts, tf , asparagine and rabbit
serum albummn  Gram and Schlipkoter (1953) showed that
growth of leptospires was stmulated by the vitamun T ¢
Goetsch, and to some extent by ten substances of a vitarmn
nature, mostly of the B complex

It 15 general experience that 2 pH of the medium of approxt
mately 7 4 13 best, and that oxygen 1s needed for multsplhcation
Chang (1947b) found that growth of L scterohaemorrhagia
was retarded when the Ey, of the medium was lowered to 220
millivolts  Above this critical level the growth mcreased
steadily, while below 1t the number of leptospires progrcsslvely
decreased

Details for the preparation of some of the most dependable
media are given 1 the Appendix
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days after the peak period of growth, and thereafter 1t declined
No haemolysis occurred when the mixtures were mcubated at
0°C  The haemolytic action was greater at 37° than at 30°C,
but 1t was destroyed when the fluid was heated for ten minutes
at 56°C before the mixtures were made No reduction 1n
potency was observed either after lyophilization or after storage
m the presence of air for four months at +-6° and ~70°C
The authors sug 1 that the | m leptosp of
a soluble haemolytic agent may be a sigmficant factor 1n de
tertuning the pathogenicity of leptospiral infections  This 1s
4 tempting speculation, but the evidence at present available
does not appear to favour 1t Tor instance, neither of the two
strans of L scterohaemorrhagiae included 1n the series formed
haemolysin  One of these strains had certainly been maintamed
n culture for many years, and might have lost 1ts abihity to
form Iystns  The other strain however was 1solated in 1924
By contrast, cultures of three strains of L pomona, ssolated
Tespectively 1n 1952, 1953 and 1954, all comtained haemolysin
In

human infe L scteroh hagiae causes

haemorrhagic lesions much more frequently than does L pamona
Moreover, the zuthors stated that the haemolysin had no effect
on human, gutneapig and hamster erythrocytes Undoubtedly
the observattons are extremely interesting, and the subject
merits further investigation At present however 1t scems
"madvisable to draw any far-reaching conclusions from the facts
avalable

CHEMICAL COMPOSITION

Information ding the ch 1 of leptosy
13 scanty, and such investigations as have been carmied out
were largely dental to serol 1 studies Thus Carlinf:
(1933) obtained a lipord matenal from several serotypes by
aleoholie extraction and the substance appeared to act as 2
Kenus specific antigen 1n complement fixation tests  Hatt (1033)
Made some investigations of the immuno-chemistry of the
“’J"btrt: strmn of L icteroh kagtae In Ins exp
Washed leptospires were disintegrated with sodium deoxycholate
(04 per cent) in the presence of sodwm atrate (02 M) and
todium chlonde (03 M)  The resulting suspension was shaken
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expermments they concluded that leptospires require gaseous
oxygen at a tension below atmospheric, that they are cyamde
sensitive, have only shight reducing activity, and that they do
not produce recogmzable amounts of hydrogen peroide

Very few differences have been found 1n the cultural require-
ments or metabohc activities of different serotypes of lepto
spires  One d 15 that saprophytic leptosy found
1n water and capable of surviving indefinitely 1n 1t 1n 2 wide
range of conditions, can multiply 1n a suspenston of human
faeces (Hmdle, 1925), whereas the pathogenic serotypes fail to
survive 1 these condittons Frunder (1952) found that 2
stramn of L icterohaemorrhagiae and a stramn of L seyroe did not
change the pH of Korthof’s medium when the pH was 69 or
7 4 at the time of 1noculation, whereas 1n the same circumstances
L gnippoty phosa raised the value of the pH by a unit

At present, study of the metabolism of leptospures 1s hindered
by their comparatively low rate of multiphcation n the known
media, and by their nability to grow on the surface of solid
medium, from which most other bacteria can be harvested
comparatwvely free from the constituents of the medum

Nothing 15 known of the possible production by leptospires
of toxic substances which might be capable of producing
speaific skin reactions 1 infected persons, or of causing the
diffuse necrosis of the convoluted tubules of the Atdneys which
1s the most mmportant lesion 1n leptospiral disease of man and
ammals  However Alexander, Smith, Hatt and Glesser (1956)
demonstrated the presence of a haemolysin 1n cultures of some
strains of leptospires When erythrocytes from a vanety of
domestic and laboratory ammals were tested, only those from
sheep cow and goat proved susceptible to lysts  The capacity
to elab 1 2§ was also v d for a number of
strains belongmg to 2 wide range of serotypes Only a proportion
of strains possessed the ability to produce the lytic agent, an
furthermore different strains of the same serotype somehimes
acted m dissimilar ways ~ For example, two stramns of L cantcola
produced haemolysin, whereas a third did not

Experiments shossed that the lytic agent was presentin higher
concentrations 1 the culture flud, freed from organisms by
centnifugation, than n suspensions contaning disrupted lepto-
spires  The haemolytic titre reached a maximum two or three
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with 2 mixture of amyl aleohol and chloroform and was then
centrifuged to separate the phases The aqueous phase was
concentrated by penaporation and dialysed agamnst sahine
buffered at pH 7 'The final product (Fraction 1} was a umform,
stable, opal o g about 40 per cent of
the total solids of the orgamsms It reacted positively in the
Molisch test and negatively 1n the biuret and ninhydnn tests
A partial analysis gave the following results

Per cent
Nitrogen 70
Phosphorus 18
Pentose 83
Deoxynbonuclerc acid 68

Only about one quarter of the solids were accounted for in the
analysts but, taken in conjunction with the qualitative tests,
they indicate that the matertal 1s free of protemns, peptides and
ammo-acids  The author considered that mbonucleic aad 15
probably present

Ultraviglet absorption spectra showed a well-defined maxt
mum at 258 my, a finding which provided confirmatory evidence
of the presence of nueletc acids  In addition, the charactenstic
specific absorptivity disappeared after treatment with ribonu-
clease and deoxyrnibonuclease, followed by dalysis

Fraction 1 contained a component which fixed complement
in the presence of homologous and 1o a lesser extent of hetero
logous 1mmune sera The actity was not dunished after
treatment with the enzymes mentioned above, nor with hemt
cellulase

When three volumes of ethanol were added to one volume of
Fraction 1 a fibrous precipttate formed which contained most
of the nucleic aud The supernatant flwd, after remasal of
the alcohol by dialysts retamned at least 80 per cent of its onginsl
activity  ‘The dued residue was msoluble 1n diluted sahine
absolute ethanol and ether Its actiity was not reduced by
thorough extraction with boiling ethanol

The reactive substance was thus neither protein not Lipd,
and was probably a polysacchanide, pred ly pentosan if
structure A partial analysts gave the following results which
are with that supp
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Per cent
Carbon 4488
Hydrogen 689
Nitrogen 69
Phosphorus 15
Sulphur 018
Ash 1143
Pentose 194
Deoxyhevose 145

When imected into rabbsts Fraction 1 stumulated the pro-
duction of specific complement-fixing antibodies, but the
antiserum did not aggl lwing homalogous leptosp
It appears therefore that this active princsple 13 not 1dentical
with the speaific agglutinogens of the serotype but represents
an mdependent anbgenic system

Huatt's' findings on the chermucal constitution of Fraction 1
were confirmed by Schnesder (1953) In a later study Schneider
(1951 2) used the same deoxycholate method of obt g the
actve materal from L bataviae and from L camcola also
Chemical analyses showed that Fraction 1 contamned about 1
Per cent orgame phosphorus, and from 3 to 9 per cent organic
futrogen, together with deoxypentosenucleic acid and complex
polysacchanide matenal Pentoses and methylpentose were
among the carbohydrate residues of the polysacchand portion
Chromatography of hydrolysates of Fraction 1 of L setero.
haemorrhagiae revealed the presence of five to seven components,
some of which migrated at rates similar to those of reference
standards of 1{(—) arabwnose, d(—) xylose, 1(—) rhamnose and
glucosamune

A preliminary 1dentification of certain of the polysacchatides
;n Fraction 1 was made by means of the sulphurie apd.
sulphydryl colour (B Cy R) reaction of Dische (1949) The
ultraviolet absorption spectra are shown m Fig 10 1a which
Cutve T 15 1n each istance, the reaction mixture without
Cysteine  Curves 31 are of sugats to which cysteine was added
and measurement made 15 to 45 minutes later {pnmary re-
a;unn) Curves IIT were obtaned from the same mixtures
aftem & w2 £ an e
Te
of
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present 1n the samples were calculated from data obtamed from
mixtures of these carbohydrates which were included n the
test for companson The spectra mdicated the presence of
stmlar or 1dentical monosaccharide residues in the preparations
denved from the different serotypes These analytical pro-
cedures do not therefore pravide any information regarding the
factors responsible for serological differences among serotypes

POLYSACCHARIDE ANTIGENS OF LEPTOSPIRES

L CANICOLA L ICTEROHAEMORRHAGIAE
pentoses 4Qug pentoses 65ug o
p 20ug A7ug
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Fig 10
Ultrauglet absorption spectra of Fraction 1 antigens m Dische s sulphunc

ac1d sulphydryl (BCyR) reaction muxture By Dr M D Schneider Repro
duced from  Journal of Infectious Diseases by kind permission

In a later communication, Schneider (1955) reported on the
antigentc quahties of Fraction 1  He found, as did Hutt, that
rabbits mmjected with the sub produced pl fiang
antibodies which were active 1n the presence of all the hetero-
logous leptospiral antisera tested By contrast however Schneider
could also demonstrate agglutimins 1n the Fraction 1 antisera
and these agglutinins proved to be sharply serotype-specific

Further fractions were prepared by Schneider (1954 b)
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deoxyhevose, by the apparent absence of glucosamine, and by
the presence of an umdenufied ultraviolet absorption pesk at
385 to 390 mp  The cysteme sulphuric acid colour complexes
(Dische and Shettles, 1948) have an absorption band located
at 265 to 275 mp, and a very sharp peak at 385 to 390 myu.
On a weight basis the extinction co effictent at 388 mp was
greatest for L camcola, less for L 1cterokaemorrhagiae and least
for L bataviae

Fractton 3 was predommantly protein 1n nature, and contamed
about 40 per cent of the total mtrogen of the cell Fraction 4
conststed of non-protein mtrogen matenal  Both these fractions
fixed complement in low degree, possibly because they were
contaminated with carbohydrate residues from Fraction 1

In a further study of Fraction 1 of L cancolz and Fractions
1,2 and 3 of L & and L h h , Schneider
and McLaughlin (1955) used mnfrared spectrophotometry, by
means of which certam chemical functional groups can be
distingmshed  In the range from 2 to 15 p used mn this
investigation proteins show strong bands at 30, 6 1 and 65 ¢
Fraction 3 of both serotypes, which contains 40 to 50 per cent
of the cell mtrogen, shows peaks at these wave lengths This
was to be expected as the previous analyses had shown ths
fraction to be predominantly protein i nature  The symilanties
1n the absorption spectra of Fraction 3 matersals prepared from
L batazviae and L h suggest that the protem
constituents are common to both (Fig 12)

Fraction 1 matenal from all three serotypes showed a band
which represents a group of absorbances between 90 and
975 ¢ This band appears to be related to polysaccharide
linkages (Whistler and House, 1953) Nucleicacid s constdered
to be responsible for aband at 8 0 to 8 1 p, and this would seem
to be consistent with the chemical data, since deoxypentose:
nucletc actd compnsed about 8 per cent of the density of
Fraction I This band was absent mn Fractions 2 and 3 The
band at 30 p 1s a composite of NH, OH and CH stretching
The absorption at 3 45 1 has been attributed to CH steetchuag,
and that at 6 25 p to a carboxylate structure and zwitterion type

Fraction 2 shows marked absorption at 3 45 p and 2 carboxy!
peak, absent 1n Fraction 1, occurs from 57 to 68 ¢ The
peaks from 6 0 to 6 75  are more numerous, but suggest basic
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simtlanties to Fraction 1 The band from 90 ta 975 p shows
several smaller peaks, wdicating that 2 more comples sacchande
may be present 1 Fracton 2

When the spectra of Fraction 1 and Fraction 2 of the serotypes
ore compared in detat they extubut significantly different
shsorption bands, the full interpretation of which 15 not yet
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Infrared shsarption spestra of fractions of o leptospires Ty Dy M D
Schneiderand Dr § VcLaught From  Journst of

by kind permussion

Possible  The authors considesed howeser that an exsension
of the study of the spectral bands of the polysacchande-
ontaiming of Jeptosy mmght throw fresh hght
o the cavses of serab b duff and hip
Rothstein and Hiatt {1956) found that 1 70 per cent ethanal
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extract of leptospiral bodies d both compl i
and precipitinogen antigens  On prolonged electro-dualysis the
former was precipitated and the precipitinogen remamned i
solutton  Chemical analysis showed the presence mn both
antigens of pentose and methylpentose, and the absence of
hexose ‘The two antigens also had simlar infrared absorption
spectra

When 1njected into rabbits the precipitinogen stimulated
the production of two types of antibody —(1) precipitins
which reacted with the prectpitinogens from a wide vanety of
serotypes, and (2) agglutimns which were serotype-speaific
The authors luded that two g P must
be present  One, the P-antigen, situated on the penphery of
the cell normally acts as an agglutinogen, but can act 1n certam
circumstances as 2 precipitinogen and complement-fiung
antigen The other, S antigen, 1s somatic, 1t plays no part
In reactions 1nvolving ntact leptospires, but would be exposed
when the cell 15 disrupted

SURVIVAL OUTSIDE THE ANIMAL BODY

SurvivaL 1IN WATER
The time of survival of leptospires under different adverse
physical and chemical condittons has been only | ' studygd.
In particular, possible differences *
gemic serotypes in this respect have rot L
The data so far recorded have
haemorrkagiae and, less Lo,
leptospires  As would be wa;
water leptospires survive for
domestic water supplies, as
from tap water 1n London by
by Schhpkoter (1951) The
spectmens of tap water,
taps which had not been
nicher 1 leptospires than
after the water had been
These findings are 1n
nonpathogenic water ’
water, while the path |
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ussues of ammals Outside the body pathogenmec serotypes
grow very little, and they tend to die at a rate varying with
d This supposed diff between the nonpath

gensc and the pathogeni serotypes cannot be preasely confirmed
by recorded observations, and the poswion of the pathogenc
serotypes stated above 15 not wholly accepted by van Ruel
{1948) He beheves that amimals are of secondary smportance
ay reservoyr hosts, and that water 1s the more fundamental
habitat

Isesir Warer  Noguch: (1918 b} added £, seterohaemorr-
hagiae to distilled water and noted that the orgamsms ail
disappeared withn 7 days  On the other hand, van Thel
{1937) wnfected a saraple of surface-water with a virulent strain
of L cterohaemorrhagiae, and was able to prove the contsated
presence of leptospires for at least 22 days by means of the
* gutneaptg bathmg test * (see Appendix} He noted that the
leptospires tended to sink to the fower levels, and that they
could best be detected by surning up the water before taking
samples for test

Chang, Buckingham and Tayler (1948) found that L sctero-
haemorrhagine remmned viable for 18 to 26 days in tap water
which was aliowed 10 become contaminated with bactersa from
the arr  In water of pH 70 from the Charles River, Boston,
Mass, the survival time was & days In stemle water the
leptospires survived for 28 hours at pH 50, and for 30 days
at pH 70 When 1 per cent of serum or 01 per cent
tryptose was added, the survival umes were 100 and 50 days
respectively

Saur Warer  The deletersous effect of sodium chloride on
leptospires 1s shown by the lesser risk of contracting infection
when bathing 1n salt water as compared with fresh  Ruys
{(quoted by Schuffner, 1934} tested the survival of L sctero-
haemarrkagiae n water from vanous sources i the Netherlands
and from the North Seca on the Dutch coast  She found that
i lake water with a fow sahnity, 40 mp of chiormne per htre
ar less, leptospires survived for 10 days, whereas 1n water from
the North Sea with 13,000 to 17,000 mg the survival was fess
than 1 day  Broadly speaking, 1n waters of mtervening values
feptospsres survived for proporuonal tmes  Similarly, Chang -
ef al (1948) recorded that m sea water With a total sals content’
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of 22,000 mg per htre, L wcterohaemorrhagiae survived for 18
to 20 hours

Ruys (1946) reported that, during the summer of 1944, there
were no mstances 1n Amsterdam of Weil’s disease due to bathing
or sudden immersion She attributed this to the fact that
during those months the canals were flooded with sea water,
so that in one particular canal the saliity rose 1 August to
1,572 mg of chlonne per litre, contrasted with 639 to 1,045
mg 1n other years

‘The use of sea water for washing fish was considered by
Hampson (1946) as a likely expl of the low d
of Weil's disease among fish workers 1n Grimsby, England, as
compared with the high rate in Aberdeen, Scotland, where
fresh water was used (Davidson, Campbell, Rae and Smuth,
1934) In like manner Goudie, Weirr and Wilson (1952}
attributed some of the freedom from Weil’s disease of fish
workers 1n the Glasgow fish market to the fact that the fish
curers there immerse their hands from ttme to time 1n a solution
of synthetic dyestuff containing 25 per cent of common salt

CoNTAMINATED WATER AND SEWAGE  Noguch: (1918 b) had
also observed that leptospires survived only for a few days 1n
badly polluted waters This finding was confirmed by Chang
et al (1948) who reported that in domestic sewage of pH 69
the survival time was only 12 hours  On the other hand Alston
(1935) 1solated L scterohaemorrhagiae from the floor of a
sewer and from the outlet of a dramn 1n a sewer The same
author (1948) found that leptospires retaned thew virulence
for at least 24 hours in sewer mud

SURVIVAL IN MILR

Kirschner, Miller and Garlick (1952) showed that leptospires
survived only 2 short time m undiluted milk, but for at least
two months mn milk diluted 1/20 with rain or tap water
Kirschner and Magwire (1955) contmnued tbls\‘worl\ They
found that virulent and nonvirulent stramns of < T actero-
haemorrhagiae and L pomona were lysed cows
goats and human beings n{ - by ¥ m)
dilutions varymng from i 0 v
effect was not reduced ge 4°C
for two months, or by ¢ - 2
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hours It withstood pasteunzation and heating for 5 mmutes
at 80°C but was destroyed by boilmg  The active agent was
neither lysozyme nor lactenin  The authors concluded that
this agent accounts for the absence of mulk borne infections
m the many countries where bovine leptospirosss occurs

SurvivaL 1N UriNg

It has long been recognized that leptospires die rapidly after
excretion in the urine of patients Davidson and Smith (1936)
added a few drops of culture of L scterohaemorrhagiae to
samples of unne obtaned from ten patients who were not
sufferimg from Weil's disease Drops of the mixtures were
exammed microscopreally at intervals  Actively motile lepto
spires were seen 1n all the specimens after 1 hour 1n 4 after
2 hours and 1n 3 after 6 hours

It 15 generally considered that the highly actd reaction of
the urine caused by the illness 1s responsible for this  There
fore when attempts are made to 1solate leptospires by culture
or amumal inoculation the urme should either be rendered
alkaline smmeduately 1t 1s passed or the patient given alkalies
to alter the reaction 1 w0

‘There must however be other factors nvolved also because
Fuhner (1850 b) observed a similar effect 1n rat urme even
when 1t was neutral or slightly alkaline 1n reaction  He made
microscopical examinations of the urnne of carrier rats at various
mtervals after 1t was passed The unne contaned large
numbers of leptospires when 1t was shed but few active ones
Were visible after & hours and none at all after 24 hours  The
organsms did however sursive for longer perods in diluted
urne

Davidson and Smuth also observed lytic antibodies 1n the
Line 1 some cases van der Hoeden (1936) demonstrated
both specific agglutimins and lysins 12 the urine of men dogs
a0 wild rats as the result of infection In one man they could
sull be detected more than 3 years after recovery Nowick
(1905) d the develoy of antileptospiral lysins 1n
the unne of rabbus imgected with L pyrogenes and found
dence that the lysins 1n the urine could be detected earlier
than agglutimins 1 the blood serum Trom observations on
™0 patients suffering from Weil s disease he suggested that
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of 22,000 mg per litre, L 1cterohaemorrhagiae survived for 18
to 20 hours

Ruys (1946) reported that, during the summer of 1944, there
were no instances in Amsterdam of Weil’s disease due to bathing
or sudden immersion She attributed this to the fact that
durning those months the canals were flooded with sea water,
so that 1n one particular canal the sahimity rose 1n August to
1,572 mg of chlorine per litre, contrasted with 639 to 1,045
mg 1 other years

The use of sea water for washing fish was constdered by
Hampson (1946) as a likely explanation of the low d
of Weil’'s disease among fish workers in Gnimsby, England, as
compared with the high rate mn Aberdeen, Scotland, where
fresh water was used {Davidson, Campbell, Rae and Smuth,
1934) In like manner Goudie, Weir and Wilson (1952)
attributed some of the freedom from Weil's disease of fish
workers 1 the Glasgow fish market to the fact that the fish
curers there immerse their hands from time to time 1n a solution
of synthetic dyestuff containing 25 per cent of common salt

CONTAMINATED WATER AND SEWAGE  Noguchi (1918 b) had
also observed that leptospires survived only for a few days
badly polluted waters ‘This finding was confirmed by Chang
et al (1948) who reported that 1 domestic sewage of pH 69
the survival time was only 12 hours  On the other hand Alston
(1935) 1solated L scterohaemorrhagiae from the floor of 2
sewer and from the outlet of 2 dram 1n a sewer The same
author (1948) found that leptospires retamed their virulence
for at least 24 hours 1n sewer mud

SurirvaL IN Miix

Kirschner, Miller and Garlick (1952) showed that leptospires
survived only a short ttime in undiluted mulk, but for at least
two months 1n milk diluted 1/20 with ramn or tap water
Kirschner and Maguire (1955) continued this work They
found that virulent and nonvirulent strams of L kyos, L sctero-
haemorrhagiae and L pomona were lysed by mulk from cows,
goats and human bemngs (and also by human colostrum) 1n
dilutions varying from 1/32 to 1/500 The antileptospiral
effect was not reduced erther by storage of the milk at 4°C
for two months, or by contact with 2 per cent ethanol for 24
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with the surface layer of the soil 1 each of 3 jars  After
8 days, enough ram water was added to the first jar to saturate
the soif and leave free water on the surface  The second and
third jars were stenlarly treated after 15 and 43 days respectively
Samples of water were tested for the presence of leptospires
by allowng the water to flow through a tunnel mn the sub-
tissue of g pigs (see Appendix) By this means,

samples from the yar flooded at 8 days were found to be infectine
after a further 3, 17 and 24 days  From the 15-day jar they
were mnfective after another 3 and 10 days, and from the
43 day yar after 3 days, but not after 10 and 17 days

In further e the soit was d by keeping,
on racks above 1, rats known to be excreting lasge numbers of
L australs A 'The rats were removed ajter 3 to © days,
and the jars were flooded 8, 15, 22 and 28 days Jater, respecinely
Samples from the 8-day jar were wfective after 3, but nat after
86 days, from the 15-day jar, after 4 days, but no later samples
were tested  Samples tahen after 3 days from the 22-day and
28-day jars proved nommnfective

In this connection 1t 13 interesting to note that Sawers (1938)
stated that the heat generated by burmng the trash of sugar
canes (carried out before cutting 1s begun} did nat appreciably
penetrate into the soil, although 1t would be sufficient to destroy
leptosptres on the cane and on the surface of the ground

The effect of the mosture content of soi was studied by
Okazalu and Rungen (1957) 1n sets of tubes contaning 2 g of
stertized soil  One set was allowed to dry, to the second,
stenle distilled water was added to the pont of dampness,
and suffictent water was added to the third to a peint beyond
saturation where water covered the soil  Each tube was
tnaculated with about 10 mullion L pomona and kept at room
temperature, water was added to the tubes of the second and
therd sets as necessary to mawatam them at approvmately a
constant motsture coptent At mtervals the soit mn one tube
of each set was suspended i 10 mi of water  The suspension
was examuned mucroscopically for the presence of motte
Yeptosprres, and was also inoculated into colture media

In dry sail no Jeptospires could be detected aftes halfl an
hour or by culture after 2} hours In damp soil they could
not be seen after 3 days nor cultured after 5 days  Under
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the appearance of lysins 1n the urme might be a valuable early
mdication of imfection These lysins must differ essentiatly
from those associated with agglutimins, because antibodies
appear i the blood at an earher stage than in the urme
(Davidson and Smuth, 1936) The subject therefore needs
further investigation

Mason (1938) found that 6 out of 11 rat catchers had antibodies
to L acterohaemorrhagiae 1n the blood although they gave no
Iustory of previous jaundice In view of van der Hoeden's
finding, these men who are lable to repeated subchimeal
infections might have aggluttnins and lysins t the urine alkso
In this connection 1s 1t interesting to note that Brown and
Cleveland (1932) reported that 1t was a common practice with
some rat hers to urinate diately on the wound of a
ferret which had been bitten by a rat, because they believed
that this was the way to prevent the ferret from dymg

Professional rat catchers mught be expected to provide
several examples of Weil’s disease, but we know of only two
in Great Bntain It may be that experienced rat catchers
urinate not only on the bites of their ferrets, but on their own
bites as well A rat catcher known to one of us may have
further increased his by s p 1 side-lime,
which was biting off the heads of rats cutside taverns for 2
small reward

SuRVIVAL IN INFECTED TisSUE

Mantovan (1950 b) infected preces of diaphragm of cattle
with L scterohaemorrhagiae obtamned from tissues and urine of
guineapigs which had died of the nfecton Pathogeniaty
tests on guineapigs, after the tissues had been kept for 3 days
at a temperature between +2 8°C and —28°C, showed that
the leptospires had survived and were still virulent

SurvivAL IV SoIL

Smith and Self (1055) made careful expenments on the
survival of L australis A n sol They placed 1n glass jars
blocks of soil about 10 cm 1n thickness, and added to them
a little rain water to morsten the soil thoroughly, the pH of
the sorl was 61 to 62 In the first experiments, 20 ml of 2
culture of a recently 1solated stram of L australis A was mixed
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present in waters of pH 69 or more, but were absent from
those of $H 6 6 or less

Okazake and Rungen (1937) noted that the time of survival
of L pomona m solutions of different acrdities varted with the
temperatures at which they were mammtained  Thus at pH 6 2
the survival ume was longer at 7° 10 10°C  than at 20° to 26°C
whereas at pH 8 4 the reverse effect obtained At —20°C no
dfferences were observed at the different pH Invels suggesting
that death was due to the temperature alone

Distvrerants

Chang #¢ of (1948) reported that clemental rodine destroyed
all the leptospires (in water contaimng 1 to 3 mithon organisms
permt }in 1 mnute when the tesidual 1dine was & parts per
ruithon, and in 10 minutes when the concentration was 0 7pp m
They found also that Halazone under neatly the same conditions
kulled all leptospires 1n 1 sunute when the residust chlonne was
35ppm At pH 5, caloum hypochlonte killed all leptospizes
m 1 and 3 minutes when the chlonne residues werse 05 and
O3ppm respectively, at pH & it acted stmlarly 1 1 and 8
muntites with residues of 6 and 3 ppm

They also stated that the catiomsc detergents Ceepryn
Fruanof and Sapammne killed all leptospires an 6 10 30 and
60 mmutes at average doses of 30 20, 10 and 7 ppm
rnspccmc!y, but that twe anome detergents required dosages
of 1000 ppm or more DPavidson and Smuh (1838) had
Previously shown that sadium hypochlonite 1n a concentration
of 1/4.000 kalled I, scterohaemarrhagiae n 5 tinutes

Anumrories

Most of the antibrotic drugs have been tested for antileptospizal
Attty snoxtroand mvive  Several workers found that pemarllin
mhibited the growth of L tcterohaemorrhagiae sn suttahle cultare
tmedia when the deug was present in concentrstions of 01 to
© 4 Oxford unsts (6 06 to 0 24 ug ) per ml or more {Alston and
Broom, 1944, Chang 1946  Schlipkoter and Beckers 1951}
Chang considered that the actron was only bactenostatic, but
Alston and Broom beheved there was a morked bactericicial
o ay well  Pemesthn was found to have 2 stmar degree of
whibitory effect on other seratypes, including L samicols, 1
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supersaturated conditions they were still visible for 193 days,
and could be cultured up to 183 days

RESISTANCE TO PHYSICAL AND
CHEMICAL AGENTS

Heat

A careful study of the thermal death ponts of leptospires
was made by Chang et al (1948) They found that, when
suspended 1n water, L cterohaemorrhagiae was killed by
exposure to a temperature of 45°C for 30 munutes, of 50°C
for 10 minutes, of 60°C for 10 seconds, at 70°C the organsms
survived for less than 10 seconds

OTHER PHYSICAL AGENTS

Leptospires will not withstand long exposure to direct
sunhght, and 1t 1s usually stated that they cannot survive
dehydraton However, Annear (1956) evolved 2 technique
of preserving the organisms 1n the dry state for at least 2 years
He prepared sterile plugs by freeze-drying 0 25 ml amounts
of a solution contamming 6 per cent Evans peptone and 0 5 per
cent starch  Each plug was inoculated with a smgle drop of
culture, concentrated to one twentieth of 1ts ongnal bulk, and
the tubes were tmmediately exposed over Pz0s to a high vacuum

Polanen (1941} showed also that they were destroyed by
ultraviolet ight  Thus finding was confirmed by Alston (1948)
who found that, 1n sewer mud, virulent L cterohaemorrhagiae
survtved exposure to an ultraviolet famp for 5 but not for 10

minutes

Acips

Leptospires are very sensitive to the action of acids, and they
are seldom found m waters of reaction less than pH 68 For
mstance, Sardjuto and Zuelzer (1929) found them to be
abundant in the alkaline waters of Sumatra, but practically
absent from the more acid waters of Java As a result, human
leptospirosts 13 commen 1n the former 1sland and comparatively
rare 1n the latter  Similarly, 1n the Andaman Islands, Taylor
and Goyle (1931) recorded that leptospires were frequently
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by 14 or 07 pg per ml  Osytetracychine (terramycin)
whibited L autumnabs at 20 pg, L camcola at 05 pg, and
the other serotypes at 02 pg per ml  All serotypes showed

derabl to chl h 1 ly L

P Y
autumnalis which was unaffected by 14 pg per ml  In similar
experiments with other chemical compounds mepacrine
(atebrin) 1nhibited all the serotypes at a concentration of
10 pg per ml, but no effect was obtaned with supranol,
plasmoquine, resochin and qumine m concentrations up to
20 pg per ml

Fulton and Spooner {1958) showed that chlortetracyhine and

yel kedly d d the oxygen uptake of

cultures of L h h while p 1lin and strepto-
myein had no effect

Ormsbee (1953) found that erythromyen had an inhibitory
effect when 1t was injected into the yolk sac of embryonated
hen eggs p 1 lated with L ) hag
Fame and Raipainen (1955) tested the sensitwvity of several
serotypes to erythromycin 1n ten fold senal dilutions in culture
medum The concentrations of the drug which stenlized the
cultures after mcubation at 30°C for 10 days were —

Sensitive to 0 001 pg per mi—
L camcola (stran Utrecht IV),
L gnppotyphosa L hyos, L seyroe
Sensitive to 0 001 to 0 01 pg per ml—
L scterohaemorrhagiae,
L cameola (stram Aldgate)
L austrahs A, L batavrae,
L hebdomadis
Sensttave to 0 01 ug per mi —
L pomona

Katsura snd Yoshida (1957) found that Tropolon and
Hinolutiol (m-1sopropyltropolon) had a marked mhibitory and
lethal effect on the growth of leptospires i1 vilro The lepto-
Spirocidal concentrations were of the same order as those of a
mumber of antibiotics when the drugs were added to the
medium before 1t was seeded with feptospires  [he Tropolons
stll had 2 lethal effect, 1n relatively low concentrations, when



48 GFNERAL CHARACTERS OF LEPTOSPIRES

they were added to cultures which were 1n the loganthmic and
static phases of growth  Streptomycin had a stomlar but much
slower effect 1n the later stages of growth, the other antibiotics
(including pemaillin, chlortetracyline and oxytetracyline) were
practically inactive even in concentrations forty times greater
than those which were lethal in the lag phase

From all these observations and expertments on the ability
of leptospires to withstand the deleterious action of physical
and chemucal agents, 1t appears that they have 2 comparauvely
low resistance as compared with many other pathogenc
micro-organisms
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CHAPTER IV

RESERVOIR HOSTS AND DISTRIBUTION
OF LEPTOSPIRES

Host of Election, Intensiy of Infection
Mode of Transmussion

RESERVOIR HOSTS

The path leptospires are [ ly parasites of ammals,
more especially rodents, although some serotypes are most
commonly found n dogs, pigs or cattle  Leptospires will grow
i developing hen eggs and can cause experimental 1nfections 1n
young chicks {p 184) but no spontancous nfections m birds
have been recorded  van Thuel (1046, 1918 b) farted to wnfect
fish and frogs exp Hy with L scteroh A The
possbility of more extensive infection of wild rodents by
Ieptospires 15 illustrated by the work of Packchanian (1940) who
found that 26 of the 32 species and subspecies of rodents he
tested were ptible to 1nfe by L hag
although they were not known as naturai carrers of the organism
In mapy nstances the leptospires appear to have become so
vell adapted to their hosts that they produce large colontes m
the convoluted tubules of the kidneys (Fig 13) without, as a
rule, Causmng any deleterious effect on the ammal  Leptospires
are shed 1n the unine, sometimes 1n very large numbers

The length of ime dunng which the carner state persists
's ot accurately hnown, and may perhaps vary according to
seratype and host  Tuhner (1950 b) found that spontaneously
mfected wild rats were stall excreting L scterokaemorrhagiae
after 8 months captity  Walch-Sorgdrager (1839) kept
ild rats under observation fot as fong as two and a half years,
during which time they regularly passed leptospires, though 1n
varying numbers  Melntyre and Montgomety (1952) were
able 1o demonstrate L camcola 1n the kudneys of dogs at least
3 years after recoverv from the naturally acc-=-2 4= P

£ 1
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the other hand Popp (1950) brought forward evidence (p 153)
which suggested that Microtus arvalis may act as a2 carrier of
L grppotyphosa for only a few months

In other the adap 15 less pl Thus dogs
mfected with L camcola develop chronic mterstittal nephritrs,
and progressive fibrosts eventually destroys much of the kidney
tissue (Fig 14) According to Popp (1950) L grippot; phosa
produced acute nephritis 1 Microtus artalis and this led to
the death of a considerable proportion of the carners

Host or EvecTion

Broadly speaking, each leptospiral serotype tends to be
associated with a particular species of carrier host for example
L scterohaemorrhagiae with Rattus norvegicus and L camcola
with dogs  There are however many exceptions to this rule,
because one serotype may be carried by different hosts, and
one spectes of animal may act as host to different serotypes
Thus L batatiae 1s usually carned by R noreegreus m Indonesia
and by Micromys minutus sorcinus in Northern Italy  Conversely,
Pigs may act as hosts to L camicola, L hyos and L pomona
InTakt ™ 1« L e TR
hosts ¢
belzeve

noted that no reservorr hosts have yet been idenufied for a
number of serotypes, such as L andaman A, L celledom,
L mankarso and' L naam

INTENSITY OF INFECTION —Within a population of ammals
which are potential carriers the proportion actually infected
may vary greatly even in areas close to one another Dunng
one outbreak of field fever the infection rate with L grippo-
typhosa among Microtus arvals caught 1n adjacent localities
ranged from 5 to 80 per cent Comparable, though less widely
divergent vanations were recorded for infections with L 1ctero-
haemorrhagiae among R nortegicus 1n a rural area i South
Wales (Broom and Gibson, 1953)

A high density of rodent population probably tends to raise
the nfection rate among them because of the mcreased chance
of individuals coming 1n contact with infective urine  Other
factors however appear to be involved also  Seasonal fluctua-
Uons i carmer rates among rats has been suspected by
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The number of antigenzeally distinct serotypes present in
different localities also varies widely About a score have been
1dentified tn Indonesia (Collier, 1948 a) and n Malaya {(Gordon
Srmth and Broom, to be published) In Austral, 13 separate
serotypes have been 1solated and identified (Queensland, 1955)
and 8 1n the US A (Yager, 1953, Klatskin, 1955)

According to Rimpau (1952) the presence of 15 serotypes
bas been established 1n Europe His bist includes however
certain serotypes isolated and named mn the USSR which
Kmety (1955 b) showed to be 1dentrcal with serotypes already
known Therefore the exact total for Europe 1s uncertarn but
15 probably about 12

The dissemination of these serotypes throughout the different
countries 1 Europe also shows considerable varnations
Gsell (1952) has recorded 8 from Switzerland and also from
Northern Italy, Borg-Petersen (1949) 7 from Denmark, and
Salminen (1956) 7 from Finland By contrast only 2 serotypes,
L scterohaemorrhagiae and L cancola, have been found 1
Great Britain

These disparities may be the result of a aumber of factors
In some countries, such as the U S A (Larson, C L, 1953) and
Malaya (Broom, 1953 a), leptospirosis was regarded as of little
mmportance until the intensive work carned out within recent
years showed this view to be greatly mistaken It 1s possible
therefore that new endemic areas may be discovered as the
result of future investigations In other instances the explana-
tion may lie 1n diffe tn env. 1 cond Thus
Sardpto and Zuelzer (1929) found a much higher inaidence of
leptospirosts 1 Sumatra, where the water tended to be slightly
alkaline 1n reaction, than in Java where the reaction was more
acid

The absence from Britain of serotypes other than L 1ctero-
haemorrhagiae and L camcola 15 not due to the lack of the
appropriate reservorr hosts  As Alston (1949) pointed out, the
species of Murnidae which on the Continent carry L ballum,
L bataviae, L grippotyphosa and L seroe are present m the
British Isles, and an additional serotype, L saxkoebing, occurs
1n rodents nearly related to British species (Table VI}

Comments and hypotheses on the distbution of various
serotypes throughout the world were made by Broom (1953 b)
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He contrasted the almost world-wide distnbunon of serotypes
such as L wcterohaemorrhagsae wsth others ke L andaman A
whick appears to be confined almost entizely to the Andaman
Ishnds s the Indian Ocean In seeking an explananon for
ths dispanty, he speculated about the means by which a single
stratype spreads across the world and about the factors which
sfluence the emergence of new seratypes

Taste V1
MURIDAE (EXCLUDING RATS) WHICH CARRY LEPTOSPIRES
ON THE CONTINENT OF EUROPE BUT NOT IN
GREAT BRITAWN
(Aftor Alston 194%)

Lriosh AMundae ( Contenental Vuridae Seroty pes Carred
MICROTINAE {oles
and gs’
Cleth glareous | Gleth s ghavelus L I
Urrvotus ogrest 5 Rherotus agrestis L grppotyphosa

81 erotus hartus

|

} Mucrotus arvalis

rcwcola amplabs s Aretcola amphib us
Areccola sherman

MURINAT (exctuding

n
Apodemus syl atecys : Apodemss nfratiens

Apodemus foercollss
llmmmj ' Menurus
Mas museutus

Apodemus flatscolles
Alecromn s runutus
s muscalut

The westward spresd of

L grippoty phasa

L scterol aemorrhagiac

L grpgor phase
L seroe

L batavioe

L saxkocbtny

1 batariae

1 dallum

L saviorbing

L sroe

I icterokaemarthagiae 1w Enrasis,

for example, may have been the result of the mugration of
norvegicus, which 15 the prncipal carner host of that

serotype It 15 believed that up to 1720

R norvegirus had not

penetrated further west than the Ruwver Volga m Russia

Fotlowing a few years of plenty during W
tion sncreased enormously, a bad season
westnard migranon across that siver

hich the rat popula-

precipitated a vast

The Baltic ports were

invaded shout 1729 and thente the brown rat was carned m

ships to varous eountsies, mcluding Frgland

If we assume

that in those days R nortegsess Was infected with L tctero-
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TaBLE VII—continued

Continent and | Seroty pe of Leptosprre | Continent and | Serotspe of Leptosprre
ountry ountry
ASIA IASIA
Indonesia L oustralis A Malaya—contd | L Bangkinang
autumnalts L batarrae
*L bangkinang L bemamun
*L bataviae L cameola
*L bemamin L celledom
L camcola L dasuman
*L esnoptert L grippotyphosa
*L diasiman L hebdomadis
L grippotyphosa L hyos
*L hardjo L scterohaemorrhagiae
L hebdomadss L jovamea
L tcterohaemorrhagtac] L ‘medanensis
*L jaamea L naam
*L ‘mankarso L por
*L medanensis 1 pomona
*L naam L pyrogenes
*L pardian L schuffners
L pomona L temarang
*L pyrogenes L sentot
*L ‘sanmn L wolfis
*L schuffnert
L seproe Paafic Islands
*L semarang Hawau L cameola
*L sentot L scterohaemorrhagtae
*L wolffis
Okinzwa L autu nnals
Iraq L grippots phosa L hebdomad:s
Israel L camcola Samoa L australis A
L gnppotyphosa L scterohaemorrhagae
L pomana
‘Thaland L autumnalis
Japan L austrahs A L batavtae
*L autumnalis
L bataviae
L camcols
*L hebdomadis
oL rcterohaemorrhagiae AFRICA
L pyrogenes Algena L scterohaemorthapae
Korea I scterohaemorrhagiae| tBelgian Congal L australis 4
L batariae
Lebanon L gnppats phosa L bemanmn
L ‘wterohaemorrhagiae L cameola
L grippory phosa
‘Malaya L australs A L hyos
f 4 L australis B f scterohaemorrhagiar
L autumnalts pomona
L ballum ] L wolff -

* Country i which ths serotype was first solated
4 See Table 111 for additranal straina not fully identified
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TasLe VII—contmued

Continent and | Serotype of Leptosptre | Continent and | Serotype of Leptospire
Country niry
AFRICA. IAMERICAS
gYPt L grippotyphosa (West Indies—
L ‘cterohaemorthagae) _ contimued
L seroe Trinidad L scterohaemorrhinae
Kenya L gnippotyphosa South America
Argentina L cameola
French L scterohaemorrhagiae L hyos
Moroceo ) L scterohaemorthagiae
z
TFrench West | L seterohaemorrhagiae
Africa Brazl L australis B
{ L cameola
Madagascar | L grippots phosa L reterohaemorrhagiae
L pemona
Chile L camcola
Tumsia L grippoty phosa L scterohaemarrhagiae
L cterohatmorrhagrael L pamona
Feuador L scterohaemorrhagia
AMERICAS French L scterohaemorrhagiae
North America Guama
Canada L ballum
L umohammrmgm
L pom
Meueo L reterchaemorrhagiae| AUSTRAL
Usa L autumnalis HAustralia oL, australis 4
L ballum L austrahs B
L batensae L cameola
L camool: oL celledom
L sppotsphosa *L hyos
L wcterohaemorrhagiae, L sterohaemorrhagiae
L pomona 1 L medanensis
L seroe oL mim
.
West Tndics L pamons
Cuba L camcdla New Zealand| L camcola
L gnppotyp L scterohaemorrhagiae
L numhﬂmurrlmgme T pomona
Guadeloupe | 1. icterokaemorrhagiae] Papua and L andaman A
New Guinea | L batatiae
Puerto Rico | L baltum o
L batmie Autumnalis serogrou
L car Hebdomadis serogrou

[

L :crmhnmonhapaz

Pyrogenes serogroup

* Country m which thus serots pe was first 1solated
t See Table 111 for additional stramns not fully identified
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TasLe VII—continued

Continent and | Seroty pe of Leptosprre | Continent and | Seroty pe of Leplosprre
ountry Country
ASIA ASIA
Indonesia L australis A Malaya—contd | L bangkinang
L autumnalis L batarrae
*L bangkinang L bemammn
*L bataviae L camcola
*L bemamn L celledom
L cameola L dyasrman
*L cynopters L gnppotyphosa
*L diastman L hebdomadis
L gnippotyphosa L hes
*L hardio L scterohaemorrhagiae
L hebdomadis L jatamea
L 1cterohaemorrhagae| L ‘medanensis
*L jaramca L naam
*L ‘mankarso L por
*L medanensis L pomona
*L naam L pyrogenes
*L padian L schaffnert
L pomona L semarang
L pyrogenes L sentot
oL sarmn L wolfis
*L schuffner:
L seproe Pacsfic Islands
*L semarang Hawan L camcola
*L sentot L 1cterohaemorrhagiae
*L nolffis
Olunawa L autu nnalts
Traq L grippotyphosa L hebdomadis
Israel L camcola Samoa L australts A
L grippoty phosa L 1cterohaemorrhagiae
L pomona
Thaland L autumnalts
Japan L austrahs A L bataviae
*L autumnahs
L batatiae
L camcola
oL hebdomadis
L scterohaemorrhagiacl AFRICA
L pyrogenes Algera L sctevohaemorrhagiae
Korea L scterohaemorvhagiae] tBelgian Congo} L australis A
L bataviae
Lebanon L grippotsphosa L bemamn
L ‘icterokaemorrhagtac| L camcola
L grippots phosa
tMalaya L austrahis A L hyos
L australs B I’: rcterohaemorrhagas
L autumnahs pomanz
L ballum ! L uolffie —

* Country 1n which ths serotype was first solated
4 See Table 111 for additional strains not fully 1dentified
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Tarte VII—continued

—

mrrohnmunhagme]

Continent and | Serotype of Leptaspire | Contiment and | Serots pe of Leptaspire
Country Country
AERICA AMERICAS
Egypt L grippoty phosa \West Indies—
L ‘cterohaemorrhagrat| _ contymted
L sqgroe Trimdad L seterohaemorrhagiae
Kemya L gnippoty phosa South Amenica
Argentina L camcola
French L scterohaemorrhagaae| Lh
Morocca L scterohaemorrhagiae
L pomona
Freach West | L scterohaemorrhagrael
Aftica Brazl L australts B
L cameola
Madagascar | L grappots phosa L scterchaemarrhagiae
L ‘pomona
Chite L cameola
Tun sia L grippob phosa L acterohaemorrhagiae
L tcterohaemorriagrac] L pomona
Ecuador [ L scterohaemorrhagtae
AMERICAS French L tcterohaemorrl agiae
dorth America Guiama
Canada L ballum
L scterohaemorrhagiae|
L po
Mevico L scterohaemorehagias! AUSTRAL-
Usa L autumnahs mu,mh. australis A
L ballum australis B
L bataruae cameola
L cameola celledom:
L qnppotyphosa 3 05
L scterohaenioryhagiae scterohaemorr} agrac
L pomana edanensts
L serroe mint
na
West Tndies pomo
Cuba L cameola New Zealand | L camcola
L grappaty L tcterohaemarrhagrae
L lnerohaemanhagmt I pomona
Guadeloupe | L scterohaemorrhamae) Papuaand | L andaman A
New Guinea ' L batarrae
Puerto Rico | L battum L kyos
T bataciae Autumnalis serogroup
| L camecola Hebdomadis serogroupi
L Pyrogenes serogroun

* Country 1n which this serotype was first 1solated
4 See Table I for addsttonal strans not fully ientified
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TasLE VII—continued

Continent and

|

Seroty pe of Leptospre

Continent and
ountry

Serot) pe of Leptosprre

ASIA

Indonesia

Iraq

Israel

Japan

Korea

Lebanon

{Malaya

L
*L

Aal

.
3l

S

*

Sl

"

Al R TR 2l 2l ol ol ol o)

L

* Country tn which this serotype was first
1 See Table 11T for additronal strams not ful

*L b

L R T LIS I

austrahs A
autumnalss
bangkinang
ataviae
bemamen
camcola
cynoptert
diasiman
grippoty phosa
hardjo
hebdomadss

Javanca
‘mankarso
‘medanensis
naam
padian
pomona

3 ragenes

nolffit
grippotyphosa
camcola
gnippotyphosa
‘pomona

australs A

tcterohaemorrkagiae|

lASIA
Malaya—contd

Pacific Istands
Hawau

Olunawa
Samoa

‘Thailand

1cterohaemorrhagiae AFRICA

By rogenes

Igena

scterahaemorrhagiae] tBelgran Congo)

grippoty phosa

1cterahaemorrhagiae,

oustrahs A
australis B
autumnalts
ballwn

|

bangkinang
batarae

diastman
grippotyphosa
hebdomadis

Jsos
scterohaemorrhagiae

‘medanensis
‘naam

par
pomona

By rogenes
scluiffnert
semarang
sentol

wolffi

B e B B b b R e e N B B B R e I b

cancola
scterohaemorrhagiae

autumnals
hebdomadis

pustrahs A
scterohaemorrhagiae

autumnalis
batavtae

[ I L o

scterohaemorrhagia
australis A
batariae

bemamn

camcola
1ppots phosa

B b
=5

iyos
scterohaemorrhagae
L pomona

L wolffr -

ssolated
Ty 1dentified
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‘TasLe VII—continued
Continent ani | Serotype of Leptosprre { Continent and | Seroty pe of Leptosprre
Country
AFRICA IAMERICAS
Egypt L gnippotsphosa | West Indies—
L wterohaemarrhagiael _ contt
L sqroe “rimdad L scterokaemorrhagiac
Kenya L grippoty phosa South America
Argentma L camcola
French L 1cterohaemorrhagiae L hyos
Moroceo L scterohaemorrhagiac
L pomona
French West | L scterohaemorrhagras
Africa Branl L australis B
L camcola
Madagascar | L grippoty phosa L tcterohaemorrhagiae
L pomona
Chile L cameola
Tumsia L grippotyphosa L icterohaemorrhagiae
L teterohiaemorrf agiae L pomana
Feuador L scterohaemorrhagiae
AMERICAS Freach | L scterohaen arvhagiae
Notth America Guisna “
Canada L ballum
L scterohaemorshagiat)
L pomona
Mewico L seterohasmorrhagiae| AUSTRAL-
4
Usa L eutumnalis tAustralia australis A
L ballu australis B
L batatrae camcola
L canicola celledom
L grippotyphosa By os
L scterohaemorrhagiae scterohaemorrhagiae
L pomona | medanensts
L seroe
et Tndies pomone
Cuba L camealz New Zealand | L comeola
L gnpponsphosa | T scterohaemorrhagiae
L seterahaemorrhagrae I pomona
Guadeloupe | L scterol aemorrhagae] Papuaand | L andaman 4
New Guinea ' L batariae
Puecto Rico | L baltum o1
I batoviae Autumnalis serogroup
L « Hebdomadss serogroup
] L scterohaemorrhagiar Pyrogenes serogroup

* Country in which this serotype was first ssolated
+ See Table 111 for additional strans not fully 1dentified
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‘TABLE VII—continued

Contin
w;r;z' ;nd Seroty pe of Leptospire Corg;mty ;nd Seroty pe of Leptospire {
ASIA IASTA
Indonesia L australis A Malaya—contd | L banghinang
L autumnahs L batarrae
5L banghinang L bemamn
.L Bataviae L cancola
L bemamin L celledor
L cameola L djgsiman
*L eymopten L gnppots phosa
*L dasiman L hebdomadis
L grppoty phosa L kyos
*L hardio L acterohaemorrhagsae
L hebdomadss L jotamea
L scterohaemorrhagiae, L ‘medanensts
*L javamca L naam
*L ‘mankarso L pot
*L medanensts L pomona
*L naam L psrogenes
*L padjan L schuffners
L pomona L semarang
*L pyrogenes L sentot
*L sarmin L uolfn
*L schuffners
L seroe Pacific Islands
*L semarang Hawan L camcola
:f sentot L 1cterohaemorrhagiae
wolfft
Okinawa L autumnals
Iraq L grippots phosa L hebdomadis
Istaet L camcola Samoa L australis A
f grppots phosa L tcterohaemarrhagiae
omona
s Tharland L outumnabs
Japan L austrahs A L bataviae
*L aqutumnalis
L bataviae
L camcola
*L hebdomadis
*L scterohaemorrhagiac AFRICA
L pyrogenes Algeria L scterohaemorrhagiae
Korea L A Belgian Congo] L australis A
L Ibmlauae
Lebanon L grippots phosa L bergarn
L S bmarehogiad L cameols
L gnppotiphosa
Mala L austrahis A s
! e L austrahs B L scterohaemorrhagiae
L autumnahs L pomona
L baltum ! wolffs _—

* Country 1 which this serotype was first 1solated
1 See Table 111 for additional strains not fully 1dentified
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TaBLe VII—continued

Contiment and | Serotype of Leptosptre | Conlinent and | Serots pe of Leptospire
Country Country
AERICA IAMERICAS
Egypt L grippoty phosa [West Indies—
L ‘tcterohaemorrhagiael _ conttmued
L seroe Trinidad l L scterohaemorrhagiae
Renya L grippotyphosa South America
Argentma L campola
French L scterohaemorrhagiae L hos
Morocco L scterohaemorrhagiae
L pomona
French West | L teterohaemorrhagtae
Aftiea Brazl L australis B
L cameola
Madagascar | L grippoty phosa L seterohaemarrhagiae
L pomena
Chile L
Tunisia L grippoty phosa L scterohaemorrhagiae
L icterohaemorrhagiae| L pomona
Eeuador L scterohaemarrhagiae
AMERICAS French L 1tctevohaemorrhagrae
North America Gunana
Canada L bal
L scterohaemorthagael
L po
Meco L wterohaemorrhagiae| AUSTRAL- |
Usa L autumnalis fAusualm australis A
L ballum *L australs
L bataviae camcola
L camcola clledons
L grippoty pi 1308
L «ufr';hzm.mhagme tcterohaemorrhagiae
L pomona 1 ‘medanensis
L sejroe mant
pomana
[West Tndies l
Cuba L camcola New Zealand | L camcola
L grippots | L weterohaemorthagiae
L mm.hamanlmgm I pomona
Guadeloupe | L scterohaemorrhagiae, Papuasnd | L andaman 4
New Guinea | L baterioe
Puerto Rico | L dadlum L hyos
T batatiae Autumnalis serogroup
L camcola Hebdomadis serogroup
L L scterohaemorrhagtae || Pyrogznes serogroup

* Country in which this serotvpe wae first 1solated
1 See Table TII for additional strauns not fully identified
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TapLe VII—continued
Continent and | Serots pe of Leptosprre | Continent and Serotrpe of Leptosprre !
] ountry ntry
ASIA ASIA
Indonesia L austrahs A Malaya—contd | L banghinang
L autumnalts L batatrae
*L banghinang L bemamm
*L batatviae L cameola
%L bemamn L celledom
L camcola L djasiman
SL cymoptert L gnppors phosa
*L djasiman L ‘hebdomadis
L grippots phosa L kos
L hardio L teterohaemorrhagrae
L hebdomadss Z jacarea
L scterohaemorrhagiae L ‘medanensis
*L javamea L naam
*L ‘mankarso L po
*L medanensis L pomona
*L na L pyrogenes
L pardian 1 sthufner
L pomona 1 semarang
*L pyrogenes L sentot
*L sarmn L nolffie
*L schuffners
L sgroe Pactfic Islands
*L semarang L camcola
*L, sentot L icterchaemorrhagiae
*L wolffis
Okinawa L autwnnals
Ing L gnppotyphasa L hebdomadss
Israel L cameola Samoa L australis A
I grippots phosa L scterohaemorrhagiae
L pomona
Thaland L autumnahs
Japan L austrahs 4 L bataviae
*1, gutumnalis
L batacsae
L camcola
*L hebdomadis
*L cterohaemorrhagras AFRICA
L pyrogenes Algersa L scterohaemorrhogiae
Korea L scterohaemorrhagiae] $Belgian Congo| L australis A
L bataviae
Lebanon L grippotrphosa L beryammn
L ilff;hmmanhagme L camcola
L gnippots phosa
Mala trahs A L hyos
{Malaya L autrale 2 L scterohaemorrhagiae
L sutwmnalis pomo
L baltum f L wolffs —

* Country i which this serotype was first solated
+ See Table TIT for additions] strains not fully identified
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TasLe VII—continued

Continent and | Serotype of Leptospire | Continent and | Serots pe of Leptospire
Country Country
AFRICA. \AMERICAS
Egvpt L grppotyphosa [West Indies—
L ‘icterokaemorrhagiae| _ contimued
L seroe Truudad | L teterohaemorrhagiae
Renya L gnpponsphosa |South Amenica | . .
entina cameola
French L scterohaemorrhagiae L hyos
Moroceo i scterohaemorrhagiae
ona
French West | L scterohaemorrhaga|
Afnca Brazil L australs B
ca
Madagascsr | L grippaty phosa t L seterohaemorrhagtae
b g |
pom Chte L camscola
Tunusa L grippots phosa 1L scterohaemorrhagiae
L wcterohaemorvhagtaef / L pomona
Ecuador | L scterohaemorrhagiae
ANERICAS French [ ———
North America Guana |
anada L ballum
L scterohaemorrhagae] |
L pomona
Mexico L scterohaemorrhagiae| AUS’I;RAL 1
ASTA
Usa L autumnalis tAustrabia *L australs 2
L ballum | *L australis B
L batasae camcola
L camcola | $E celledom
L o5
L iggﬁmfmmnngme | 2 scterohaemorrhag e
£ oomee e
& *L pomona
[West Ind es
Cuba L ecamcola New Zealand | L cam
L grippotsphosa [ u!mlm(monhagme
L scterohacmorrhagae] | 1 pomena
Guadeloupe | L scterohaemorrhogiae] Papuzand | L ondaman 4
New Guines | L batacae
tPuerto Rico | L daltum L :l)nx s zerogro
T b uturnnalia serogroup
L ;::;;1"; l Hebdomadis serogroup|
L scterohaemorrhagac || Pyrostnes serogroup
|l

* Country in which this seratvpe was first 1solated
t See Table 111 for additional strains not fully 1entified
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TapLs VII—continued

Continent and | Seroty pe of Leptospire | Continent and Seroty pe of Leplosprre
y ountry
ASIA |ASIA
Indonesia L australs A Malaya—contd | L bangkinang
L autumnahs L bataviae
*L bangkinang L bemamn
*L bataviae L camcola
*L bemamn L celledom
L cameola L dyasman
*L eynopters L gnppotrphosa
*L djasman L hebdomadis
L grippots phosa hyos
*L tardjo L 1cterohaemorrhagiae
L hebdomadis L jatamea
L sctevohaemorrhagrael L ‘medanensts
*L jeremca L naam
*L ‘mankarso L o
*L medanensis L pomona
*L naom L pyrogenes
*L padian L schuffners
L pomona L semarang
*L pyrogenes L sentot
*L ‘sarmn L wolffs
*L schuffrers
L segroe Pacific Islands
*1. semarang L camicola
*L sentot L tcterohaemorrhagiae
*L wolffir
Okinawa L autunnabs
Iraq L grippoty phosa L hebdomadss
Iscael L camcola Samaa L australis 4
L grippots phosa L icterohaemorrhagiar
L pomona
Thaland L autumnahs
Japan L australis A L bataviae
*L autumnahs
L batariae
L tamcala
2L hebdom:
L lctzm}mzmoﬂhagmt AFRICA
L pyvogenes Algenia L scterohaemorrhagiae
Korea L icterohaemorrhagiae) {Belgan Gongo| L australis A
L bataviae
Lebanan L gnppoty phosa L bemamn
L Jcterahaemorrhagiae L cancola
z inppol)pbm
Malaya L oustralis 4
My L custralis B L sererohaemorrhagias
L autumnahs L pomona
L ballum i L wolffe _

* Country in which this serotype was first 150lated
t See Table 111 for additional strams not fully identified
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‘TasLe VII—contintted

[S—

1 camcola
L xcl(mhamnnhngme‘

Continent and | Seroty pe of Leptosprre | Continent and | Serots pe of Leptospire
Country Countr
AFRICA IAMERICAS
Egypt L grippoty phosa |West Indies—
scterohaemarrhagrae] _ contimaed
seyrae Truidad L scterohaemarrhagiae
Kenya L grippotyphosa South America
Argentina L camcola
French L 1cterohaemorthagiae Lk
Morocco L seterohaemorrhagiae
L pomona
French West § L icterohaemorrhagrae
Aftica Branl ! L australis B
§ L camcola
Madagascar | L grappoty phosa L scterohaemarrhagiac
L pomona
Chile L cameola
Tunisia L grippotyphosa L icterohaemorrhagrae
L icterohaemorrhagtael L p
Feuador L scterohaemorrhagiac
AMERICAS French L teterohaemorrhagiae
North Amenca Guwna
Canada L ballum
L scterohaemorrhagiae|
L po
Mewuco L seterohaemorrhagiarl AUSTRAL- |
AS
usa L autumnalis tAustraliz oL australs A
L ballum *L austrahs B
L batarrae L cameola
L cameola | oL elledome
L grippoty pl 1y 05
L .af?;hmmmhame L icterohaemorrhagiae
L pomon L medanensis
L 1groe :i mm
omona
West Indies ks
Cuba L cameola New Zealand | L cam
1 gnppons phosa L ltlnohatma"’mgm(
L icterohaemorrhagiae T pomona
Guadeloupe | L scterohaemorrhagiae] Papuz and L andaman A
New Gumea | L batarsae
tPeerto Reco | L dalt 505
L. batatiae Autumnalis serogroup

Hebdomadis serogroup

Pyrogenes mogmu[;j

* Country 1n which this serotvpe was first 1solated
1 See Table I for additional struins not fully 1dentified
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TABLE VII—continued

\ Conttnent and | Seroty pe of Leptospsre | Continent and | Seroty pe of Leptospire
Country Country
ASIA [ [ASIA
Indonesia L austrahs A Malaya—rcontd | L banghinang
L autumnalts I bataviae
*L banghwnang L beryamun
L batavae L camcola
*L bemyamin L celledom
f carmcola L diam
*, t)'lﬂﬂm L gn[rpa!_)phasn
*L djas L hebdomadss
L gnp»ormhm L hos
*L k I, tcterohaemorrhagtat
T endomadss L joramea
I virerohaemorrhagiae L ‘medanenss
*L javamca L naam
€L ‘mankarso L po
*L medanensts L pomona
*L naam L pyrogenes
*L padian L schuffners
L pomona L semarang
*L pyrogenes L sentot
L ‘sarmn L wolffs
L schuffners
L seyroe Pacsfic Islands
*L semarang Hawau L camcola
*L sentot L icterohaemorrhagiae
*L wolffis
Olinawa | L autwnnalis
Iraq L grippotyphosa L hebdomadis
Tsrael L cameola Samoa L australis A
L gnippotyphosa L 1cterchaemorrhagiae
L ‘pomona
Thailand L autumnalss
Japan L australs A L bataviae
<L qutumnalis
L bataviae
L camcola
L hebdomadss
L scterohaemorrhagiae AFRICA
L pyrogenes Algena L scterohaemorrhagiae
Korea L teterohaemorrhagtae) tBelgan Congol L australis A
L batatiae
Lebanon L grippots phosa L beryann
L ‘rcterohaemarrhagiat] L cameole
L i;wpoljphm‘u
Malaya L austrahs A L
Ty L oustralis B L scterohaemorrhagiae
L gutumnalis pomona
L ballum L _wolffr

* Country tm which thus serotype was first

t See Table 111 for additional strams not ful

1solated

ly identified
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TapLE VII—continued
Continent and | Serotype of Leptospire | Contiment and | Serots pe of Lpplorpxrj
Country Country
AFRICA AMERICAS
Egypt L grippoty phosa Wesr Indies—
L 1cterohaemorrhagy contimued
L sgroe “Triidad L seterohaemorrhagtae
kenva L grippotyphosa South Amenca
Argentina L camcola
French L 1cterohaemorthagiae L hyos
Morocco L rcterohaemorrhagiae
L pomona
French West | L screrohaemorrhagrae
Africa Braz L australis B
L cameola
Madagascar L grippoty phasa L teterohaemorrhagtae
L pomona
Chile L cameola
Tumsia L grippotyphosz L 1cterohaemorrhagiae
L rcterohaemorrhagiae| L pomona
Feuador L scterohaemorrhagiae
'“"E“!CAS French L icterohaemorrhagiae
America Guana
Cﬂmda L ballum
L icterohaemorrhagiae]
L pomana
Mevco L scterohaemorrhagiae| AUSTRAL~
ASIA
usa L autumnalis tAustralia L austrahs A
L ballum oL australis B
L batariae L camcola
L camcola 3L celldon
L L hyor
e 1. wierohaemorrhagiae
L pomona L medanensts
L seqroe :L mrm
omona
(Vest Tndues L »
Cuba L cameola New Zealand | L camcola
L gnppoty phos 1, wterohaemorthagiae
L narrhagad T pomona
Guadeloupe | L scterohaemorrhonae] fapuaand | L andaman A
w Guinea | [, batariae
TPuerto Rico | L battum L hyos
L batactae Autamnshs serogroup
L camcola Hebdomadus serogroup|
L Pyrogenes serogroup

—

m(rnhnmalrhamae‘

Country 1 which this xerotype was first 1solated

t See Table NI for #dditional stramns not fully identified
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TasLe VII—continved

[

| Continent and | Serotype of Leptospire | Continent and | Serotrpe of Leptospire
t  Country Country
ASIA IASIA
Indonesta L austrahs A Malaya—contd | L bangkmang
L autumnals L batavrae
*L bangkinang L bemamn
*L bataviae L camcola
81, bemamn L celledont
L camecola L dyasiman
*L cynoptert L grippots phosa
*L diasiman L hebdomads
L gnppotyphosa L hyos
<L hardio L scterohaemorrhagiae
L hebdomadss L jatamca
L scterohaemorrhagiae] L ‘medanensis
L ymamea L naom
*L ‘mankarso L pon
*L medanensis L pomona
*L naam L pyrogenes
sL padian L schuffnert
L ‘pomona L semarang
L pyrogenes L sentot
*L sarmin L wolffe
*L schuffners
L seroe Pacific Islands
*L semarang Hawau L camcola
*L sentot L 1cterokaemorrkagige
*L uolff
Okinawa L autu nnalts
Iraq L grippotyphosa L hebdomadss
Israel L camcola Samoa L australis A
L grnippoty phosa L icterohaemorrhagiae
L pomona
‘Thailand L autumnalis
Japan L australs 4 L bataviae
*L autumnalis
L batariae
L camcola
o4 hzbdn;x:du hagiae AFRICA
SL 1cterohaemorr] |
L pyrogenes 899 Algena L icterohasmorrhagiae
Korea 1 iwcterohaemorrhagiae) tBelpan Congol L australis A4
L bataviae
Lebanan L grippots phosa L bemyann
L icterohaemorrhagiat L camcola
L inppot)pham
Malaya L trahs 1y0s
Tatay L mstredss ; T scterohaemorrhagiae
L autwnnahs pomas
| L baltum I L wolffs

* Country in which this serotype was first ssolated
1 Seec Table III for additional strains not fully sdenufied



RESERVOIR HOSTS AND DISTRIBUTION 61

TasLe Vil—continued

Continent and

Serotype of Leptosprre

Continent and

Seroty pe of Leptasprre

lttemlm[mwrh{mm-L

Country Cotntry
IAFRICA [AMERICAS
Egypt L grippoty phosa West Indres—
L 1cterchaemorrhagrae| continued
L sgroe Trinsdad L teterohaemorrhagae
Kenya L grppotyphosa South America
Argentina L eamcola
French L 1cterohaemorrhagiae L hyor
Moroceo L tcterohaemorrhagae
L pomona
French West | L scterohaemorrhagiae
Aftica Braz! L australis B
L camcola
Madsgascar | L grippoty phasa L tcterohaemorrhagiar
L ‘pomona
Chile L camcola
Tunisia L grippots phosa L scterohaemorrhagrae
L scterohaemarrhagiae| L pomona
Ecuadnr L icterohaemorrhagiae
AMERICAS French L rcterohaemorrhagiae
North Ameriea Guana
Canada L ballum
L scterchaemorrhagia
L pomona
Mevico L xdnahamorvhaudrAU}?;rRAb
UsA L autumnahs tAustrabia *L qustrals 4
L b *L australis B
L bataviae camcola
L cameola ., ;‘lllldam
L grpporsphosa *L hyos
L Tttt hamorrhagar wéxerohaemorrhogas
L pomona medanenss
L saroe oL mum
*L pomona
|West Indses
Cuba L cameola New Zealand | L cameola
L gnippotsphosa | L veterokaemorrhagiae
L icterohaemarrhagiae, I pomoma
Guadeloupe | L rcterohaemorrhagrae] Papua and andaman A4
New Guinea bataviae
tPuerto Rico | L baltuom o5
7 bulmwe ‘Autumnabs serogroup
L « Hebdamadis serogrou,
L Pyrogenes scroRroup

* Country in which this serotype was first 1solated
1t Sec Table 111 for addiional strams not fully sdent
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haemorrhagiae, the rat brought a new human disease imnto
Britamn

The p that leptosp i 1n South East
Asia and thence spread outwards 1n recent geological tiumes
could explain why only two serotypes are found in Bntam,
which was part of the continent of Europe untif about 5000 B
Up to that time the rodents in Europe, including Britain, were
presumably not infected with leptospires, and only the serotypes
carrnied by the rat and the dog have been introduced 1nto
Britain since then

On the emergence of new serotypes, Broom quoted the
suggestion of Gsell (1949) that adaptation to an unwonted
carrter host may lead to the appearance of 2 new serotype if
the protems of the two hosts differ in chemical constitution
Whether or not this occurs can be proved only by observation
and experiment

The distribution of serotypes as at present known throughout
the world 1s shown by countries 1 Table VII




LEPTOSPIROSIS IN MAN






CHAPTER V

EPIDEMIOLOGY PART I
ROUTE AND MEANS OF INFECTION

Cutaneous Infection  Laboratory Infections Mucous

Membranes _Bathing and Involuntary Immersion

Almentary Tract Case to Case Transmussion
“Trans Placental Transmission

INTRODUCTION

Although Chapters V and VI deal primanly with the
eprdemiology of Weils disease, many of the factors wmvolved
are common to all forms of leptospirosis  Where 1t has seemed
appropniate, examples to illustrate certain general pomnts have
been taken from the epidemology of other serotypes Special
factots whch mfluence the epidemology of the other forms are
considered 1n the sections 1n which the individual serotypes
are treated

Vel (1888) believed that infection took place through the
almentary canal Inada et ol (1916) were at first of the same
opinion but later were satisfied that infection could take place
through the shaven but macroscopically unbroken skin of
gumneaprgs  Although they were able to nfect animals through
the mucous membrane of the alimentary canal, massive doses of
infected liver tissues were used for the purpose

Curanzous INtECTION

In studying 55 cases among coal miners, Inada e al noted
only a few directly ongin, but
they stated that the cutancous route was the probable means
of entry because of the following facts (1) the ncidence was
greater i certan parts of the coal mme than in others,
(2) there were many casts 1o wetand fow w dry e, (3) the
tnfection took place more casily if the skin was mjured , (4) coat
Tners were hable to abrasions of the skin and also to skin
lesions caused by working with the feet in water

F [




Veterinanans at work

In many countrics yeterinanians have been infected by different seronipes of
leptaspires  Suppled by the Central Office of Information
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anglers, and we have records of a number of cases of Wail's
dhsease among workers m watercress beds

Optmons dffer as to whether leptospires can pass through
normal unabsaded shin  Inada ef o (1916) concluded from
their exy with g1 prgs that the arg: could do
s0, althopgh a higher proportion of infections was obtaned
when the skin was damaged The question 1s to some extent
acaderme rather than practical because microscopscal abrasions
mught provide adequate portals of entry  Some experimental
ewidence which may have a bearning on this quastion was
brought forward by Varvello (l940) who worked with human

) Infy was p d 10 a man whose leg had
been smmersed for two houss i water to which 2 culture of
L lataveae had been added Mo infection occurred in 2 man
whose hand was so immersed for one hour

In some of the cases descnbed by Welcker (1038) wfection
epparently took place through the mtact skin It 1s however
posuble that the surface of the skin was damaged dunng
unsuccessful eflorts to kil the leptospires by the apphcation of
diginfectants immediately after the accident

Anvat. Bires —The oceurrence of Werl's disease 1 two
reen who had been bitten by rats 7 to 3 days previously was
noted by Ido ef al (1910) A number of stmilar cases has
since been reported following bites of both albine and wild
rats {Uhleshuth and Zsmmermann, 1933, Wahab, 1940)
Schiifiner and Bohlander (1942 2 & b) were led to the discovery
of Mucrotus arvale as the carmier of L greppoty phosa because
children bitten by these voles developed mud fever A case
of Wel's discase following 2 dogbite was reported by
Jacobsen (1936), and ene of camcolz fever by Lereboullet,
Kolochune-Erber and Castel (1949)

Mechanical transmussion to man by one ammat from another

animal has apparently oceurred occasaonauy Vigmore and
Dennine {19261 vanactad an afast an & PO S .

P e .

on the hip by a rat Alsmn :md Dm\u\ (1837) qumed nno(hcr
example of a ferret bite 1n which the same mechanical transe
mission of infection was probable, since they could rat demane
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General experience confirms the beltef that, for all serotypes,
the skin 1s the most common portal of entry, especrally through
cuts, abrasions, bites or sodden surfaces Experimental
evidence 1n favour of this view was obtamned by van Thiel and
Engelbrecht (1957) using stramns of L wcterohaemorrhagiae and
L grippotyphosa which had become nonvirulent through pro-
longed subculture They found that agglutinms appeared m
the serum of human volunteers when the nonvirulent leptospires
were applied to the scanfied skin No antibodies developed
when the skin was intact, or when the leptospires were intro-
duced into the nasal and buccal cavities and the stomach
Infectton of guineapigs by the nasal route could be effected
with virulent but not with nonvirulent stramns and therefore
the authors suggested that virulent strams may have greater
powers of penetration

In London sewer workers, Alston and Brown (1937) found
a significant difference in the incidence of Weil's disease
between the two classes of workmen employed The builder’s
labourers who break up and handle old brick work or concrete
covered with shime suffer more abrasions than the flushers who
clean the walls of the sewers (Fig 15) It was found that
during eighteen months 1 1934-35, the builder’s men showed
a case maidence ten tumes higher than the flushers  Several of
the workers suffering from Weil's disease had gashed or
abraded wounds when they were admutted to hospital, and
these wounds had been made at a time within the incubation
pertod of the disease

Skin wounds are common also among fish cleaners (Fig 16),
butchers and workers 1n slaughter houses and meat packing

blist h p all carry a special sk of
leptospirosis The nfection of vetennarians 1s no doubt caused
1n the same way (Fig 17)

CoONDITION OF THE SKIN—A wet or sodden state of the
skin, even if 1t 1s not ok ly njured, 1s dered b,
Borg Petersen (1944 a) to aid the penetration of leptosptres
Such conditions may explamn the lability to contract infection
through the feet by treading on infected ground during work
1n nice fields, sugar plantations, pig sties, dunng mlitary duties,
or by walking on muddy banks after bathmg 1n fresh-water
Esseveld (1937) drew attention to the nsk run by

pools
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days the ticks were ground up and injected mto guwineapigs,
which died with typical signs of leptospirosts  These authors
do not place any actiological significance on thesr findings, but
Schlossberger and Langbein (1952) consider that O smoubata
may transmit leptospirosss to dogs and other domestic animals
In their first experiments they fed nymphs of this tick on 2
guineapig wnfected with L scterokaemorrhagiae  Half an hour
after the feed a batch of ticks was ground up and the flud
obtaned mjected 1nto a guineapig  Other batches of ticks were
dealt with 1o the same way at intervals up to 39 days after
feeding  In every case the amimals became infected, showing
that L scterchaemorrhagiae can survive and retan its virulence
m ticks for at least 39 days In another expernment, eggs Iaid
by ticks which had had two infective feeds were washed,
ground and injected into a gumneapig  This amimal also died
of Weil's disease, from which 1t appeared that the leptospires
not only survive in the gut but also penetrate into the
ovanes

A method of infecting ticks by feeding them on the air sac
of infected chick embryos was descnbed by Burgdorfer and
Pickens (1934), and was used mn an extenstve series of expert-
ments by Burgdorfer (1956) He found that from 30 to 50 per
cent of the third and fourth larval stages as well as adult
O turicata became carniers of L pomona after an mfective feed
Leptospires could be seen 1n the gut contents of the ticks for
the first two or three days, but not later In ticks which
showed 2 persistent nfection, leptospires passed through the
gut wall and muluplied 1 the haemolymph They then
mmaded the coxal organs <alivary glands, and excretory and
gental systems  Numerous leptospires were present m the
coxal fluid from about the eighth day, and some ticks rematned
snfective for as long as 232 days

Leptospires were seen 1n sections of the ovaries and egg
follicles of several female ticks  However, nocula prepared
from several thousand freshly deposited eggs and from the
!:rogc'nyrnf infected females faled to infect gumeapigs  Thus

unlike Schlossb and Langben, found no
evidence that infection was d to the next

of ticks.
In spite of these 1 ful expen-
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strate agglutinins 1n the ferret's blood In these three cases
the 1ntervals between the bite and the onset of illness were 5,
7 and 10 days respectively It 15 natural to assume that the
teeth of the dog and the ferret were contaminated by contact
with the infected viseera of the rats

Insecr TransmissioN —Noguch: (1918 b) attempted to
transmut L 1cterohaemorrhagiae by means of insects, and he
mncluded 1 his expenments the larvae and adult stages of
Culex prprens, larvae of Musca domestica and Caliphora vomitoria
and adult wood ticks (Dermacentor andersoms) The msects were
allowed ether to bite infected gumeapigs or to feed on mfective
material  None of the msects became carriers and he concluded
that they played no part as intermediate hosts

Kingsbury (1928) likewise faled to transmut infection by
bites of Aedes argenteus and A albsprctus, as did Gay and
Sellards (1927) by 4 aegypt: The latter workers found
however that leptospires survived for about three weeks m
some of the mosquitoes  Although no nfection resulted when
the insects bit clean g p successful were
sometumes obtained when the ground-up bodies of the same
mosquitoes were mnjected

More recently, Kunest and Schmudtke (1952) attempted to
nfect Musca d Calliphora erythrocephala and Luetha
serzcata with L acterohaemorrhagiae, L grippotyphosa and
L camcola  They found that no leptospires were present mn
the adult flies which developed from infected larvae or pupae
However, 1f adult flies were fed on infective materral, leptospires
mught survive 1n the crop and on the outer cuticle for at least
26 hours  Fhies might thus transport leptospires passively, and
serve as 2 means of contamimaung food or water The authors
suggested that these findings might explam the occurrence of
certain sporadic cases of leptosprrosts of obscure ongin

Bed bugs (Cimex lectularius) were fed on wfected gumeapigs
by Blanchard, Lefrou and Laigret (1923) The bugs trans-
mutted the infection to clean guineapigs at their next feed
38 days later Simular results with bed bugs were obtained by
Bonne (1924 a) but he could not obtam infections at intervals
greater than 48 hours after the infective feed

Varela, Curbelo, Vasquez and Guzmin Neira (1954) allowed
Ormthodorus ncoller to feed on infected gumeapigs ~ After 3
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Although the wound was smmediately washed wuth spint, and
2 short prophylactic course of penscillin was given {see p 224),
feptasprrosts developed 10 days after the acadent  As in
Schuffner’s case {noted above) the diagnosts was canfirmed by
d leptosp pically w a s of
blood taken on the day of onset The stramn also grew sn
cultures from the same specimen

Mucots MeMBRANES

As was noted above, human laboratory nfections have
followed the dental of the val sac
and the mouth with mfectne matenial  Stavisks (1945) had
similar results m an experimental study with guimneapigs, rats
and muce, but ke failed to transout infectson through the intact
nasal mucosa though van Thiel {1934} had found 1t 3 sans-
factory route  On the other hand, Varvello (1010) obtained no
snfections esther when diuted culture was sastilled into the
e3¢ or nhen 8 was used repeatedly to rinse out the mouth
Donaticn and Gayoet (3951) sssed to infect guneapigs vie the
mouth and nose, but faled cxcept on one occamon by the
fatter route  Vanellos success after passing culture o the
stomach by tube may therefore have heen due to 2brazions of
the nasal mucosa

Batinng and Ivowtsmary Inniessiov

An associntion between Wel's disease and bathing (g 18)
was recopmsed by Jaeger {1892) and has been amply confirmed
by later observers {eg, Schiffner, 1934, Waich-Sorgdeager
1030, Broom 1951 a, Fuhner, 1950 b, Gauld, Crouch,
h ky  Hullingh Guch and  Yager, 1002)
Schitfiner thought that the higher maidence among male
swimmers mught be due to therr greater addiction to the
crawl” strake 1 which the whole face 13 repeatedly inmersed
under the water  As an aslternaine Campbell, Macrae
Manderson, Sumner and Broom {1950) sugeested that bove
mught be dess fastidious than girls i their chowce of bathing
sites, and g0 be more likely to bathe in infected pools

The first proved case of Wesls disease i ¥ npland occurred
m a2 man who fell imto the Riner Thames {Manson-Bahe,
Wenvon and Brown, 1922)  This mode of wfection has been,

rd
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most intepsnely studied by workers i the Netherlands where
the widespread system of canals, many with rat-infested banks,
provides an ommpresent potential source of the disease {Fig 19}
B ditated and also ful pts at
sweide by drowning, carry the specal danger of violent
strugghng, which leads to the entry of water 1nto the respisatory
and alimentary tracts, as well as into the eyes
ASSOCIATION BETWEEN BATHING AND MenmnGiTis Lepro-
§PIROSA —It has long been noted that the so called ‘pure
meningeal form’ of Weil's disease, without jaundice, occurs
a relatrvely high proportion of patients infected while bathing
In these cases the mucous membranes of the eyes and naso
pharynx are the probable portals of entry, and Buzzard and
Wrylie (1947) suggested that infection by tius route mght
* predispose to the memngeal form of the disease’  Of the
§ cases of menmgits described by these observers only 3 had
contracted the disease by bathmg, but all were young, thew
ages ranging from 9 ta 23 years We therefore examuned our
own records of 618 cases of true Wesl's disease which occurred
m the Brtsh Isles from 19147-63 inclusive to determine
whether the age of the patient or the mode of infection was
more closely correlated with the occurrence of meningitis
leptosprrosa  The series included 113 cases due to bathing or
accrdental immersion an water, and 41 of these (35 per cent)
were of the pure menmgea) form  Of the 503 cases infected
m other nays, 80 (15 per cent) were of thus form  The age
distribution of cases 1n the two senes was however very
different, as 1s shown 1n Table VIII  The percentages of cases
showng meningitis at different ages were thesefore calculated,
and are shown m Table IX  The results of this analyss
strongly suggest that, »ithin any one age group, the proporton
of cases of the pure memngeal form of Wedl's disease 1s
approximately the same, whether the mode of rnfection 15 by
bathing or otherwise
That factors other than age also play an important part
was well ilustrated by two of our cases The patients were
Drothers, aged 15 and 16 years, who bathed i the same river,
and later developed Weil's disease about the same time One
boy’s 1liness fested aself as lep , w the
other the early symptoms suggested acute appendicitis, and




Bathung, in fresh water

A cause of anfectian by different serorypes of Iptavpires 1n many countnes
Supphied by the Central Ofhice of Informatinn
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the boy was saved fram laparotomy onlv by the tmel
aceurrence of a severe epistaxis

Anvestary Tracr

4 sumber of wnstances hase occurred in which Weil s disease
bas appasently been contracted by dninking water or consumung
food which had been contaminated  Stnce the gastne secretion

Tase VilT
AGE DISTRIBUTION OF CASES OF WEIL § DISEASE
CONTRAGTED BY BATHING AND OTHERWISE *
4o x Yoy { o1t 13em 3N and ore T a
Bubmg Cases | %o (31%,) | 50 (43°,) EYIN w
OherCuses | 23(3%,) | 98(19° ) 3964 % T
Af Cuses 153(9%) 144310y 4 v bln

P T
! Te fgures m parenthes s show the refat ¢ proport nn
froup

& oxu m
Eahige

TasLe IV

PROPORTION OF CASES OF MENINGEAL FORM 1N
DIFFERENT AGE GROLPS
. DIFFERENT AGY

e Years ' 0-14 10-% a0 and L

Bihing Caces LIPS 3 v

T -t

At Cases, ' 6o, 310 i
—— e

2308 2t seems unhihely that feptospires could survre to
g:}“m‘ the tnucons hming of the stomach but they ma
mwnds of entry 1n the upper regions of the ahmentars

mDn\xN-_ Wares —~The water ot 3 dnaking fountan the
‘“:; of which might have been contamunated by rate was
dmmd by Jorge {1932) to be the cause of an tp!de‘\mu;
2565 of Werl s disease 1n 11 bon  Another outbres :
M an gsland n the Aegeon Sea was gescribed By
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no pathological changes were present in the tissues and no
pires could be d ated  Nevertheless, the author
believed that the foctus was infected
The case recorded by Lindsay and Luke (1949) also showed
curious features An infant, normal at birth, developed
Jaundice 30 hours later and soon became listless, cyanotic and
dyspnoerc  Death ensued 14 hours after the first appearance
of jaundice Histological examimation revealed extensne nec-
rosis of liver cells, and marked degeneration of the tubular
epithelium 1n the kidneys In sections staned by silver
impregnation methods, a few leptospires were seen 1n the ltver
and kidneys The mother showed no signs of illness erther
during her pregnancy, or postpartum A blood specimen taken
two weeks after the confinement had agglutinin titres of 1/10,000
agamst both L tcterohaemorrhagiae and L camcola  Another
sample obtained three months later reacted negatively with both
serotypes The authors think that the mother had latent
leptospirosis during the latter part of her pregnancy, but we
agree with Gsell (1952) and do not consider the concluston
Justified by the evidence




CHAPTER VI

EPIDEMIOLOGY PART II
INCIDENCE WITH REGARD TO SEX, AGE,
OCCUPATION, SEASON AND YEAR

Sex

Such evidence as 18 avamlable suggests that there 1s no
difference between the sexes in susceptibility to leptospirosss
Then men and women work together under stmular conditions
of nisk, the maidence 15 approumately the same  Thus among
fish workers 1n Aberdeen, Scotland, there were some 100 cases
of Weil’s disease 1n females and 80 n males from 193148
(Stmth, 1949) Dunng 1948, 1,476 females and 1,076 males
were employed 1n the industry If one assumes that these
figures can be taken 25 an estimate of the proportion of the
two sexes at risk, the annual case incidence would be of the
order of 4 5 per 1,000 for females and 4 8 for males

Babudien and Bianchi’s series (1040) of L pomona infections
sn Italian nee fields contained 2 preponderance of women
Similarly, the epideric among pea hamvesters descnbed by
Popp (1950) comprised 172 females and 84 males  Popp does
not give the relative numbers at nisk, but mentions that the
majonty of the norkers were women

In Denmark, as was noted by Borg-Petersen (1949), infection
with L seroe shows an interesting temporal variation n sex
madence  In August, dunng harvesting, which 1s carned out
almost entirely by men, large numbers of cases occurred 1
males In the autumn the carner hosts migrated from the
fields to the farm bwildings, and then the female madence
rose steeply

Canicola fever, which 1s frequently contracted in the home
from dogs, provides another example of equal nsk to the sexes
Rosenberg (1051), who collected reports of 200 cases, noted
that 44 per cent of the patients were females

In these snstances men and women were equally at nsk,

k3
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but most occupations and pastimes which carry a special nsk
of mfection are mainly followed by men (Table X) For that
reason, male cases largely predominate in most seres of
observations  For example, the onginal patients described by
Weil and by Landouzy (p 3-4) were men, and Hunter (1908)
estrmated that 90 per cent of cases were 1n males.

Tasre X

OCCUPATION OF 983 WEIL’S DISEASE CASES IN THE
BRITISH ISLES FROM JULY 1933 TO JULY 1948

(INCLUSIVE)
Oceupation Number Per Cent
of Total
Fish Waorkers 216 221
Other Faod Handlers
Butcher
Slaughterer
Fishmonger 2 21
Tnpe scraper
Coal Maners 139 uz
Sewer Workers 79 81
Farm Workers 5 16
Gardeners 4 04
Buslders 9 09
Army mcluding POW (6) 67 89
avy 19 19
Aur Faree 11 11
Bathing or Paddling ncluding
Insoluntary Immerston (7) 8 49
Workers 1n Water
Canal
Gravel pit
Wateccress beds 16 1e
Ruver dranage
Bite or Scratch by rat, dog, ferret 1 11
Laboratory Workers 02
Miscellancous < £
Ragwor]
Bottle washing ? 30
Unrecorded or not yet analysed 269
f f 1000
In an early ] of £ n and
(1917) see i B
(1939) 1n the . B 1,
of Werl's * .

mmen QOurow
1951 a)
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(95 per cent) Simlarly m North Queensland Australia, the
proportion of cases recorded by Dernck, Gordon, Ross,
Doherty, Sinnamon, MacDonald and Kennedy (195%) was 6
women (4 per cent) and 146 men (96 per cent}

We hme oited only a few examples to illustrate this pont,
but they serve to show that the high proportion of cases in
males occurs 1n all parts of the world

Ace

No age 13 immune from leptospirosts but it has been
suggested that young children may be relatively less susceptible
to 1nfection, at least by some serotypes  or instance, canicola
fever 1s often contracted in the home from infective dog urine
excreted on to the floor One would think that very young
children playing on the floor would be as lable to become
contamunated as the adults who tend the sich dogs and clean
up the dejecta  Yet Rosenberg (1901) who reviewed a series
of 200 human mfections with L camcola found few patients
under 10 years of age

Ths 1s not in conformity with our findings as will be seen
from Table NI In our series, 17 (14 per cent) of the patients
suffenng from camcola fever were below 10 years of age, as
compared with 4 per cent of Weil’s disease cases  The actual
ages of the children and the number of cases are shown in
Table \II The two children aged & years and one aged 4 years
were girls, the rest were boys

‘Taste N1

AGF DISTRIDUTION OF 17 CASES OF CANICOLA FEVFR
IN CHILDRFN UNDER TFN YEARS

z!t\s,sfvis’s}raul!
Nootes T 0! DI nl

— L

dvemyears | 2

‘Table X1 <hows the age inaidence of 831 cases of Wail's
disease (ranging 1n age from 1}-84 years) and 118 of canicola
fever, all of which occurred m the Briush Isles from 1910-55
It will be scen that the proportions of cases of Weail's disease
Tise continuously up to the fifth decade, Whereas the lughest
proportion for camcola fever 1s reached in the fourth decade,
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but most occupations and pastimes which carry a special nisk
of infection are mamnly followed by men (Table X) For that
reason, male cases largely predomunate 1 most seres of
observattions  For example, the original patients described by
Weil and by Landouzy (p 3-4) were men, and Hunter (1908)
estimated that 90 per cent of cases were in males

‘TABLE X
OGCUPATION OF 983 WEIL’S DISEASE CASES IN THE
BRITISH ISLES FROM JULY 1933 TO JULY 1948
(INGLUSIVE)
Oceupation Number Per Cent
of Total
Fish Workers 216 221
Other Food Handlers
cher
Slaughterer s
Fishmonger a 2t
Tripe seraper,
Coal Miners 139 12
Sewer Workers 7 81
Farm Workers 45 16
Gardeners 4 04
Builders 9 09
Army mcluding PO W () 67 €9
avy 19 19
Aur Force n 11
Bathing or Paddling meludmg
Involuntary Immersion (7) 18 49
Workers 1n Water
Conal
Gravel pit
Waterctess beds 1o e
Ruver dramage
Bite or Scratch by rat dog ferret 1 11
Labaratory Workers 02
Miscellaneous eg
Ragwork 29 30
Bottle washing
Unrecorded or not yet analysed 267 289
‘ 983 1000

In an early Japanese series of fatal cases Kaneko and Okuda
(1917) recorded 36 males and 7 females Walch-Sorgdrager
(1939) 1n the Netherlands described only 40 cases (I1 per cent)
of Weil's disease 1n women, as compared with 323 (89 per cent)
inmen  Our own two serres of cases (Broom and Alston, 1948,
Broom, 1951 a) compnsed 34 women (5 per cent) and 620 men



Fig 20
“Sugsrcane cutting n Queensland Australia
Rat snfestation of sugarcane has caused much leptospiral infection  Reproduced
e Awstralian Sugar Industry—Some Facts and Figures by kind
permission of the Agent General for Queenstand

Tz 21

“Leansplanting rice seedhngs in fals

Working in wet rice ficlds causes leptospiral mfections in many nce growing

countmes B Prof AT Autom  Reproduced from Le Tentosprion by
ind permission of ‘1 ipografia del Seminario Padus
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T ®
Sugarcane cutting 1 Queensland Austratia
Ratinfestanon of suLarcane has caused muth leptospiral mfection Reproduced
n The Austrahisn Sugar Indusiry—some Facts and Figures by kind
premusion of the Agent Geneesl for Queensland

Teansplanting rice sced! fige in Naby
Workmyg 10 wet rce ficlds caunes leplovmal infectine an many fice growing
countries By Frof Al Awstomy  Reproduced from 1o Leptoapross by
Tind permasion of Tipografia del ~ermunario Padus
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Gsell’s (193) analysis of infections by the vanous sezrrm
present in Switzerland 1s reproduced m Table XIfT I~ w2l
be noticed that the maxmum incidence amorg the Sra
pauients 1s 1n the third and fourth decades or earlier.

Occurarion
Leptospiral diseases are more defimtely assocuted o
certain occypanions and pastimes than are most infectve fmr
(Alston, 1907) xcept for camcola fever which 1 tranemmere:
by dogs, infection rarely occurs 10 the home unless the e
are heavily infested with rodents  Analyses show r.z 4.
highest proportion of cases occur among agricultural # i~
and that they are most likely to be nfected when birrerw
crops of grain, vegetables and sugar cane (Fig 26), e sz
n occupations such as transplanting rice seedlings w oy e
working 1 wet conditions (g 21)  Clase crnrgw oo
domestic amimals also carnes 2 special hazard wics g .
equally to persons who breed and care for them, to g2, wtreene,
and to those who handle and process carcases fre v ,s
Workers 1 sewers and 10 wet coal munes 2 gy
luble to wnfection, but many other occupationg fr pou_
bulding may on occamion be carned out upde ... .

where there 1s a high i<k of infection  Bathie, ﬂ::l::
acaidental smmersion 1n fresh water, and militay oo, v _,

wet swampy ground may also be hazardous mth5on.
Table NIV are set out the more tmportant oceen -
pastimes assoctated with  leptospirosts, togete .
countnes and serotypes concerned

Frs

L

Season

Seasonal vaniations 1o ncidence are 2 nott, .
infections with almost all serotypes It was not,
Ido e2 al (1017) that Weil 8 discase Was commy,,
of moderate temperature, and least often gom ¢ raarna
hottest and coldest umes of the year  Tavlorant * 7 720
stated that the incidence of leptospirosis 1g,” ~ 7
Istands was lughest dunng the penod of » =
montoon  An associlation with wet weathey ¢, Pl
DLeen noted and the rtelationship was care :”/::

c el
T

o
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TasLe XIV

OCCUPATIONAL RISK OF LEPTOSP]RAL INFECTION

ACCORDING TO SEROTYP!

(This Table includes mainly the better known serotypes
)

te those m Table I

—

General Category

Detenled Form

Serotypes

Agnicultural
especially ficld
work

General farm work
sncluding gran
harvesting

L endaman A

L austrahs B

L autumnahs

L bataviar

L grppots phosa
L hebdomadis

L 1cterohaemorrhagiae
omana

L psrogernes

L ‘seyroe

Ruce culuvation

L andaman A4

L australs B

L ballum

L batavrae

L camcola

L gnppatwham

L ‘scterokaemorrhogiae
L pon

L pomona

L Lathoching

Sugarcane cutting

Vegetable growing

An mal contact

Vetermary work

Pig breeding

Cattle raising

Dog hennel work

| Valbuemtype
L gnippotyphosa
| L erpponplom |

L scterohasmorrhagiae

L australis A

L australhs B

L celledom

L scterchaemorrhagiae
L mum

Esposito type
Fremastos type
Robsason type
Valbuzz: type

L gomcola
L ho
T oterohaemorrhagiae

L ecameola
L hos
L pomona
L sgroe

L grippotyphosa
L hyos

L pomena
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for the varying relationship between seasons and months in
different parts of the world

Broom (1951 a) prepared histograms (Fig 22) showing the
onset of illness by months for 472 cases of Weil's disease which
occurred m England and Vvales from 1947-50  Infections due

WEIL'S DISEASE
PERCENTAGE_MONTHLY INCIDENCE

8

BATHING
TOTAL 9%

3

ALL OTHER CASES
TOTAL 376

LAND WORK
TOTAL (54

JAN TED MAR APL MAY AN JLY AUG SEP OCT MOV DEC
Fig 22
Percentage of monthly nadence of Weils dm;e 11 England and Wales
197 19% By Dr § C lioom Reproduced from the Britsh Med cal
Journal by kind permuesson

to bathing were naturally limited almost entirely to the summer
months  The scasonal vanation was less marked for the other
cases, but there was a distinct tendency for the numbers to
wncrease 1n the late summer and avtumn, and to fall dunng
spong and early summer  Ameongst sgnicultural workers the
madence was high from October to Tebruany  This may be
due to an increase i the rat populaton around farm buildings
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"TABLE X1V-—continued

General Category Detarled Forr Serot) per

Fresh Water—
esh 3 ’ma ﬂ;r Watercréss growers L acterohaemorrl agrae

Anglers L scterohaemorrhagiae
L pomona

australis 4
australis B

Armed Forces Army L

L
L autumnahs
L
L

bangkinang
batavtae

L bemamn
L camcola

L celledom

drasyman
gnippotyphosa
hebdomads
1cterohaemorrhagiae
Javamca
medanensis

por

pomona

Py rogenes
schuffners

nolffu

1cterohasmorrhagiae

seterohaemorrhagiae

Aur Force

Laboratory * alex:
autumnalis

hebdomadis
1cterohaen orrhagiae
avanica serogroup

2
3

L
z
L ballum
L graponghon
L
J
f L grippots phosa

Nursing *

* Recorded cases

Queensland, Austraha, by Derrick et al (1954) By esttmating
correlation coeffictents these workers found that the best
correlation was obtamned when the incrdence of cases was
compared with the ramfall twelve days earlier

Borg Petersen (1949) found 1n Denmark that infections with
L acterohaemorrhagiae, L camcola and L sgroe were more
frequent 1n the second half of the year Similar observations
have been recorded for other serotypes, when allowance 13 made
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om the unne of rats  The rats lived 1n the banks of neigh-
>uring canals and visited the fields at night and 1n the early
orning

In some occupations, 1t which condittons appear to change
ttle throughout the year, seasonal varations in the incidence
F Weil s disease occur and are difficult to explan Alston
1948) analysed GO cases of Weils discase which occurred in
ondon sewer workers from 193445  Only 6 infections were
ontracted 1n the months December to March as compared
1th 44 dunng the other months, yet all forms of work in the
~wers coptinue regularly all the year round Dawidson and
mith (1939) also noted vanations in the medence of Wels
wsease among fish workers in Aberdeen Scotland  They
tated that infections occurred Jeast often i February and
Yarch and most frequently i August and September, although
he fish trade operated at about the same actnaty throughout
he year

It 1s not known whether carrier rats may possibly excrete
eptospires more profuselv duning the winter  Another possible
xplanation 1s that rats obtain water more readily 1n the open
luring the wetter months, and may not need to scek 1t else-
.here  “This mught appiv especially to sewers It 1s believed
hat rats live and get their food 1 buildings, but enter the
ewers by way of broken drain pipes to obtan water

l\larmbcek (103‘3) stated (hzt one half of 57 dogs, which
from 1915-37,
leveloped the ducn\c n Seplcmber‘ October and November

Seasonal vanations of canicola fever 1n dogs have also been
eported from some areas  Thus Brede (1931} found in
Sermany that the highest inaidence of canine infections was
n the late summer and winter  He thought this finding mught
ccount for a similar seasonal inaidence of human cases  Broom
nd Joshua (1848) had recorded the same type of fluctuanon in
ngland from a study of 230 infected dogs, but from a much
arger series Brocm (1931 a} came to the conclusion that the
nadence T 1y constant th hout the year

5
LFAR

Vanatons in inaidence from vear to year have often heen
notrced  xometimes for fairdy obvious reasons  For euample,
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when the harvest has been brought 1n from the fields Rats
readily infest stacks of unthreshed gram, many are killed
duning threshing operations and the risk of contamination with
wfective urine 15 then igh
Obvious reasons for these variations are often to be found
1 changes of occupation and outdoor sport at different seasons
Good examples are bathing and fishing 1n fresh water,
harvesting of different crops m countries where infected mice
and voles are present, prepanng the flooded rice fields and
pl g the seedhings, cutting sug etc
Wolff and Ruys (1953) compared the inadence of Weils
disease 1n Amsterdam during the three 6 year perrods 1934-39
194045, 1946-51 In the first period there was a seasonal
someom = A~ oerand Qantemhar of rgges due to bathing and
wcadental falls sto the
distributed throughout
the year In the second pertod, the greatest meidence was
the winter months because of a great increase of actidental
mmersions due to the prohibwion of lighting durmng the
Second World War It 13 interesting to note that m this pettod
there was an absence of Weil's disease 1n Amsterdam dunng
the summer of 1944 owng to the brackishness of the canals to
which sez water had been admitted In the third penod, the
preponderance of summer 1nfections returned The number
of cases due to water accidents was less than before the war,
because fewer people fell into canals, but the nisk of contracting
Wel's disease during acadental immersion was the same as 1
the pre war pertod
Local condittons sometimes alter the perod of highest
wncidence even when the same agricultural crop 1s cultivated
For mstance Mmo (1942 a) traced the mfection of workers by
L batagiae 1n the rice fields 1n Italy to a great increase of mice
(Micromys munutus sorcinus)  Epidemics tended to occur when
the nce plants were strong enough to support the mice above
the water ‘This occurred at the end of June with consequent
heavy contamination of the water and outbreaks of leptospirosis
took place m July By contrast, Altava, Villalonga, Barrer2 and
Mann (1953) found that m Spam the mordence was highest at
harvest time when the fields were dry In this case the,stalks
of the rice plants were d with L scteroh
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who studred vanations 1n the incrdence of the disease in England
over a period of seventeen years His records showed that,
quite often, a scries of cases would oceur 1n a particular focahity
within a comparatively short space of time and then no others
would appear perhaps for years Meanwhile the cycle would
be repeated 1n other areas
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Borg Petersen (1949) associated an exceptionally large number
of infections by L seyroe 1n Denmark duning 1943 with 2 great
increase of miuce 1n that vear At the time of the epidemuc of
leptospir N . .
Saxony,
of Micro
of the mice i the affected arcas were found to be carmers
Olegnik and Shneyerson (1950) also found heavy infections of
Mucrotus guenthers i an area in Israel where about 1,000
persons, chiefly growers of vegetables, were infected with
L grippotyphosa

Altava, Barrera and Mann (1954) mnvestigated an epidemic
of Werl’s disease among rice-field workers 1n Spamn 1n 1952, and
found that 50 per cent of R norvegecus and 100 per cent of
R frugeorus were carners of L tcterohaemorrhagiaz  'The
following year the carner rates were 19 per cent and 46 per
cent respectively, and no epidemic of Wenl’s disease occurred

Kathe (1928) noted a high mcidence of L grippotyphosa
infections 1n years of heavy ramnfall Also, Joshua (1949)
attnibuted the low incidence of canine infections with L camcola
1n the autumn and winter of 1948—49 to unusually dry conditrons
m London, England

Fluctuations of inctdence which occur 1n other crrcumstances
cannot however be so readily evplamed For example, Sharp
(1953) analysed the occurrence of cases of Wetl’s disease m
three coal mimes n Scotland from 1930-43  In one mne there
were 18 cases mn the years 1936-37, but no further infections
occurred until 1942 m which year there were § cases  The
second mme had 14 cases over the whole penod, but 8 occurred
1 1942 In the third mine there were 8 cases from 1939-41
No further cases have been reported from any of these mines
since 1943, although Mine No 1 d m op up to
1951, and Dhine No 3 was stll working 1n 1953 This was
not an 1solated occurrence because Sharp gave other instances
of changes m mcidence 1 coal mines 1n various parts of
Scotland, and he showed also how the “ accent on maidence”
shifted among the different coal miming areas m Scotland during
the period

Stmilar changes i the mcidence of Weil's disease, not
associated with coal mintng, wers noticed by Broom (1933 ¢)
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feucocytes was seen 1n sections  According to Veratu (quoted
by Austom, 1933) the lymphatic vessels are dilated, and contain
histiocytes, erythrocytes and haemoglobin

INTERNAL ORGANS
At necropsy there 13 usually generalized jaundice, associated
with lesions affecting the liver, kidneys, spleen and the
arculatory system  Damage to capillanes mamifests atself as
haemorrhages which may be present in all organs and
tissues but are most marked under the skin, pentoneum and
pleura and in the lungs, bramn kidneys, and gastro intestinal
tract
Liver —The histological changes which occur in the early
stages of Weil s disease were described by Ostertag (1050) from
materal obtained during Iife Unfortunately he did not record the
day of disease on which the specimens were tak:n Hc char:cter-
' '

aaeta . - ar e _n .
1ncrease in the number and size of Kupffer cells which cont2ined
ingested pigment and erythrocytes  After death the liver may
be normal 1n mize or shghtly enlarged and 18 firm on section
The most constant and strking change 1s dissociation of the
cord structure with separation of the hepatic cells which hLe
wregularly (Tig 23} There may be areas of necrosis around
the central vein, but these are more common when death occurs
during the carly stages of illness  The sinuces are congested
and contain d bers of Iymphocytes and polymorphs
Small foct of infiltration of polvmorphs and round cells are
seen lying 1n 2 matrix of young fibrous tissue, sometimes near
the smaller bile duets  The portal areas alo show small degrees
of cellular infiltratton  The cells around the hepatic veins
urually contain large amounts of bile pigment  The hepate
cells may show varying degrees of cloudy swelling but only
mnor amounts of fatty change, and evidences of regeneration
src an outstanding feature  Many of the cells contan two or
more nucler, and mitotic figures are not uncommon (Fiz 21)
The sevenity of the changes sn the lner vany considerably
from one fatal case to another This can be expluned by the




CHAPTER VI

MORBID ANATOMY AND HISTOLOGY,
CLINICAL PATHOLOGY

MORBID ANATOMY AND HISTOLOGY

The pathological changes caused by leptospires have been
most thoroughly studied in fatal cases of Weil s disease ‘They
were well described by Beitzke (1916) Prck (1917) Dawson
et gl (1917) McNee (19°0) Buchanan (1927) Ashe Pratt
Thomas and Kumpe (1941) and many later observers have
confirmed therr findings

SKIN
Leptospires produce no inflammation at the site of entry
either 1 the skin or mucous membranes In amimal expen
ments on gumeapigs and white rats Stavitsky (1945) showed
that L tcterohaemorrhagiae left the area of intradermal
mnoculation within half an hour and he found no ewdence of
phagocytosis of the organtsms  Volland and Brede (1951)
found hyaluronidase in the culture flud of nine serotypes
and they speculated whether this enzyme mught be a factor
m the rapid dissemination of leptospires into the blood

stream

LympHATIC GLANDS
Enlargement of lymphatic glands occurs in 2 varable pro
portion of cases the mgumal epitrochlear and cervical being
most frequently affected At necropsy the mesenteric glands
may be enlarged congested and even haemorrhagic (Taylor and
Goyle 1931)  Prolife of the endothelial cells and
phagocytosis of erythrocytes was noted by Buchanan (1927} 1n
‘An enlarged hiear

some of the fatal cases he d p
gland was exaised on the eleventh day of illness by Tromsier

and Boquien (1930) and phagocytosis of polymorphonuclear
90
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fact that death 1s more often caused by nephntis than by
hepatiis  Acute yellow atrophy 15 a very uncommon finding

The histological changes m the hver indicate hepatitis as the
maih cause of the yaundice 1n Weil's disease wath tntrahepatic
obstrucuon to the flow of bile and haemolysts as mtnor factars
This conclusion 1s supported by biochemical changes recorded
on page 98

honey ~—The kidneys are often enlarged and may show the
greenish brown staimng found 1n cases of jaundice  There may
be small haemorshages under the capsule m the tissue of the
organ 0 the pelvis or in the penrenal fat

The histological changes present a very umiform picture in
contrast o the vanability of thoee found i the ver  As a rule
the glomerul are htle affected though hoppisch and Bond
{1953) reported shght thickenng of the b b
and cloudy swelhng of cells of the capsular epithelium m 7 out
of 11 cases examined by them The main damage however is
confined to the cells of the tubules particularly the epithehum
of the convoluted tubules (Fig 25)  The cells show changes
varying from cloudy swelling to complete necrowms with
desquamation of cells 1nto the lumen of the tybules Many of
the cells contan bile pigment  The tubules are often difated
particularly in the distal convoluted portions  Ceflular casts
as well 2s blood haematin and hyalne casts many bile-stamed
are present in the medullary tubules (Fig 26) There 15
nterstitial oedema which tends to become more diffuse 23 the
length of ume ncreases between onset and death Muluple
haemorrhages are present and scattered areas of mfiltration
composed almost entirely of mononuciear cefls

The lesion presents the features known as lower nephron
nephrosss or diffuse distal tubular necross  The changes are
very mmular to those seen mn acute renal fallure followng
abortion incompatible blood transfusion crush injurtes severe
trauma burns blackwater fever and some other conditions Tt
1s generally believed that these changes arse as 2 result of an
over all reduction i bload flow caused by vaso constrction
from within or sometimes from outside the kidney

Renal Shunt Mechamsm —Trueta Barclay Dantel Frankhn
and Prichatd (1947) postufated that the renal fadure shich
occurred after crush yunes to the hmbs mght be due to
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spasm of the renal artenes leading to anoxia and consequent
impairment of kidney function They found expenmentally
that a change 1n the distnbution of blood 1n the renal vessels
of rabbits could be produced causing 1schaemia of the cortex
and corresponding congestion of the medulla  This condition
oceurred because the blood was diverted from the greater pant
of the cortex and was * short ciccuited or shunted’ through
the glomeruh situated in the layer of the cortex closest to the
medulla or directly into the medullary vessela

This change of distnbution of blood could be produced
expenimentally (1) by crushing the muscles of a imb (2) by
sumulating the proumal cnd of the dinided sciatic nerve the
distal end of the splanchnic nerve or the nervous plexus
surrounding the renal artery (3) by severe rapid haemorrhage
(4) by admurustration of adrenalin pituittin or pitressin in gh
dosage or (5) by the mnjection of staphylococeal toun

In discussing the relevance of these experiments to blackwater
fever and leptospirosis Maegraith (1948 1833) pointed out that
there 18 no clear evidence of a shunt mechamsm in the human
Yadney  lowever some vascular alteration of this kind 3s 2
possible explanation of the renal lesions in acute renal farlure
m Weil « disease and a section <howing 1schaemia of the cortex
with engorgement of the medullary vessels 1s shown in Frg 27
On the other hand Bull Jockes and Lowe (1976) attnbuted
the anuria which followed abortion due to mntra uterine douching
ta blood losx severe pan haemolysis and formation of blood
casts and other causes without imvoking the shunt mechamsm
‘The question 18 therefore not yet answered

Recently Sevitt (1956) has shown that cases of fatal uraemn
with Histologieal appearances of lower nephron nephross
occurred without oligura in patients suffertng from severe
turns  “This should te remembered 23 a passibility wn Weils
disease and treatment by Bulls remme should be applied sf
necessary (p 196)

SPLerN — The spleen may be normal in aize o enlarged and
diffluent  There mav be focal or diffuse hacmorrhages into the
pulp and an inflammatory reacuon but the most distinctnve
appearance 1s the large number of fragmented erythrocytes
many undergaing phagocvtoas (Lig 23} There may also be
teticulo endothelial hvperplasia and reduction of *
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CARDIOVASCULAR SYSTEM

As noted above, haemorrhages are an outstanding feature 1
severe cases and they are found 1n all organs and tissues The
haemorrhages, which vary from petechiae to massive bleedings,
are believed to be due to capillary damage, and not to changes
m the blood For mstance, Ashe ef al (1941) found normal
results for bleeding, clotting and prothrombin times, and also 2
normal platelet count

Dragert (1834} reported mural endocarditss of the ventricle 1n
two fatal cases of Wetl's disease This must be rare, but
Sodeman and Killough (1951) found electrocardiographic
evidence of temporary heart invol ement 1n § out of 86 patients,
all of whom were yaundiced and severely 1ll, although they
finally recovered As a rule, apart from small haemorrhages
only slight myocarditis 18 found

Associated with the vascular system may be mentioned the
various forms of rash which are found in many types of
ieptosprosts, especially the milder They may resemble the
rashes of scarlet fever, measles typhoid fever, or be of other
mixed forms

VOLUNTARY MUSCLE

Lestons affecting single muscle fibres or small groups of
adjacent fibres were noted by Beitzke (1816} and were fully
described by Ashe ef al (1941) The gastrocnemius muscle 1s
most often affected, but others are sometimes mvolved The
gross appearance of the muscle 1s not changed though puncrate
haemorthages may sometimes be visible

In sections, the conditton 1s first seen as a loss of cross-
striation at certam ponts of individual muscle fibres. Then

follow lling, loss of longitudinal stration, of an
hyalimzation (Fig 28) Most of the damaged tissue s absorbed
so that the fibre may show constrictions at some pownts ‘The
nucler of the sarcolemma then proliferate, and there 1s an
infiltration of histtocytes, plasma cells and polymorphs
Sheldon (1945) carned out a semes of biopsies throughout
the acute phase of illness and also dunng convalescence and
found that regeneration of muscle took place from about the
seventeenth day onwards ‘There was no scarring or fibrosis
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except 18 vesy severe cases  In a Jater paper Shelden (1953)
reparted that by means of the fluarescent antibody techmique
of Coons and haplan {1970} he could demonstrate the presence
of leptospiral antigen sn the areas of musculzr degenesation
The ety occuerence of the lesion w1a demonstrated by Wybe
(1946 b) 15 2 panent suffering from Weils disease (Tig 30)
\ acylation of muscle fibres and smvasion of the muscle bundle
were seen n sections of a speeimen taken three days after the
anset of symptoms  The agglutination reaction did not become
posttive untl two daya after the biopsy

Jeghers Houghton and Toley (1835) differentiated thes lesion
from Jenhers degeneration such zs occurs i typhord fmver
1 he lattes aflects marnly the ndduaor m\ndts of lhe thugh and
the abd | muscles &t
snsolves all the fibres in Jarge areas and leads to sucliing of
the fibres without resorption and shrinkage

Omir Lisions

lLess comnon lemons  found cliecally of postmortem,
mclude adrenal fadure and  the Waterhouse-Fridericheen
syndrome feading to death (Jackson and Olecky, 1956},
haemnptysis and consohdauon of a portion of 2 fung as reported
for snstance by Abellin Ayala (1919} and profuse haemorrhage
mto the gastro mtestinal tract

PosTMORIFME APPRARancEs 1N Mitbrr Porats

in the milder forms of leptospirosts the sites and forms of
damage are slar o those of the more fatal forms and at
postmertem sumlsr changes are faund  for msance, n the
hwt of the rare fatal cases of human cinicalz fever Wollf
van Dam and Vinkenhof (1931} reported that the blood urea
on the fifth day (6 davs hefore death) was 99 mg per 100 m}
Anura was present for a few davs and the naked eye and
unescopical appearances in the Iuer and the kidney were
the same as 1 snfection by L The calf
muscles shawed necross nflxmmation and regeneration of
mwwcle fibres,  There were some conpenutal abnormabties but
1 was hot conssdered that these snceeased the danper of the
ducase I contrast i another of the early veponts of {asal
cancols fever Weetch  Colquhaun and Broom {1959) found
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that chrontc nephritis, following high blood pressure and
albuminuna durning pregnancy 16 years earlier, was largely
responsible for the uraemia which developed The non protem
mtrogen of the blood was 284 mg per 100 m! on the eighteenth
day and the patient died on the twenty-fourth day  Bukh (1940)
reported a severe infection by L cantcola, with threatened anuria
from which the patient recovered after the blood ures had
reached 280 mg per 100 ml

The morbid anatomy and histology of leptospiral mfections
has been studied in many species of amimals, and 1n generdl
the lesions found in fatal infections are similar to those
human bemngs Reference to them 1s made n Chapters XII
XVI and XVIT

CLINICAL PATHOLOGY

HaemaroLocy

Dufferent degrees of normocytic normochromee anaemia occur
with erythrocyte counts of 25 to 5 mullion per ¢ mm and
haemoglobin of 50 to 80 per cent In severe cases there 19
almost always a polymorphonuclear leucocytosis nising some
times to 25,000 per cmm or higher The changes n the
leucocyte count in infectious hepatitis are discussed the
section on differentral diagnosis (p 173)  Platelet counts, and
the bleeding, clotting and prothrombin times are within normat
limits A raised sedimentation rate 1s a constant findmg, for
nstance, Hutchison, Pippard, Gleeson-White and Sheehan
(1946) found readings of 20 to 40 mm 1n 1 hovr {corrected
Wintrobe) 1n all of 17 cases up to the eighth week of illness
and figures of under 10 mm were not found until the tenth
week, confirming the slow ! Ahigh t
rate 1n the early stage 1n predominantly meningeal forms of
leptospiral infections helps to distinguish them from lymphocytic
menmgitss due to filterable viruses (Scheid, 1949)

THE WASSERMANN TEST

Some wniters have reported positive Wassermann tests x;
serum or cerebrospinal flud 1n Werl’s disease, and Costa an:
Tromster (1916 c) stated that this 15 one of the acute mf:ctl;c
conditions 1 which a ‘ false’ Wassermann reaction may 5
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found Sladden (1939) in reporting mine cases of Wal's
disease 1n South Wales noted that the Wassermann test was
positie tn one seruln, weakly positve 1n two, and positive in
two spectmens of cerebrospinal fludd  These positise reactions
disappeared 1n some of these cases when sera were retested
later

\We have carned out VWassermann tests on the serum of 60
patients while they were all with VWeil s disease and found all
except one to be megatne 1n a rovtine form of test with
3 MHD of complement The exception was 2 serum which
gave a weak reaction only The mgmficance of this reaction
was 1n doubt, but on the evidence of the remaining tests we
do not consider that the Wassermann test 13 made positive tn
Wels disease

Tests or Renar Fuseriow

Tt was recogmized early 1n the study of Ieptospirosis that death
1s most commonly due to renal falute  In almost all forms
of leptospirous there 1s evidence of a toxic effect on the kidneys,
shown by alburmnuna  In the more severe cases, bile, blood
and cellular, granular or hyaline casts occur :n the unine, the
specific gravity of which increases and the amount decreases
Baumann (1852) suggested that big imtiat doses of peniallin
mught hberate much toxsn from dead feptospires and precipitate
anuna or, alternatively, that anuna might be a sensitiaty
reaction to the drug

The concentration of urea 1n the blood 1s onc of the best
gudes to prognoss in general and to the day-to-day course of
events  We have analysed (Table AV) blood urea concentra.
tions (in mg per 100 ml) n 69 fatal jaundiced cases, 200
Jaundiced cases which were not fatal and 90 nonictenc cases
In the first group the average of the figures was 343 mg with
a range from G0 to §00 mg and only four were below 150,
the second group the average was 148 mg with a range from
20 to 840 mg, and only four were 400 or above, n the third
group the average was 63 mg with a range from 20 to 228 mg,
and only seven were over 150 The results are also shown n
Fig 31, 1n which the ordinate scale of the upper diagram has
bc;n reduced to one half of that used for the other two

1
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simifar 10 human bemgs—
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Wylte (1946a) showed that Z
hepatic lestons are much less :o 42
mmportant than renal lesions g::’ Ll g
m severe and fatal infecuions Dg d2 | oo
8 <°
Tests oF Liver Funcrion 8¢ o 2
g &~
Ashe et al (1941) ponted BR —
out that the stools in Wel's f'~§ z g2 (oo
disease are rarely acholic, even N a 2: JESA TR
1 the most intensely jaundrced %; N ég o
patients, and therefore the ;ﬁ v :"T
Jaundice cannot be due solely Sa | § (07
to obstruction of the larger ge |3 Y
biary tracts  Sumlarly, m {‘,‘% N %5 e e
the vast majonty of serous < E'é T
cases the severity of the szrﬂ 5 §3 e
Jaundice 1s out of proportion 5'22 5 ?_‘——
to the extent of blood de- 2 258 F1§8 o7 F
struction m the spleen, or ) gsa £ 1 | )
of haemorrhages n the tissues, 2 HHn & &%
and therefore haemolysis does £ f_gf_g 132 | ow
not appear to be the chief 3_,; ?: avt T
factor  Therr concluston— 25 dg |22
aided by histological findings g; il AN
—vwas that hepatitis 1s the main 7 d2 oz
cause, and that obstruction to Og il IR
bile capillaries and haemolysis g - s s -
are secondary, g8 —
This general opmion has Ra 2l Ba-
been supported by lver 28 12—
function tests in six cases by 85
Chinn, Roth and Moore (1851} Ao
and 1n one patient, very fully QE .
A
vestigated, by  Sterlng =121 [
(1950) In Sterhng’s work ;; N
the pattent had a severe diness, Ho g 3
but recovered  Specimens E: ] g
were taken on 11 different & 282
SR

days between the tenth and
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ninety-fifth days of illness  Sigmificant findings 1n the
serum were a igh proportion of direct-reacting bihirubin,
cephahin flocculation 3+ on most days and alkaline phosphatase
up to 10 Bodansky unts  The electrophoretic pattern of the
serum proteins showed dimimished albumin and an tncrease of

I Nonleterk
Totat 9O

40

3 leteric Recovered
‘T Total 200
20

feterie Died
”“ Totat 69
20

100 300 300 400 M50
Fig 31
Hustograms shoming the dutnbution of Hood ures Jevels in Weils disesse

gamma-globulin and of alpha-2-globulin, the first two changes
1 serum proteins are usual i hepatic dvsfunction and the
third may be caused by any febrile ilness, as scute preumonta
Stering’s conclusions were that in Wal's disesse the lner
shows regurptation jaundice due to Incr cell necrovs-—using
the termmology of Rich {1030)
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CEREBROSPINAL FLuip

Examuination of the cerebrospimal fluid during hfe or afte
death shows m most forms of leptospirosts that there 15 som
degree of memngitis durning the first week of the illness an
later, even 1 many patients who have no cramal symptom
beyond headache For example, Swan and McKeon (1838
found a cell count of from 21 to 300 per cmm 1n 7 out of ¢
pattents with Wed’s disease durmg the first or second week
Menngitis 1n subclinical or chnical degree may be considered
the most frequent i of leptospural nfe and i
most of the less virulent types 1t 1s the most frequently recognized
evidence of the disease An exception te this prevalence of
meningitis has been found recently 1n Malaya (Trimble, 1957)

"The flurd does not become purulent, the cells rarely exceed
2000 per cmm and at first are mainly or partly polymorpho
nuclear, but lymphocytes may greatly pred later 'The
protetn may be increased up to 80 mg per 100 ml, and the
concentration of glucose 15 within normal limits In contrast,
Rubie and Mohun (1949} examined cerebrospinal fluid from a
sertes of cases of tuberculous meningihis and found the glucose
concentration to be reduced to between 5 and 45 mg per
100 m! In pyogenic meningtis 1t 1s more markedly decreased,
and may even be absent 'The flud may be bile-stamned, and
Cargill and Beeson (1947) pomnted out that this occurs more
often and at an earlter stage 1n leptospirosts than n other forms
of jaundice, and so provides a useful diagnostic sign, this has
been confirmed by several other observers At postmortem
examination there may be meningeal congestion and small
haemorrhages 1n the bramn substance




CHAPTLR VIII

CLINICAL ASPECTS OF SEVERE
LEPTOSPIROSIS

As Exemplified by Leptospirosis Ictero-
haemorrhagica (Weil's Disease)

INTRODUCTION

In this Chapter Weil s disease 1s taken as sllustratng the full
general pattern of leptosprrosis  In Chapter I\ a detailed
clirucal account 1 guven of camcola fever, as an cxample of
the milder forms  In Chapters X and XI which deal with
the other serotypes, the climcal descriptions are briefer, but
attention 13 paxd 1o unusual features

In distinguishing the sevenity of leptospiral infections, the
presence of jaundice and us degree are two of the most useful
clinical characters By this enterion L scterohaemorrhagiae 13
the most virulent serotype and next are I andaman A,
1 bataviae and L pyrogenes  Serotypes such as L camcola,
v R - Al r " ..

Al e e !
h has mild or Hh £ may  occur
Serological tests indicate that there s no subchinical infeetion
among the general population, but it 1s found among persons
frequently exposed to the nsk of infecuon  For example,
Alston 2nd Drown (193%) demonstrated agnluttmins 2nd pro-
tectine antibodies 1n the blood of 9 out of 47 healthy London
sener workers who sad that thev had never had jaundice
Sumlar findings were made by Smith and Davidson (1936) 1n
16 out of 197 fish workers i Aberdeen, Scotland, and by
Mason (1833) 1n 6 out of 11 rat catchers 1n Luverpool, Fgland

Mild unjaundiced cases were known to the Japanese dis.
corerers of the causative organiem, and Stokes of al (1917)
reported that 60 per cent of patients 1 the Bntsh Army

1
A
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CereprospInaL Frup

Ex. 1on of the cerebrospinal flud during hfe or after
death shows 1n most forms of leptospirosts that there 1s some
degree of memingitis durng the first week of the illness and
later, even 1n many patients who have no cramal symptoms
beyond headache For example, Swan and McKeon (1938)
found a cell count of from 21 to 300 per ¢ mm 1n 7 out of 8
patients with Weil’s disease durtng the first or second week
Meningitis m subclimcal or chnical degree may be considered
the most frequent fi of leptospiral inf and 1n
most of the less virulent types 1t 1s the most frequently recognized
evidence of the disease An exception to this prevalence of
memngitis has been found recently in Malaya (Trimble, 1957)

The flurd does not becomé purulent, the cells rarely exceed
2,000 per ¢ mm and at first are manly of partly polymorpho-
nuclear, but lymphocytes may greatly predomimnate later The
protemn may be increased up to 80 mg per 100 ml, and the
concentration of glucose 15 within normal limts In contrast,
Rubie and Mohun (1949) examined cerebrospmal flurd from 2
series of cases of tuberculous meningitrs and found the glucose
concentration to be reduced to between 5 and 45 mg per
100 m] In pyogentc meningitss 1t 1s more markedly decreased,
and may even be absent The flud may be bile-staned, and
Cargill and Beeson (1947) pomted out that this occurs more
often and at an earlier stage 1n leptospirosss than in other forms
of dice, and so provides a useful diag sign, ths has
been confirmed by several other observers At postmortem
exammation there may be meningeal congestion and small
haemorrhages 1n the brain substance




CHAPTER Vi

CLINICAL ASPECTS OF SEVERE
LEPTOSPIROSIS

As Exemplified by Leptospirosis Ictero-
haemorrhagica {(Weil’s Disease)

INTRODUCTION

In this Chapter Wal's disease 15 taken as illustrating the full
general pattern of leptosprrasis  In Chapter IX a detmled
chnteal account 1e gven of camcola fever, as an evample of
the milder forms  In Chopters X and XI which deal with
the other serotypes, the climcal descriptions are briefer, but
attention 13 paid to unusual features

In distnguishing the seventy of leptospiral wnfecttons, the
presence of jaundice and 1ts degree are two of the most useful
chrueat characters By this entenon L weterohaemorrhagias s
the most wirulent seratype and next are L andaman 4,
L bataviee and L pyrogenes  Serotypes such as L canicola,
L grippotyphosa, L hebdomadss, L hyos, L sgroe, etc cause a
lower proportion of yaundiced cases and have 2 correspondingly
lawcr fatahty rate Hnwever. even m the case of L ctero-

mf may occur
Scro!ogxca! tests mdxcm: that there 15 no subchnical infection
among the general population, but 1t 13 found among persens
frequently exposed to the risk of mfection  For example,
Alston znd Brown (1935) demonstrated agglutinins and pro-
tective antibodies tn the blood of 8 out of 45 healthy London
sewer workers who said that they had never had jaundice
Suntlar findigs were made by Smeth and Davidson (1936) n
36 out of 103 fish workers m Aberdeen, Scottand, and by
Mason (1038) n 6 out of 11 rat catchers in Liverpool, England
Wl wmpurdicrd wony wre kawen to A Yupaaest dis-
coverers of the causauve orgamsm, snd Stokes et al (1917)
teported that 60 per cent of patients sn the Brtish Army i
i‘é‘
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Flanders did not develop jaundice  Schiiffner (1934) found
the same percentage 10 an epidemic in the Netherlands The
unjaundiced cases are very rarely fatal, and they mclude a large
number 1n which meningitis 1s the most prominent feature, and
also others m which the signs and symptoms are even less
well localized and approxsmate to those usually attributed to

£l We have diag d atypical infe by a rang
agglutin titre 1n persons such as sewer workers, and Stewart
and Witts (1944) refer to four similar cases

The chinical picture ts due to leptospiraemia, with selective
involvement of the kidneys, liver, mentnges and sometimes the

TasLe XVI

SYMPTOMS AND SIGNS REGORDED IN 600 CASES OF
WEIL’S DISEASE IN THE BRITISH ISLES

Feature Per cent
Onset acute 62
Onset gradual 33
Jaundice 74
Haemorrhages 55
Headache g;

Muscle tenderness
Injected eyes

Menngitis chntcally recorded 0
Neck stiffness 34
una 7

Renal casts 40
3

Relapse scond pyrexia (200 cases)

lungs The leptosprracmia gives mse to malase, pyrexz
general and often severe debility, and muscular pams especially
1 the calves of the legs The renal mvolvement results in
albuminuria, diminished secretion or suppression of urne
vormting and sometimes haematurta The hepatitis causes
abdominal pamn, anorexia, vomiting and jaundice with bile in
the urme  Severe headache 15 due to the menmgitis and 13
aggravated by nephritis  Involvement of the lungs leads to
bronchitis or bronchopneumonia "

The physical signs vary according to the seventy of the
illness  In muld cases the appearance may be that of a Pa"“‘}:
suffering from an illness resembling influenza, possibly W“”
albuminunia and meningismus  In severe cases the picture w;l
be that of an extremely 1ll, jaundiced patient with ¢fm-uuncm“v
injection, neck stiffness, hep ly, sometimes sp:
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Tt h 12, red of urtnary seeration and
‘haemorrhages 1 the eyes and skin

Table XVI was compiled from the records of 600 cases of
Wal’s disease treated 1n vartous hospitals i Great Britan, It
shows the proportion of cases i which certan signs and
symptoms occurred, and our description of Weil's disease 15
based on these and on the reports of other observers.

INCUBATION PERIOD

‘The pertod of 1acub of byl h hagi
was accurately recorded for a number of cases by Schifiner
{1924) He found that, in 37 cases due to falling wnto snfected
water, the incubation penod vaned from 4 to 19 days, and
that 1 B1 (86 per cent) it was from 7 to 13 days  In the series
of lshoratary mfections reviewed by Welcker (1933) 1ncubauion
pertods wereaf 2ta 3 4,8, 7, § (four times), 9, 10 and 11 days
Infections due to bites by ammals 2lso give sehabls evidence
of wncubation ume  Thus Wel's disease fesulting from rap
bites ocenrred after 7 days (Bue, 1938), 7 10 9 days (Tdo et af
1916), 0 and 14 days (Alston and Brown, 1037) The bite of
@ dog which had yust Lilled a rat was followed by diseass m
7 days (Wigmore and Denning, 1836) and tateg by ferrets
preceded the disease by 5, 7 and 10 days (A
Poamy ys {Alston and Brown,
Instances of very short incubstion periads 1ach
of 2 doctor s Welcker’s senes who was taken mug Etu! P;’e : e
after contamunating his eye with some infected lyer whxchzhs
was grnding , also the first case proved bamnulagm}[ he
Brtish Isles—a seaman who became sl 3 days afer !anynm bros
the River Thames (Manson-Bahr, Wenyon and Brow, ’ lgs"i."'
Two more instances of incubation pertads Yastng zn' 2).
given by Cattaneo {1829) and Fabira and Eetrely (IQR?YS e
In the case of other serotypes for which accurzgy ,b
penads have been obtaned stmilar findings hae [,,mm ation
For anstance, 1 a group of men tnjected wth §, fecorded.
for ferer treatment of nervous disease Korthf &?‘ot)p hosa
smcubation periods of § to 8 days  Durand, o 2) found
and Mestrallet (1938 2), who used swincherd g d, Larawe
1t was known to be due to L pomona) for th, :‘m {before
Me PUTpos
.
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found that the mcubation time varied from 6 to 12 days In
the accidental laboratory infection with L ballum reported by
Wolff, Bohlander and Ruys (1949) the onset of symptoms
occurred about 9 days after the patient had been scratched by
an mnfected mouse  Another laboratory infection, which
occurred as the result of contamination of an eye with culture
had an mcubation pertod of 12 days (Alexander et af, 1802
The infecting stran was a serotype named by the authors
L. alexs, but no detals of its serological charactenstics were
given

ONSET

In most types of leptospirosts the onset of 1ilness 1s frequently
sudden and sharp, and 1s often accompamed by mgors or
shivering  One patient known to us said that hus 1llness began
so suddenly that he could refer it to 2 particular moment while
he was niding hus bicycle  Davidson and Smuth (1936) reported
a sudden onset m all of 40 cases of Werl’s disease which they
studied, but 1t would certanly be unwise to consider this
feature a diagnostic sign  We have scen several patrents whose
1llness began more gradually, allowing them to remamn at worl
for the first few days, but they became quickly and fatally
worse about the fourth or fifth day The disease may even
begin 1n a treacherously mild way In 600 cases of Weils
disease which Broom analysed, 62 per cent began suddenly
(Table XVI)

SYMPTOMS AND COURSE OF ILLNESS

The course of the illness may be divided 1nto three stages
d devel of antibodies and

corresp g to leptosp P
1 with leptospiruna
FirsT $1aGE—The first stage occupies approximately the
first week, and 1n varying order the following symptoms may
occur durng the fitst few days—malase, general and often
severe debility, feves nising as lugh 2s 104°F (10°C.), headache,
and muscular pains n the calves or elsewhere 1 the body
Alimentary symptoms are often prominent an'dlmay l,nchf:
or

nausea, g with
sufficiently severe to suggest a surgical emergency Resptratory
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symptoms are less frequent, but cough and thoracte pamn
occur with blood-stained sputum denoting bronchutis
and bronchopneumonia, sore throat 1s frequent
Jaundice usually appears 1n the latter part of the first week
and may be the earliest sign to disunguish Weil's disease from
more common 1nfectious fevers  Conjunctival mjection 1s
frequent, but 1s not so 1mportant diagnostically as 1s sometunes
stated, because 1t often closely resembles the conjunctivitis
found 1n some acute upper respiratory infections of in catarrhal
jaundice  Haemorrhages 1n the skin and mucous membranes
may begin at this ttme, 1f they are numerous the prognosis 1s
serious, but the converse 1s not necessanly true because there
may be few in fatal cases Debility may be very great

TasLe XVII

DAY OF ILLNLSS ON WHICH DEATH OCCURRED FROM
WEIL’S DISEASE IN 78 PATIENTS

Dav of iliness 6 7 8 9 10 11 12 13 14 15 16

No of desths 2 1 9 8 810 8 9 6 3 1
61-78°,

Day of iliness 17 18 19 20 21 22 23 24 25 28 27

No of deaths 2 1 1 1 1 11 1 1 21

Phystcal examtnation shows enlargement of the hver by
palpatton 1 a munonty of cases, and of the spleen even less
commonly, and the results of urne analysis and ncrease of
blood urea ndicate acute nephritts  After an early leucopema
a polymorph leucocytosis 1s present  Some of the physical
signs of meningitis and mmflammatory changes i the cerebro-
spinal flurd are almost always present to some degree

Death occurs most commonly in the second week but is
earlier m a few very severe cases As was emphasized i the
section on morbid anatomy, the rise of the blood urea—especially
after 1t has reached 350 mg per 200 ml —is the best guide to
prognosis

Table XVII shows the day of illness on which 78 patients
died  none of these died before the sixth or after the twenty-
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seventh day, 61 of the patients (78 per cent of the total) died
on the eighth to the fifteenth days inclusive

SECOND STAGE —The second stage also occupies about 2
week, and 1s the critrcal time m most of the serious tnfections
The jaundice becomes deeper, the temperature often falls at
first, but may nse to 102°F (39°C ) again i the second part
of the week  In his onginal paper Weil showed temperature
charts with and without this secondary nse (Fig 32) Sub-
cutaneous and internal haemorrhages may be more numerous
A rash occurs 1n about 10 per cent of patients and st may
resemble that of measles, scarlet fever or typhoid fever, or 1t
may be petechial or purpurnic or macular with haemorrhage
Herpes, especially near the mouth and nose, occurs 1n many
patients and may be haemorrhagic Intis, mdocyclitis, optic
neuritts or papiloedema may be found, and retinal haemorrhages
and paresis of the external muscles of the eye

Less common lestons found chneally or postmortem snclude
suprarenal falure and the Waterhouse-Fridenchsen syndrome,
leading to death wath large haemorrhages n both glands
(Jackson and Oleesky, 1946) Haemoptysis and pulmonary
consolidation were reported by Abellin Ayala (1948), and
profuse haemorrhages nto the gastro-ntestinal tract, enceph
alis, multiple neunttts or spondylitis somettmes occur  The
most sertous nisk to life 15 inereasing renal failure, with decrease
or cessation of unnary excretion, mse of blood urea and
accompanying heart failure and fall of blood pressure These
may lead to coma and death The appearance of antibodes 1
the second half of this week 1s discussed 1n Chapter XII

TuiRD StacE —The third stage may be considered =
occupying the third and any subsequent weeks of 1llness,
merging into convalescence It 1s then that leptospires are
most likely to be discovered in the urine  The production o
antibodies continues to mcrease as shown by titration blood,
urine and cerebrospinal flid  In general, the signs ut; 1liness
abate, renal T with
marked diuresis—and jaundice begtns to lessen  In approxt
mately half the pattents a nise of temperature of a few degrees
oceurs for 2 few days erther 1n this period, or duning the lattt;
part of the second week Usually this secondary increase 2
fever 15 not accompanied by a relapse of symptoms, althoug]
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fresh areas of muscular degeneration have been found, and mn
some of the mulder leptospiral infections memngitis 1s first
manifested durng this secondary mse of temperature Con
valescence with more or less rapid fading of jaundice, and
improvement of carciac action and of general strength may be
expected to be complete by the end of the sixth to the twelfth
week of 1llness

OcuLar Lisions

Ophthalmological features have been mentioned 1n the first
and second stages of the illness but they rarely cause permanent
ijury to sight The lesions were fully described by Coutela
(1948) and Gsell (1952) In one form or another—especially
as conjunctivitis, episclenitis or intis—mflammation of the eye
1s found dunng the first week 1n the majority of patients with
the icteric or the amicteric form of the disease {Table XVI)
Vascular congestion and some photophobia, but very httle
serous or purulent secretion and very little pain are the char-
acters of this nflammation  In addition, affection of the mner
eye on one or both stdes may occur as 2 complication of the
1llness or during 2 relapse or series of relapses from the second
or third week up to a year later  These late lesions have been
studied most 1n tnfections of human bemgs and ammals by
serotypes other than L cterohaemorrhagiae but they have been
found 1n the late stages of Weil's disease also At least nine
serotypes have been found associated with them

The proportion of cases of Weil's disease which develops
inflammation of the wner  eye during convalescence or later 15
uncertain for lack of frequent and
because the symptoms are often not marked, but in dlﬂcrent
sertes 1t has been found 1n from 5 to 100 per cent  The lestons
recorded have been uveiis mnvolving the s, cithary body or
choroid, opacities on the back of the cornea, turbidity of the
aqueous humour, hypopyon, adhestons between lens and inis,
opactties of the vitreous membrane, or rarely, optic reunus
It 15 only the more extreme degrees of inflammation that may
lead to complete or permanent loss of viston

In a few lving various 1
Teree bren taltared from the squeous humour (A‘le!:mder e a,
1952, Strobel, 1932) and 1t 1s possible that some cases of late
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uveitis may be allergtc  Uveitss without a recogmzable previous
leptospiral 1nfection has rarely 1f ever yet been proved m
human beings to be due to leptospires For example, we
b d negative aggl reactions when samples of
serum from 78 patients, suffermg from vanious inflammatory
conditions 1nvolving the uveal tract, were tested aganst
L 1cterohaemorrhagiae, L camcola, L seroe, L pomona,
L grippoty phosa and L batattae (‘The relationshup of periodic
ophthalmua m horses to leptospirosts 15 discussed on p 250 )

ILLUSTRATIVE CASE HISTORIES

A Severe Farav INFECTION (Alston, 1935)

A man aged 52 was admitted to hospatal on 18th November
1934 He had been employed since June 1934 in relaying
sewers for which he worked 1n very old open trenches, and the
sewers contamned much shme and st He had done tunnelling
work before, but not for some years Duning October he cut
a finger of the left hand on the edge of a broken dramn pipe
duning employment, and this wound was dressed and he
continued working

On 11th November the patient felt very hot, and on the
next day plained of severe headache and pams all over
‘There was a slight cough and a few bronchal riles, but no
other physical signs of disease The temperature was 102°F
(389°C) Sodium salicylate was prescribed  On the 13th and
15th the patient had been sleeptng badly and the medicime was
bemng vomited, even when difuted On the 15th a httle milk
was retaned and Medinal grams 5 was prescnbed The
temperature on those days was 99 6° and 99°F (376° and
372°C) On the 17th the unne was dark red with blood and
a hittle blood was coughed up, and the patient complaned of
atching, and jaundice was probably present The temperature
was 99 2°F (373°C) On the 18th the patient was yaundiced
all over, there was much blood 1n the unne, and epistaxis and
haematemesis occurred  The Tver was enlarged and the stools
were clay-coloured for the first time

On Admussion —Delirum and shight twitchings were present
and the temperature was 98°F (36 7°C) On the 19th the
condition was almost the same, the conjunctivae were much
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ingected, epistaxis had recurred, and blood and bile were
detectable in the unne  Blood was vomited, and both altered
and fresh blood were present in the stools The result of a
blood count was red cells 2,670,000 per cmm , Hb 50 per
cent, CI, 09, leucocytes, 25,000 per ¢ mm (polymorphs
91 per cent) On the 21st the condition became worse,
restlessness and twitchings were more marked, and an estimation
of blaod urea showed 480 mg per 100 ml  On the 22nd the
patient died
At the time of admission the patient was questioned about
the possdnluy of contact wnh rats 1n the course of his work
He d to be suffi ly rational to app the question
and dented the Iikelhood of any such contact  In view however
of the severe and unusual symptoms which developed two or
three days before death the possibility of leptospiral jaundice
was entertained A specimen of blood serum was examined
and the leptospiral adhesion test was found strongly positive
Postmortem  Findings ~~(1) Autopsy ~ Dark canary-yellow
Jaundice of skin :md (Iess severe) of all serous surfaces , well-
hed, well 1 lar man A few small recent
abrasions on skin of chest probably due to scratching , laceration
of nail of middle finger of left hand extending throughout ats
length  Pale flabby myuc:\rd.mm Moderate general and
coronary ath Shght hop oedema and
P -

Lo vaus vepau U snu s pulialdi lal Ougll ndemotsige m
fatty tissue round both adrenals A few scattered haemotrhages
10 mucosa of stormach and th Pale g h
brown unne in bladder A few minute haemorrhages in mucosa
of bladder Shght diffuse subdural haemorrhage and a few
petechiae in cortex of oedematous brain

(2) Histology  The following organs were examined histos
logically :=-liver, kidney, spleen, adrenal, lung, brain, pituita
and parathyroid  The sections were staned by Lhrlich's
haematotylin and eosin, by van Gieson’s method, and hiver,
kldney and adrenal sections were staned by Levaditr’s method
for h he pic findings were confi
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In addition there was an excess of polymorphs in the spleen,
and shght fibrosis of the anterior lobe of the prtutary  The
changes 1n the liver and kidney warrant a more detuled
description

In the liver the chief changes consisted of jaundice and
degencration of cells in the central parts of the lobules and in
those of the mid-zonal regions  The jaundice was less severe
than that expected from the naked eye appearance, and the
degencration consisted of fatty change and necrosis of scattered
tndividual cclls  There were patches of subacute inflammatory
mifiltration of the interstitial tissue of the kidney, the reaction
consisting of plasma cells, lymphocytes and a few polymorphs
The epithellum of the convoluted tubules was everywhere
degencrate, many of the cells contained bile pigment, and 1
many tubules there were bile casts

Comment on Autopsy —Definite leptospires were not found
but particularly i the kidney and adrenal there were structutes
I th f) d leptosy , and many granules that
might well have been the remains of leptospires

A MobiraTeLy SEvERr NoN TATAL INrreTion (Alston, 1033)
A man aged 35 was admitted to hospital on 11th July 1034
He had been employed for 3 years as a flusher in sewers  The
fustory of the case was thit on 6th July, 5 days before admussion,
the illness had begun suddenly—like ‘ tnfluenza '— with pans
which started in the lower himbs and gradually extended
upwards to the abdomen and between the shoulder blades
"The onset was 80 sudden that 1t could be referred to a particular
moment while the patient was nding his bicycle  On the
following day he had some lower abdomuinal pain and began to
vomit Ihe vomiting was severe, and the vomit was dark and
may have contained blood, there was no other haemorrhage
Jaundice was noticed the day before admission to hospital
The patient’s health had previously been good S far as he
knew he had not recently suffered any abrasion or eut of the
skin, or a rat bite e stated that some of tus fellow workers
had been jaundiced, but they had not been 1ll enough to go 10
hospital "
On Adnussion —The patient was a well-developed men \Vl"
1 diced skin and cony He was tely

3
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1ll, with a temperature of 100°F (378°C) and a pulse rate
of 116 The tongue was dry and coated, the gall biadder
tender, the hiver not enlarged, and the spleen not palpable No
purpura or petechiae were present No pathologieal state was
detectable i the heart or lungs The unne contamed bile
pigment 1n large quantity, a trace of albumm and no sugar or
acetone The stools were dark

For the first few days the patient suffered from continual

vomuting and dehy , but these d were relieved
by enemata followed by rectal mjections of glucose sahme
solution The general d then tmp: d, and te

p
ture and pulse rate had returned to normal on the fifth day
The jaundice and presence of bile in the urine teok about a
fortnight to subside On the fifth day mn hospstal 2 transient
erythematous rash was seen, mainly on the mbs The patient
left hospital on 2nd August The result of 2 blood count on
12th July was  red cells 5,000,000 per cmm , Hb 100 per
cent, CI 10, leucocytes 17,000 per cmm (polymorphs
87 per cent, lymphocytes 9 per cent, ytes 4 per cent)
The blood urea was 125 mg per 100 ml on 12th July, 145 mg
on the 14th, and had returned to normal hnuts by the 19th
The van den Bergh reaction gave an ‘immediate direct’
positive result up to 19th July, and a * delayed direct* positive
result on 27th July and Sth August The number of umits by
the indirect reactions was highest—54—on 14th July and was
4 on 8th August

Bactertolopscal Intestigasons —On 12th and 23rd July the
urine was exarmned for leptospires by dark ground illumination
but none was seen A guineapig was mjected intrapentoneally
on 12th July with the deposit from centnfuged urine, but no
evidence of infection was detected  Spectmens of blood serum
were obtained on 4th August and 12th September and both
gave a strongly positive reaction 1n the adhesion test with
L icterchaemarrhagiae

A Mup Inrecrion

The patient, a sewer worker aged 33 became 1ll on 5th
October 1947, with pam n the bach and himbs, and attacks
of shinenng  Two days later, 1n hospital, he showed shight
Jaundice and shight conjunctivitis  The infection was a mld
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one and the van den Bergh test showed 125 mg bilirubin per
100 ml of bleod Pentcidlin (50,000 umits every 3 hours) and
antileptospiral serum (Burroughs Wellcome & Co, 40 ml per
day) were given on the 8th, 9th and 10th October On the
10th, symptoms subsided and treatment was stopped Pyrexa
headaches and knee patns returned next day These ended
after 5 days treatment with pemcillin, and returned agam ma
second relapse  The symptoms disappeared, but a third relapse
followed which 1n turn finally subsided after pemcillin therapy
During these relapses, m which the severe headaches were
promunent, the cerebrospinal flusd showed 28 cells per ¢ mm,
on the twenty-seventh dav of the illness, and 50 on the
sixty-seventh day The serum did not agglutinate L scfero
haemorrhagiae at the third day of the illness, but did so to 2
titre of 1/1,000 on the nmth day and 1/3,000 on the twentieth
day ‘The cerebrospmal flud agglutmated L 1cterokaemorriagias
to a titre of 1/30 on the twenty sixth day

Penicilin and serum are not now considered effective 1
treatment of established infections (Chapter XI1I)

MENINGITIS LEPTOSPIROSA

Patients 1n whom meningitis 1s the most promment feature
of the nfection, with or without a mmor degree of jaundice
make up a very large group As has been already stated

1s 18 d rable ¢l lly and by changes m the
cerebrospinal fluid 1n practically all cases of the severe forms
of infection, but the purely meningeal form 1s muld and very
rarely fatal

French workers were the first to emphasize this type of the
disease  Costa and Troisser (1916 b) found it among Frenct
soldiers, and tr: d the infe to g p from
human cerebrospmnal fluid  They and others made a senies of
studies, and Troster and Boquien (1933) who summarized the
findings 1n the literature recorded 20 cases of lcpmsplral
meningttis They emphasized the features of a sharp onset,
muscle pamns, epigastric pawns ond headache  ohguna w3
frequent, with albuminuna in 40 per cent Some patients
showed slight yaundzce, sa providing a ik with the usual fom
of the disease  Single or multiple relapses occurred, and all
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9th August a 11tk August | 13th August

l(fells[t;] mm 13 208 €0
ymphocytes All —_ All
Protein{100 ml 25 60 60
Chlorides{100 ml 680 680 110

ture Neg — —-

On 9th August the leucocyte count of the blood was 5,200 per
cemm with 79 per cent of the cells polymorphonuclear

A speamen of serum taken on Sth August gave a weak
reaction with L zcterohaemorrhagiae at a dilutton of 1/30, but
was negatve m higher dilunons and was negative with
L canicola  On these findings, and without any clear neuro-
logical signs, a diag of non-paralytic poliomyelitis was
made However, a specimen of blood taken on 20th August
agglutnated L scterohaemorrhagiae to 11,000 and did not
agglutinate L camcolz ‘'Thus the diagnosis was made clear

CASES PRESENTING UNUSUAL FORMS

In a small number of cases abdopunal signs and symptoms
predomunate, and may be sufficiently musleading to cause
laparotomy to be carried out  Ball (1933) and Henngman and
Phillips (1947) report 1instances of patients operated on

kenly as cases of cholecystitss, and the latter and Boguien,
Hervouet, Dauphin and Verdier (1951) record two others 1n
which appendicectomy was performed The followng three
cases 1l when diag; was particolasly
difficult

Case No 1-—A boy aged 15 was admitted to hospital with
pyrexta, abd ! pamn, headache, backache, patns i the legs,
vomting and general malaise  Since the abdomunal pain settled
1n the night iliac fossa, a provisional diagnosis of acute appendr-
citis was made  When he was anaesthetised for operation he
had a severe and the op was abandoned after
an abdominal mncision had been made Next day Ius serum

M g -

hagrae to 1{100, and a month later

t;ulj:wo A fortmght later the brother of this patient %25
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taken 1l with the meningeal form, and Ius case 15 described 1n
the previous section *

Case No 2-—In August 1948 we investigated an atypical
case of a man of 26 years who took a cycling holiday 1n France
from Dieppe to the Rhone valley, and bathed 1n and drank
water from rivers and streams as a matter of principle—as 1t
were to get a full taste of the country he was vissting  On
return to England he became dl with raised temperature,
abdomunal pams and a rash on the abdomen He had distinct
headache, but no more definite evidence of meningeal irntation
Typhus fever was suspected but the Weil Felix test was
negative ‘The agglutinaton test with L rcterohaemorrhagiae
however was positive to a dilution of 1/3000, and with
L canwola to 1{100

Case No 3 —Another atypical case (Kernohan, 1956) was
that of a man aged 68 whose illness commenced with shivering,
pamns 1n the limbs, vomiting and diarrhoea, which lasted for
3days On the fifteenth day of 1llness he became very garrulous,
nosy and confused This acute delirium fasted 36 hours and
then passed off 'The cerebrospinal flud was normal on
examination, and there was no jaundice at any time  Has serum
was found to have a titre of 1/1,000 for L icterohaemorrhagiae

Reference has already been made to the cases without
localizing signs and symptoms—those n which the illness
consists of only matase, head: lar pans
and temperature to cause an agglutmation test to be done 1f
circumstances or occupation suggest 1t These muld cases form
a link with the subclinical infections revealed 1n sewermen and
in 2t catchers mentioned on p 101

A renal form of the dxsease hss bccn recogmzed, n which

thava  amn -

others

CONVALLSCENCF

In all forms of leptospirosts convalescence 1s protracted, and

* We are indebted to Dr I B Mormis for the specimens of serum and for
chinical notes #nd pathological repotts of these two.
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may last for several weeks or even for 3 to 6 months We hne
no records of our own cases, but the period of incapacity for
which disablement pay was clasmed by 67 patients in Austrahz
(Table XVIII) was given by Stles and Sawyer (1942) The

TasLe XVIII
DISABILITY CLAIMED IN AUSTRALIA FOR LEPTOSPIRAL

INFECTION
(after Stiles and Sawyer, 1942)
Persod of Incapacity No of Cases

1 2 weeks 7
2-3 15
. 15

-5 3
51, 2
78 1
10 , 1
12, 1
24, 1
26 1
>36 ', 1

infecting serotypes were not named, but were probably chiefly
L australis A and L australis B

CASE MORTALITY

Most forms of leptospirosis show only a negligible or very
small number of fatal infections, but a few serotypes produce 3
much more severe disease which carnes a relatively high death
rate  Infections with L scterohaemorrhaguae, L andaman 4
L pyrogenes and L batasae (1n Indonesia) are those muost
likely to prove lethal

The proportion of deaths recorded mn any senes of cases of
Weil's disease s greatly affected by the number of mutd
infections which have been included This 1n turn depends o7
the chmcal acumen of medical practitioners and on the
laboratory facibities available Thus case mortality rates i
Weil's disease recorded m different countrtes or at different
times have varted from 5 to 30 per cent

PRESENCE OF JAUNDICE
It 15 well known that the occurrence of jaundice and 113
give good 1nd, of the seventy of the illness
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Fromme (1930) quoted 2 cases of 100 and 103 days respectively
3 LA L AL AR ik A 23 L aa

o . . ..
who observed leptospires in the unne of a man 11 months after
recovery from an infection with L austrahs B,

SECOND ATTACKS

No authenticated second attack of leptospirosis due ta the
Chaal L o maLoest 1o

diagnosss was confirmed serologseally at the time of each of the
two attacks, which were separated by periods of two to three
years in each patient In four other cases the diagnoses of the
first attacks were made on climcal grounds, but the patients
sera d bodies for two 1 rotypes at the
ume of the second iliness 'The serotypes nvolved were m
most cases, L pomona and L hyos

In the case descibed by Doherty (1956) the strain causing
the first attack was solated and identified as the Kremastos type
‘The patient was re-admitted to hospital 23 days after fus
discharge with a second acute attack of fever The causative
organism was 1solated on this occaston also and proved to be
L hyos Two strains were also isolated m Malaya from a
patient whose second attack occurred about three months after
the first The strains were 1d d resp v as L schufs
and L batariae (Broom unpublished)

CONCURRENT INFECTIONS

A simultaneous nfection with L Ayos and the Szwapzak type
{later named L i) was thought to be the most likely explana-
tion of curous reactions obtained with a culture wolated from
a patient n Australia (Queensland 1955) When first examined
the culture was agglutinated to high titre only by an antiserum
to L. hyos Duning the next four months the stram was
subcultured nine times, and 1t was then found to react negauvely
with L hyos antserum  Further investigation showed that the
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observations were made on cases which occurred m Malays
among members of the Armed Forces  Atkins, Broom, Freezer
and Harvey (unpublished) examined 50 men, all coal miners
who had suffered an attack of Weil's disease at varous times
from 1to 15 years earlier No evidence was obtamed of residual
damage to erther the hver or kidneys

As was mentioned earlier (p 107) lestons affecting the eyes
may occur months after recovery from the acute attack but
only verv rarely, as i a case described by Strobel (1902) 18
there permanent mmpairment of vision

Murgatroyd (1937) described a umque case of a patient who
after the acute stage of a moderately severe attack of Weils
disease, continued with irregular pyrexia for four months
Severe gitis then developed, and leptospires were 1solated
from the cerebrospinal fluid 25 weeks after the illness began
Leptospires were also present in the urine mn the thirty-third
week and the patrent finally recovered after 8 months of 1llness

Ewvidence that headaches of a recurrent mugramous type may
be the result of leptosptral fection was put forward by Atkins
(1955) He found that 24 out of 50 coal mmers who had
recovered from Weil’s discase were affected with migraine and
that only 4 of these men had had headaches before the illness
By contrast only 6 out of 50 muners who had not suffered
from Weil’s disease plained of stmular headact DrE
Montuschi and Dr T St M Nornis (personal communications)
have told us of 3 other patients who complained of recurrent
headaches after Weil's disease or canicola fever Atkins pointed
out that specific infection 1s not mentioned by well known
writers as 2 cause of migrame He suggested that further
mformation mght be obtained by studymng the after Iuston:
of patients who had recovered from other types of mentnge:
nfection

CARRIER STATE

There 15 no evidence that a carrier state of mdefinite duration
ever develaps after leptaspirosts i man, but cases are on reco:d
n which excretion of leptospires in the urine had contintt :
well beyond the normal period of 4 to 6 weeks from the onse“1
of disease  As regards L tcterchaemorrhagae, Uhlenhuth an



CLIKICAL ASPECTSH OF WEIL'S DISEASE LID

Fromme {1930) quoted 2 cases of 106 and 303 days respectively
and, w the case & hed by Musg; d d above, this
serotype was still present m the unne 33 weeks after the sliness
began A still fonger period was reposted by Jobnson (1850}
who observed jeptospires m the urine of a man 11 months after
vecovery from an safection with L austrafis B,

SECOND ATTACKS

No authenticated second attack of leptospirosis due to the
same serotype has bean reported, but there have been a certamn
numbes of 1stances of two sttacks caused by different serotypes.
Thus Geell (1954) recorded four mstaaces wm which the
drags was confirmed serol ffy at the time of each of the
two attacks, which were separated by periods of two ta three
years am each pattent,  In four other cases the diagnases of the
first attacks were made on chimeal grounds, but the pattents’
sera d b for two d pes at the
ume of the second iliness  The serotypes myoled were,
most cases, L pomona and L hyor

In the cose descabed by Doherty (1836) the stran causing
the first attack was ssolated and identified a3 the Kremastos type
The patient was re-admitted to hospstal 23 days after his
discharge with a second acute artack of fever  The causative
orgensm was wsolated on this oecaston alse and proved ta be
L Ahyes Two strans were also 1solated 1 Malaya frem 2
patent whose second attack occurred about three months after
the first  The strams were wdentified respectively as L sehiffuen
and L bataviae (Broom uwnpublished)

CONCURRENT INFECTIONS

A sumyltancous infection with L A3as and the Srwajizak type
(laser pamed £ munt) was thought ta be the most likely explana.
tion of curious reactions obtamed with 2 culture solated from
8 patient sn Austrahia (Queensland, 1935} When fizst camuned
the culture was agglutnsted ta high titre only by an antiserum
to L Ayor Dunng the next four months the stram was
subeultured nune times, and it was then found to react negatively
with £ Ayos antiserum  Further i estigation showed that the
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strain reacted to low titres wth antisera for L medanensis and
the Kremastos type, and to high titre with Szwajizak antiserum

As a result of this discovery, subcultures were made from the
ongmal culture, which still 1 a few viable lep
This subculture reacted to high titre with Szwajizak antiserum
but gave no reaction with L kyos antiserum  From these
findings the assumption was made that the patient had been
infected by two serotypes at the same time L Ayos was
predommant 1n the early subcultures, but 1t was subsequently
overgrown and finally replaced by the Szwajtzak strain

Wiesmann and Suter (1956) reported a simultaneous infection
with L pomona and L hyos The pattent was employed ina
piggery where, 1n spite of advice to the contrarv, he worked
barefoot He was taken 1ll with a severe attack of swineherds
disease only ten days after he began work Leptospires were
1solated 1n culture from samples of blood and cerebrospmal flud
taken on the sixth day of illness  The strain from the cerebro
spinat Aurd was 1dentified as L pomona, but the culture from
the blood reacted partly as L pomona and portly as L hyos
By growing the strain in separate cultures contarmng antisera
for L pomona and L kyos respectively, 1t proved possible to
obtain pure cultures of the tno serotypes, and to determine
therr 1dentities

Alexander, Evans, Toussamnt, Marchwicks and McCrumb (to
be published) referred to four cases of double mfection by
L 1cterohaemorrhagtae and L batavige i Puerto Rico




CHAPTER IX

EPIDEMIOLOGICAL AND CLINICAL
ASPECTS OF MILDER LEPTOSPIROSIS

As Exemplified by Leptospirosis Canicolaris
{Canicola Fever)

HISTORY

Infection of dogs with L rameola was recogmzed by
Klarenbeek and Schuffner {1933), but the first two haman
cases were recorded by Dhont, Klarenbeek, Schiffner and
Voet (1934) n the Netherlands  One patient was a boy aged 18
who had been wn contact with 2 fox-termer  The illness was
mild with transient yaundrce of the sdeme, both the boy and
the dog sbowed clear h of by
L canrcola The second patxem was ¢ man aged 5%, and a
stran of L camicola was wsolated from hem A further mine
infections were found i the Netherlands by 1837 (Schuﬁncr
Kotter and Schultsz, 1935, Schiffaer and Walch
1937 Roes \\'alchvSnrgdmgcr and Schuffner, 1937} Ia
1938 Brammer, Borg-Petersen and Scheel-Thomsen reposted
an anfecuon . Denmark, and since then cases have been
recorded from most parts of the world

EFIDEMIOLOGY

Cagrier Hosts

Dogs —So far s 1 Loawn human bewgs are most often
wnfected by direct or more remate contact vath dog urne  In
the mayorty of cases the human patent has had more or Jess
close assocanon wath a dog which 1s either suffepng from an
seute snfection wath L eamcola, or 15 a healthy carner
Rosenberg (1951) reviewed 200 human cases and found that
mention of the presenee or absence of a hkely saurce of
infection was made 1 131 There was a record of close

n
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infected from the same pool m Germany In Westphala
8 children developed the disease after bathing 1 a muddy pool
along with 2 dogs which had positve agglutimn titres for
7 camcole (Primaves: 1951} Campbell ef o (1950) found 2
similar source of mfection 1 England

Larger groups of people have also been infected 1n this way
—~for instance 26 children from a stream 1n Georgia US4A
{Walhams et a/ 1953) Another group comprised 24 persons
who probably contracted the disesse m an open air swimming
pool m Wyommg USA The cause of the illness was not
suspected until 11 years after the ttme of the epidemec n 194°
It was then possible to obtamn samples of serum from only ¢
but alf contamned aggluunns for L canzcola (Cockburn Vavrs,
Spencer Dann Peterson and Remnhard 1954) A total of at
least 114 persons were infected by bathing 1n a village 1n the
Fukuoka Prefecture Japan 1 1953 (Misao Hiroyoshi hatsuta
Nishthara Kobayashi Kuwashima and Aso 1956)

Fiern Work

Of 32 cases of leptospirests among workers 1n rice fields near
Modena North Italy 3 were found by Berengo and Busstuelle
(1902) to be due to I camcola  In Japan 43 cases of camcol
fever were diagnosed among field workers engaged in trans
planting rice during a wet period when streams were overflowing
into the fields (Misao ez al  1954)

OTHER METHODS OF INFECTION

Professional infection of veterinary workers has been recorded
by Meyer Stewart Anderson and Edde (1835 a & b} and Jo£
and Sangster (1951) and infection of a woman by a dog bit¢
was considered probable by Lereboullet e al (1948)

Srx AND AGE INCIDENCE

The distnbution of cases between the sexes has been found
to be approumatelv equal Rosenberg (1951) reviewed 200
cases and found that 56 per cent were males The age dis
tribution of infections shows cases at all ages but they a1
rarer 1n infants and small clildren than might be expected
from the posaible nsk fre g on th 4 ae Tables
XI and XIT) .
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SEASONAL INCIDENCE

In most countries the disease occurs chiefly 1n the second
half of the yeat, Borg-Petersen (1944 a) found in Denmark
that duning the years 1034 43 the onsct in 33 out of 47 infections
was in the months of October, November or December
Rosenberg (1951) found that in three-quarters of 200 cases
collated from world literature the illness began between July
and December Broom (1951 a) found for England and Wales
that 75 per cent of 70 cases began during the months June to
November 1n the period 1947-50

MORBID ANATOMY

Complete recovery from camcola fever 1s the rule, and only
two well-authenticated fatal cases have been traced ‘The first
of these occurred m the Netherlands in 1947 and was described
by Wolff, van Dam and Minkenhof (1951) 'The patient’s
blood urea was 535 mg per 100 ml on the dav before death
At postmortem the body was icteric and there were petechial

T m the pi d and pleurae  The lidneys
showed the type of lesions described n fatal infections by
L icterohaemorrhagiae  “There was swelling of the epithehium
of the proumal convoluted tubules, many of the distal con-
voluted tubules were blocked with granular brown casts and
there were d coll of lymphocytes, plasma cells,

hages and polymorph lear I y gt the
nterstitial tissue

The second fatal infection was recorded by Weetch et af
(1949) This patient was a woman aged 35 who had had
hyperpiesis and alburninuna dunng her first pregnancy sixteen
years before her death, and severe headaches duning four later
pregnancies  The fatal tliness lasted 24 days, and 1n the early
stages albuminuna and tenderness 1n the loins were the only
signs of renal voliement At that ume the non-protein
nutrogen of the whole blood was 45 mg per 100 m!  In the
last week before death there were ohiguria, a non-protein
nitrogen concentration of 284 mg, and finally uraemia and
acidosis At postmortem the kadneys were enlarged and the
cortex was pale and had small haemorrhages Histologically
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there was chronic interstitial nephnitis, with superadded acute
mterstitial and tubular nephntis It thus appears that asm
infectton by L tcterokaemorrhagiae the factor which determuaes
death or recoverv 1s the degree of acute nephntss, and that
pre-existing chronic nephritis increases the nisk to hfe Two
less well-authenticated instances of fatal ifection by L cancols
have been published—one in the U S A by Molner, Meyer and
Raskin (1948), and the other 1 Viet-Nam by Kolochine-Erber,
Brygoo, Cros and de Lajudre (1952)

CLINICAL PATHOLOGY

Broop

There 1s often a moderate degree of anaemia, the erythrocyte
count falling towards 4 mullion per ¢ mm , and the haemoglobn
value bemg reduced proportronately In an unusually severe
case which showed nephnitis and anaema the red corpuscles
were 27 million (Lereboullet, Kolochine-Erber and Lambert,
1951 a) In the early stages the total leucocyte count may be
normal or somewhat dimimshed Later, a leucocytosis of
10 to 15 thousand per cmm 1s common with a relatie
polymorph preponderance, but this 1s by no means 1nvanable

In the majonty of cases the concentration of urea 1s within
normal limits, or only rased to 50 to 60 mg per 100 ml of
63 cases of which we have records only 6 showed higher levels
(92 to 160 mg ) and 1n the two fatal cases mentioned above
the concentration reached 284 mg and 535 mg The blood
sedimentation rate 1s markedly increased from the first few
days, and remams high during the illness and well mto
convalescence

CeresrospPINAL FLuip

In the early stages the fluud may show no abnormalities, but
by the fourth or fifth day the protemn concentration 13 increasc
to 60 to 80 mg per 100 ml with a relatnne excess of globulin
The concentration of glucose 15 within normal hmuts ‘The
cell count also rises, reaching 2,000 or more per
cmm, with ether g or N ~e  pre-
domnating.

>
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URInE

The unnary findings vary widely, depending on the extent
to which the hiver and kidneys are affected The urine may
only show from time to tume traces of albumin, 1t may be
loaded wath bile pigments, albumun and grarular and hyaline
casts, or the abnormal constituents may be present in any
degree between these two extremes

MuscLe

Inflammatory lesions similar to those found in mfections by
L icterohaemorrhagise have been found in muscles by biopsy
(Turrell and Hamburger, 1951)

SYMPTOMS AND COURSL OF ILLNESS

Canicola fever may be taken as r:prescnmnve of the milder
forms of | m which are a
common feature In Tsble XX are set out the relative fre-
quency of various symptoms mn 127 cases which occurred 1n

TasLe XX

CANICOLA FEYER DBRITISH ISLES 1949-55
SYMPTOMS IN 127 HUMAN CASES

Per cent Pey cent
Headache 22 Albumin i urine 8
Menmgits 75 Casts n urine 19
eck suffness 7 Rath 18
Injection of eves 49 Jaundice 19
Muscle tenderness 47 Haemorrhages 14

Great Brtain from 1948 55 Since complete details are not
available for every patient the frequencies have been expressed
as to facilitate p
As 1n other forms of leptospirosts the onset 1s usually sudden
with shivermg or ngors and antense headache  The temperature
ﬂpldl) mounts {0 103° 104°T" (39 5°-40°C ) and the patient
of p d of muscles, nausea and
\omumg Prostration 15 marked, often to a greater degree than
the sevenity of the symptoms seems to warrant  Profuse
sweating often occurs early  Stgns of memngeal imitation are
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common and may include mental confusion, vertigo, suffness
of the neck and Kermig’s sign  Weakness or even paresss of
muscles may be present, giing nise to a suspicion of polo
mvelitis, the tenderness of muscles may cause an immobilty
which simulates paresis

On some occasions congestion of the lungs 1s marked
stmulating the early stages of pneumonta, or abdomtnal symp
toms may predomunate suggesting a dragnosts of enterc fever
Myocarditis has occasionally been recorded and some degree of
diminution of cardiac effictency is not uncommon Relative
bradvcardia and a reduced blood pressure are usually present

Injection of the conjunctival vessels 1s found 1n about one
half of the cases and 1s a useful diagnostic sign when present
Rashes, either morbilliform, scarlatiniform or herpetic 1n type
or, later n the illness, a rash resembling the rose spots of
typhord fever frequently appear, but these erupttons are often
fleeting and mav not be noticed unless they are specially loobed
for Jaundice 1s much less common than 1n Wesl's disease, and
even when present may show only as a subtctenic tinge

The kidneys are generally affected, though the degree of
nvolvement varies very widely The evidence of damage ma¥
range from occastonal traces of albuminuna to the signs of
acute nephntis  Thus Bukh (1940) and Audoly (1943)
described non fatal cases m which the blood urea reached
280 mg and 576 mg per 100 ml respectivelv In the fiest
two known fatal cases, reported above, severe renal damage
was present

The 1nitial fever may last for only a day or two or mif
continue for a week or more before the temperature falls by
lysis In either case a recurrence of pyrexia frequently follows
the afebmile pertod, and further relapses though uncommon have
been reported When the pnmary attack 1s short, 30\1‘;
meningeal symptoms often develop with the secondary nst';
temperature, and this rs the form of disease most frequently
confused with poliomyelitis

Signs of ocular mvolvement occur as i Weil's disease (Sbce
p 107) Willams (1956) descibed a case complicated i
homonymous hemianopia 1n which the condition was unchange
after nine months  Although encephalitis has not often heen
recorded tn canicola fever 1t has been found n infection bv
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somne of the other milder serotvpes (Mach, 1944) and examples
are given under L hyos and L pomona

Middleton (1955) described paralysis of the right serratus
anterior muscle and weakness of the nght side of the diaphragm
and of the left thumb, which developed duning convalescence
from camicola fever The lesions were considered to be 1 the
cervical spinal cord or its roots or nerves, recovery was
complete after eighteen months  Mortensen (1940) described
2 case of flaccid paralyss of the legs due to infection by
L sgroe and quoted four other simultar lesions of the spinal
cord

‘The severe and ble headache 1s an ding and
most distressing symptom of camicola fever It 13 quite
unaffected by drugs, but marked relief 1s often obtamed by
removal of cerebrospinal fluid even when the tenston 1s not
increased  Partial loss of hair may oceur persisting for different
lengths of time before regrowth

CONVALESCENCE

The length of convalescence 15 vaniable and the illness often
extends to two, three or four months Physical weakness 1s
the most tedious feature of this stage, and late signs of ocular
mvolvement may oceur

ILLUSTRATIVE CASE HISTORIES
{from Laurent Norns Starks Broom and Alston 1948)
Casc 1
A boy aged 19 was admutted to hospstal on 15th September
1847, as a case of cerebrospmal meningiis  He had been taken
sl suddenly on 11th September with frontal headache, fever
and sweating  Next day hus eves were red and the neck stiff
On the fifth day a pink blotchy rash appeared on the face and
chest  The bowels had been confined four days and no drugs
had been taken
On Adunsston —Fifth day of illness  Temperature 100 8°F
(388°C) pulse rate 68, respiration rate 22 per mn  The
patient was 2 well-nounished young man, conseious, alert and
co-operative  The palpebral and bulbar were
[N
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mtensely inyected and red, with httle discharge and pronounced
photophobia  There was a pink discrete macular rash chuefly
on the chest, abdomen and back, and a litle less on the face
and extrermties The rash was morbilliform but Iighter m
colour than that of measles, and not irmtating He had no
cough, no Koplik’s spots and no redness or ulceration of the
buccal mucosa There was no enlargement of the lymph
glands or spleen and no jaundice Clinical examination of
heart, lungs and abdomen revealed nothing abnormal Blood
pressure 130/80 mm Hg , unne, sp gr 1020, no abnomal
constituents  There was no urethral discharge and no sore on
the genitals There was some stiffness of the neck on flexion
but Kermg’s sign was negative  Cranial nerves, fundi and eafs
were normal There was no loss of power or sensatson and all
the reflexes were normal Lumbar puncture fluid clear and
colourless with less than 4 cells per cmm , proten 30 mg
per 100 ml , and no organisms

Subsequent Course—On 19th September (erghth day) s
temperature was 101 4°F (38 6°C ), he was drowsy, his neck
was more stiff and Kernig's sign was positive Lumbar
puncture now gave a famtly opalescent sprmal flud with 290
cells per cmm (mononuclears 50 per cent), protemn 30 mg
per 100 ml , chlondes 680 mg , no organisms and sterile on
culture  White cell count 6,800 per cmm (polymm'}’hs
76 5 per cent) Blood culture (twice) Widal test, Wassermant
and Kahn tests and Paul-Bunnell test were all negative X 1Y
films of the nasal sinuses showed no evidence of mfection

On 20th September (minth day) his temperature was normal
and 1t remamned normal afterwards The rash faded rapdy
after that date without leaving any stamng of the skin On
3rd October (twenty-second day) his eves were normal, 2ll
traces of signs had disappeared, and no abnor!
neurological signs could be detected He was discharged hal;:f
quite well on 20th October, the thirty-mnth day after the
1llness began he

By a sertes of agglutination tests of blood taken on U
twenty-fourth, fiftieth and hundredth days after the onset 2
diagnosis of infection by L eantcola was established

The patient had kept a puppy, six months old, just i
his 1llness, but so far as he knew the dog was healthy

before



CANICOLA FEVLR 131

1nfe

ly this dog was acaidently killed before the patient’s
infection was diagnosed

Case 2

A woman aged 40 was adnutted to hospital on Ist October
1947, with the following history On 23rd September she had
headache and malase and 1n the eveming suffered from an
attack of shivering  Next day the symptoms were worse and
there was aching paws 1n the kmbs  The patient collapsed on
getting out of bed, and her temperature was found to be
105°F (40 6°C ) when she was seen by her doctor later in the
day  On the third day memngitis was suspected and a course
of sulphatluazole treatment begun  On the fourth day vomiting
became and a of vision developed 1n
both eyes and lasted for 43 hours  The patient was unable to
see objects directly ahead but could sec things out of the
corner of her eyes farly cle:rly On the fifth day spots,
sumilar 1 app and d to erythema nod
appeared on both legs. but they cleared 1 about 2 days By
the eighth day 1t was eudent that the condition was not
tesponding to sulphonamides and the patient was sent to
hosputal for further imvestigation

On Adnission ~-Ninth day of sllness The patient sull
complamed of severe occpital headache and pain at the back
of her nech  There were now no puns in the limbs and no
further nausea or vomiting  Mictunttion was normal, but she
was severely constipated  She looked 1l and was flushed and
perspinng freely  Temperature 101°F (383°C ), pulse rate
80, respiration rate 24 per min  Herpes labialis was present
There was no rash or lymphadenopathy There was shght but
definte neck ngidity and the pan 1n her neck was much
sncreased by fleung the cerieal spine Kermig's and
Brudzinsht's signs were both negatne  No other abnormality
1n the central nenous system was noted  There was netther
conjunctivitis nor suffusion of the eyes The optic fund: were
normal, and rough tests shoned no alteration 1n the visual
fields  Blood pressure 120,80 mm Hg The cardiovascular
system was normal apart from a soft basal systolic brut  The
unne was stenle on culture, contained 8 trace of slbumun, and
the centnfuge deposit showed a few red blood corpuscles and
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some leucocytes Blood count 3,700,000 red cells per cmm.,
6,000 white cells per ¢ mm (polvmorphs 69 per cent), hiemo-
globin 76 per cent Lumbar puncture flud clear, mtal
pressure 120 mm water, 48 cells per cmm , protem 20 mg
per 100 ml , glucose 57 mg , culture sterile

Subsequent Course —~On 3rd October (tenth day) her head
ache was still severe and she was perspinng freely , no change
m physical signs Lumbar puncture 233 cells per cmm
(lymphocytes 95 per cent), protein 20 mg per 100 ml,
culture sterile Blood urea 40 5 mg per 100 ml , Paul Bunnell
reaction negative

ptosy was dered as a d and the agglutina

tion reaction was found to be positive for L cantcola and for
L scterohaemorrhagiae, though to a lower ntre Dunng the
next few days the patient gradually umproved, and by the
fifteenth dav her temperature was normal and the symptoms
had disappeared

On 14th October (twenty first day) the headache recun:d
though less severely, and the temperature rose to 100“‘;
(38 1°C ) with early morning remisstons Ths relapse laste
for ten days dunng which time the symptoms improved and]
the temperature fell slowly Recovery thereafter was uneventfu
and the patient was discharged from hospital on the fifty first
day For the next fortnight the patient complamed of weakness
of the leg muscles, affecting particularly dorsiflexion of the fe¢;
Her hair, which had begun to fall out while she was 1n hosputal
was getting thinner, and the patient feared she might be B"‘L‘g
bald When she was seen agamn 3 months later however !;
hair had started to grow again and the muscular weakness ha
cleared up gt

For srx months before her illness this patient had owne!
dog which was 1n bad health A specimen of the dogs sem:
agglutinated L camcola to 2 titre of 1/3,000 and L mt’l:ﬂ
haemorrhagiae to 1/30 The dog was destroyed before any o et
mvestigations could be made, but there seems 1ittle doubt
1t was the source of the patient’s infection




CHAPTLR X

EPIDEMIOLOGY, PATHOLOGY AND
CLINICAL ASPECTS OF LEPTOSPIROSIS
DUE TO OTHER SEROTYPLS

L naam L pyrogenes
L mankarso L ausiralis B
L jatamca L sentot

L pou L autumnalis
L sarmn L bangkwmang
L schiiffner L diatiman
L bempamn L australs A
L ballum L wmuenchen

L pomona

In this Chapter and 1 Chapter N, serotvpes which cause
human mnfections are considered wn the same order as they
are placed 1 Table 11 The Table also ncludes L ietera-
kaemarrhagiac and L camcola which are dealt with in Chapters
VIH 2nd IX vespecuvely L cynopters s referred to in
Chapter XVII since 1t 1s not known to have infected human
beings  Chapter XI also includes an account of serotypes
causing human infection which have not yet been fully compared
with other known serotypes

L nagm

A single stran, serologically related to L teteroharmorrhagiae
and to L harso 1n the T h h group , solated
by \\'o\ﬂ (mm a f:tal n\fectmn of 3 ]a\ anese labourer in 1836
(Wa and Wollf, 1710}

L mankarso

A\ serotype selated to L cterohaemorrhagioe and L naans 1
3
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the Icterohaemorrhagiae group and first isolated from a man
m Sumatra 1n 1938 (Wolff, 1953 2)  Other strains were solated
from a man 1n Malaya and from a rat (Rattus wwhiteheads)
North Borneo (Alexander et al,, 1955)

L javamca

This serotype 1s related serologically to L poz and L celledont
Eleven strains were first ssolated from field rats in Java (Esseveld
and Mochtar, 1938) In Ind 1t has been solated from
Herpestes jaramcus, R rattus diard, R brevicaudatus, R rattus
jalorensis, R concolor, R bartelst and R norvepucus, and also
from dogs and cats (Collier, 1948 a)  Serological evidence of
few human nfections has been found and the disease 15
probably of a mild type For instance, two human iafections
by leptospires of the Javamica serogroup (mat more fully
1dentified) were found m Malaya by Farburn and Semple
(1956) A stran closely related to L jaramea caused 2 mild
febrile 1llness 1 a laboratory worker m I ondon (Broom and
Norris, 1957) The serotype shows httle pathogencity for
guineapigs

L pa
(Syn L sorex)

Mino (1942 a) 1solated a new serotype of leptospires, which
he named L por from a nice worker near Vercells n Norther?
Ttaly It was considered to be related antigenscally to L sctero
haemorrhagiae and L ballum, but Wolff and Broom (1954)
found 1t closely related to L javamca, only sightly to L
scterohaemorrhagiae and not to L ballum  Borg Petersen (1949)
found logical evid of nfe by L por 1n tno cases
of leptosprosis m Denmark during 1945 and 1946 Berengo
and Bussinello (1952) found an infection near Modena an
Austons (1953) stated that other cases had been found 18
different districts i Italy One case occurred Malays
(Farburn and Semple, 1856), and Kmety (1955 2) ssolated
from a shrew (Sorev araneus) a stran which he named L sore¥
and Jater (1955 b) showed to be 1dentical with L por
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L sarmin

‘Thes serotype 1s represented by only one strain 1solated from
2 man 1n Indonesia bv Kotter m 1930 (Kotter, 1939)

L schuffners
{Syn stram 90 C)

Ths serotype was first 1solated from bats m Indonesia 10
1938 by Collier and Mochtar (1939 a} Serological evidence of
infection was found by these observers 1n a dog in Java, and
by Das Gupta (1839¢) 1n a human case in the Andaman
Islands In Malaya three human stramns were identified by
Broom (unpubhshed) and strans were isolated from R rayah
by Alexander et al (1955) and from R exulans by Gordon
Smith and Broom (to be published) The illness prod n
human beings 15 mild

L benjamn "

This serotype (which 15 related to L schuffuers) was first
ssolated from a man in Sumatra 1n 1937 (Walch-Sorgdrager
et ol 1940) It has been found by Gordon Smith and Broom
(to be published) in R exulans in Malaya Strams of the
Mukingilwa type solated from human cases i the Belgian
Congo by van Ruel (1946) were stated by him to represent the
1ncomplete biotype (A) The 1llness produced 1n man 1s mild

L ballum

In October 1943 Borg Petersen (1944 c) 1solated from the
urine of 2 mouse caught near Ballum South Jutland, a new
serotype which he named L ballum ‘The mouse was considered
to be Mus musculus spreilegus but from the evidence put forward
by Mohr (1950) and summanzed on p 159 1t was most probably
M smusculus musculus

The first human infected by this serotype was a laboratory
worker 1n Amsterdam (Borst ef al, 1948, Wolff et af, 1919)
The 1llness began acutely with hlgh fever and severe headxche .
there were joint patns, conjunctival mjection herpes labialis and
severe dizziness  The temperature fell by lysis after five days
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and convalescence took three weeks  Successive specimens of
the patient’s serum showed increzsing agglutimn titres aganst
L ballum up 1o 1/3,000 on the sixty-second dav after onset,
and gave hittle or no reaction with 2 wide range of other sero-
types ‘The patient remembered that she had been shghtly
scratched on the finger by a laboratory mouse 9 days before
the illness, the scratch had been immedsately treated with
ethanol  When the mouse was examined after the patients
illness 1ts serum agglutinated L ballum to 1/300, and L ballum
was being excreted i the urme  Of apparently healthy adult
mice bred 1n the same laboratory, 28 out of 30 were found to
be excreting leptospires 1n the unne intermuttently dunng 2
pentod of more than a year without affecting health or breeding
L ballum was 1solated from the kidneys of one and was also
cultured from the only two mice which were not excretmg it.
By contrast only 1 out of 15 young mice from the same stock
was infected Five other stocks of mice mn the Netherlands
were examined, four stocks were clean, but 63 out of 80
animals 1n the fifth were excreting leptospires
Other countries 1n which carrier hosts have been recognized
are
Czechoslovakia  Pigs (Kmety, Plesko and Chylo, 1936)
Portugal  Apodemus s3lvaticus and R noruegscus (Frags
de Azevedo, Valente and Querros, 1951)
Canada (Btish Columbia) R norzegieus (Humphreys
Campbell and Smuth, 1953)
TSA Laboratory and house muce (Yager, 1953),
house mice and an opossum (Yager, Gochenour,
Alexander and Wetmore, 1953)

One human infection by L ballum was diagnosed 10 2 farm
worker 1n Yugoslavia (Falisevac, 1951), and two others 1
Puerto Rico (Yager, 1953) Picard (1954) 1solated leptospires
from workers 1n nce fields situated m the delta of the nver
Rhéne, and these stramms were identified by Kolochine Erber
{1953} 2¢ L ballum Pucard conuidered that about 80 per cent
of the infectrons contracted 1n these nice fields were caused by
this serotype  Covaleda, Pumarola and Cantarell (1953) fof;x:lld
serological evidence of infection with L ballum among ricel
workers on the delta of the niver Ebro in Spam
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Babudiert (1955) d the serological ct s of
human strains solated 1n Italy with those of the type strain
He found that the Damsh stram represented the incomplete
biotype L ballum (A), and the Italian strams were the complete
biotype (AB)

G 1

1 dictrh £

of human

EUROPE
Francr  Preard (1051)
NereERLANDS ~ Wolff et of. (1949)
Seaty Covaleda et al (1933)
Yucostavia  Falisevac (1951)

AMERICA
Purrro Rico  Yager (1933)

L pyrogenes
(Syn Salinem strawn, L febrihis, L okinawa)

Ths serotype was first recognized 1n Indonesia by Vervoort
(1923) and then by houwenaar (1924) It has been known as
the Salinem strain, L febrslis (Bonne, 1924 b) and as L okinava
in Japan (Kitaoka, 1951) L pyrogenes 1s closely related to
L australis B but the latter 1s not the ncomplete biotype of
L pyrogenes as was believed at one time Yamamoto (1948)
showed that the two serotypes share a common antigemic
fraction but that each possesses speaific fractions tn addition
These findings were confirmed by Wolff and Broom (1954)
L pyrogenes has been found 1n Javain R breticaudatus (Esseveld
and Mochtar, 1938), and mn ‘house rats’ in Japan (Kitaoka,
1951)

‘The dlscase may be a non-fatal ametenic illness with fever,

and or 1t may be
severe and fatal (Kouwenaar, 1924) It 1s nearly alnays con-
tracted dunng work 1n the fields The serotype 1s pathogenic
to gumeaplgs, pmducmg Jaundice
d of human

LUROPE
fTary  Austons (1933)
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ASIA
Inponesta  Vervoort (1923), Kouwenaar (1926)
Japan Kitaoka (1951)
Mavava  Fletcher (1928), Trimble (1951)
OxiNawa  Kataoka (1951)

L austrahs B
(Syn Zanom stramn)

HisTory —In 1936, Cotter gave an account of a series of
outbreaks (chiefly among sugarcane cutters) of an illness
regarded chnically as Weil’s disease which had been seen 1
the coastal area of North Queensland since 1933 In 1937
Lumley reported serological studies on strains of leptospires
which had been 1solated from some of these cases dunng the
previous years He found that there were two contrasting
aggluttnin groups among 24 human sera, and two contrasting
agglutinogens among 19 strains  Within each group the strar:s
approxmmated very closely to one another serologically, and he
named the groups L austrahs A and L austrahs B Lumley
found that these two serotypes differed antigemcally frﬂlm
L ucterohaemorrhagiae, L pomona, L autumnahs and L canicold
The strain names of Ballico and Zanom were also apphed !i
the two serotypes respectively  Schuffner (unpublished \mlie
quoted by van Thiel, 1948 a) considered L australis B to "
the 1ncomplete biotype of L pyrogenes However, Yamamo
(1948) showed that they were separate though related scm;ysif)s
and the same finding was reported by Wolff and Broom (1

EPIDEMIOLOGY —Infection with L austrahs B, n the sam:
way as L austrahs A, 1s associated with growmng and Cu'nll'r:;
sugar cane, n the narrow well watered coastal belt of l\lv H
Queensland between Ingham and Cooktown, but L austra ;f 5
also infects urban dwellers 1n the same territory  Derrick (1) Jn 3
reported that of 219 leptosprral infections in North Qucff;s ’E
from 1951-54, 58 (26 per cent) were due to L austra uthe

11 of the eprd logy of the disease l:.r
cane ffeids are given by Cotter (1996}, Jotinson (1556 D z‘é
Emanuel and Moore (1956), Derrick (1956) and these

manized on p 287
sunC]LINICAL Asrl:chs —The clincal features of the illness 21
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those of other comparatnvely mild forms of leptospirosis  The
liness often begins suddenly with shivenng fever and com.
paratinely slow pulse rate  Headache, fassitade, foss of appetize,
conyunctivitis and limb pamns are usual - Uppes abdormunat pam
occurs i about half the paticats, jaundice 15 seen only tn 2
mimnonty and 1s rarely severe  Enlargement of axilary glands
13 often present  Johnson (1950) recorded one death amomg
29 panents wfected by L aqustrahs B

Infection by L agustralis B has also been found sn men in
North Italy (Mano, 1812b) and in Malaya (Faurbum and
Semple, 1806) Kmety (3054} reported infectiuns in Czecho
stovakie by L australs A and L australis B, but later stated
that the strmns concerned were L pomore  Puntigam and
Tsli (1950) and Fahserac (3931) reported human infections by
L australis w Austna and Yugostana respectisely, but they chd
not state whether L austrahs 4 or L australis B was mvohed

Geographcal distrnh of human

ELROPF
Trary Mo {18421)

ASIA
AMataya  Farburn and Semple (1906)

AMERICA
Brazt  Correa, Amato Neto Veronesi and Branddo (1051)

AUSTRALASIA
Queensuand  Cotter (1936)  Lumley (1037} Johnson {1930)

L sentor
This serotype was first wolated from a man sn Sumatra m
1837 (Schafiner, Gispen and Bohlander 1939)  Another stran
1solated from 2 pavent m Malaya was identified as L sentos by
Broom (unpublished}

L autamnabs
(Syn L akiyame A L kebdomadu 4, Rachmar stran)
Hisrory —A disesse sular to nanukavami from which
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Ido et al (1818) solated L hebdomadis m the Provnce of
Fukuoks, Japan (p 156), occurred in Shiznoka Prosince wheee
tt was known as sutumn fever or akiyamu  Kitamura and Harss
(quoted by Koshina, Shiozawa and Kitayama, 1925) found that
autumn fever was leptospirosts, but that the blood of some
patients was more virulent to guineapigs than that of others

Koshina et al completed the investigation of autumn fever
by studving an outbreak 1 the region of the Or River nhere
many cases had occurred annually Thev obtained, by guineapg
1 1 , cultures of leptospires from 12 patients , § of them
were more virulent for guineapigs than the others The more
virulent stramns—which they called Akiyam: A type—caused
jaundice and haemorrhages 1n the tissues, and leptospires were
more numerous 11 the Iner  Subsequent passage was always
successful, whereas passage of the less virulent strains (Akiyami B
type) farled at the second to the fifth transfer

These workers showed by Pfeiffer’s reaction and by agglutima
tion and protection tests that Akiyams B type was 1dentzes]
with L hebdomadss, and that Akiyami A type was serologcally
distinct from L  hebdomadis and L scteroh hag
Stefanopoulo and Hosoya (1928) repeated some of thest
comparssons, and confirmed that Aliyams A type was
pathogemc as L h hagiae for g pIg!

Abe (1931) proposed the name L qutumnalis for the Akyam
Atype The Rachmat stram, ssolated 1 Indonesia by Baermant
(1923) and by Wolff (1925), was shown by Gispen and Schuffner
(1939 a) to be the mcomplete biotype (A) of 2, autumnahs

Human 1nfections were reported from Mafaya by Fletcher
(1928) and Trnmble (1954), from the Andaman Islandsbé’
Brown (1928), from Sumatra by Esseveld (1938), from "Thatlan

Sundh: att and Busp h (1951), from North Bur?ﬂ’
by Wisseman, Traub, Gochenour, Smadel and Lancaster (1933)
and from French Indo-China by Vaucel (1938) Gsell (2052)
mentioned that Wiesmann had twice found serological evidence
of ifection 1n Furope—once 1n a fatal case i Miinsterlinger
Germany, and once 1n 2 patient n Strassburg, France "

In the US A, Gochenour, Smadel, Jackson, Evans a?
Yager (1952) found by retrospectrie serological tests that 12
iliness known as Fort Bragy fever or pretibral fever was d“l:’
to L autumnalis Dunng each of the summers of 1942, 19
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and 1944 about 40 cases were diagnosed chtly morey t 40
Worth Carolina, 1S A The discase was px . eaq  osely
& days’ duration and exhibited headache, mimeoislen  © of
megaly , distinctively, there was an enthemrmeernl days
hruted to the prenbial sreas of both legs 4 wmd i cane
sprres was asolated from a hamster infected wbme  OVINE
representing the 365th passage of the sl s MRt
gumeapigs, egps and hamsters, and was deemdy pernt
autumnahs  Expenments made on humaz y» e ¢ so
chimpanzees showed that the stratn 1sotated fom ke
was the onginal snfective agent mnt of
EPEMIoLOGY anD CLINICAL ASPECTS —Roshayg oA
found that 1 one province of Japan L autiwndiv~ were
by the field mouse \ficratus montebellor, and St~ ~ually
the carmer 1o be Apodemus specrosus 1w and
Alexander ef af (1955) found the serotype n legs,
Thasland  Autumn fever 15 practically lumtedy pamn,
betacen August and October (a3 18 sevendnn Wvas
mfection 15 chiefly among persons enpaged 11,
and most of the patents are under 20 years oﬁ: nary
picture 13 mmdistinguishable from infection oy was
which 13 descnbed on p 158 the
Geographical distnbution of human infmy and
wed
EURQPE > to
France  Gsell (1932} ats
Crayany  Gsell (3052) the
ature
ASIA nough
Axpvay Istavos  Brows (1628) One
Frenon Inpo Civa Vauced {1938) pattents
Ivoowesta Baermann (1923)  Wolff (1 =t pyresia
Gispen and Schutfner (1930 2) It LECENCE 18

Jiean  Kostuna ef af (1923)
Matava  Fletcher (1828) Trmble (1954
Noers Bomwgo  Wassemann et al (1953
Tranaxp  Sundharagiats and Baspavan)

AMERICA
USA  Gochenour et ol (1932}
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L bangkinang

This serotype 1s related to L qutumnalss, and was wsolated n
1929 from a man i Indonesia (Slot and van der Walle, 1932),
7 human fections were found 1n soldiers in Malaya (Trimble,
1954) Chnically 1t causes a mild disease

L diasiman

The original stram was 1solated in 1937 from a man m
Indonesia (hotter, 1939)  Strams were also 1solated by Gordon
Smith and Broom (to be published) from Ratus bowerst 1
Malaya

L australs 4
(Svn Ballco stran, L akiyama C, L hebdomadis €,
L tenryuensis)

History —The differentiation of L austrabs 4 and L
australts B was made by Lumley (1937) and has already been
described (p 138) In 1938, strams first named Akyam: C
and later L hebdomadis C and L tenryuensis were 1solated from
patents living along the course of the Tenryu River and m
other areas n Japan and were found to be identical with
L australs A (Kitaoka, 1951)  Alicata (1949) had suggestve
evidence of human infection by L austrahs 4 m Samoa
Human cases of infection by this serotype have been found 1n
several countries 1n Europe and 1n Asia

EPIDEMIOLOGY —In Australia, Rattus conatus (R culmorum)
1s the most important carrer host, but serological evidence gf
infection of bandicoots has 2lso been found Kmety (197)
1solated strams from hedgehogs and from Apodemus flavicolls
1n Czechoslovakia

L australs 4 15 closely associated wath infect
fields m Queensland (Johnson, 1950, Doherty
Derrnick, 1956) For nstance, Doherty et al found that 28 out
of 42 infecttons in a cane-cutting region were due to L
australis A and one other to the closely related Espostto type
(p 170), 38 out of 42 of the patients had been cutting cane

In Derrick’s analysis of 219 cases of Jeptospirosts dunag

o1 111 SUgarcane
o al, 1936,
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1950-54, 48 were due to L oustralis A4, and he found that 40
of these 48 worked 1n cane ficlds and the other 8 were closely
assaciated weth that work  Cases occur along the course of
nvers and there are often outhreaks approvimately 16 days
after heavy ramn In dry wedther, buming the sugar cane
before 1t 1s cut 15 believed to be beneficisl by destroping
Jeptospires on the surface of the ground and on the plants
However, sf heavy ran follons the burnmng there & experi-
mental evidence that leptospares mav be washed out of the soil
below the surface of the ground (Smuth and Seif, 1955)

Comnvsest Aseects —Dohesty (1935} gave a full account of
the chmeal features of 38 cases infected by L australs A
Fever aud headache, not localized to any particular area, were
the P symp ‘The panents usually
also complained of general muscular pan 1n the back and
Timbs, but the pain was most marked m the calves of the legs,
and this was a1 aign of dagnosuc value  Abdominal pamn,
sometimes very severe, was often present  Photophobia was
often noted

Respiratory symptoms were less frequent and unmnary
symptoms were uncommon A shght degree of jaundice was
seen 1n only three of the pattents and two shoned bile m the
unne  Thirteen patients showed tenderness of the hver and
m some of these the hiver was polpably enlarged  Iive showed
splenomegaly and two had 2 macular rash which lasted up to
2% hours  Neck suffness was noted 1w only 3 patients.
Lymphadenopathy was relatively common and affected the
cersical or ingusnal groups of glands, or both  Ths 13 a feature
which has been noted by other Australian obsesvers, although
1t 18 not commen m mamy other forms of leptosprrosis  One
patrent had an epistaxis and anather haematunia  In 16 patients
2 secondary nse of temperature was seen after the first pyrevia
had ended ‘The death rate 1s low, but convalescence is
protracted

G ph distrit of human

FUROPE
Bwaria  Rampay (1030)
Caxcostovagiy  Kroety ef of {1936)
Swrmzzeiann  Gaell (1946 b)
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ASTA
Frencr Inpo Cuina  de Lajudie and Brygoo (1953)
Inpoxesia  Colher (1948 )
JapaN  Kitaoka (1951)
Maraya  Farburn and Semple (1936)

ALSTRALASIA
QuEensLaND — Lumley (1937), Johoson (19%0), Doherty ot of
(1936) , Derrick (1056)
SaMOA  Alicata (1948)  [Not fully proved }

L muenchen
(Syn stran C 90)

This 15 a single stram 1solated from a human patient m
Germanv (Wolff, 1953 b)  Serologically 1t 1s m the same
serogroup as L austrahs 4

L pomona
(Syn L swus, Mezzano strain, L monyakors)

History —In a dauy-farming district near the township of
Pomona, North Q land cases of day fever were
mvestigated by Clayton, Dernck and Cilento (1937) and &
stramn of leptospires was 1solated from one of the patients The
strain differed antigemcally from the other serotypes watk
which 1t was compared though 1t showed some affinity with
L autumnals  Later, Dernck (1942) from 2 more extenstyé
study of some 80 cases came to the concluston that the Pomond
strains represented a new serotype for which he proposed the
name L pomona 4

Babudien and Bianchi (1940) isolated three strains, rcfen'cf
to as ‘ Mezzano stramns’, from workers 1n the nce fields ;
Northern Italy and Babudien (1941) proved them to b¢
L pomona Savino and Rennella (1944) also 1solated Iept:s'
spires from pigs 1n Argentina and they considered the stray .
to represent a new serotype which they proposed to n:n:\d
L suss Later however the same workers (1949 a) report
L swurs to be 1dentical with L pomona e
Gsell (1944, 1946 a) showed that L pomona was




OTHER LEPTOSPIROSES 5

caussuve agent of *swincherd’s disease’ (maladie des jeunes
porchers , Schwainehuterhrankhest) which he stated had been
recogruzed as a chaical entity 10 the Upper Savoy by Bouchet
0 191 The disease nas well knawn wn Swtzerland 29 2 form
of serous memingiis  No bacterial cause could be found and
the zenological agent was thought to be a wirus by Durand
#t of {1936 a) who used blood from patients suffering from the
infection for pyrotherapy in mental disease

Erioet01003 ~t had long been recognized that pigs played
some essential part 1n the dissenunation of swineherd’s disease,
and Durand et al (1936 b} had transmutted the disease to
young pigs  After an ncubation pertod of 5 to 8 days the
anunals suffered from a short attack of fever, durtng which
their blood was infective to man  The mpgs suffered no other
i effects, exeept for temporary Joss of appetite

L pomona was 1solated from pigs slaughtered at Busbane,
Australia, by Johnson (1930) and from pigs o Batavia by
Mochtar {21040}  Gsell and Rimpau (1044 2) found agglutoins
for L pamona w the blood of 15 out of 65 pigs from St Gallen,
Switzerland, where the disease 13 commen tn man, whereas no
agglutimins were present in 34 pigs from Mumch, Germany,
where the human disease 15 unknown

Gsell {1852) compared the distnbution of the human disease
i the diffesent Cantons of Switzerland with the distribution of
Pigs and the size of herds  He found that hugh meidence was
associated with large herds and not weth the total number of
pigs i a Canton  The aggregation of pigs m large herds 1s 2
medern tendency in certmin areas, and its effect was shown in
the four Cantons of Thurgay, St Gallen, Luzern and Waadt
Of all the human cases of pomona fever which oceurred 1
Swatzerfand from 1043 49, 87 per cent were in these Cantons
Only 36 per cent of the total number of the country’s pigs
were in these areas, but they represented 8% per cent of all
herds containing 200 pigs or more  Expersmental infection of
Prgs 18 further recorded i Chapter XVI

By contrast, 1n Eastern Stovakia whete pomona feves 15
common amoung agricultural workers, Kmety {1957) found that
Apedemus agrarius was the primary carrier host, and that pigs
were of secondary mmportance except as a cause of infectio
amane huvahers

p)
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Cattle are susceptible to infection with L pomona and acting
as temporary carners are responsible for human mfections
among workers on damy farms In the USA, Remhard
(1953 a) recorded bovine leptospirosis due to this seratype 11
28 States Horses and sheep occasionally become nfected but
therr posstble réle as transmutters has not been investigated
Strans have also been solated from a rat (Bzbudien and
Branchy, 1940), a dog (Collter, 1948 b), Mus musculus (Fragt
de Azevedo et al, 1951), Apodemus agrarus by Borg-Petersen
and Fennestad (1956 b), Microtus arvahs, 4 sylvaticus by
Popova and Amossenkova (1957) and Paradoxurus herma
phroditus by Gordon Smith and Broom {to be published)
Serological evidence of mfection was found 1n dogs 1n Australa
by Oxer (quoted by Johnsom, 1950) and n cattle m the
Belgian Congo by van Riel and van Riel (1955)

In Swatzerland the highest incidence was found by Gsell
(1944) to be during the summer months when men worked
barefoot cleaning out pig sties Bathing cases also naturally
occur 1n the warmer months, but otherwise the disease show?
no sigmficant seasonal varation Males are much mox
frequently infected than females because they are more ofter
exposed to nsk  Thus Johnson (1950) stated that only 3 oul
of 105 patients were female Similarly 1n a series of abou!
200 cases, Gsell (1952) noted that 96 per cent of the patientt
were male, and that 56 per cent were between 15 and 29 years
of age Sporadic cases and eptdemic outbreaks of pomon:
fever caused by bathing 1 pools or streams lable to con
tamination by pigs and cattle have been reported from a num}?ltf
of countries (Savino and Rennella, 1944, Schaeffer, 1931,
Bordjosky, 1952, Blagoveshchenskaia, 1957)

Apart from mfections contracted while bathing and the 2g7
cultural workers mentioned by Kmety, pomon2 fever 18
essentially a disease of persons whose occupations ent:
contact with pigs or cattle, either on farms or 1 abztwllﬁ
meat processing establishments or retarl shops  In Gssc '
series, 51 per cent of the patients tended or bred pigs, 1 Pm
cent were fand workees who also handled pigs and 14 per C;
were pork butchers A similarly high proportion of the C;:ﬂ
mvestigated 1n Argentina by Savino and Rennella (1944)d e
men who handled pigs, but 1 Auvstralia and New Zealan

al
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highest 1ncidence was among dairv farmers (Johnson, 1950,
Fame and Kirschner, 1953) The occurrence of pomona fever
among workers 1 cheese factorses and 1n the nce fields of
Northern Italy was recorded by Austom (1953)

In France the infection of a pig attendant by L pomona was
reported by Sigwer and Toulet (1947), and 7 cases in piggery
workers were reported from Pans and Nantes by Kolochine-
Erber and Collombier (1950) and by Boguien, Kolochme-Erber,
Herouet and Duhamel (1950) Infection of a swineherd n
Spain was found by Pedro Pons and Valemti (1952) In a
review of leptospirosis 1 Yugoslavia from 1949 to 1951,
Bordjosh1 (1952) reported 60 cases diagnosed serologically as
infections by L pomona and of these 37 were due to swimming
m a pool fouled by prgs  Brede (1951) found a case in Germany
mn or near Cologne, and hmetv {1954) recorded 20 1n Czecho-
slovakia  In Argentina Savino and Rennella (1944) reported
that L later 1d d by th lves (19492) as L
pomona—caused human mfections  Up to 1945 they recorded
34 of which 25 were attributed to bathing 7 to contact with
pigs and 2 with cows  Sandler (1949) found 5 pig sty workers
mfected 1 Israel

Beeson, Hankey and Cooper {1951) reported the first case 1
the US A —m an abattoir worker—and Beeson and Hanhey
(1952) added two more  Coffey Dravin and Dine (1051) found
an infection 1n z cattle herdsman in Texas, and Schaeffer (1951)
recorded that a group of young adults were mfected by
swimming 1n a stream where cattle and swine pastured In
New Zealand human cases were first recogmzed by Kirschner
et al (1952), and Fame and Rarschner (1953) reported that
89 cases were diagnosed the following year

Curviear Aspeeys —The chinical picture has been analysed
by Gsell (1952) and by Frey (1948) The usual incubation
period of 7 to 14 days was confirmed 1n the mfections induced
for treatment of mental patients, 1n whom the period was about
12 days  In general, the illness showed acute onset, high
Biphasic temperature with memingitis, but jaundice was rare
Sesere headache and pains m the neck, bach, joints or calves
of the legs were usual T ess commonly the attack began with
nausea, vomting and d These symp d
by constipation ar durthoea, usually aecurced late
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Blood pressure was reduced and the pulse rate relatively slow
Photophobia and conjunctvitts were common  Indocychts
and uvertts were rare, but sometimes occurred durng con
valescence or after recovery Maculo-papular rashes occasion
ally appeared Minor degrees of hyperaesthesiz or muscular
paresis occurred and one nstance of encephalitis was recorded
An unusual case mm which arthntis and myocarditis were
the principal features was described by Sutlff, Shepard
and Dunham (1953)  Richardson (1953} recorded 2
case of encephaliis leading to residual weakness of one
hand

The leucocytes 1n the blood may be reduced at first, and
show moderate polymorph mcrease later The changes 1 the
unine are those of slight nephritis and 1n the cerebrospinal flud
of moderate meningttis with ster ala merease of monocytic of
segmented leucocytes

‘The 1llness lasts as a rule 3 to 8 days, but convalescence may
take a month or more Death has occurred only very rarelfy
as m a man aged 73 who developed circulatorv failure and
bronchitis (Dottr, 1949)  Subclinical nfections were detected
by serological tests n abattorr workers 1n Brisbane by
Johnson (1950)

Geographical distibution of human nfections

EUROPE
AusTRIA  Puntigam and Till (1950)
CzecriosLovaxia  Kmety (1954)
France  Boquen et al (1950)
Huncary  Alfoldy and Fuz (1950)
IraLy  Babudser: and Branchi (1940)
RumaNia  Combuescu et al (1957)
Spamn  Pedro Pons and Valenti (1952
Swirzertanp  Gsell 2nd Rimpau (1944 a)
YucosLovia  Bordjosks (1952)

ASIA

Inponesia  Coller (1948 b)
Tsrael  Sandler (1949)
Marava  Farburn and Semple (1936)
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AMERICA
ARCENTINA  Savino and Rennella (1844)
Cune  KralYevic et al (1956
US.A.  Beesonet al (1951), Schaeffer (1931)

AUSTRALASIA
Avstratia - Clasten et af (1037), Johnson (1930}, Dernicl (1956)
New Zeaaxp  Richardson (1903), Faine and harschner (1303)



CHAPTER XI

EPIDEMIOLOGY, PATHOLOGY AND
CLINICAL ASPECTS OF LEPTOSPIROSIS
DUE TO OTHER SEROTYPES (continued)

L gripponrphosa L batariae

1 hebdomadss L padion

I medanensis L semarang
L wolffie L andaman A
L hardjo L kyos

L seroe L celledor:
L saskoebmg L snm
Robinson type Fspostto type
Kremastos type Valbuzz: type

L grppotyphosa
(Syn L andaman B, tvpe CH 31, Duyster stram, L bowss,
L geffent, Narandukula group)

History —In 1928 and 1929 Tarassoff (1931) cultured
stramns of leptospires from the blood of field workers i the
Province of Moscow He showed that they differed serd
logically from L ki B hebdomadss and L
autumnals, and he named the serotype L grippotyphost He
named the disease leptosprrosis grippotyphosa aquatiis :nd;“

d 1t to be end with 1 epd o

"Tarassoff found leptospires which were morphologieall snmxi;f
to L grappotyplosa in ponds, marshv fields and wcllfr :r’::soé

did not state whether he tested them serologically Y
(1934, 1935) gave good accounts of the epidemiology 2
clinical features of the disease which had been long known ‘lg
occur during harvesting m damp fields and was calted 54
fever or water fever

‘The search for human infections by L gnypalyyhomb‘"}’
then pursued tn Germany where mud fever (Schiammfieber

150
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had been known climcally as a wide-spread disease since the
end of the last century It occurred along the margins of all
the myers and was d to be a -pid
disease affecting agncultural workers  Prausmitz and Lubmnska
(1926) had observed leptospires 1 a blood culture from a
patient suffering from mud fever  They fafed to subeulture
the strain or to infect ammals with 1t, so they refused to commat
h as to 1ts

Kathe (1928, 1929) had believed that mud fever was a mild
form of Wel's disease However, after Tarassoff's report,
meshigations by Rimpau, Schlossberger and Kathe (1038)
showed that L grippofyphosa was the cause of mud fever in
Silesa mn the basin of the River Oder, of harvest fever
{Ernteficber) 1n Lower Bavaria and Upper Palatinate i the
Danube basin, and 1n Saxony in the basin of the Flbe  Swamp
fever (Sumpfficber) and water fever are yet other names for
the disease  Schuffner (1938) reported that the Andaman B
serotype (Stramn CH 31) 1solated by Taylor and Goyle (1931)
1n the Andaman Istands was L grippoty phosa

Strains of leptospires wsolated 1n Israel from diseased cattle
by Bernkopf, Oltzki and Stuczynski (1947) were thought to
Tepresent a new serotype  Human 1nfections were reported by
these workers, by Schachtel (1948) and by Jacusiel ef al (1948)
Btesh (1947) suggested the name L bovus for the serotype, but
Wolff and Bohlinder (1952) and van der Hoeden (1933 a)
showed that 1t was mn fact L grippotyphose  Other strans
1sofated 1n Tsrael from man and from Microtus guenther: by
Oleynik and Shneyerson (1832) were named L geffent, but
these also were proved by van der Hoeden (19532) to he
L grippotyphosa  Alexander et al (1955) 1solated, from Rattus
P AL SN PREIA P 7 Which

“ BRI
demanstrated that field mice (Mucrotus arvalis) were the source
from which certain children 1n the Netherlands became infected
with L grippotyphosa  The mice had bitten some of the
children and infection probably took place because the mice
varded urme on the punctured slan  They found L gripso-
Ophosa 1 other field mice and concluded that mud fever 1s
contracted from field mece as Werd's disease is from rats  Up



CHAPTER XI

EPIDEMIOLOGY, PATHOLOGY AND
CLINICAL ASPEGTS OF LEPTOSPIROSIS
DUE TO OTHER SEROTYPES (continued)

L grippotrphosa L bataviae

1 hebdomadss L pardjan

L medanensis L semarang
L wolffs L andaman 4
L hardjo L hyos

L seroe L celledom
L saxkoebing L munm
Robmson type Fsposito type
Kremastos type Valbuzz1 type

L grippotyphosa
(Syn L andaman B, tvpe CH 31, Duyster stramn, L bots
L geffers, Narandukula group)

History —In 1928 and 1920 Tarassoff (1931) cultured
stramns of leptospres from the blood of field workers i the
Province of Moscow He showed that they differed sero-
logically from L h hagiae, I hebdomadis and L
autumnals, and he named the serotype L grippotyphosa He
named the disease leptospirosis gnppotyphosa aquatilis and be

dered 1t to be end with 1 eprd outbreaks
TIarassoff found leptospires which were morph ;1 ];' ;‘;"::
to L grippotyphosa in ponds, marshv fields and wells
did nu&:’ ﬁﬁtey ﬁzhether l}:e tested them serologically Tarassog
(1934, 1935) gave good accounts of the epidemiology ﬂ’:g
chinteal features of the disease which had been long known ld
occur during harvesting 1n damp fields and was called fie
fever or water fever s

The search for human mfections by L grippotyphosa bw:)
then pursued i Germany where mud fever (Schlammfiebe

150
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of human cases occurred, the infection rate i the field mice
was between 40 and 80 per cent In non-epidemic areas it
was only from b to 8 per cent To allow the findings to be
analysed further, the mice were divided into three groups
according to wesght, to give an estimate of their relative ages
The highest rates of infection in all districts occurred in the
oldest age group At autopsy the kidneys of the ifected
mice were pale and swollen  Microscopically there was severe
interstitial nephritis with damage to the whole nephron, and
Ieptospires could be seen in both the glomerul: and tubules
The liver also was severely affected and the infection was clearly
of a virulent type

‘Tswo months later a second survey was made of one particular
field 10 which the mice had previously shown an infection rate
of 80 per cent On the second occasion the mouse population
was much decreased and only 27 were caught No leptospires
were seen 1n the kidneys of any of these mice, although 20 per
cent of them contaned agglutinins 1n the blood From this
work 1t appears that, in this district at least, the mce are
subject to acute epizootic infections (for reasons that are
unknown) and that they heavily contamtnate the ground, water
and plants  Mice which recover from the epizootic mav excrete
the organism less intensely or for shorter times than 1s common
in rats carrying L scterohaemorrhagiae

Infections by L grippotyphosa may be very numerous 1 some
regions  For instance, Rimpau (1948) recorded 663 cases during
the years 1937-43 and 1946-47 mn South Bavara, and Popp
(1950) found app ly 300 1n the epid among pea
harvesters 1n Lower Saxony Hermannsen (1954) reported at
least 300 among pea harvesters and cabbage gatherers in
Schleswig-Holstern 1n 1852, and Olejnik and Shneyerson (1950)
recorded more than 1,000 cases in vegetable growers 1n Israel
In 1949, leptospirosts was detected m 39 pea harvesters in
Oldenburg, Holstein  Glattkowsks (1950) reported the out-
break, and belseved 1t to be due to L canicola, although dogs
were not obviously connected with the outbreak and the season
was dry  Fuhner (1953) however tested serum from three of
the patients about a year later and came to the tonclusion that
the epidemic was most probably caused by L grippotyphosa

As well 25 notable epsdenmics smaller groups of cases are
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to the end of 1942 the same authors (1943) found 21 human
cases of this form of leptosprrosss in the Netherlands The
discovery of L gnippotyphosa 1n field mice was confirmed m
Germany (Kathe, 1943, Uhlenhuth, 1943 2 & b) and the
importance of field mice in the causation of field fever 15
generally accepted Kathe (1945) however beheves that m
Silesta the occurrence of the disease 1s more dependent on
summer floods and standing water than on the numbers of
mfected mice However, Rimpau (1937) emphasized that
infections sometimes occurred on ground that was not swampy,
and at times other than harvest

Other rodents known to be carriers are Apodemus sylvaticus,
Clethrionomys glareolus (Rimpau, 1950), Cricetus cricetus (Popp,
1950) Microtus guenthers (Olgmk and Shneyerson, 1950),
M agranus, Swssta betulina (Krassilnikos, 1957) and M
ceconomus (Terskich, 1957)

Infection 1n domestic amimals 1s considered i Chapter XVI
The serotype shows a low pathogentcity for guineapigs and
hamsters

The 1ncrdence 1s strongly seasonal and large numbers of cases
are most likely to occur duning harvest time  Hermannsen
(1954) 1n the eprdemic in Schleswig-Holstern found a first peak
of cases 1 August during pea harvesting and another m
October and November when the cabbages in the same district
were gathered

An increase 1n the mfection rate n rodents and merease of
wetness of ground and vegetation (due to flooding, ram or dew)
are often major factors m the causation of epidemics 1n human
bemngs The study of an epidermic among pea harvesters 1n
Lower Saxony dunng July 1949 provided useful information
on these pomnts (Litzner and Hahn 1950, Popp, 1950) All
the patients picked peas or handled newly cut haulms The
season was warm and showery and the picking was done while
the plants were still wet with dew

Three areas within the pea-harvesting region were mamlv
affected and the explanation was found 1n the varying degrees
of leptospiral infection of field rodents m the district A total
of 203 field mice, 2 wood mice, I house mouse and 22 fiekd
hamsters captured 1n different parts of the region were examined
by Popp (1950) He found that in the arez where large numbers
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of human cases occurred, the infection rate 1n the field mice
was between 40 and 80 per cent In non-epidemic areas it
was only from 5 to 8 per cent To allow the findings to be
analysed further, the mice were dvided mto three groups
according to weight, to give an estunate of therr relative ages
‘The highest rates of infection in all districts occurred m the
oldest age group At autopsy the kidneys of the infected
muce were pale and swollen  Microscopically there was severe
nterstitial nephritss with damage to the whole nephron, and
leptospires could be seen mn both the glomerult and tubules
The hver also was severely affected and the infection was clearly
of a virulent type

T'wo months later a second survey was made of one particular
field 1n which the mice had previously shown an nfection rate
of 80 per cent  On the second occasion the mouse population
was much decreased and only 27 were caught No leptospires
were seen 1n the kidneys of any of these muce, although 20 per
cent of them contained agglutimins 1n the blood From this
work 1t appears that, in this district at least, the mice are
subject to acute epizootic infections (for reasons that are
unknown) and that they heavily contaminate the ground, water
and plants  Mice which recover from the epizootic mav excrete
the orgamsm less intensely or for shorter times than 1s common
in rats carrying L scterohaemorrhagiae

Infections by L grippotyphosa may be very numerous in some
regions  For instance, Rrmpau (1948) recorded 663 cases dunng
the years 1937-43 and 1946-47 1n South Bavana and Popp
(1950) found ly 300 i the d among pea
harvesters 1n Lower Saxony Hermannsen (1954) reported at
least 300 among pea harvesters and cabbage gatherers in
Schleswig Holstein 1n 1952, and Oleynik and Shneyerson (1950)
recorded more than 1,000 cases 1n vegetable growers 1n Israel
In 1949, leptospirosts was detected 1n 39 pea harvesters in
Oldenburg, Holsten  Glattkowskr (1950) reported the out-
break, and believed 1t to be due to L canicola, although dogs
‘were not obviously connected with the outbreak and the season
was dry  Fihner (1953) however tested serum from three of
the patients about a year later and came to the conclusion that
the eprdermc was most probably caused by L grippotyphosa

As well as notable eprdemics, smaller groups of cases are
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found, such as the 14 patients detected by Burggraf (1950) In
a dry season from August to October 1949 these patients
meluded field workers, bathers and 2 women who nursed a
boy patient These 2 women seem to be among the rare
examples of leptospiral infection passing directly from one
person to another Sporadic cases of infection of men on
service with the Armed Forces have been reported in France
(Buckland and Stuart, 1945), and the US & (Bigham 1953)
Keal (1957) reported a case of a man who developed an L
grippoty phosa fection 1n England, but the patient became 1l
a few days after reaching London by air from Malaya where
he had been engaged 1n bridge building operations  In Israel
the rodent carrier 1s Mrcrotus guenther: (Oleynuk and Shneverson,
1050) and cattle are extensively mfected Human 1nfection has
been caused by direct contact with cattle unne (Bernkopf et af,
1947} and also indirectly by drinking contaminated water
{Jacusiel ez al, 1948) Ewd of 1nf was ob d by
agglutination tests 1n 4 out of 207 slaughterers by Bernkopf,
Stuczynski, Gotlieb and Halevy (1948) In parts of Southern
U S SR Terskich (1957) considered that cattle were apparently
the reservorr hosts because he fatled to find leptospires 1n an
investigation of nearly 5,000 rodents although water fever was
prevalent

Infection has been found from childhood to old age and the
sexes appear to be equally susceptible

Cuinicay Aspects —The mcubation period 1s usually from
9to 16 days Later experience has confirmed Tarassoff’s view
(1934) that infection by L grippotyphosa belongs to the group
of benign leptosy with a low 1naid of jaundice and
fesy signs of memngitis apart from severe headache  In many
respects the course of disease resembles canicola fever  Mild
1nfections are more readily dragnosed when epidemtes occur

Tarassoff commented on the clnical aspects of the disease,
which 1n certain cases resembles ‘ grippe’ or typhoud fever
Abdommal forms have been noted mn infection by other
serotypes, but they are particularly common m the case of
L gnppotyphosa  von Hoesshn (1941) found in German
soldsers 1 France infections with s\ever: m:xscu!ar pamn (sug-

d or

estin, d or per
jg;amfu% cgr:stxpauon Bastin, Cabanes and Lubetski (1953)
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also commented on the enteric features of the sllness which
they reported from France A sanetv of rashes was frequent,
the temperature commonly fefl quickly after a week, and rose
3 day or two later for another 4 to 5 days  Conjunctivitss and
indocychtis sometimes occurred and also loss of har  The
illness lasted 1 to & weeks but sometiies convalescence was
slow and mught continue for several weeks

“The monahiry has been very low m nearly alt countnes Tt
was not considered a fatal chsease by Tarassoff (1834), but Btesh
{1947) z:portcd deaxh i 6 out of 17 human fections i Israel
of human inf

Brap

LURQPE
Avstaia Puntigam and Tilt (1950}
Czecniosovaxia  humety (19%4)
Dexausk  Borg Petersen {1944 2)
Fruane  Kowlumues and Selmmen (1033)
France  Buckland and Stuace (19351
Gervany  Rompau ef af (1938)  Rimpau (1948), FPopp (1830},
Hermannsen (1858)
Greser  hlomizakis (1953)
Hineany  Alfoidy and Fuz (1950)
Iray Mo (1912 b)
Nerueatanvs  Schuffrer and Bohlander (1942 2 & b)Y
Ruvanta  Combuescu ot af (1937)
Seary Medina and Carmana {(192)
Swrrzsriaar  Gsell and Rimpau (1944 8}
USSR Tarassoff (1031}, Terskich (1941, 1957)

AS1A
Anpaan Istawps  Taylor and Goyle (1931}, Schuffner (1038)
Tsrass chkopi et al (147}, Schachtel (1948, Jacusie) ¢f af

{194
Mazava Faxrbum and Semple {1936)

AFRICA
Brroian Congo  van Reel (1046, 1952 by
Eover  McGuire and Myers (1957)

AMERICA
Cusa  Curbelo and Marquez (1939)
USA  Spanand Howard (1952), Bigham (1953}
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1s a natural carrier of L hebdomadss, and these mice abound m
the regtons where seven-dav fever occurs Ido et al found
that one-third of the field mice examned had leptospires 1n
the kidneys  The disease occurs almost entirely in the autumn
and affects people working 1n wet fields

Crinicar AspecTs —Gauld ef ol (1952) gave a good descrip-
tion of the type of tllness 1n their cases which was of meningeal
form There was sudden onset with headache, fever and neck
ngidity  Fever was 102°-104°F (39°-40°C' } and lasted for 6
to 8 davs, this was followed by a remission for 24 to 48 hours
and then a recurrence for 3 to 4 days Memngitis appeared
duning the secondary fever Severe headache and backache
were usual, and a few patients had nausea, vomiting and
diarrhoea  The leucocyte count was from 4,400 to 11,500 per
cmm with 2 mean figure of 8,000, and up to 80 per cent of
the cells were polymorph 1 The cerel wal flud
was normal when the patients were admitted to hospital but
duning the secondary nise of temperature 50 to 300 cells per
cmm were found—mostly lymphocytes The glucose con-
centration was normal and the protemn content ranged towards
the upper normal lmts  Laver-function tests were normal
except 1n one case which showed = shght increase of biirubin
There were no deaths 1n this series, and no sequelae except
muscular weakness which persisted 1n one case for three months
However, as noted above, Vaucel (1938) reported one fatal case
from Indo China

Geographical distribution of human infections

EUROPE

Gervany  Mochmann, Kathe and Kupp: (1906)
USSR Terskch (1951)

AS1A
Frevcn Ixpo Cumva  Vaucel (1938)
Inpoxgst "t ¢ 1 e
Jaran
Marava
Nortn I

Ogrvawa  Gauld et al (1952)
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L tredanensis

This serotype belongs to the Hebdamadis group, and was
first 1solated from 2 dog in Medan, Indonesa (Schufiner et af ,
1935) and later found 0 human mfections 1 Austraha (Smth,
Brown, Tonge, Sinnamon, MacDonald, Ross and Doherty,
1054, Dernch, 1926) and Malaya (Trumble, 1954} 1t produces
2 mifd form of leptospirosis 1n man

L wolffi

This serotype also belongs to the Hebdomadis group, and
was first 1solated from a human being 1n Indonesia . 1937
(Schiifiner ef af, 1939) It has been found 1 human mfections
i Malaya (Trimble, 1954)  Five Malayan strams studied by
Alexander ¢f ol (1955) were found to represent the incomplete
biotype of L wolffic and were designated L wolffie {A)

L hardjo

A single stramn of the Hebdamadis group solated from a
buman being 1n Suraatra m 1938 (Wolff, 1953 b)

L seroe

Yo o P aamon T P

on the fourth day of iliness a new serotype which they named
L seyroe, and which they found 1o be refated serologically to
L hebdomadss and L, medanensis 1 ater, Borg Detersen (1944 b)
showed that all three are also related to L saxkoebiny and to
L wolfft  These five yp the most
of the Hebdomad group

Ermiaorogy A stran of L seroe was ssolated by Borg-
Petersen and Chrstensen from @ field mouse which thev
considered to be Mus musculus sproslegus Borg Petersen {1049)
recorded 1solations from 16 ot of 164 mice of the same species
caught 1 varous parts of Denmark  However, Salminen
(1848) tefers 1o the work of Mohr (1930) who stutied the
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distribution of the various subspecies of M musculus  Mohr
stated that M muscnlus sprerlegus 13 limited to South Eastern
Europe, and that the subspecies found in Northern and Eastern
Europe 18 M snusculus musculus It would appear therefore that
the natural host of L seroe 1n Denmark 13 M m musculus
Rumpau (1843) found serologieal and microscopical evidence
of mfection with L sgroe in two Apodemus syleaticus n
Germany  Evidence mdicanng the infectton of cattle and
horses 15 menttoned 1 Chapter XVI  On epidemiological
grounds Karakasevic (1955) thought that domestic ammals
might have infected a stream 1n Yugoslana  In this anstance
however the ammals were not examined, nor were the small
rodents 1n the viciuty investigated for the presence of carners
The serotype has a low degree of pathogenicaty for guineapigs
In Denmark, cases occur n rural areas and are particularly
associated wath farming  Dunng 1943 there was a plague of
mice and 198 human infections were reported in that year—
almost as many as m all the other years from 1935-48 combrned
Borg Petersen considered that infection generally took place
through injured or apparently intact skin but that sometimes
1t might have been due to food contammated by mouse urne
In a sertes of 20 cases 1n Switzerland analysed by Gsell (1952)
there were 8 field workers, 7 cheesemakers, a pigkeeper, 3
butcher, 2 forester, a mason and a soldier An outbreak of
57 cases among children was traced to bathing m the infected
stream 1n Yugoslavia mentioned above
Males are more commonly infected because they are more
likely to be exposed There 1s no indication of a difference 1
mncrdence when the sexes are equally at risk, and 34 per cent
of the first 285 cases reported 1n Denmark were women
Borg-Petersen found that the merdence 1 Denmark was low
from January to July, then rose steeply m August reaching a
maximum in October, after which it declined agam  The nise
comnerded with the harvesting of crops which takes place i
August and September  Harvesting 1s carried out predommantly
by men, and the cases occurning 1 August are chiefly 1n males
The female 1ncidence begins to mcrease 1n September when the
mice start mugratmg to the farm buildings following their food

supply
Crintcar Asprers —Chinically, sejroe fever resembles the
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other bemgn forms of leptosptrosis, including camicola fever
In a senies of 285 cases Borg-Petersen noted defimte jaundice
1n 8 per cent, and scleral jaundice alone 1n a further 4 per cent
A diphasic nise of temp severe headach lar and
neural pamns were common, together with mild degrees of
menngitis and nephntis  On the whole, Borg-Petersen classes
the disease as one of the muldest forms of leptospirosis  There
were however three deaths 1n us series  one of these patients
was a man aged 54 who died on the seventeenth day of illness
from bronchopneumonia and another was a woman aged 47
whose death occurred on the minth day Neither of these
patients was jaundiced

! (1940) described iplete flacerd paralysis of the
legs which began three weeks after the anset of infection with
L seroe, recovery was complete after another six weeks
Mortensen quoted four other cases 1n which there was flacad
paralysis of the legs and two of these patients also suffered
temporanly from paralysis of the bladder

G hacal of human

EUROPE
AusTRIA  Puntigam and Till {1950)
Czrcuiostovaria  Kmety (1955 b)
Denvark  Borg Petersen and Christensen (1939)
Frveaxp  Koulumies and Salminen (1953)
France  Buckland and Stuart (1946)
GERMANY  Rimpau (1848)
SwitzerLanD  Gsell (1946 b)
Yvcoszavia  Bordjosks (1952)

L saxhoebing

In February and March 1942, Borg-Petersen (1944 b) grew
from the kidneys of two mice, Apodemus flavicolls, strans of
leptospires which by careful serological tests he considered to
be a new serotype, and which he named L sarkoebmg after
the district where the mice were caught This serotype 1s
closelv related serologically to L sgroe and others of the
Hebdomadis serogroup

Borg-Petersen showed that three strams (two from ncefield
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i Europe the discase 1n the rice fields and elsewhere 18 most
commonly an acute febrle illness begmming suddenly with
nausea, vomiting and abdommnal pamn, headache, myalga
myection of the conjunctiva and the throat also occur  Relapse
1s rather rare, recovery almost invariable, and menmgums

freq, J: 15 excep { and there 1s scarcely any
enlargement of the spleen, but 1 15 often prolonged
by weakness (Austons, 1958)

Geographical distribution of human infections

EUROPE
DeNMARR  Borg Petersen (1949)
ItaLy  Babudien: (1938), Mino (1939)
SwITZERLAND  Frey (1948)
ASIA
Inpovesta  Walch (1926), Walch Sorgdrager (1939), Mochtar ef
al (1941)
Japan  Kitaoka (1951)
Marava  Tomble (1954)
S Borwreo  Lingen (1933)
TruAILAND  Sundharagiats and Buspavawch {191)
Vier-Nam  Rolochune-Etber ef af (1952}

AFRICA
Bergiay CoNGO  van Ruel (1946)

AMERICA

Prerto Rico and USA.  Gochenour Yager, Wetmore, Evans
Byrne, Alevander and Hightower (1951)  [Not fully proved ]

L padian
A single strain, related to L batatsae, 1solated from a labourer
1n Sumatra (Wolff, 1953 a)

L semarang
A serotype first found i 1937 n a rat (R brevicaudatus) m
Semarang Java (Sardjto and Mochtar, 1939) Single human
infections @ Indiz (Das Gupta, 1939 b) and 1n Java (Coller,
1948 a) were diagnosed serologically.
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L andaman A
(Syn stran CH 11)

History —A severe form of jaundice has long been known
in the Indian Penal Settlement in the South Island of the
Andaman Group 1 the Indian Ocean  Chowdry (1903) gave
a good account of the disease, the symptoms of which were
yaundice, pams mn the loms, thighs and 2rms congestion of the
eyes, bile coloured faeces and albumin and casts n the urine
At postmortem there were congestion and haemorrhages of the
kidneys The patients had been exposed to ran and had been
employed 1n cutting wood or 1n workmg on embankments or 1n
brick fields or rice fields 588 cases occurred between 1892 and
1903, and 13 per cent of the pattents died

Woolley (1911) recorded a special form of ‘ malarta with
Jaundice* from which 50 per cent of those affected died, but
no malana parasites were seen in the blood The pattents
were mostly convicts in ¢ Self Supporter * villages, and they had
to stand for long periods of time 1n water while preparing the
nice fields  Duning 1909 Woolley saw 40 cases with ntense
jaundice, haemorrhagic rash, much bile in the unne and

1t cerebral P and
congestion  Woolley (1913) stated that the disease was not
malaria, and he gave climcal and postmortem descripttons which
tally with those of Weil's disease, although he did not mention
1t by name

de Castro (1922) studied 5 cases (one of them fatal) of
toxic jaundice of unknown ongin  He looked for L ictero-
haemorrhagtae 1n the blood, but failed to find it Barker (1926)
had seen some of Woolley's patients, and from 1920 to 1921 he
observed other cases which had a fatality rate of 24 per cent
On chinical and epidemiological grounds he considered that the
llness was Wel's disease, and in three instances he saw
organisms resembhing leptospires mn stamed preparations of
hver  Deuskar (1928) recorded 23 cases of Weil's disease
which had occurred during 1926

Tavlor and Goyle (1931) made detaled nvestigations of the
disease duting an outbreak 1 the Andaman ldaeds  Thex
work began 1n June 1929, and they detected 64 cases in just
over four months The strams of leptospires 1solated from




166 LEPTOSPIROGSIS IN MAN

these cases were found to belong to two serological groups
Of 28 strains 24 were 1dentical, and were not agglutinated by
the antisera prepared agamnst a series of known serotypes
Taylor and Goyle classified these strams as * Andamans A’
group, and the serotype 15 now known as L andaman A All
the severe jaundiced cases (including the fatal ones) were
infected by this strain

The remamning 4 strains, from nomcteric cases, resembled
but were not identical with L autumnahs These, of which
the type stram was CH 31, were known for a time as
* Andamans B,” but Schuffner (1938) found that they were
identical with L grippots phosa

A small number of infections by L andaman A has been
diagnosed 1n Finland by houlumies and Salminen (1953)

ErmemioLocy  Leptospires were found by Taylor and Goyle
in water from rice fields or swamps when the pH was 69 or
over, but were not proved to be serologically the same as the
strains 1solated from patients  Rats were examned but lepto
spires were never found i therr kidnevs No animal carrier
host has been found 1n the Andaman Islands, and 1t 1s supposed
therefore that infection may be spread by men contamnating
the wet ground by urmation

The disease had a seasonal prevalence durmg the months of
July to October which comcides with the later part of the
south west monsoon, some cases however occurred 1n each
month of the year The patients were almost all adult males
who had been engaged n outdoor occupations which mvolved
working 1n water and mud, as in nce fields and n the con
struction of embankments The cases were scattered m the
swampy areas of the Penal Settlement, but occastonally 2
concentrated outbreak would occur

CuiNIcAL Aspects —Taylor and Goyle observed and analvsed
very carefully the climical and laboratory findings i therr
patients 'Their records agree m almost all respects with records
of 1nfe by L cteroh hagiae, except that the Andaman
strams were only shghtly virulent to adult guineapigs, so that
from only 1 out of 23 patients was a fatal infection transmatted
to 2 gutneapig by blood or urine  The virulence of these strains
was mcreased by animal passage There were 12 deaths among
the 64 patients (20 per cent) Jaundice was present 1 all the
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fatal cases and some of the deaths were due to cardac failure
Another nteresting feature was that 8 of the 12 deaths occurred
between the fifth and eleventh days of iliness

Geographical disttibution of human 1nfections .

EUROPE
Fintanp  Koulumies and Salmmen (1933)

ASTA
ANDAMAN Istaxps  Taylor and Goyle (1931)

L hyos
(Syn L mitas Johnson, stran DV A, L tarassous)

HisTORY —]Johnson (1942) isolated 1n Queensland, Australia,
strans of leptospires which differed serologically from all the
other serotypes with which he was able to compare them and
he propesed to name them L mutts  Previously however Mo
{1938) had used L mitis to designate strams isolated from
humen cases of leptospirosis among workers 1n the rice fields
of Northern Italy These strains were shown by Gispen and
Schuffner (1939 b) to be 1dentrcal with I datamae, and L mutis
Mino therefore became a synonym of L bataviae The specific
epithet mitzs was however effectively published by Mino, 1n
accordance with the rules of the International Bacteriological
Code of Nomenclature L smutis Johnson 1s thus 2 homonym
and cannot validly be used Savino and Rennella (1944)
proposed the name L hyos for a serotype 1solated from pigs in
Argentina and Babudierr (1951 a) and Savino and Rennella
(1950/63) showed that L hyos and L mtis Johnson are sero-
logtcally rdentical ~ Since hyos 1s thus the *oldest legitimate
epuihet’, 1t becomes the correct designation of the serotype, and
L mns Jobnson (1ron Mino) 1s considered a synonym of L hyos

EPIDEMIOLOGY — Gordon Smith and Broom (to be published)
ssolated strains from R bowers in Malava, but pigs appear to
constitute the main reservoir hosts  Johnson (1950) and
Kirschner (1954) have found serological evidence of mfection
among cattle i Australia and New Zealand respectively, and
Savino and Rennella {1949 c) reported that the serz of & per
cent of horses 1 Argentina gave evidence of fectton.
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Human cases occur mamly among dairy farmers, pig breeders,

butchers, meat 1nsp veterinary surgeons, and others
whose employment brings them mto contact with cattle, p1gs
or meat products The ! logy of this infe 18

therefore essentally the same as that of pomona fever,

Crmvicar Aspects — The disease produced by L hyos runs
mild course, the outstanding features being fever, headache,
conjunctivitrs, muscle pams, stiffness of the neck and signs of

1 rmtation  Jaundice was absent mn all the cases

obeerved by Gsell and Wiesmann (1948) No deaths have
been reported, but Gsell and Prader (1953) described a case 1n
which the brain was permanently damaged i a boy, three years
old, who had been mfected by falling 1nto a prt contaiming hquid
manure dramning from a nearby pig sty

Geographical distribution of human mfections

EUROPT
France  Matter, Kolochme Erber, A R der, Payan and
Barbe (1950)
ItaLy  Austont (1953)
Rumania  Combiescu et al (1957)
Swrrzertanp  Gsell (19532)

AMERICA
ARGENTINA ~ Savino and Rennella (1944)

AUSTRALASIA

Avustratia  Johnson (1942), Dernick {1956)
New Zratanp  Kirschner (1924)

L celledon:

This serotype was solated from workers 1n sugarcane areas
m Q & t}{.p Australia (Q tand, 1953, Derrick, 1956)
It was established as a separate serotype bv Broom and Smith
(1956) who showed that 1t had slight affinities to L javamea
and L por  Serol 1 evid of by this serotype
swas noted n one case n Malaya by Farburn and Semple (. 1956),

'~ of three straing from
: ogmised have been
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L mm
(Syn ‘ Szwajizak ’ type ; stran San)
Among 89 strans of leptosp wolated mn Q land,

Austraha, and studied by Smith et of (1954), 18 belonged to
the Hebdomadis serogroup They comprised two separate
serotypes which were referred to as the ¢Szwayzak’' and
* Kremastos ’ types respectrely, but their serological characters
were not fully investigated by the Australian workers Babudien
(1956) made a systematic study of the  Szwapzak® type and
luded that 1t rep d the lete biotype of a new
serotype  The complete biotype was represented by strain San
which, Babudier: stated was isolated m 1941 by Mo from a
patient 1n North Italy Babudien proposed to name the
serotype L mmt subdivided imto L mum (A), the ¢ Szwayzak’
type, and L mum (AB), strain San
The disease produced 1n man 15 mild n character, and the
serotype showed a low virulence for guineapigs

ADDITIONAL SEROTYPES

Full details have not yet been published of the serological
charactenstics of certan groups of strams 1solated from human
mfections 1n the sugarcane region of Queensland, Australia
For h they are dered together, although
they are not related antigenically to one another

RosiNsoN TypF

"The strains of this serotype belong to the Pyrogenes serogroup
but are not 1dentical with either L pyrogenes or L austrahs B
(Smith ¢t al, 1951, Derrck, 1956) The first strain was
1solated 1n 1951, and a total of 14 cases had been recognized
up to 1956 (Queensland, 1956) The same report noted that
a positive agglutination reactron with this serotype was obtamed
with the serum of a Thylacts obesulus 'The iliness produced 1s
mild 1 character

Krevastos Type

This serotype 13 2 member of the extended Hebdomadis
serogroup, and was first 1solated 1n 1952 (Smuth et af, 1954)
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Human cases occur mainly among dairy farmers, pig breeders,
butchers, meat inspectors, vetennary surgeons, and others
whose employment brings them into contact with cattle, pigs
or meat products The epidemuology of this 18
therefore essentially the same as that of pomona fever

CLinicaL Aspects ~ The disease produced by L hyos runs a
mild course, the outstanding features being fever, headache,
conjunctivitis, muscle pams, stiffiess of the neck and signs of
memngeal irntation  Jaundice was absent 1n all the cases
observed by Gsell and Wiesmann (1948) No deaths have
been reported, but Gsell and Prader (1953) described a case m
which the brain was permanently damaged 1n a boy, three yeats
old, who had been nfected by falling mto a pt containing hquid
manure draming from a nearby pig sty

Geographical distribution of human infections

EUROPL
France  Matter, Kolochme-Erber, A R drer, Payan and
Barbe (1950)
ItaLy  Auston: (1953)
Rumania  Combiescu et al (1957)
SwiTzerLAND  Geell (1952)

AMERICA
ARGENTINA  Savino and Rennella (1944)

AUSTRALASIA
AvstraLiA  Johnsen (1942), Derrick (1936)
New Zraanp  Kurschner (1954)

L celledom

This serotype was 1solated from workers 1n sugarcane areas
n Queensland, Australia (Queensland, 1953, Derrick, 1956)
It was established as a separate serotype by Broom and Smith
(1956) who showed that 1t had shght affinittes to L javamca
and L por Serol 1 evid of nfe by this serotype
was noted 1n one case tn Malaya by Farburn and Semple (1956},
and Trimble (1957) reported the 1solation of three straws from
servicemen i Malaya The cases so far recogmsed have been
of a mild, recoverable illness




CHAPTER XII
CLINICAL AND LABORATORY DIAGNOSIS

CLINICAL DIAGNOSIS

As mn other nfectious diseases, patients suffering from lepto
spirosis may show all or only a few of the chinmcal features
which may be produced by the serotype mnvolved, and only a
munonty of serotypes produce fatal or severe iliness The
likehhood of jaundice 1s the basts of a useful classification made
by Gsell (1952) and modified 1n Table XXI

TasLE XXI

DEGREE OF SEVERITY OF DISEASE CAUSED BY
PRINCIPAL SEROTYPES
T Most frequently icteric—most severe
L wcterohaemorrhagiae
II Less frequently icteric—less severe
L andaman A
L austrabis 4
L australis B
L autumnalis
L batavice
L pyrogenes
NI Usually anscteric—bensgn leptospirosis
L ballum
L cancola
L grippots phosa
L ‘hebdomadis

< section a general review of diagnostic chimeal features
e and greater detail 1s given for the separate serotypes
VIHL, IX X and XI It 1s emphasized that
wrrhagiae and other serotypes which cause jaundice
many muld cases, including subclineal infections

only by bactenological and serological tests
as are deveded mto three degrees according to

1
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It causes a muld 1llness, and 36 cases had been diagnosed up to
1956  One strain was 1solated from Parameles nasuta, and
another from Thylacts obesulus (Queensland, 1956)

Esposito TyeE

‘Ths serotype, of which only two strains have been 1solated,
was first obtained from a faurly severe amcteric case of lepto-
spirosts m 1954 It 1s related to, but not tdentical with,
L grippotyphosa (Smith and Brown, 1955)

Vapvzzt Tyee

Ths serotype 1s antigemcally related to L australis A and
the only human strain was ssolated from a mild case 1n 1954
A serologically 1dentical strain was solated from the ‘cane
trash’ on the sugarcane farm where the patient had been
working before he fell 11l (Smuth and Brown, 1955)



CHAPTER Al
CLINICAL AND LABORATORY DIAGNOSIS

CLINICAL DIAGNOSIS

As 1 other infectious diseases, patients suffering from lepto-
spirosis may show all or only 2 few of the clintcal features
which may be produced by the serotype wmvolved, and only a
minonty of serotypes produce fatal or severe illness The
Tikehihood of jaundice 15 the basis of a useful classification made
by Gsell (1952) and modified 1n Table XXI

TasLe XXI
DEGREE OF SEVERITY OF DISEASE CAUSED BY
PRINCIPAL SEROTYPES
1 Most frequently icteric—most severe
L scterohaemorrhagiae
I Less frequently icteric—less severe
1. andaman A
L austrabs A4
L austrahs B
L autumnalts
L bataviae
L pyrogenes

TIT Usually anetersc—benugn leptospirasss

L cancola
L grippoty phosie
L hebdomadis

L pomona
L sroe

In this section a general review of diagnostic clhinical features
will be made and greater detail 1s given for the separate serotypes
in Chapters VIII, IX, X and XI It 1s emphasized that
L 1cterohaemorrhagiae and other serotypes which cause jaundice
also produce many mld cases, mcluding subchnical 1nfections
d ble onl: grcal ) tests

If infections are divided into three degrees according to

m
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seventy, the clinical features 1n each degree might be grouped
as follows
Drcree I—most severe including almost all fatal cases
Tendencv to sudden onset with fever, headache, prostration,
muscular pans and tenderness , conjunctivitis , sore throat,
, moderate 1s, acute nephritis with rapidly
rising concentration of blood urea

DEGREE II—less severe and rarelv fatal

Onset abrupt or more msidious, with fever but less pros-
tration, and less frequent and <evere jaundice and less severe
nephrtis than 11 Degree I  Menmngitis 1s usually the central
feature with headache, conjunctivitis and various forms of
skin rash  Severe abdominal pan may be the chief com-
plaint  Temperature often shows a remussien for 24 to 48
hours at the end of the first week of the illness, the relapse
may last for 3 days and the memngitis may be most severe
at that time

Decree I1I—least severe and not fatal

Onset may be sudden, with fever, muscular pans sore
throat, slight or no jaundice and shght or no nephntis  The
patient may be ambulant and the illness considered to be

1nfluenza

DIFFFRENTIAL DIAGNOSIS

Until bacteriological and serological methods have fully
determmed the diagnosis, a differentation from other diseases
on chinical evidence will be necessary  The mportance of an
occupation or amusement which entadls nisk of contact with rats,
dogs, pgs, field mice and other ammals dikely to harbour leptaspires
must alwavs be remembered

BEFORE JAUNDICE HAS APPEARED —In forms of leptosprrosis
which develop as generalized disease m contrast with the
markedly menngitic, abdomunal or renal forms, the following
conditions will need to be considered

1 Influenza 1s not likely to produce early nephnitis and

and relative lympt

menmgitis, and 1t causes I
rather than polymorph leucocytosts
2 Typhord and paraiyphord fevers begin more gradually,
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cause entargement of the spleen much more ofien than lepto-
sprrosss and show leucopenta

3 Rheumatsc fever causes pawms n a succession of joints rather
than 1 muscles, and there 15 more perspiration than n lepto~
spirosts 1t s momch more hkely to produce endocerdius
myocarditis and serositts and does not cause copjunctivitis of
uvertts

4 Brucellosss more often causes enlargement of the spleen with
Jymphotytoss rather than pet h 1

Sep due o P p or other

pyagenic bactersa 15 less likely to cause mwscular pamm and
tenderness or comunctivius, and the causative organism can
wsually be grown by blood cultuce

6 Aeute nephrites {due to haemolyte streprococey, efe ) 1s Jess
likely to be pansed by pains and tend or
by conjunctivitis and uveits

7 BMalana shows 2 charactenstic fever 1 bemgn tertian and
quartan forms In all forms {(including malignant tertran)
parzsttes can generally be demonstrated in the blood duning or
soon after attacks ay any stage of the disease

f Relepung fever may he diaghosed by finding sprrochaetes
w the bleod duning the period of pyrexss

® Dengue does not show mgns of renal disease or albu-
minuna

10 Serub tvphus 15 often accompamed by an eschar ag the
stte of wmfection, and the disease usually bas a slower onset
WVommng and memungeal snvolvement are less common than
leptospsrosis

12 Q ferer causes severe headache, snsomusa and fever, but
there ate usually no muscular pams, no arthnitis, no xash, no
h and no t of or eyes

12 Append: has been drag d when the
muscular pain of leptospirosis was almost entirely confined to
the abdominal muscles and was accompanted by vemting

ArTER JAUNDICE HAS APPEARED ~—n generalized forms of the
disease the following conditsons will need to be conadered

Y Infective hepatitss (including serum jaundice) does not give
K1s¢ to nephntis 1s Jess often the cause of severe muscular pans
and tend: and prod leucop: and relative lymphe-
cytosts
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2 Septicaemia accompanted by jaundice and due to strepto
cocel, pneumococct or other pyogenic orgamsms has less
muscular pain and tenderness and a diagnosts 1s usually possible
by blood culture

3 Cholangitis cholelithiasis or carcinoma of the pancreas cause
obstructive dice but are not p d by lar pamns
conjunctivitis or nephnitis, and the hiver function tests are more
indicative of obstructive jaundice

4 Yellow fever usually shows a remussion about the third day
of illness—earlier than i leptospirosis—and black vomt 1
commoner, but clmscal differentiation may be very difficult
(We are reminded of this by the mistake which Nogucht was
led into when he 1solated a stramn of leptospires from an illness
considered by climcians to be yellow fever but which most Iikely
was Weil s disease )

5 Malania or relapsing ferer with jaundice can usually be
diagnosed by examination of blood films

Aniceric Forms —In cases with memngitis and rarely
encephalitts as the main features the following conditions ll
need to be constdered

1 Pyogemc bacterra and Cryptococcus meoformans product
meningitis (either pnimary or secondary) but it 1s rarely
accompanied by conjunctivitis or skin rash  The mcrease of
cells 1 the cerebrospinal fluid 15 polymorphonuclear m most
bactenal infections and lymphocytic mn cryptococcal fections
and the infecting orgamism can usually be seen or cultured.
Memngitts secondary to brain abscess may be accompamed by
a hustory of nf 1n an ear or elsewhere 1 the body The
pulse rate may be slow and there may be localizing nervous
signs or evidence of a space occupymng leston Memngitis
secondary to infection of cramal smuses wiil usually be
detectable by examination of the sinuses by chnical or radio-
graphical methods

2 Tuberculous memngitss nsually begtns more msidiously than
leptospirosts and there 1s frequently 2 history or evidence ©
tuberculosts elsewhere in the body ‘Tubercle bacith are often
found 1 the cerebrospmal fluid even in the first specimen

d and the of glucose 1n the fluid 1s almost
always reduced by the end of the first week

3 Toxopl causes 1 children by mtrautenné
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mfection, and tends to produce mternal hydrocephalus and
Morord

cerebral cal C ) , palsies,
and rarely enlargement of liver and spleen occur A cytoplasm
modifying antibody (dye test), 2 complement-fixation test and
2 skin test are available to help diagnosis

4 Bemgn Iymphocytic memngitis may be due to mfection by
various known viruses [Most of the mformation in this para~
graph 15 derived from a paper by MacCallum, 1951] In
practically all known virus infections the meninges may be
affected  In most instances this can be detected only by finding
an 1ncrease 1n cells and protein in the cerebrospinal flud, but
m some cases chinical evidence of menigitis 1s obvious When
1t accompanies or mmmediately succeeds a recogmzed infection
such as mumps or hepatitis the dragnosis 1s clear When 1t
occurs a month or more later, or 1s completely unrelated to
such an illness, laboratory tests may be of value Viruses
this group for which tests are available include

(a) Lymphocvtic choriomeningstis

(5) Mumps

(c) Herpes simplex

{d) Lymphogranuloma-psittacosts group
{e) Loupig ilt

(f) Coxsackie group and ECHO viruses

In most of these forms of lymphocytic memngitis there 1s much
less Likelihood of conjunctivitis, skin rash, nephritis or jaundice
than in leptosprrosis  The duagnosis of each of the virus
infections may be confirmed by serological methods and in
some by amtmal inoculation or tissue culture  MacCallum
stated that 1n England the viruses mentioned above, toxoplasms
and leptospires account for at most about 20 per cent of lympho-
cytic meningitis which 15 not tuberculous  The remainder 15
cause’ - — - 1y poliomyelitis

5 does not show con-
Junct .t Ramsay (1955)
pomnted out, m recording four examples of menmgitis due to
L canicola, that 1n leptospirosss the pleacytosss m the cerebro-
spinal flud shows a rough parallehsm with the protemn Jevel
In pohiomyelitss, increase of protemn 15 often delayed untif the
second or later weeks when the cells are decreasing or have
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2 Septicaemua accompamed by jaundice and due to strepto
cocar p or other pyog organtsms has less
muscular pain and tenderness and a diagnosis 1s usually possible
by blood culture

& L anmeron 01 S

indicative of obstructive jaundrce

4 Yellow fever usually shows a remission about the third diy
of illness—earler than 1n leptosprrosis—and black vomit 1
commoner but clinical differentiation may be very dufficult
(We are reminded of this by the mistake which Nogucht was
led nto when he 1solated a strain of leptospires from an illoess
considered by clintcians to be yellow fever but whach most [ kely
was Weil s disease )

5 Malana or relapsing ferer with jaundice can usually be
diagnosed by examination of blood films

Awicteric Forws —In cases with memngitis 2nd rarely
encephahts as the main features the following conditions wil
need to be considered

1 Pyogemc bacteria and Cryptococcus negformans product
memingitis (esther prumary or secondary) but it 1S rarely
accompanted by comjuncttvitis or skin rash The 1ncrease ¢
cells 1n the cerebrospmnal flmd 15 polymorphonuclear 1 most
bacterial infections and lymphocytic 1 cryptococeal nfect1on
and the mfecting orgamism can usually be seen of cultured
Meningitss secondary to bramn abscess may be at:(:amP’““Cd by
a history of infection 1n an ear or elsewhere in the body The
pulse rate may be slow and there may be localizing nervor
signs or evid of a space pying leston Meningtt $
secondary to infection of cramal smuses will usually b
detectable by examination of the sinuses by chmcal or rado-
graphical methods

2 Tuberculous menngatis usually begins more nsidiously thid
leptospirosis and there 18 frequently a history or evidence ©
tuberculosts elsewhere 1n the body Tubercle bacillr 2r¢ often
found m the cerebrospinal flud even i the first spe¢ “‘":

d and the ation of glucose m the flud 13 2lmos

always reduced by the end of the first week c

3 Toxoplasmosis causes meningitis children by ntrauten®
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mfection, and tends to produce internal hydrocephalus and
Convul

cerebral cal palsies, choroid,
cAp 1 el mrame EY e =@ =t o = A cytoplasm
' ‘ 1 ‘ xatron test and

'
«

1 v e

4 Bemgn lymphocytic memngitis may be due to mfection by
various known viruses [Most of the informatton 1n this para-
graph 15 denved from a paper by MacCallum, 1951] In
practically all known virus infections the meninges may be
affected  In most instances this can be detected only by finding
an 1ncrease 1n cells and proten mn the cerebrospinal flmd, but

- PR . -

occurs a month or more later, or 1s completely unrelated to
such an illness laboratory tests may be of value Viruses in
this group for which tests are available include

(a) Lymphocvtic chortomenmgitis

(b) Mumps

{c) Herpes simplex

(d) Lymphogranuloma psittacosis group
() Loupingll

(f) Coxsackie group and ECHQ viruses

In most of these forms of lymphocytic meningitis there 1s much
1 d

less ltkehl of skin rash, neph or jaundice
than i leptospirosts  The dragnosis of each of the virus
may he firmed by 1 1 methods and

some by ammal inoculation or tissue culture  MacCallum
stated that i England the viruses mentioned above, toxoplasms
and leptospires account for at most about 20 per cent of lympho

1 gitis which 1s not tubercull The d
caused by some unrecognized viruses or by pohiomyehtss

& Poliomyelitis n a non-paralytic form does not show con-
Junctivitis, skin rash, jaundice or nephnns  Ramsay (1955)
ponted out, in ding four ples of due to
L cameola, that 1n Jeptospirosts the pleocytosis m the cerebro-
spinal flud shows a rough parallelsm with the protein level
In poliomyelits, increase of protem 1s often delayed until the
second or later wecks when the cells are decreasing or have

3




176 LEPTOSPIROSIS IN MAN

returned to normal. Frey (1948) gave a table of differences
between bepign leptospirastis and pohomyehtss, of which
Table XXIT1s 2 modified form. The diagnoss of non-paralytic
poliomyehtts 18 often mnaccurate, MacCallum (personal com-
mumcation) told us that mn 2 small senes of cases diagnosed

“Tasre XXII
DIFFERENTIAL DIAGNQSIS OF BENIGN LEPTOSPIROSIS

POLIOMYELITIS
(after Frey, 1945)
Bemgn Leptosprrosis Polioms dins
History Often occupational nsk Occasional  history of
of infection contact with other

cases

Leucocytes 1n blood  Leucocytoss or un Usually unaltered

altered
ESR At first, always rased Usually normsl
Unne At first, albumun, ery- Normal
throcytes, leucocytes,
casts
Lumbar Puncture At first, usually normal,  In menungeal stage pleo-
{earty) sometmes aise cytosss,  at fist
pressure polgmorph
Lumbar Puncture Pleocytosis (gudom Pleocytosis  {zmostly
(late) nantly Iymphocytie) , Ilymphocytes),
mncrease  of protein cresse of protemn often
roughly parallel with later than first pleo-
pleocytosis cytosts
Pulse Relative bradycardia Usually tachycardia
Blood Pressure Usually low Normal
Alotor Power Seldom imparred Often impasred
Reflrxes Normal or increased,  Usually absent, somes
seldom weakened times increased
Muscle Pain Usually prominent Less prom:ment

clinscally, Iaboratory tests showed that most of the diagno
<were ncorrect.  Lak v tests for diag of pol 3t
by ammal moculation, tissue culture or serological methods are
stll too specalized for use 1n most hospatal laboratones

6, Rubella produces enlargement of Iymph glands and a dis-

tinctve rash

ses
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7 Erythema multiforme shows a rash which in shape and
distribution 15 usually different from the rash in leptosprrosts
and includes the buccal mucoss, which ss not the case
leptosprrosts

8 Stevens-Johnson syndrome compnses a skin eruption re-
sembling erythema multforme, with lesions of the mouth,
conjunctivae, genitalia and anus

9 Secondary syphihs produces a longer-lasting rash and a
positive Wassermann test [The crtenia recorded tn paragraphs
6 to 9 inclusive are taken from Laurent et af , 1948 ]

10 Glandular fever wnth memngitis usually exhibits some
other features of the disease such as enlarged lymph glands,
and does not show conjunctivitis or a rash  There usually 1s
an mcrease of mononuclear cells {of which some have special
characteristics) and a positive sheep cell agglutination (Paul-
Bunnell) reaction in the blood

o

ephalitzs due to | p may be parzed by

some degree of jaundice, neph skin rash or
which helps to distinguish 1t from encephalitis lethargICa or
halitis secondary to measles, mumps, or other

febrle conditions

Forms with Predommantly Abdommal Features —Such forms
have been found in infection with various serotypes, but
especually with L grippotyphosa  Whether abdommal pain,
diarrhoea or constipation 1s the most obvious symptom, shght
Jaundice, nephnitis, conjunctivitis, skin rash or severe headache
will often be detectable We know of a schoolboy 1in whom
severe epistaxis occurred after a skin incision had bcen made

for append: and the op L was d , Wel’s
disease was blish

Forms with Predommantly Renal Stgn.r —Tamt jaundice, con
Junctival skin rash, pains or

of the cerehrospmal flud help to combine with nephritis to
suggest leptosprrosis

Forms with Fever, Malaise and Indistmct Leading Signs or
Symptoms —These may be suspected to bc leptosprrosis 1f
there 1s any contact with

rodents which are kno\\n to harbour leptospires 16 the country
concerned

~
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LABORATORY DIAGNOSIS

In addition to the conclustve bacteriological and serologrcal
examinations described below, certam findings are mportant 1
confirming 2 clintcal diagnosis of leptospiral disease  These are
a leucocyte count, which shows an increase in polymorpho-
nuclear cells if the count 1s above the normal figure, and
evidence of nephnitis with an increase of urea n the blood
During the first few days of a leptospiral fection, leucopensa
has been observed, but patients are not usually seen so early
mn the course of their tllness When the leucocyte count 15
altered 1 leptosprrosis (as 1t almost always 1s 1 severe and
moderately severe cases) a polymorph leucocytosis 1s the usual
finding This contrasts with the reduction of leucocytes and
relative 1ncrease of lymphocytes and monocytes 1n infective
hepatttis, as descnbed for example by Findlay, Dunlop and
Brown (1931) In our expertence there have been total leucocyte
counts rising to 33,800 per c mm with 90 per cent nentrophil
polymorphs It should be remembered however that 1n some
stages of the less severe forms of leptospirosss, including
meningeal forms, the total and differential leucocyte counts may
be within normal limts  In addition, the erythrocyte sedimenta-
tion test, and the concentration of glucose 1n the cerebrospinal
flurd have some dragnostic importance (p 96 & 100)

b y dug depends pn Iy on d
the infecting leptospires in tissues or flurds from the pavient, or
on detecting 1n hus serum antibodies which react speeifically

with a known serotype *

DEMONSTRATION OF LEPTOSPIRES
1 By examunation of blood or other flud or ground tissue
by dark ground microscopy, or of stamed films of such

material
2 By culture of blood or other fluid, or of tissue taken post-

mortem
3 By anmal moculation, and subsequent culture from the

nfected antmal

s embodied the results o hus long evperience ua an excellent

- Wolff h :
d ey Shoratory Diagnosts of Leptospirosis © (1951)

monograph  The
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4 By mucroscopical examination of tissues surtably stamed

Culture from the patient or from an infected animal 1s the
most satisfactory of these methods, because the culture can be
accurately rdentified serologically

1 Microscorrcal.  ExamiNaTion OF Bopy Frums AaND
Grounp T1ssuE —Leptospires may be detected mucroscopically
1 the (a) bload, (5) unine or (¢) cerebrospinal flud of the living
patient or (d) 1n ground tissues after death

(a) Blood —Leptospires are present in the blood dunng the
first week of illness but therr numbers are relatively small mn
human 1nfection, and ‘ blood threads’ (* pseudo-spirochaetes )
are easily mustaken for them unless the details of morphology
and motility are carefully observed If a leptospare 15 kept 1n
focus for a few mmutes in the dark-ground microscope, the
strong light decreases 1ts rotatory motion and the fine even
coils can be more easily seen  The organism can then be clearly
distinguished from blood threads which are not coiled, which
may bend at any part of thetr length and which sometimes end
1 a small knob but not a wide curve , the threads do not rotate
round the long axis

Ruys (1933) has described a method for concentrating the
leptospires 1n blood (Appendix) Wolff (1954) reported that
by this concentration leptospires were seen m the blood of
32 out of 100 patients examined during the first eight days of
illness, m contrast to 8 without concentratton L zctero-
haemorrkagiae has been seen microscoprcally 1 the blood, and
1solated from 1t as early as the first day of illness (Schuffner,
1934), and 1t 1s supposed that proliferation in the blood stream
1s the usual preliminary 1n all forms of leptospirosis  Korthof
(1932) njected L grippotyphosa into eleven human volunteers
and recovered the strain from the blood of some during
meubation (once as early as four days before 1llness developed)
and up to the second day of disease A sumilar leptospiracmia
occurs 1n experimental animals

(b) Urtne —Leptospires are more frequently seen mn the urine
1n severe forms of leptospirosis with nephritis  They are usually
present from the second week onwards, although they were
found by Inada et al (1916) 1n 17 per cent of patients by the
tenth day and even earhier  Alston (1948) failed to demonstrate
lep either pically or by 1 n
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the unne of 12 out of 13 patients tested during the first ten
days of illness  Leptospires were present n five cases examined
respectively 6, 10, 13, 16 and 23 days after onset, no leptospires
were found 1n five cases tested from the seventeenth to fortieth
days  Wolff (1954) quoted Schuffner’s behef that if earher
examinations were negative, the finding of leptospires 1n the
urine was not to be expected after the twenty first day of the
disease

Records of prolonged unnary excretion of L cterohaemor-
rhagiae are rare, but mclude the detection of leptospiruria at
the thirty-thurd week of tllness m a very unusually prolonged
infection (Murgatroyd, 1937) An mstance of leptospiruna
tasting for 11 months following mfection by L austrahs B was
noted by Johnson (1950)

Thus leptospires are found 1n the blood during the first week
and become progresstvely less common later, while in the urine
thev are unusual 1 the first and second weeks and subsequently
become more abundant  Since the organisms may be lysed by
acid wrme as well as by antibodies 1 the urne, the patient
should (if necessary and clincally permissible) be given enough
alkal: to make the urne alkaline, and the exammation by
microscopy, culture or ammal moculation should be made with
the least possible delay The unne should be centnfuged for
10 minutes at 3,000 r pm after the additton of saporun in the
proportton of 0 1 g per 100 ml  In addition to examination by
dark ground microscopy, films stamed by Giemsa’s stan or
silver impregnation may be examned, but staned organisms
are not so easily recognized as mole, live ones seen by the
dark-ground microscope

(c) Cerebrospinal Fhnd —Leptospires may occur 1n the
cerebrospinal flurd towards the end of the first week of 1llness
but are usually few and not readdly found by mucroscopical
examination

(d) Ground Tissues —Suprarenal gland, kidney and liver are
the best tissues for dark-ground preparations or stamned films

2 Curture oF Bopy FLumps AND Tissues —Cultures can be
made from the various body flurds at the penods of the disease
noted above for microscopical exammation, and several blood
specimens should be cultured during the febrile peniod The
development of switable media for culture 1s outlined 1n
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Chapter I1I 2nd the preparation of media, mncluding Fletcher's,
Korthof’s, Vervoort’s and Stuart’s 1s gwven in detall in the
Appendix  We have used zll of these media successfully, and
mention Stuart’s medum since it does not require peptone
which may not always be obtamable i the necessary quahty
Medium 15 usually stored m amounts of 5 to 7 ml, m tubes
or bottles less than half filled The moculum may consist of
five to ten drops of patient’s blood, equal amounts of serum
and broken blood clot, urnary depostt after centnfuging,
cerebrospinal fluid, or tissue ground m broth or in leptospiral
medium  Leptospires do not usually thrive 1n the presence of
other bacteria, so 1f 18 known or susp i animmal
noculation 1s preferable

For prmmary culture, mcubatmn at 37°C 1s recommended
and cultures should be by dask
at ntervals of 3 to 7 days When growth has been de:ccted
further ncubation should be at 28°-32°C  Primary cultures
often develop slowly but if no growth has appeared after 4
weeks’ incubation, 1t 15 unlikely to occur later ‘The methods

s

aad én Aant £ aha ete e men An ~mhad

1 gumeapigs, but a large number of serotypes produce a
non fatal mfection with leptospiraemia from which the strans
can be 1solated by blood culture Syran golden hamsters
(Cricetus auratus) can be used for the same purpose, and unlke
gumneapigs they are highly susceptible to L canicola (Morton,
1842, Larson, 1944) Larson (1941 a) found that a Swass strain
of albino mice could be infected with L icterohaemorrhagiae,
and Packchanran (1943) showed that the albmo Amencan Deer
Mouse (Peromyscus mentculatus gambelt) was also susceptible
Neghme, Chnsten, Jarpa and Agosin (1951} confirmed
Packchaman’s observation, but they found certain pure breeds
of white mice to be reststant while others were highly susceptible
More recently van der Hoeden (1954) recommended Meriones
crassus sacrament: (a rodent commion 1n Israel) as particularly
surtable for leptospiral investigations

Inoculation of young guineapigs or young hamsters 15 usually
made by intrapentonedl wyection, ot by rubbuig satenal o
the shaved and scanfied skin of the abdomen, or hy both
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methods  When water, as from swimming baths, 1 bemng
examined for the presence of leptospires, gumeapigs may be
shaved and scarified on the abdormnal wall and placed for an
hour 1n troughs contamming enough water to reach the abdomen
(Appelman, 1934)

If 1ntraperitoneal noculation has been made, abdommal
parzcentesis on the fourth to sixth day after mpection may show
active leptosp m suffi bers for identification by
dark-ground examination, and then the heart blood may be
cultured to 1solate the strain  If leptospires have not been seen
n the pentoneal flud by the end of seven days, it 1s worth
while culturing the heart blood at that time, or testing the
ammal’s blood for agglutimns one month after noculation  In
this way 1nfections due to serotypes with only a low patho-
genucty for pigs may be d d If of the
gumeapig with a pathogenic strain 1s alloned to follow 1ts

natural course, there 1s usually an increase of temperature above
the normal of *"°°T #2607\ funmn ¢ha ffth dav after mjection

No other sign the coat,
decrease of act {scen best
eighth to

on the eafrs anu puu
tenth days, 12 to 48 hours before death

At postmortem examtnation, haemorrhages may be found m
any trssue, and jaundsce 1n almost all except the nervous system
with congestion of the glandular organs The appearance of
the lungs 1s usually very characterstic There are deep red
haemarrhagic areas, teregular 1 size and shape, but defined
from the surrounding lung tissue Thev gve the organ 2
distinctive, spotted appearance which Inada et ol (1916) aptly
compated to the mottled wings of a butterfly Otherwse, the
postmortem findings tn the guineapig are verv stmylar to those
1n fatal human infections

Wylie (1946 a) made biochemical and hstological examina-
tions of more than 100 gumeapigs infected with a ighly
virulent stramn of L teterohaemorrhagiae  He found that the
average value of blood urea i 20 uminfected guineapigs was
16 mg per 100 mi and the average valuc’for 20 lgumeaplgs
eight days after [ with L was
231 mg He stated that liver necrosis 1n snfected guineapigs
was a vanable feature, and that 2 statstically significant
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reduction 1n 1ts mncidence could be affected by adminustration
of methionine over and azbove the amount contained 1n an
adequate diet Irrespective of the liver necrosts, kidney damage
seemed to be uniformly severe, and death appeared to be due
1nvantably to renal fallure The renal lesion compnsed severe
engorgement of the glomerulus, with tubular damage smular
to that seen 1n vanous human diseases of differing actiology

such as 3 blood fi anura, and
blackwater fever Fame (1957 a) who used a hughly virulent
strain of L h h was able to d mitrogen

retention twenty-four hours after infection and he found that
the blood urea level rose termmally to over 200 mg per 100 m!
In the guineapig, leptosprres are numerous mn the blood at
the time of death whereas m human beings the penod of
leptospiraemia ends several days before the greatest risk of
death occurs A senes of expenments was made by Fame
(1957 b} to determine the distrtbutton of leptospires 1n the
tissues  When guineapigs were killed n extremis he estrmated
that 50 to 70 per cent of the leptospires were present in the
blood Of those in the tissues, the liver contained about 80 per
cent, the adrenal 6 per cent and the kidney 5 per cent
Sometimes the blood from a patient with Wetl's disease fails
to kill 2 guineaptg or to cause severe infection or detectable

ptosp but the sut 1 of this antmal’s blood or
tissues 1nto another guineapig causes a typical fatal infection
The pathol ! changes produced 1n Syman h have

generally been studied after mfection with L canmcola, but
Brupner (1948) stated that L scterokaemorrhagiae gave nise to
essentrally the same picture  Uhlenhuth and Schoenherr (1951)
used a highly virulent stram of L canscola which caused death
between 75 and 85 hours after intraperitoneal injection  They
found that haematurra occurred after 40 to 48 hours, by which
time leptospires were present in the unne  As a rule the animal
showed no outward signs of irllness until a few hours before
death  Then tonic and clonte spasms might develop, or the
hamster sit motionless making only a few ataic movements
when touched Jaundice was never marked, and was often
completely absent

At postmortem examination widespread haemorrhages were
Found 1n the muscles and under the serous coat of the abdomimat
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viscera  The lungs were hacmorrhagic and tended to be
consolidated rather than to show the butterfly wing appearance
seen in ifected gumeapigs  In other respects the pathological
findings were essentially the same mn both anamals

Chicks 1 to 2 days old may be used for 1solating leptospires
by moculating the birds mtrapentoneally with urme or other
flwd and examining the heart blood by dark ground mcrascopy
6 days later  Embryonated eggs may be moculsted for 1solaton
of leptosp if no dary are present  Alfantoc
furd should be examined when the embryo 15 sluggssh

4 Microscorioal ExamiNation of StamEp  Tissves —
Mucroscopreal exarmmnatian of human or animal tissues stamed
by the Levadit or Dobell methods will reveal leprospires sn
the kidneys hver suprarenal glands or other nfected tissues.
In sections even more than i films of unne or other bodv
fluds the fine sprals of the leptospires are almast always filled
by the stan so that identification of the orgamsms depeads on
recognizing by expenence the vanous forms they may assume
(Fig 33) In some sections the leptospires are very numesous
between liver cells or 1n the lumen of kidney tubules ox betseen
the tubults In additon Sheldon (1946) and Gardner and
Wybe (1946) suggested that muscle biopsy to detect the specific
leston of muscle fibres {p 94) may be a useful dmgnosue
method

DEMONSTRATION OF ANTIBODIES

1 By sggt test with susp of kitled leptosp
of known serotype

2 By agglutination lysis test with hving leptospues

3 By complement fixatson test

4 By erythrocyte sensitization test

§ By adhesion test

The patients serum may show antibodres by any of these

ds i from sbout the seventh day

of sHness 1n most forms of leptospirosss but 1 certan wstances
the production of antibodies 1s greatly defayed Thus Broom
(1961 ) referred to a few cases of Wed s disease n which the
aggluunation reaction was negative on the twenty first day of
disease but became posiuve at 3 later stage of the illaess

The number of anugens that should be tested with any
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viscera  The lungs were haemorrhagic, and tended to be
consolidated rather than to show the butterfly-wing appearance
scen 1n infected gumneapigs  In other respects the pathological
findings were essentially the same 1n both animals

Chicks, 1 to 2 days old, may be used for 1solating leptospires
by lating the birds p lly with unne or other
flurd and examining the heart blood by dark-ground microscopy
6 days later Embryonated eggs may be moculated for 1solation
of leptospires 1f no dary are present  Allantoic
flurd should be examined when the embryo 1s sluggish

4 MICROSCOPICAL EXAMINATION OF STAINED TISSUES —
Microscopical examination of human or animal tissues stamned
by the Levaditi or Dobell methods will reveal leptospires 1n
the kidneys, liver, suprarenal glands or other infected tissues
In sections even more than m films of urine or other bodv
fluids, the fine spirals of the leptospires are almost always filled
by the stamn so that dentification of the organisms depends on
recognizing by experience the various forms they may assume
(F1g 33) In some sections the leptosprres are very numerous
between liver cells or 1n the lumen of hdney tubules or between
the tubules In addition, Sheldon (1945) and Gardner and
‘Wylie (1946) suggested that muscle biopsy to detect the speafic
leston of muscle fibres (p 94) may be a useful diagnostic
method

DEMONSTRATION OF ANTIBODIES

1 By aggl test with susp of kelled leptosp
of known serotype

2 By agglutmation lysts test with living leptospires

3 By complement fixation test

4 By erythrocyte sensitization test

5 By adheston test

The patient’s serum may show antibodies by any of these

hods 1n fi from about the seventh day

of 1llness 1n most forms of leptospirosis, but m certam nstances
the production of antibodies 15 greatly delayed Thus, Broom
(1951 2) referred to a few cases of Wetl s disease in which the
agglutination reaction was negative on the twenty-first day of
disease but became positive at a later stage of the illness

The number of antgens that should be tested with any
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particular serum obviously depends on the serotypes knowg to
be present 1n the locality, or en chmcal indications  In order
1o test reactions ta a large number of satigens when the serotypes
in a region are being explored, one of us has used mixtures of
antigens which 13 descibed 1w the Appendis

1 Accwynariov Test —The agglutination test with killed
organisms 1s & conventent form of reaction for rovtine diagnostc
wortk, but many observers consider that Ining cultuzes should
be used in all entical expersmental mvestigations  Kalled
suspensions suffer also from the disadvantage that thesr stabihity
and sensitivity cannot be guaranteed for any fixed penod, and
careful controls of the suspenstons must be made  Sometimes
a culture of 2 stran of leptospires wall supply a satisfactory
suspension for a long tume, and then suddenlv lose s agghetin.
abtlay or become clumped w culture satine, or a serum known
tobe pegative  Broom and Brown (1943} obtuned false posiuve
resctions (up to 1/300) wath blood from 34 patients who had
Jaundice, but not Wel’s disease, when they used a particular
antigemic suspension which had previously been speeafic
3 from later subeultures of the same stran were
agan spearfic

Cultures showing a sufficiently heavy growth ase killed by
adding formalin neutralized by pyndine of magneswum care
bonate  Manv workers follow Schuffaer’s method of settung
up the test in the depressions of a porcelun palette using a
drop techmque and making the range of final dilutions of the
patient's serum 1/10, 1730 and 50 on o 3/30,000 {Appendex)
With posttive and negative controls the mixtures are left over-
might at room temperature or 5°C  The readmg 1s made by
placing a drop of each dilution on a glass shde, and exammaing
them without lips by dark d py 4t a
magnsfication of X 120 using a condenser whuch does mor
require oi between it and the shde

If the test serum has a high antibody content, agglutinatran
may be plete 1n low dilutons (p. effect)  In fugher
dilutans el 5 plete and the backg d 13 quite
clear, but a propartion of free leptospires appear agan as the
end posnt of the reaction 15 approached (Fig 34) It 1s oyr
custom 1o record the titre of the serum as the difution m which
approvimately one half of the leptospires are sgghrtinated and




Fig 34
at seen 1n agel and Iysis tests
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about 30 per cent of the are erther aggl d or
fvsed

(3) CompLeMENT-FixaTioN TisT —As the result of the
combined expertence of many workers the techmques of the
agglutination and agglutination Iysts tests have become standard-
1zed to 2 considerable extent ‘The posttion with regard to
complement fixation tests 1n leptospirosts s however quite the
reverse, and even a wide vartety of antigens has been advocated
at different times  Thus Bessemans and Nelis (1928) claimed
good results when they used Iving cultures or aqueous or
alcoholic extracts of the livers of infected guineapigs  Pot and
Dornickx (1936) used leptospires sedumented from culture by
centnifugation They considered that the method gave results
at least as good as those of the agglutination lysrs test

Gaehtgens (1950) developed the test further and claimed that
it could be used to distinguish serotypes as accurately as
agglutmation  On the other hand Papageorge (1938) reported
that a simlar type of antigen reacted with antisera prepared
against z number of different serotypes Yager, Gochenour,
Warner, Wetmore and Hall {1951) also obtained group reactions
with antigens consisting of leptospires disintegrated by sonic
vibratton  Schnetder (1955) treated washed leptospiral bodies
of L icterohaemorrhagiae with sodum deoxycholate, and
obtained a water- and ethanol soluble material which fixed
complement 1n the presence of a wide range of leptospiral
antisera  Similar results were obtained by Muraschi Clemons
and Tompkmns (1956) with ¢thylene glycol extracts Schubert,
Carnington, Conner and Holdeman (1956) found that washed
suspenstons of leptospires provided satisfactory antigens and
that they were mainly serotype speafic  Terzin (1956) also
obtaned specific complement fixation reactions with boiled
whole cultures, and found that the antigen was soluble
50 per cent acetone Fuhncr and Mumme (1955) noted that

1 frang ppear from the blood within

a few months It has been d that positive
fixation reactions carned out on herds of cattle mught indicate
more definitely than agglutination tests the presence of active
wiecton

The use of complement fixation tests has been recommended
by a number of workers mcluding York (1952) and Schubert
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the other half free Ths 1s an entirely arbstrary Limit, but »t
was chosen because 1t can be estrmated easily

Methods have been described for carrying out the agglutma-
tion test more raprdly and for reading 1t with the naked eye
or a hand lens We have found the * rocker method * described
by Brown (1939) to be dependable and to give end results—as
Brown stated—at one dilution lower than the method desenibed
above Bryan (1957) advocated an essentially sumilar method,
but colours the antigenic suspension with Gremsa's stam
Pot (1836) also described a rapid macroscopre agglutination test
carrted out 1n tubes All these methods need spectally dense
antigenic suspensions A macroscoptc agglutination test with
hving cultures was used by Smuth and Tulloch (1937) who
mcubated the muxtures for 3 hours at 37°C followed by 30
mms at 55°C

(2) AGGLUTINATION Lysts Tesr -—In the agglutination-lysss
test the dilutions of serum prepared as for the agglutination test
are mixed with equal volumes of a 7 to 10 day culture of hving
organisms  The muxtures are incubated for 2 to 4 hours at
32°C, and the readings are made by dark-field microscopy as
1n the agglutination test Agglutmation occurs n the lower
serum dilutions, but 1t 1s gradually replaced by Ivais of the
organisms as the dilution mcreases (Fig 34) In still higher
dilutions the degree of Ivsis progressively dimmishes until
finally no difference n number of leptospires can be dis-
tingurshed between the serum-antigen mixtures and controls
without serum

Complement plays 1o part 1n the lytic reaction, which oceurs
equally with unheated sera and with those inactivated at 56°C
As 2 rule, antisera react to a higher titre m this test than when
formolized antigens are used

As an aid 1n deading the end pomnt of the reaction Borg-
Petersen and Fagraeus (1946) recommend the mclusion of two
saline controls One consists of equal parts of saline and
culture (“ negative control’, corresponding to the concemraum;
of leptospres 1n the serum-antigen mixtures) and a second of
half that density (* 50 per cent control’)  The serum titre 18
taken zs the highest dilution in which the number of fr:s
leptospires 1s nearer the denstty of the * 50 per cent wm}‘;oh
than that of the ‘ negative control,’ ze the dilution 1n WhiC
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INTERPRETATION OF RESULTS OF SeroLocicat TESTS

NreaTivE ReactioNs —Multiple negative tests throughout
the course of illness and dunng convalescence will exclude
leptospirosts with considerable certainty, because it must be
very rare to find cases such as that reported by Garmer and
Reilly (1917), 1n which, although leptospires were 1solated from
the patient, no antibodies appeared i the blood Wolff (1952)
ponted out that this case occurred in the early days of lepto-
spiral research, and that no agglutmation tests were performed
Garnier and Reilly carried out a protection test 1o gutneapigs,
and concluded that no immune bodtes were present on the
twenty-minth day of disease Wolff considered that this finding
did not necessanily prove that agglutinins were also absent
More recently on epidemiological and chineal evidence,
Herbert Burns and Flavell (1951) and Marcuse and Pohlmann
{1952) have again sugpested that anttbodies may be absent n
cases of leptospirosts  In view of the well-recognized difficultres
m the clinical diagnosts of the disease, we would hesitate to
accept this thests untdd 1t has been proved by the 1solation from
such cases of stramns of leptospires

Posttive Reactrons —Positive agglutination reactions may
be the result of (1) the admunistration of smmune serum,
{2) present disease, (3) the presence of residual antibodies
from past infectron or zctive immunization

(1) If therapeutic antiserum has been given to a patient
before a specimen of blood 1s taken for exanunation, the fact
should be reported to the laboratory The effect of such
admmstration 15 however likely to be only transtent because
Alston (1940) found that the agglutination reaction n rabbats
became negative withan three days after the injection of 10 mi
of antileptospiral serum per litre of plasma  We tested blood
spectmens from the human case of mnfluenza, described by
Robertson (1946), who received approvimately 40 ml of
immune horse serum per htre of plasma The agglutinatron
titre of the horse serum was 1/30,000, which would gwve a
calculated tirre of about 1/1,000 1 the general circulation
Samples of blood taken 5 and 60 nunutes after admnstration
showed a titre of 1/300  The level fell to 17100 after 12 Hours,
and to 1/30 after 24 hours
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and Martin (1956) However, m a Report of the World Health
Orgamzation (1956) the opmnion was evpressed that -

At the present stage of develop pl of prep
and standardization of antigens and the exacting technrques required
in the perf of leptospiral pl fixation
Lumit their utilization to research laboratorres familiar wath the par
trcular complement-fixing antigens they employ

(4) ERYTHROCYTE-SENSITIZATION TEST —Chang and McComb
(1954) senstized human red blood corpuscles by adding to
them an ethanol fraction of leptospiral antigen, and found that
the corpuscles were agglutinated when serum contaning lepto-
sprial antibodies was added The fractions obtaned from
L cterohaemorrhagiae, L canicola, L pomona, L hebdomads
and L autumnalis were genus specific smee corpuscles sensitized
by any of them were aggl d by antiserum prepared against
any of these serotypes Cox (1955) showed that sheep
erythrocvtes sensitized with the same fraction were haemolysed
by antileptospiral serum 1 the presence of complement The
reaction was genus spectfic and Cox suggested that the reaction
might provide a useful screemng test A large number of sera
from known human cases have been submitted to both these
tests (Queensland, 1956) The conclusion was reached that
the agglutination test was not sufficiently sensitive and that the
Iysis test was too semsttive giving a number of apparently
nonspectfic reactions

(5) ApmrsioN TesT—This test, which was descibed by
Brown and Davis (1927), 1s now only of Hstoncal mterest,
because 1t was superseded by the aggh test In
carrying out the modified test used by Brown (1935), muxtures
are made contanmg equal volumes of (1) serial dilutions of
patient’s serum , (2) actively growsng cultures of leptosprres,
(3) a 1/5 dilution of fresh g pig serum (for complement),
and (4} a thin suspenston of bacteria mn saline  After 1ncubation
for 30 munutes at 37°C a drop from each muxture 1s examined
by dark ground micrescopy In a positive reactton, bactenz
are seen firmly adherent to the leptospires, wheress vath
negative scra the bactena are scattered unsformly mn the field ,

In a sertes of parallel tests Brown (1935) found that patients
sera gave stmular antibedy titres 1 adheston and agglutination

tests
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TarLe XXIIT

RELATION BETWEEN DAY OF DISEASE AND
APPEARANCE AND DEVELOPMENT OF ANTIBODIES

(B oom 1918)

191

Day of d ease

. 3 4 5 [ 1 8 {913 | 1420 >0
° 300
0 300
° 1000
o 100 300
20 10 000
] 200 | 1000
0 200 | 3000
0 o 10 1000 | 3000
0 1000 | 3000
30 1000
100 3000
300 3000
o 000
9 3000
o 3000
o 300 10 000
10 1000
30 100
30 3000
30 3000
30 1000 30000
0 1000
0 000
10 300 | 3000
30 10000
100 300 | 1000 | 3000
100 3000 [ 3000
300 3000 | 3000
1000 3000
0 3000 }30 000
30 |tooo
30 3000
100 1000
100 3000
100 10 000
300 1000
300 |1000 | 3000
° o| “100| 300
0 30 000

0—No sgglutinat on at dilut on of 1/10
Rec procals of agglutmat on t tres

10 30 etc
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(2) In patients who are not likely on account of ther
occupation or otherwise to have been mfected previously, an
aggluttnation titre of 1300 may be regarded as diagnostic A
low agglutmation titre and doubt as to the exact date of onset
of mfection are indications for repetition of the test after a few
days Recent mnfections show a steep rse of titre, which may
reach 1/10,000 or sometimes 130,000 by the third or fourth
week of the illness Broom (1948) analysed the results of
agglutination tests made at different times after the onset of the
1llness 1n 39 patients and the results are shown in Table XXIII

These results in Weil's disease show that, as 1s the general
experience, significant antibody levels are rarely found before
the sixth day of illness and are rarely delayed beyond the
twelfth day  There 1s no apparent correlation between the
time of first appearance of antibodtes 2nd the final titre  Broom
tested serum from 169 patients during the third or later week
of 1illness and found the highest titre to range from 1f300 in
7 per cent to 1/30,000 in 4 per cent He did not find higher
titres such as that of 1/2,000,000 reported by Senthille, de Bayo
and Kolochme-Erber (1946)

The interpretation of a low titre 15 difficult 1f the findings of
only one test are avalable As 1s shown m Table XXIII, utres
as low as 1/300 or even 1/100 may occur quite late 1n the
disease In twa of these patients the diuagnosis was p!OVﬂd
correct by 1solating leptosprres from the urine  Low readings
cannot therefore be lly regarded as 1 from
past infection  ‘The correct decision can be reached only by
repeated examunations Early in the disease, say up to the
fourteenth day, we would consider posittve agglutmation even
to the lowest titres to be suspicious, and recommend the testing
of further specimens

(3) After recovery the titre falls at a vanable rate, but may
be found at 1/100 or 1/300 for many years 'Thus Kisker (1935)
found posttive agglutinations up to 16 years after recovery,
Uhlenhuth and Fromme (1930) after 22 years, and Stuart
(1939 a) after 28 years We have had a few opportunities to
examune serum after recovery , the longest nterval was 13 years
and agglutinins were present tn all cases  Subcliucal mfecltlzﬂns
may cause agglutination reactions of 1/30 or 1/100 as Al ; :"
and Brown (1935) found 1n 9 out of 20 sewermen who had no
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state With the passage of timae the nanspenfic co agglutimns
disappear before any demonstrable diminution occurs 1 the
titre of the specrfic antibodres

The prod: of the peatfic co aggh cannot be
sseribed to any one common factor  If a single strain of

PARADOXICAL " REACTIONS
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leptospizes constantly evoked the same heterologous antibodies
15 any one host spectes 1t could be assumed that leptosprres
contatn ¢ potential anttgens  which act as complete antigens wn
some host species but not sn others  Such howeser s not the
case, either in naturel wfecnons i mam, or M guineapigs
nmmumzcd ag:\mst yvarous !Cl’a!yp&!v
W d that the prod of these anubod
can most readily be explaned of one assumes that the antibodies
to different serotypes are very summilar 1n chemical compositzon
As the resalt of changes 1 the host {perhaps vanation 1 the
serura globulis fractions) beought shout by the disease process,
[+]
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history of having had an attack of jaundice  Protective antibodies
were found 1n these sera by protection expenments in guineapigs

The possibility of past 1nfection 1 important 1n pattents who
have been 1n contact directly or mdurectly with rats  Mckeon
and Brown (1936) described an attack of infective hepatitis m
a muner, where the diagnosis was complicated by a positive
leptospiral agglutination  We have records of three smmilar
cases 'The patients, a farm worker, a seaman and 2 refuse
collector, all suffered from jaundice Each case showed 2
positive agglutnation titre of 1/100 or 1/300 but, as there was
no increase at subsequent tests, the 1illness was obviously not
Weil's disease

Co-AGGIUTINATION —Serum from 2 case of leptospirosis
frequently reacts positively with twe or mere serotypes, and
Wiesmann (1952) considered the co-agglutinins responstble for
this effect to be of two types, which he designated respectively
as specific and nonspecific

The presence of spectfic co-agglutinins can be explamed on
the extant theory that leptospires (like other organisms) conta
a number of antigenic factors each of which elicits 1ts corre-
sponding antibody  When two or more serotypes (¢ g members
of the Hebdomadss serogroup) contamn a factor in common,
the antiserum of each will agglutinate the heteralogous seso-
types  The titre of an antiserum for the heterologous serotypes
wil of course depend on the concentration of the co-
agglutinins, and this i turn would presumably be determmed
by the reflative of the g factor
present 1n the different serotypes  In these cases cr055;
absorption tests are necessary to determune the identity o
the serotype which caused the infection

On the other hand the nonspeafic co agglutinmns do not
correspond to any antigenic fraction of the homologous
serotype, and they are not mnvanably present They may
agglutinate one or more heterologous serotypes and further-
mare the sera of different individuals infected with the same
stramn may not all react with the same range of serotypes
Dunng the course of the illness the homologous antlbc)dt&;
increase, whereas the nonspecific co agglutinins diminish a;e
finally dsapp ‘The 1mp of their nature can s
noted also 1n immune sera which have been stored 1n the flur




CHAPTER XIII
TREATMENT

The most important lesion i Jeptospiral infection 1s renal
damage, and specific antileptospiral serum and antibiotic drugs
to which leptospires are sensitive cannot usually be given early
enough mn the rllness to protect the kidney from senous damage
by the more virulent serotypes In this Chapter therefore the
details of the treatment of renal falure are descrsbed first,
followed bv 2 brief account of treatment by antibiotic drugs
which may be considered useful when there 1s ground for
suspecting that an illness of only 1 to 3 days’ duration 13 of
leptospiral ongin  Finally an account 1s given of experimental
and clincal experience of the effect of antiserum and anttbiotic
drugs

TREATMENT OF RENAL FAILURE

All serotypes which have been tested are sensitive to peni-
allin to about the same extent as bactersa such as the Oxford
staphylococcus  Some degree of benefit may be obtained by
antibiotic treatment at any stage of imnfection caused by a
sensitive pyogentc orgamsm  On the other hand, m leptospiral
disease a renal disturbance may be started which contmnues i
more or less serious degree whether or not the leptospires in
the body are reduced by antiserum, antibiotic drugs or the
patient’s reaction It would seem therefore that there may be
an lmponam dlﬂ'erencc n the disease processes produced by
For this reason there has
be:n-—bnth befm'c and after the advent of antibiotic drugs—an
interest 1n treatment of the renal lesions The forms of treat-
ment proposed have followed those suggested for the stmular
renal lesions caused by blackwater fever, transfuston of
incompatible blood or crushing of muscle These methods
have ncluded (1) a régime of Jow prowen diet, with careful
attention to flmd balance, glucose bv mouth and intravenous

195
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the composition of the antthody might be altered slightly and
so give nise to these nonspecific co agglutinins

TE ParapoxicaL REACTION —In the early stages of itlness
the titre of some of the nonspecific agglutimins may be higher
than that of the homologous antibody This Paradovical
Reaction was studied by Fuhner (1950 a) who followed the
changing antibody levels during the progress of the disease in
a considerable number of human patients The findmgs
one of Fuhner’s cases provided 2 particularly good example
and are shown in Fig 35, where 1t will be seen that the
homologous titre did not gmn the ascendency until the fourth
week of illness It 15 therefore necessary to take the stage of
illness 1nto deration when preting the results of
serological tests  In early cases it 1s advisable to report only
that the patient 1s sufferng from leptospirosts, and to complete
the diagnosis at a later date when the infecting serotype can
be definitely determined
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find {erthet water or electroly ) 1 d
output 1s entered, sp by sp under the heading
of urine, vomit (whech s retusned by tube to the stomach if
Bull's regime 1s followed), drainage and diarthoea  The resuls
of appropsiate analyses of unne and blood are Atso recorded on
the card

2 Collect sntravenous blood under paraffin for estimation of
sodium patassiam, chlonide, bicarbonate 2nd yrea

3 Correct any mbatance of clecsrolytes by wtravenocus
yections and gwe sadam lactate sntravenously to counteract
attdosts

4 If the concentration of potassiam in the blosd 15 too hugh,
correctson can be made by givng @ cation exchange resin by
mouth, by ging glucose and sulin togathes wtravenously ,
or by 2 combination of both methods

5 For the apphication of Bull s regime ot modidications of 1,
pass a plastic tube, of 2 to 3 mm bore wrthout 2 bulbous up,
into the stomach  Drp into the tube, steadily dunmg exch
24 hours, 400 g of glucose dissolved sn water to a total volume
of Y tre * Collect aff the patent’s vomst, filter 3t through hat
and return 1t to the stomach by the tube If vomuing s
frequent, ramd sbsorption of the ghucose taay be achieved by
mjectitig a 45 pee cent solution i water wito (he supetior vena
cava, by means of a polythene tube passed mta esther of the
median basthe vens  When the urinary output resches one
ure per day, stop feedng by stomach tube and goe 2 diet Tow
m protern with a quantity of water equal to the volume of
unnary autput i the previous 34 hours, sugmented by an
amount gstumated to replace the loss per day by perspration
and resprratton This may be taken to be about 300 m} i
temperate chinates, and 2 litce ot more 1w hat humud ¢ountries

1f treatment by mtravenous glucose 1s not successful, recourse
should be had to the “artfical kidney’  The indicanans for
its use are esther the onset of uraemie coms, or 3 rise of the
blasd K ta more than 8 m Eg per hiere and 3 fall of vhe HCO,
to less than 10 m Eq per Iitre

and

* Bufl s orrgwnal prescription was  Glucose 400 ¢ peanvtodd 100 ¢ seaga
4% o emwfsify viaruns aptionally water to 1 huze  Thes fwd has ¢ mulky
appearance and looks more utritions thin the watery plucoss saletion bt
many cliucana da ot uss the ol (oK, 1wvd Tapreally #and A e ok
Mgt ¢atse 3t 1g enter the luags
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dnp treatment with saline or glucose salme, (2) splanchme
block or high spinal anaesthesia (Robertson, 1946, Willams
1947), (3) a form of conservative treatment of anunc uraerma
described by Bull, Joekes and Lowe (1949) and by Bull {1955)
The success of the first two methode has not been proved by
controlled use 1n severe leptospiral nfections and the thid 1s
at present considered the most useful in cases of oliguria and
anuna from most causes (Mernll, 1955)

A cntical trial of the method 1 leptospirosts has not yet
been reported, but Trimble (1954, 1957) stated that it was
used 1 a number of severe cases 1n Malaya and he believed
that 1t was responsible for the low death rate of 2 per cent m
lus sertes At present this method appears to be the most
ads g in the t of cases with severe renal
nvolvement

Bull (1955) summanzed the aims of treatment of uraemia
from any cause as follows

Adjust intake and rate of endogenous production of chemucal
substances to balance their rates of excretion when the kidneys are
working at their mauumum efficiency
(1) Improve renal function

{a) Specific therapy depending on the cause
{b) Correct arculatory repal msufficiency
{2) Adjust intake and rate of production of substances
(a) Reduce katabolism
(1) Combat infection
(1) Hormone therapy
(1) Protemn-sparing diet
(b) Adjust ntake of H;0, Na, k, Cland N
(1) To correct imbalance
(u) To mawntain balance
(3) Treatment of symptoms
Anaerma, nausea and diarrhoea,
msomma delirum hypertension

The practical application of this outline to severe Teptospiral

infections with renal fatlure may be made as follows

1 Chart the patient’s intake and output of fluids

be done ly and for
12 to 24 hours, and may be recorded on a form such as that

produced by Preedy and Richardson (1956) ‘The intake of

This must
penods of
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Weils disease by subcuteneous and intravenous 1njection
reduced the case mortality from 30 to 17 per cent, but the
experiment was not well controlled and the results are not
convineing  Walch-Sorgdrager (1939) analysed a semes of
48 patients treated with serum, and compared them with about
100 who did not have serum  She did not compare the death
rates 1 the two groups, but found that relapses were rather
more frequent with serum than without 1t and that the duratton
of the febnle period was the same 1n the two groups From
observation of a few very acute early cases she believed that
serum was beneficial when 1t could be given dunng the first
four or five days of illness

Robertson (1946) reported his experience of 12 cases which
recewved specific antileptospiral serum during the first four days
of illness None of these patients died whereas there was a
30 per cent death rate among about 20 others whose serum
treatment could not be begun before the fourth day [t 1s not
made clear whether these 20 patients received serum after the
fourth day or not at all] Although the results suggest that
serum may have had a decisive effect i the early cases, 1t 1s
possible that the patients who came to hospital early were mid
cases detected by practitioners on the lookout for the disease
Some experiences of our own were of the same indecisive nature
In a series of 58 sewer men treated m London, 13 received
serum , of these 2 died (15 per cent) while the case mortality
rate for the other 45 was 22 per cent It 1s almost certan that
the serum was given to the more senously 1ll patients m this
group In recent vears the use of antiserum in therapy became
superseded by the endeavour to find a more effective treatment
by antibsotic drugs

SERUM TREATMENT OF EXPERIMENTAL DIsSEASE IN ANIMALS
Inada et al (1916) showed that gumeapgs could be protected
agamnst infection by L acterohaemorrhagiae 1f immune serum
were injected at the same tune as the leptospires and this finding
has often been confirmed For mstance Larson and Gnffitts
(1945) found that 95 per cent of white mice could be protected
2gamst infection 1f a single dose of serum was given withm
48 hours of infection, but with decreasing efficacy later Das
Gupta (1938 d) p pigs against

mn-
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The aim of treatment 1s to nourssh the patrent, mamntamn the
electrolyte balance and avoid as much as possible the metaboliem
of protein while the kidneys are not functioning  Recovery of
the kidneys 1s sndependent of this form of treatment, but when
recovery occurs secretion of urine may quickly return and a litre
may be produced during the first day

There does not appear to be any specific form of treatment
available to hasten the return of the liver to normal functioning
and there 15 no evidence that any permanent harm 1s done to
this organ by leptosprral infection

TREATMENT BY ANTIBIOTIC DRUGS

Analysis has shown that treatment by anuibrotic drugs does
not benefit patients suffering from leptosptral infections when—
as 13 usual—the treatment 1s not begun before the third or
fourth day This conclusion refers both to the more severe
forms of leptosprrosis such as Wed’s disease (Broom, 1951 2)
and the milder forms (Fatrburn and Semple, 1956) However,
1f 1t 15 suspected that a very recent 1llness of one to three days’
duration 15 leptosptral, pemerllin may be given it ar],
1n dosage of 600,000 units 8-hourly for at least 5 days, or longer
if necessary uptil the patient has been afebrile and free of
symptoms for 24 hours Babudiert (personal 10n)
claims good results when penicillin therapy 1s begun at the first

pp of p 1n suspected cases of ricefield fever

As an alternattve, chlor yell it larly 05 g
6-hourly or oxytetracycline orally 05 g 6 hourly may be used
for a similar period

RECORDS OF TREATMENT OF HUMAN
INFECTIONS AND OF EXPERIMENTAL
INFECTIONS IN ANIMALS BY ANTISERUM
AND BY ANTIBIOTIC DRUGS

Serum TREATMENT OF HUMAN DISEASE

Although treatment of Weil’s disease by antileptospiral serum
was often used before antibioties were avalable, and good
results were recorded, there 1s no extensive controlled test of
1ts effect Inada (1922) considered that serum treatment of
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the summer of 1944  He states that 39 cases of Weil s disease were
diagnosed, but he gives no details of the number treated with pentciliin
or of the results obtamed He formed the impression, however, that
the antibiotic had a useful therapeutsc action  On the other hand,
Smuth (1949) from the experience of 16 cases, thought that pemtcillin
had hitle effect 1n tostc patients

As compared with these small numbers, we have records of 206
cases of Weil s disease treated with pemcillin 1n 2 number of hospitals
1n Brtain duning the years 1947-50 inclusive  Details of dosage and
of the day of disease on which treatment was begun are, however,
available for a mmonty only  Thrty-four of these pauents died
"This represents a case mortality of approumately 17 per cent, whereas
the rate for the whole series was 15 per cent  From the crude figures
1t thus appears that perucillin therapy does not smprove the prognosss
of Weil s disease

TasLe XXIV

WEIL'S DISEASE DEATH RATES FOR JAUNDICED CASES
(Broom 1951 a)

Descriptron | 5o of Cases Deaths
Cases 1n 1947-50 263 54 (20%)
Cases wrested with penscillin 152 34 229,
Cases 1n 1940-6 103 24 (23%)

To compare these results with the position before pemcithn was
avalable the series reported by Broom and Alston (1945} may be
used None of the patients 1n the latter series recenved pemeillm,
and the death rate was 92 per cent It must be noted, however that
the proportion of non wtenc cases was also much lower, and as
noted abave, death 18 very rare 1n the absence of jaundice It there-
fore seemed that a farer compartson would be the death rates among
jaundiced patrents Table XXIV shows that the corrected case
mortality for the earhier series now becomes 23 per cent  For ail
Jaundiced cases 1n the present serses the rate 1s 20 per cent, for those
treated with pentcillm 1t 35 22 per cent  When the crude statistics
are corrected w this manner there 1s still no indication of any benefit
from treatment with penicilln

Thesc zesults may be analysed 1n another way ~ From the ammal
experiments 1t was cvident that the curatne effect of peiailln was
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fection for 25 and not more than 27 days by human mmune
serum , for 41 and not more than 52 days by rabbit jmmune
serum , and for 10 days by therapeutic horse serum

Uhlenhuth, Schoenherr and Zimmermann (1950) protected
hamsters aganst mfection with L cancola by myection of the
serum of dogs which had recovered from natural infection with
either L cancola or L icterohagmorrhagiae  In an expenment
to test the duration of passive inmumty, hamsters were
moculated subcutaneously with 05 ml of this serum  Groups
of hamsters were challenged with L camcola after 2, 3, 4, 6
7, 8, 9, 19 or 30 days and all the ammals survived When
sacrificed from 4 to 6 weeks later, the hamsters 1n the groups
up to and mcluding 9 days, showed no abnormalties 1n the
kidneys and no leptospires 1n the organs With one exception,
the kidneys of the animals in the last two groups all showed
macroscopical evidence of scarring, and leptospires were present
1n considerable numbers

Gadehe and Schoenherr (1952) infected young hamsters with
a wisulent stram of L cameola which killed untreated ammals
1 an average time of 79 hours Hamsters which were simlady
infected and treated after 24 hours with immune serum were
killed at different pertods afterwards  Those hiled 112 houss
after treatment showed a progressive cirrhosis of the lver and
glomerulo nephntis, cicatrization of 2 number of glomerul, and
commencement of chrome interstitial nepheitts It may be
noted here that McIntyre and Montgomery (1952) found stmular
renal lestons m dogs which had recovered from infections by

I canrcola

DruG TREATMENT OF HUMAN DISEASE
Many reports on the use of antibiotic drugs, espectally
pemallin, have been based on single cases or small groups, ﬂ;
was noted by Broom (1951 a) who analysed the results o
treatment of Weil s disease with pemallin - He stated
t infrequently, the drug was first admmstered at a comparatively
l'l(g :ts;er:} n';::cis by m‘zgmb nme the outeome of the artack [has
already been determmed by the extent of the kidney damage, unless

other lines of treatment are adopted
Of those observers who have treated a number of cases, Bulmer
(1945) was dealing with sofders who contszcted the chsease dunng
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Queensland, Australia  The mfecting serotypes were L
australis A (38 cases), L australis B (29), L camcola (8),
L hyos (7), L cterohaemorrhaziae (3), L pomona (2), L
celledons (6), L mum (5), Kremastos tvpe (13) and Robinson
type (6) None of the patients died, none showed ohguna or
definite jaundice, and albuminuria was found 1n only 23 The
pattents were divided 1nto six Groups for evaluating the
tesults A, no antib (8 cases), B, p lin 100,000 units,
3-hourly (25 cases), C, peniciilin, i dosage greater than B and
fess than D (20 cases), D, pemcilim 500,000 unsts, 3 hourly

TasLe XXVI

CLASSIFICATION OF PATIENTS ACCORDING TO SEROTYPES
(Faburn and Semple 1956)

No of | Group A | Group B | Graup ©

patsents | (controls) | (pems | (chloram

ailtim) | phemcol)

Smotvres
L australis 4 1 — 1 —
L australs B 3 Z 2 1
L banghinang H - — 2
L canicola 8 3 3 2
L colledons 1 = = 1
L gnppotyphosa 3 - = 3
Lo 1 1 - -
L pomona 1 - = 1
L ol 1 - - 1
Senocroves

Australis A 1 — - 1
uramnalis 3 - — 3
Hebdomads 17 s s H
Icterohaemorthagiae 5 1 1 3
{)ﬂy\;&mcn f : — 1
ogenes — —
Unidentified 33 20 [ 7
Total 83 | 31 | 21 3t

{26 cases), E, chloramphemcol 1n daily doses from 15 to
30g (12 cases), T, chloramphenicol plus pensaillin (20 cases)
The average duration of the febnle penods of the six Groups
(Ato F)was 62, 54, 475, 43, 60 and 5 4 days respectnely
The average duration of fever in hours, after the beginmng of
treatment, of Groups B to F wwas 70, 39 2, 34, 62, and 72

The author pointed out that the duratton of illness was lowest
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greatest when the drug was given during the first days of allness
Suchett Kaye (1951), recording the successful treatment with penucillia
of s consecutive cases stresses the importance of the early mstitution
of antibionic therapy

‘We have records of 51 cases 1n which the day of disease on which
treatment was begun ss known, and the results are shown m Table
XXV Thirty-six patients recovered, and for the last line of the table
the number of recoveries which would be expected 1n each period if
the drug had no beneficial actton has been calculated  'The probabiity
(P) that the differences could be the result of chance 1s 0 8, which
means that 2 difference as great or greater than this would be expected
8 tumes 1n 10 trials

TasLe XXV

WEIL’S DISEASE PENICILLIN AT DIFFERENT STAGES
(Broom 1951 a)

Interval 1n Days from Onset to
Treatmen
——— Totd
1-5 6-10 | 11-15 ’Dv.n 15
Deaths 2 1 2 [ 15
Recovertes 8 19 5 4 36
Recovenies expected 70 212 78 36
P 08

‘The conclusion must be drawn, therefore that these patients at
feast obtamed no benefit from the admmstratron of penscillia 2t a2y
stage of the disease

If the general case mort
reported by Suchett-Kaye

of every patient in 2 set o
accur in approumately 5 out of 10 such sets as the result of chance

a2lone if the treatment had no effect whatsoever

Since this analysis was made there have been no reports
which compared the course of mfe byl i hagist
n patients treated with and without antibrotic drugs

Doherty (1955) collected the results of treatment of 111
patients suffering from leptosprrosis, 1 eight hospatals 1

ran . At ad +n the ceTIeS
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Queensland, Australta  The mfecting serotvpes were L.
awstrahs A (38 cases), L australs B (29), L cameols (8),
L mas (7), L scterchaemorrhagiae (3), L pomona (2}, L
celledors (8), L mum (5), Kremastos tvpe (13) and Robimnson
type (8) None of the patients died, none shawed ohgura or
defiute yaundice, and albummuona was found 1 only 23 The
patients were dided snto six Groups for evaluaung the
results A, na b (8 cases), B, p ln 100,000 units,
3-hourly (25 cases), C, pemcithin, 10 dosage greater than B and
Jess than D (20 cases), D, pemasllin 500,000 unuts, 3-hourly

Tasre XXVI

CLASSIFIGATION OF PATIENTS ACCORDING TO SEROTYPES
(Fauchurn snd Semple 1956)

No of | Group A | Growp B | Group €

patients | (controls) | {pem | {cHloram

aliny | phemzoly

SeroTYPES
L suttralis 4 1 — 1 _—
L umlr:lu B g - 2 1
L banghinang = = H
L canicola 8 3 ) H
L eetledons 1 = i
L grppoty phosa 3 — 3
L P 1 1 —_
L pamona 1 - - 3
L wilffh 1 - - 1
Serocores

Australis A 1 — — 1
Autumnabis 3 - - 3
Hebdomadis 17 4 8 5
Ieterohaemotthagize 5 1 1 3
Javanica 2 1 — 1
Pyrogenes 1 3 = —
Unidennfied 33 20 1 ki
Total 83 31 21 31

(26 cases), E, chloramphenicol 1n daly doses from 15 to
10g (12 cases), T, chloramphenicol plus pemaithin {20 cases)
The average duration of the febmle periods of the six Groups
(AtoF)was 82, 54, 475, 43, 80 and 5 4 days respectively
The average duratton of fever m hours, after the beginning of
treatment, of Groups B to F was 70, 39 2, 34, 62, and 72

The author pomted out that the duration of 1liness was Jowest
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1n Group D which received most penicillin and was significantly
lower, by statistical tests, than 1 Group B which recewved
least The mportance of these results 15 somewhat decreased
by the fact that the antibiotic regime, the time of temperature
taking and the use of antipyretics differed 1 the hospitals

concerned, and that only 8 patients were given no antibrotics
Fairburn and Semple (1956) analysed the results of treating
83 patients 1n Malaya with pemallin or chloramphenicol for

leptospirosis caused by a variety of serotypes (Table XXVI)
The disezse was not severe, only 4 per cent of the pattents
became jaundiced and 5 per cent had oliguna (re, less than
10 oz of urinary output in 24 hours) or anuria The patients
were men aged 18 to 35 and were allotted m rotation to one

TasLe XXVIL
AVERAGE TIl\l;)YFROI\{ ONSET TO FREEDOM FROM

MPTOMS AND SIGNS
(Faburn snd Semple 1956)

Symptom
Symptom | Sign free | Apsrexal | free
Treatment group Jree (da3s) (dars) and
(days) s1gn free
(dass
A {controls) 94 99 990 108
B (pentaillin) 8o 95 76 97
C (chloramphencol) 89 100 88 105

of three Groups Those 1 Group A (31 patients) recerved no
antibiottes, those 1n Group B (21) were given 600 000 units
of penicillin 6-hourly and those n Group C (31) received 0 58
of chioramphenicol 6 hourly ‘Treatment was started as soon
as the diagnosts was made on chincal evidence  Antibotics
were given for at least 5 davs and often beyond that time until
the pattent had been afebrile and free of symptoms and signs
for 24 hours The average duration of treatment m Group B
was 6 days, and tn Group C 6 2 days Treatment i the control
Group consisted of rest m bed, fluid replacement and analgeslés
for pamn, this regime was also employed 1n Groups B am:x .
Symptoms and signs were recorded daily on 2 standard cha
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by one of two observers who were unaware of the Group to
whuch the patient had been allotted  Table XXVII shows that
there was no sigmficant difference among the three Groups m
regard to the aversge time from onset of dliness to freedom
from symptoms and signs  This was true even i the cases
of the three Groups tn which treatment was started on or before
the fourth day of the sllness  This 15 2 very good analysis and
the conchusions are well supported by the evidence

Clean (1950) drmagreed with Farburn and Semple’s con-
clastons because he beheved that 600,000 unsts of pesuciihin
4-hourly for B days had caused dramatic improvement of
symptoms and reduction of pyrewa in all of approumately
24 cases of leptospirosis 1n Malaya  He did not however record
the course of sliness of any patients who did not recene pemi-
oullin, and therefore his statement of belsef was very much less
convincing than the report with which he disagreed

There have been reports of the supposed benefit, to single
cases or small groups, of treatment with chiortetracycline
({aureomycn) or oxytetracychne (terramycin} (eg, Lure,
1942, Batchelor and Todd, 1850  Whitehouse, 1952) More
conuncing evtdence however @ put forward by Hall, Hightower,
Diaz Rivera, Bvrne Smadel and Woodward (1951) who mn
Puesto Rico contrasted 67 patients treated by antibsonie drugs
with 12 others to whom such drugs were not gnen  The drugs

used m:re ather p 1 p chlor ychn
yeetracy buned streptomyesn and b tne,
or and chlortet 1 Th Tuded that the

ey
anttbiotics had no appreciable effect, even when given at a
relatively eady stage of the disease

in summary, the most valuable reports agree that treatment
by antibiotic drugs 1s of httle or no value in the severe or the
mild forms of leptospiral infection in human bemngs unless,
posmibly, the drogs are gnen as soon as the first symptom
appears  This agrees with most of the results of treating
expertmental infections mn ammals

Date TREATMINT of EXPERIMENTAL DIsEASE 1N ANIMALS
Faily consistent rcsuks have been reported of the results of

treating 1 P n hamsters or white

mice by antbiotic drugs  Suceess 1¢ obtamnable only if the
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drug 15 given at the time of experimental infectton or soon

afterwards—before the app of d Heilman and
Herrell (1944) and Alston and Broom (1944) found that
penicillin prevented the app of 5 m

provided that treatment was begun within 24 hours of mnfection
with L tcterohaemorrhagiae These observers and also Augustine
Wewnman and McAllister (1944) found the drug completely
mactive 1f 1t was withheld until the animals showed signs of
illness  Larson and Griffitts (1945) saved 95 per cent of fected
ammals when 50 to 100 units of penicillin were given within
48 hours of infection, but only 28 per cent when the drug was
delayed to 88 hours However, Borg Petersen and Schmudt
(1945) were able to cure the disease in gumeapigs even when
treatment was naot begun until the fourth day after mfection
by which time the ammals were clearly sick  Chang (1946)
concluded that penicillin seemed to have some therapeutic effect
1n infected guneapigs if given before the appearance of jaundice
but not later

Successful results have been obtamned in treating hamsters
nfected by L h ’ with streptomycin 17 hours
after inoculation (Heitman, Knutsen and Greenburg, 1945) and
i treating the same ammals mfected with L camicola by
chlortetracychne and oxytetracveline but not by chloramphenscol
(Uhlenhuth and Schoenherr, 1951}  Gadeke and Schoenherr
(1952) found that young hamsters mfected by L camcold and
treated successfully by oxytetracychne showed no lestons m the
Iver There was some residual scar tissue 1n the kidneys, but
not the progresswve chronic nephritis which occursed i animals
treated by immune serum

In experiments i guineapigs and in hamsters Fame and
Kaipamen (1955) found that erythromyem could prevent the
death of the amimals 1f the drug was given from the first dav
after infection, but a high proportion of the animals died between
the seventh and thirteenth days from toxsc effects of the drug
The drug was sumilarly toxic to gumeapigs which had not been
infected




CHAPTER XIV

GENERAL PRLVENTION AND
PERSONAL PROPHYLAXIS

In planning schemes for the prophylavs of leptospirosis three
factors must be considered (1) the oecology of the carmer
host, (2) the mode of transmission of infection and (3) the
population at nsk  As each of these factors 1s vanable for the
different circumstances of infection, the conditions which may
obtain 1n any outbreak are almost unhnuted  Certain broad
punciples that govern prevention may be generally applicable,
but no hard and fast rules can be laid down A good illustration
of this 15 gven by the sex incidence of sejroe fever n Denmarl,
already referred to (p 77), first, men were infected while
harvesting 1n the fields, and later, when the carner mice left
the fields for the farm buildings, women were infected

Another example 1s provided by Weil's disease contracted
while bathmg  These cases can be divided 1nto two groups,
depending on whether the patients have been bathing in official
swimming pools, or indiscriminately in stagnant ponds and
streams  In the first instance, 1t would be the duty of the
responsible authonity to cleanse the pool, remove any debris
Likely to attract rats, and to prevent them as far as possible
from ganing access to the water  When these precautions
were adopted 1n the Netherlands, Walch-Sorgdrager (1939)
reported that bathing infections virtually ceased  Such measures
are not possible when bathers make use of any available stretch
of water, and prevention can only be achieved by making
swimmers aware of the nsk  Boys and young men are the
most frequent sufferers, so that warnings 1ssued 1n schools and
Service establishments mght be effective  Simple prohubstion
may be insufficient, as was shown by the outbreak of the so called
seven-day fever, due to L hebdomads, among U S troops who
had bathed 1n * off-limit’ ponds on the 1sland of QOkinawa,
reported by Gauld et @l (1962) Special efforts should be made
dunng hot summers when the temptation to engage 1n casual

207
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bathing 15 greatest, for example Broom (1951 a) noted that
33 cases occurred m England 1n the hot summer of 1949 1
contrast with only 15 n 1948 and 16 n 1950 when the summers
were cool

The preventive measures that mught be apphed according to
crrcumstances include

1 Destruction of rodents

2 Rodent proofing of buildmgs

3 Hygiene of premuses and land, food protection

4 Isolation, destruction vaccination or drug treatment of
infected domestic amimals

5 Hygene of human individuals

6 Warmng to doctors of the nsk of infection 1n certan
occupations, and visiting men absent from work

7 Immunization passively by serum or actwvely by vaccme

8 Prophylactic use of Pemellin V

DESTRUCTION OF RODENTS

An extensive investigation of methods for the control of rats
and mice was carned out i England from 1939 enwards and
a summary of the work was published by Chitty and Southern
(1954) The studies were designed primanily to determmne the
best means of controling R norvegiens R rattus and M
musculus 1n rural and urban areas (including sewers) 1n this
country, but experiments were also made by Watson and Perrv
(1924) m Palestine and the Sudan Doty (1945) described th;
methods used on sugar plantations 1n Hawau and Harnison an
Woodwille (1948) carried out 2 rat destruction campargn 1%t the
City of Rangoon Burma

TrAPPING

All these workers dered that trapping 1s quite 1
as a means of controlling heavy imfestations, although 1t may be
used successfully 1n dealing with small numbers of rats, an'z;‘ }1}:
disposing of a few survivors after poison treatment .
break hack treadle type of trap gives the best results, and 3
large number should be used relative to the size of the mfestlanotr:’
The traps should be placed with the treadle at night ang esnl
the runway and they should be left baited but unset for seve!

fectne
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days  After the rats have grown accustomed to the traps they
should be baited and set, and thereafter should be mnspected and
veset frequently

PoisoNinG

As compared with trappmg, a ligh level of destructten can
be achieved by posonmg  ‘The exact pracedure 10 be adopted
varies according to Jocal conditions at the site of infestanion
Success depends on planning and catrving out the campaign 1n
accordance with certain generat principles which have been
established on the basis of observation and expeniment, and
which have been tested and proved in field practice  Ulseful
practical details of the methods are given i a pamphlet 1ssued
by the Minustry of Agnculture and Fishenes (1053)

The man aim 13 to place posoned baits 16 such 2 way that
the rats will find them on the way from their day-time resting
places to their normal mght-time feeding grounds  This ensures
that the maximum number of rats will eat the bait while they
ate hungry, and are likely therefore to consume a lethal dose
A prehminary survey should therefore be camed out o
determine the number and posiion of the sites where bat
should be laid  If there 15 doubt about the presence of rats
test baits (not poisoned) should be lad

Rats, especrally R morvegicus, are very suspiciovs of new
obyects duced 1nto thewr and avoid them until
they become familiar It may however be necessary to place
bait 1n receptacles, exther to prevent the nisk of poisonng man,
domestic animals or birds, or to protect the bat from the
effects of weather, etc  Afl such objects should be placed in
Pposition 10 to 14 days before baiing 3s begun, and thev should
not be moved dunng the whole period

It is equally 1mportant to get the rats accustomed to feed
while they are hungry on parncular basts at chosen sites  Thas
18 achueved by * pre-bating ” usually on two occasions with the
same bait which will fater act as a vehicle for the potson  When
the ¢1-3-5° system 1s employed pre-busting 15 carned out an
days 1 and 3, and possoning on day 5 Uneaten poison bait 1s
remoted next day, and any surviving rats should be left
undisturbed for 2 weeks to allow them to sesume normal
feeding habats  Then test bats are lad av all the pownts

r
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previously posoned  Where bart 1s taken by the third day, the
sequence of pre-baiting and posoning 1s repeated at these
pomts only  Rats which survive after a poson treatment may
bave consumed a sublethal dose of potson, and are likely to
develop * bait-shyness * and refuse to take the same bait agan
For second and subsequent poisonings therefore different batts
and different poisons must be used The particular foodstuffs
which provide baits most acceptable to rats 1s not the same m
all countries  Where information on this subject 1s not avatlable
preliminary tests should be made to deterrmne the most
sutable bait

The methods outlined above were developed for use with
poisons such as zinc phosphide, arsenious oxide, red squill and
Antu (a-naphthylthiourea) all of which give nise to bait-shyness
The discovery that Warfann (3-a-acetonylbenzyl-4-hydrosy
coumarin) 15 toxic to rodents has provided a new approach to
rodent control This substance differs from the other poisons
i two important respects (1) 1t kills only when consumed
repeatedly, and (2) 1t does not give nse to bait-shyness There
1s therefore no need for pre-bating

Warfanin 1s a white powder insoluble m water, and when
ingested regularly mn small doses 1t leads to fatal nternal
haemorrhages  Batts should be left in place for 1to 3 weeks
according to the rate of consumption, more bait being added as
required  Only a low concentration 1s needed to kil rats
0 005 per cent for the common rat and 0 025 for the ship fat
Its use thercfore considerably lessens the nsk of accrdental
porsoning of other animals, but Clark (1954) records an mstam‘;
when five prglets died after cating rat bait which contarne!
Warfarin  Covered containers are therefore necessary as a saftf;'
precaution, and also to protect the batts from the weather 2n
to prevent their betng scattered

FuMIGaTION .
In certan conditions, as where mice are mfesting sacks 0‘
grain stored 1n granaries or warehouses, fumigation 1 the !‘1;0‘50
effective means of destruction Gas proof fabnics are use :
cover the stacks, and the fumigant (usually methyl bromxdeho.
hyd cyamde) 1s duced underneath Special regu

b, e
trons have to be complied with when cyanide gas 15 used st
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a building  Gassing 1s also an effective method of destroying
rats 1n banks and hedgerows which are not near inhabited
butldings  Powders which release hydrogen cyanide are pumped
1nto one of the holes, and pumping 15 continued until powder
1s seen emerging from other holes ‘These are immedately
sealed and the process continued until no further holes are
revealed An alternative method 1s to place a teaspoonful
of powder some distance down the holes, and then seal
them

RODENT PROOFING OF BUILDINGS

‘There are so many differences 1n type of building matenals
and 1 the purposes for which buildings are intended that it
15 not possible to gre more than the general principles mvolved
1 denving rats access to premises A useful summary of the
methods used 1n practice 1s given by the Minustry of Agriculture
and Tishenes (1953)

Even before a building 1s erected rodents may be present
on the site and must be eradicated i case they may infest the
building during construction  Surface cover such as heaps of
refuse should be removed or destmyed \Vhere possnble disused

Ara nnma n nac b P ha d -

to ensure that all service pipes are properly built-in where they
pass through the outside walls, and pipes fixed to the outside of
the building should be protected by a metal collar to prevent
external chmbing  Venulation gnds and arbrnicks should not
have single openings larger than one quarter inch 1n diameter
Doors and windows should fit closely, and projecting wooden

surfaces \\}uch rats could gnaw should bc avoided  External
danee 14kl e

wells should be so constructed that rodents cannot Con!nmmatc
the water
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HYGIENE OF PREMISES AND LAND, FOOD
PROTECTION

Hygiene mn mdustrial premises and at sites of outdoor work,
1 farms and fields and m the home has a wide application 1
countering many types of leptospiral infection In one brozd
aspect, 1t mcludes removing edible refuse and water in drinkeble
quantities from buildings or workmg places, and swabbing floors
and benches with antiseptic, 1f possible Ide et af (1916)
constdered that by dwmsinfecting the ground and by removiag
stagnant water in certamn places 1n coal munes in Japan they had
twice prevented epidemics of Weil's disease

Davidson et a! (1934} mvestigated unhygrensc conditions 1
the cleaning of fish 1 Aberdeen, Scotland, and demonstrated
L icterohaemorrhagiae m floor washings and 1n water contaned
1n tubs under the work tables  From the results of expenymental
work, Davidson and Smuth (1936) recommended that floors,
benches and fish boves should be thoroughly hosed down and
that all debnis should be removed each everung  Half an hour
before work begins 1n the mormng hosing should be repeated,
and the benches etc, washed with 2 solution of sodum hypo-
chlonte Davidson and Smuth found * Chloros’ (a propnetary
preparation of sodiwm hypochlorite) very suitable for this
purpose This pref killed L scterok k am 1310,
1n a dilution of 1/4,000 when 1t contaned 17 2 parts per sllion
of restdual chlonine  The manufacturers recommend its use 1
the strength of two fluid ounces to each gallon of water, giving
1,250 parts per million of available chlorne, this great excess
provides for effective disinfe even in the p of much
protein

Kathe and Engelhardt (1953) found that offal from a fish-
cleaning establishment 1 Germany was dumped on the fields
around the township and greatly encouraged rats They
recommended better hygiene in the disposal of this refuse to
help to reduce the high mcidence of Weil's disease found among
the fish workers In 1948, Molner et af investigated condrttons
n a poultry-dressing establishment 1n Detroit, US 4, where
18 cases of Werl's disease had occurred The premuses were
heavily mfested with rats, and the work tables were incompletely
cleansed of blood and offal at mght-time  Strains of L actero-
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Faemorrhagiae were 1sofated by washing the tables wath saline
1 the morning, but when the tables were swabbed with dilote
hydrochlorse acsd sn the evening the leptospires nese no fonger
detected nett day  In Londen sewers brickwork of the floors
and wolls has been made safer by diverting the stream of
water to one side by 2 dam and washing the brickwork with
antseptics {such as * Chloros') before it 13 chuselled and
removed
In the fields vanous means have been used m addrion 10
those already described for kiling rodents  The destrucuon
of Jeptospires by disinfectant agents has been attempted 1y
appropriate circumstances  Tohyama (1927) appled calgym
cyanamide a3 3 fertilizer to certain of the rice fields i 2 patt of
Japan whete Weil s disease was very common  As a resuly the
madence was much reduced both in companson wath the
adjoining villages and with the same villages m previous Sears
Taylor and Goyle (1931) found that this fertilzer strongly
alkaline and they believed that its effect 15 probably due 10 the
toxic action of 4 polymer of calewm cyanamide (diqang amde
which s always present i the feruhzer  They noted that the
ammona which 15 Iiberated when calewm cyanamids  mxed
ssth water 15 haemful ta most seedlngs but nat 1o ice seeyy
and indeed Tohyama recorded thay the yield of nice way greatl
sncreased by the treatment ¥
Conditions of human mfectsion 1 nce fields 12,
part of the world to another  In Italy Mino (1312 shoneq
that the greatest dinger s due to mvasion of the geomng p,
by mice They build nests among the plants “b"‘"bfﬁmd:;
ground and as a result thev and ther young 2y by
contanunate the plants and water with varniony ettty 7
leptospires  Thas gives nse to 4 situation which t‘u:
counteract  According to Altasa ef ol {1953) Bibwlm luied
T

7Y from g

m attempts ta reduce liptus;;xxra! mfcc,xmni 1 the Ty, -
fields by using calerurn hypochlonte salts of cog

of p}lby In t;t;w prorace of Casteltén 1 Sp:&wﬂ:h?“&e
showed that the danger duting hamvest was due ty !bcﬁc: al.
the ground was dry st that season and that rige .t at
contaminated by the urnc of rats which came mm&w;""
the early morming from the surrounding canat beg oy IR
infection conld be counteracted by cementing the &y 53::;
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and by allowing the fields to remain flooded untl harvesting
was over

Johnson (1939, 1950) stated that burming the dry leaves at
the base of sugar canes immediately before they are cut has
been found effective 1n reducing infection of cane cutters i
low Iving districts of North Queensland, Australiz  The
infections are mamnly caused by ether L austrahs A or
L australis B carned by Rattus conatus and to a lesser extent
by R rattus ‘The burming has no 1ll effects on the cane and it
drtves out the rats evaporates rat urine and small accumulatrons
of surface water and removes the Jeaves and ‘ trash ~ According
to Dohertv et al (1956) the followmng provisions for the
prevention of leptospirosis 1n North Q land are laid dowr
mm ‘The Rat Prevention and Destruction Regulations’ of
1942

1 Cutters are encouraged (but cannot be compelled) to weat
protective clothing especially adeq boots This rreasure 13 not
popular with cutters and few would receive any protection agamnst
leptosparosis from therr clothing
2 Farmers are compelled to keep all garbage and waste m such 2

way that 1t does not furnish food for rats or bandicoots They are
also pelled to keep down und h and grass that may provide
rat harbourage

3 Canefields are mnspected before cutting A block that 15 con
sidered to carry a msk of leptospirosss, erther by the extent of fat
damage or due to the ground conditions (in the words of the Act
“ where such field 1s low lymg badly dramned or wet ) 1s thd
under 2 Health Order  This Order forbids cutting until the cane
has been effectively burnt  The criterz of an effecttve burn 28 set
out n the Act are that the canc should be burnt ‘ so as to remose
or effectively mitigate to the satisfaction of an Inspector the hazards
which have anisen or are likely to atise from rats mice or bandicoot

1nfestation

Sawers (1938) noted that the heat generated by burmng the
¢ trash * did not appreciably penetrate into the sotl, although 1t
was sufficzent to destroy leptospires on the cane and the surface
of the ground This 1s an 1mportant fact because Smuth z!;g
Self (1955) showed expenmentally that L australis A cou
survive for some weeks 1n artificrally infected soil and that the
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feptospires wese washed out when the soil was flooded with
ran water  These findings may esplan why came cutters
frequently become infected when heavy ram has followed
cifectve burning

For the infections which oceur duning the harvesting of
vatious other craps some means of prophylavs bhas yet to be
found. Litzaer and Haho (1950) and Popp (1930) descerbed
an explosive outbreak of wfection by L grppoty phosa among
pea harvesters  Simlacly, Hermanasen (1954) reported that
1952 1 Schleswig-Holstem, three hundred people were infected
by the same serotype while picking peas dunng August or
gathenng cabbages dunpg October and Novembes  These
outbreaks were caused by contzmination of the plants by the
urme of very large numbers of Microtus arcals  With rare
exceptions, the patents had haadled the plants while they were
sosked with dew, and 1t was believed that the voles had
contamunated the planis m the early hours of the morming
Nerther bursing por the use of antiseptics on vh= 1or
on the plants would be apmbir-* but
if hatveston~ paants
and kil o epues, wntections might be
reduced «susting must be done by hand, leather gloves
would provide good protection and probably cause very little
hundrance wn the work of gathering the vegetables

In farm yards and budldings where ammals are kept, hygrerue
conditions are necessary 33 well a3 wolation of wmsls known
to be exceeting leptosprres  In Austraha, Istacl and the U S A,
L pamona and L grippotyphose have been found capable of
infecting large numbers of cattle and of spreadng within 3
herd of cattle, or from pigs to cattle or man  In New Zealand,
Kurschuer o1 al. (3952) recerded the case of a boy aged nine
who was s the habst of watking barefoot about a farmyard
where there were infected cows

In alt premueses where food 1s kepe, protection from con.
taminatton by animals, especually rodents, 1s an obrious part of
the prevention of leptospirosss  In addimon to the nsk of
human ifection by the almentary tract, which 15 not 2 high
probability, there 1s danger sn handbing contamnated food and
food contarners,
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after 1t was contammnated In Switzerland, Gsell reported 3
great reduction 1 inadence when swineherds regularly wore
waterproof boots Walking barefoot should be avoded tn all
farmyards, and on the muddy banks of ponds and streams

In some types of work or for economic reasons protective
boots cannot be supplied to the large numbers of people at
nisk This 1s the case 1 the tropics generally, and n the lurge
numbers of workers 1n the flooded rice fields of north Italy
(Babudiers, Bussinello, Bajoccht, Salvi and Massa, 1955} The
protective covermng of hands and forearms 1s not usually
practicable for people working 1n wet conditions  Thick rubber
or leather gauntlets impede work, make the hands hot, and
there 1s the further danger that infective matertal may get mto
the glove by the open end or through punctures If ths
happens the chance of mfection may be even 1ncreased because
the material may be kept i close contact with moist skin.
T eather gloves might be useful mn some field work where
conditions are relatively dry  For instance, pea gathenng i
the fields nught be made safer in this way although gloves would
be a greater hindrance when stripping the peas from the po

In the case of mfected dogs 1 the house 1t should be possible
to avord contact with infective urme if mopping up 1§ done
with large cloths soaked with disnfectant In kennels and
farm premises protective or working clothes should be removed
after work, and hands and forearms washed

The use of barrier creams, impregnated with a compound
which slowly gives off chlorme in contact with water, would
i theory provide an addittopal safeguard m many of these
situations  Unfortunately, the results of the few expenuments
made by Broom (1951 a) did not indicate that such prepard
tions provide any protection agamnst leptospirosis  Howeven
exhaustive tnials were not carried out, and more eYiensive
mvestigations mught bring to Iight an effective compound

WARNING DOCTORS OF THE RISK OF INFEC'I:XON
IN CERTAIN OCCUPATIONS, AND VISITING
MEN ABSENT FROM WORK

en give each employee

In I ondon many employers of sewer mi
it or when

a card which the man 13 requested to show to lts doct
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he first becomes a sewer man and whenever he needs medical
attention  The card warns the doctor of the nsk of infection
by L h. outlines the symp and signs of
the disease and names a hospital pathologist who wall be willing
to do relevant tests and to consult with the doctor if required

This plan has produced useful collaboration and has not been
resented to a noticeable degree by general practitioners In
addition, some employers send a rep ¢ to an employee"

house 2s soon as any 1illness 1s notified to make sure that a
doctor 1s 1n attendance and has seen the card

IMMUNIZATION PASSIVE BY SFRUM OR
ACTIVF BY VACCINF

Passve

When 1t 1s thought probable that mfecuon by L tctero-
haemarrhagrae has occurred
would seem to be a reasonable precaunon on several days of
the possible 1ncubation period  We are not aware that this
has been done in the field, and an alternative or additional
treatment might be the prophvlactic use of oral Pemalln V,
as will be mentioned later

Active

A safe and effective vaceine agamnst Werl s disease 1n human
beings has been sought since the causative orgamsm was first
found, but efforts have not been successful so far 1In this
section only the methods of making vacemes for human use,
and the immumization of experimental ammals on which the
methods are based will be described

In the early expersments difficulties arose because, if the
vaceine were guven subcutaneously, inconvemently large volumes
were necessaty to produce effecuve immunity, as judged by
the presence of protective antibodies 1n the serum  The vaccine
had to be injected intravenously or intramuscularly 1f smaller
quantities were to be used, and by any route of injection
undesirable general reactions were hable to occur

Idoetal (1916) showed that gumeapxgs could be immunized
by kagiae Yalled by
phenel and also that mjemons of 05, 10 and 20 m! of
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L scterokaemorrhagice when they are treated with nonvirulent
hving vaccmnes, or with formal d, heat-ifled, phenolized
and  Dettolized * suspensions of virulent cultures  Vacemation
with homologous strams of L scterohaemorrhagiae gave better
mmmunity than with heterologous serotypes such as L hebdomadss
or L autumnalis  He found that immune bodies were demon
strable in the serum of guineapigs vaccmated with L sctero-
haemorrhagiae, and 2 lyuc titre of 1/6 scemed to ndicate that
i protectrve bod were present Sputh alo
employed Lilled vaccines from nonvirulent and virulent strams
of L 1cterohaemorrhagiae m experiments on human volunteers
The vaccnes grven subcutaneously 1n doses of 1 and 2 m)
caused little local reaction and no general disturbance, but the
amount of antibody response was disappomntingly small
Esseveld (1937) reported that leptospires killed by heat, and
even by botling, produced antibodies mn rabbits as effectively 2
lving leptospires  Human besngs were actively immunized by
means of virulent strains of L scterohaemorrhagiae klled by
heating to 70°C for balf an hour on two successive days
Subcutaneous injection of 2 ml followed by 3,ml of this
vaccine produced antibodies to titres up to 1/300  Intravenous
ingectton of 3 ml foll the sub y or
following an intravenous injection of 1 ml, rased the titre 10
1/1,000 or higher Fsseveld noted that 1t would be necessaty
to determime how long these antibodies persisted
Borg-Petersen wnd Errebo hnudsen (1953) reported from
Denmark the results of vacctnating 30 volunteers, manly sener
workers They used a concentrated suspenston of virufent
L scterohaemorriagrae killed by twice bewng heated to 70°C for
half an hour Three sut 1 produced 2n
agglutination-lysis titre of 1/100 mn the serum of two men, but
one year later the reactions had become negative Twenty-eight
men were d by 2 or 3 ( [ly 4 or 5) mntravenous
mjections , 15 of the men had troublesome generslized chmeal
effects after at Jeast one or other of the njections, and 6 were
unfit for work for one to several days
The antibody resp to 1nts was E‘”;‘d
especially when a stimulating dose was given a year after the
first mjections In those who receved only the two basn:
injectrons, agglutinin tures of 1/10 to 1/100 were stilf preses




PREVENTION AND PERSONAL PROPHYLAXIS 223

three years later 1n 6 out of 9 persons, and the sera of 3 pro
tected guineapigs against mfection  In the group which recerved
the 2dd 1 1: 1 agglutinins of the same
order were demonstrable three years later in 12 out of 13, and
the sera of 8 contained protective antibodies The authors
concluded that although the vaccine was shown to be effective
the severe clinical reactions were too frequent to warrant its
general use

By contrast Babudien et ol (1955) constdered that they
obtamned a high degree of protection by subcutaneous imjection
of a mixed vaccine of L scterohaemorrhagiae and L batavsae
In prepanng the vaccine, the orgamsms were killed by the
addition of 03 per cent formahn, and were sedimented by
centrifugation  To remove all traces of serum which might
produce allergec reactions, the sediment was washed twice and
resuspended 1n formol saline to one-tenth the ongmal volume
of culture The vaccine was then made by mixing 2 volumes of
L scterohaemorrhagiae suspension with 1 of L batamae, and
was adminustered 1n doses of 1 ml The subjects of the
expeniment were 303 women, all of whom were starting work
1n the Italian nice fields and so had had no opportunity of bemng
snfected previously About half recerved a single dose of
vacaine, and the remander were given a second dose one week
after the first The formaln 1n the vaceme caused a stinging
sensation which soon passed off, but otherwise there were no
reactions esther local or general  Agglutination tests made on
sera of 85 of the women showed wide varations 1n the response
o 1acanation, but not one of the 303 vaccinated persons
developed leptospirosis during the year 1854 In 4 control
group of 202, also newcomers to the rice fields, there were
116 cases during the same pertod A L 1cterohaemorrhagiae
vaccne prepared by the same method was used by Altava,
Barrera, Vitlalonga, Gil, Marin and Babudien: (1955) 1n Spain
10 inocutate 72 nicefield workers whose blood contained no
antibodies  During the next harvest seacon no cases of Weil's
disease occurred among these workers, whereas there were 3
€ases among a control group of 79 unvaccnated negatnve
Teattors, and a further 13 among 1,000 other unvaccrnated
workers whose agglutination reactions had not been tested
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PROPHYLACTIC USE OF PENICILLIN V

It has been suggested above that Pemicillin V might be gen
orally to workers such as sewer men who are exposed to
leptospiral infection when they suffer cuts or abrasions The
same treatment might be given on the first day of suspicious
illnesses to workers (such as ricefield workers and pig farmers)
m districts where the disease 13 common  The course might
consst of 1,000,000 umts daly for ten days, given 1n 3 doses
of 200,000 umts during the day and a single dose of 406,000
units 1 the evening

The failure of a short course of pemcillin to prevent the
disease was reported by Broom and Nornis (1957) A lzboratory
worker whose foot was pricked by a contaminated synnge was
given during three days a total of 6 million umts of pentcilin
by mouth, the first dose being taken within an hour of the
accident  On the tenth day however he fell 1ll, and the diagnoss
was confirmed by 1solating the infecting stram by blood culture
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When considering any legal question relating to the admmus-
tration of law in ngland 1t 15 always important to remember
that, unlike many Contmnental Countries Enghish law has never
been codified It springs from two principal sources  Statute
Law and Common Law

Statute Law 15 the law laid down 1n Acts of Parliament and
also Regulations made under powers given by any particular
Act of Parliament  One Act of Parliament can repeal another
earlier one 1n whole or 1n part Thus a constant change 15
taking place the whole time 1n Statute Law 1n an effort to heep
1t abreast of modern thought and necessity

Common Law 15 the traditional law of the Country which
18 to be found explaned and loped, 1n the judg of
the Judges 1n the Courts, and which has the same force as
Statute Law  These judgments are to be found n the vanous
Law Reports As a Judge 13 obliged to follow the eathier
decision of 2 Court superior to lus, and tends to follow so far
as possible the earlier decsions of Judges of equal rank to
himself, such judgments are frequently the law applied 1n a
Particular case  The highest legal tnbunal is the House of
Lords and once a decision on a matter of law 1s given 1n that
place, then that decision remamns the law unless the law 1s
subsequently altered by an Act of Parliament

The difference between Statute Law and Common Law wall
be appreciated i the remainder of this Chapter where 1n some

Q 223
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parts of the Chapter reference 15 made to various Acts of
Parliament and Regulations, and 1n other parts of the Chapter
reference 1s made to the Judgments in a number of cases

The legal consequences 1n Great Britains of the contraction
of leptospiral diseases depend on the circumstances 1n which
and the place where the disease was contracted This, m each
case, must be a question of fact deaided by ewidence In
dectding this questton a Court or Trbunal upon whom the
decrston rests will attach great importance to the expert opinions
of medical specalists with expenience 1n diagnosing and treating
such diseases

If a person contracts such a disease 1n his own house ar m
circumstances where no blame can be placed upon another
person then clearly no hability can be attached to anvone If
however, such disease 15 contracted by z person upon the
premrses of another then different considerations will arise, as
this Chapter will seek to show

The most important manner of contraction to consider 1s that
which takes place ¢ by reason of the nature of his employment’
(to use the words of the old Workmen’s Compensation Acts)
Under the Workmen’s Compensation Act 1925, certain diseases,
set out 1n a schedule to the Act, were held to entitle the sufferer
to weekly payments (or a lump sum to his dependants 1n the
case of death) where ‘ the disease 15 due to the nature of any
employment 1n which the workman was employed at any tume
within the twelve months previous to the date of the disable-
ment® Leptospiral diseases were not mcluded 1n the onginal
schedule  The schedule was added to from tume to tirae and
1t was not until 1040 that by the Workmen’s Compensation
(Industrial Diseases) Order 1940 (SR & O 1940 No 221),
¢ Infection by Levtaspira icterohaemorrhagiae * was added under
rather special conditrons to which it 1s not now necessary to
refer 2s the Workmen’s Compensation Acts ceased to apply to
cases ansing after 5th July 1948

The hzbility for maling such payments in respect of diseases
contracted by reason of the nature of the employment, and
anising after 5th July 1948, has been taken over by the Mnstry
of Nattonal Insurance, and 1s part of the benefit derved from
the payment made by the employer and the employee in respect
of the weehly msurance stamp required to be affixed to the
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emplovee’s card By section 55 of the National Insurance
(Industnal Injumes) Act 1946, such an Insured Person 1s
msured agunst any prescnbed discase which 1s due to the
nature of his occupation I he contracts such disease he, or
lis dependants if he dies, are enttled to the payments or
benefits laid down by the Act By the National Insurance
(Industrial Injunes) (Prescribed Diseases) Regulations 1048
(S1 1948 No 1371) the diseases and the nature of the
occupations are listed and the Insured Person 1s entitled to
benefit if he contracts such disease by rezson of such occupation
Thus hist 1acludes * mf by Leptosp b h 4
and the nature of the occupation 1s set out as ‘ work 1n rat-
infested places’  * For removal of doubt ” the disease 1s deemed,
unless the contrary 13 proved, to be due to the employment, 1f
the insured person was employed n the listed occupation on
the dav he developed the disease or within a month of that
day

The Acts of Parhament and the Statutory Regulation and
Instrument referred to above are the only ones 1n which direct
reference 1 made to 1 d My has
been drawn to the Rat Prevention and Destruction Regulations
of 1942 made 1n Australia (p 214) These Regulations lay
down procedures which have to be adopted 1n regard to the
cutting of sugar cane and the precautions to be taken by those
engaged 1n such occupation  The object of these Regulations
18 to mnimuse, so far as possible, the contraction of leptospiral
diseases  Clearly similar Regulations would never be made in
Great Britain since sugar cane 1s not grown here, but there 1s
power at any time to make Regulations setting out steps which
must be taken to munimise the nsk of the contraction of lepto-
spiral diseases 1n any tndustry or dustries ¢ g, fish gutting,
where there 15 a known risk of such contraction

1 prral inf and the d of rats are nowhere
mentioned 1n the Factories Acts, though these Acts cover a
multitude of nsks incidental to work 1n factories It 1s relevant
%o notice that by section 60 of the Factories Act 1937, medical
practitioners attending to or called mn to visit 2 patient whom
they believe to be suffering from any one of a number of discases
contracted m a factory are obliged to notify the Chief Inspector
of Factones of any case of any of the diseases referred to 1n
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that Section or the Orders subsequently made adding further
diseases to the hist of those which are notifiable The word
‘factory’ has a very wide defimtion and would include
e & afish gutting establishment or a place where food processtg
wis carried on  Leptospiral infection 15 not one of the drseases
of which notification must be given m England, but at any time
by Order made by the Mister of Labour, leptospiral mfecuon
can be added to the list of diseases which medical practittoners
have to notify  In the same way the Agriculture (Safety, Health
and Welfare Provisions) Act 1956 gives to the Munsster of
Agriculture power to make Regulations compelling employers
of agricultural workers to keep records of the occurrence of
particular diseases amongst their employees and to give notifica
tion of the contraction of such diseases It may be that when
further Regulations come to be made, leptospiral diseases will be
one of the diseases which have to be recorded and notfied

The obligations of an employer to his employees 1s not
confined to the carrying out by the employer of the provisions
of any Acts of Parhament or Statutory Regulations relanng to
the employment The Common Law mposes upon hun duties
which have been defined by the Courts on countless oceastons
In 1891 Lord Herschell then sitting 1n the House of Lords
said * It 1 quite clear that the contract between employer and
employed mvolves on the part of the former the duty of taking
reasonable care to provide proper appliances, and to mamntam
them 1n 2 proper condition and so to carrv on lus operations :’15
not to subject those employed by hmm to ry msk '
Though that defimtion was laid down by him as long ago 25
1891 1t 15 stidl an accurate summary of the law to day and has
been expressly repeated and approved on many recent occastons
1 the House of Lords and other Courts

The difficulty of applying the Common Law to any particular
case varres from case to case and each must depend upon s
The first fact to which the Coust would attach
he degree of nsk m the partscolar
loyer of persons working 1n sewers

parmcular facts
the greatest ymportance 1s tl

ploy hus an employ
would undoubtedly be held 1o have a much higher obligation
upon him than an employer of persons whose employment Was

s Smuth v Baker & Sons (1891 A C 325atp 362}
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unlikely to bring them into places where rats were found This
degree of hability was described in the words of Lord Macmillan
1n the House of Lords 1n 1946 as follows *'The sound view,
10 my opsnion, 1s that the law 1n all cases exacts a degree of care
commensurate with the nisk created **

‘The next fact the Court would consider would be the steps
which the employer had taken to mtmmise that nsk, always
considening the degree of risk referred to above In a case
where the risk was constderable the Court would hold that
considerable steps must be taken to munimise the nsk so far as
practicable  In cases of claims m respect of leptospiral infection
the first question to be considered would necessanly be what
steps had the employer taken to reduce and keep down, so far
as possible, the rat population in the place of employment
Thereafter the tests which I have found applied in cases con-
cerning sewer workers who have contracted leptospiral diseases,
or their dependants 1n death cases agree with those set out 1n
the paragraph * Hygiene of Human Indwiduals’ of Chapter
XIV I would only add that 1n my opimon a Court would
further require an employer to give full warning to his employee
of the nature of the nisk involved and instructron 1n the pre-
cautionary measures to be taken and to see that such measures
are carned out  Thus last requirement was set out by Lord
Justice Denning < He (the emplover) must set m force a
preper system by which they (the employees) use the appliances
and take the necessary precautions, and he must sce that they
adhercto1t  He must remember that men doing a routine task
are often heedless of their own safety and my become slack
about taking precauttons *

In the event of 2 particular employer falling short of the
standard of care required in the circumstances of any particular
case he would be held hable to pay damages to his employee or
to the dependants if death had resulted  When 1t 1s remembered
that such damages awarded at the present time to the widow
and dependants of a deceased man frequently amount to sums
1 the regron of £4,000 the financial consequences of a fatlure
to fulfil the standard required may be considerable  Such sum
18 awarded without regard ta any payment or benefit which the

!Readv ¥ Lyons & Co Ltd (1947 AC 156 np 113)
Y Cifford ¥ Charles H Challen & Son Ltd (19511 KB 433 atp 497)
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widow has received under the National Insurance (Inductnal
Injuries) Act 1946  But in the case where death has not
occurred one half of the value of such payment or benefit for
a maumum of five years 1s taken into account 1n assessing any
damages due for loss of earnings or profit 1n respect of the
claim?  The 1importance of this last provision 1s seen when it
1s realized that the contraction of a leptospiral disease at work
may result 1n two clams by the sufferer; one agamst the
National Insurance Fund and one agamst lus employer

This hability may well fall upon an employer who was
1gnorant of the risk to his employees of working 1n places where
dhisease carrying antmals eosted The Common Law does not
necessarily accept 1gnorance as an excuse, and adopts the test
of what a *reasonable man’ should have known This test
was defined bv Lord Macmullan 1n the House of Lords

* Legal lrability 1s hmzted to those consequences of our acts which
a reasonable man of ordimary intelligence and expenence so acting
would have 1 contemplation The standard of foresight of the
reasonable man 13, m one sense, an 1mpersonal test It eliminates
the personal equation and 1s 1ndependent of the 1diosyncrasies of the
particular person whose conduct 15 1n question Some persons are
by nature unduly timorous and mmagine every path beset with lions
Others, of more robust temperament, fail to foresee or nonchalantly
disregard even the most obvious dangers The reasonzble man i
presumed to be free both from over apprehension and from
over-confidence, but there 1s 2 sense 1n which the standard of care
of the reasonable man msolves 1 1ts 2pplication a subjectve element.
Tt 15 still left to the Judge to decide what, i the crrcumstances of the
particular case, the reasonable man would have had m contemplation,
and what accordingly the party sought to be made lable ought to
have foreseen ’ %

There are further legal circumstances under which a persot
who contracts a leptosprral nfection may have a valid clam
against another The Common Law has for a long tme
recognized that those who go upon the land or premises
occupied by another upon the tvitation or with the permssion
of that other have a duty owed to them The duty owed to
such persons was defined as long ago as 1866 by Mr Justice

1 Law Reform (Personal Injunes) Act 1948
1 Glasgow Corporation v Murr (1943 AC 48 atp 457)
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Willes  * He [the person mvited} 1 according 1o an undoubted
course of authonty and praciice enutled to the exercise of
reasanable care by the oceupret to prevent damage from unusual
danger of which the occupter knaws or ought to know * That
definition 13 certanly good law to day and has been frequently
approved by the Courts since 1868  Nowadays the defition
can propetly be said 1o define the duty awed by the ocenmers
of land or prermses to all those coming on therr land ot
premuses other than trespassets ' hat then would be the
legal consequences 1f for example a person were to go to an
open atr swimmung bath arufinally constructed or on the banks
of anver and in the banks or surroundings of which rats hived
and by reason of that fact thar person contracted a leptospial
mfectson while upon those premuses?  The danrger would
centamly be an unusual one in the legal sense namely that
it was unexpected D d the occuprer know or ought he to have
known? This must be a questton of fact 1 each case to be
decded on the evidence avartable  If he knew of the presence
of zats he would probably still be hible since the association of
rats with disease 1n geneval 1s common knowledge It 15 only
when the Courts are considering the guestion of whether or ot
an occuprer who did not know of the unusual danger ought o
have known that difficult questions ance  The standard lad
down 15 that of the reasonable man  referred to earher, but
the complete answer to this questian if complete answer there
<an be s more su table to feyal text books than the present
work  QOne thing s quite cleas and that s that persons who are
the occrprers of land or premuses where rats Ine may welt find
themselves legally hable to anyone except tresp.ssers who
contract leptosprral disease as a result of commng 1nto contact
with the necessary orgamsm upon land or premises unless such
otcumer has tahen rensonable steps to prevent such danger  In
the case of the unusual danger of contracting leptospiral
diseases the reasonable steps required would undoubtedly
welude the destruction of rats  The fuability 1s one 10 pay such
person ar fus dependants 1f hie 18 dead damages which mav
el be considerable

Cn 6th June 1807 the Occupiers Luabilty Act tecened the

[

* Indirmirur v Dames (IS LRICY 278 st p °87Y
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Royal Assent and will come 1nto force on lst January 1053
This Act lays down a new duty on occupaers of premises towards
visitors on therr premuses, * The common duty of care’ It
further states that this new duty shall be *m place of the rules
of Common Law’, whuch T have outlined above so far as I
consider they are relevant to the legal questions with which
this Chapter deals However, 1n my view, the broad legal
principles upon which habihty may well be held to rest on
occupters of premuses (including vessels, vehicles and arrcraft)
1n respect of leptospiral infections contracted on their premses
will be very sumilar to those which I have already mdicated
The legal i of the of leptosp:
diseases lie entirely 1n the realm of civil law  No breach of
Criminal Law 1s involved if through the negligence or otherwse
of ane person, another person contracts such a disease  There
15 one Act which does deal with rats and their destruction,
though leptospiral diseases are nowhere mentioned  The Rats
and Mice (Destruction) Act was passed m 1919  No doubt
one of the main objects 1n view when the Act was passed was
to prevent, or at least mintmise, the spreading and carrying of
diseases by rats and mce The Act lays down that ‘ Any
person who shall fail to take such steps as may from time to
time be necessary and r bly p ble for the destruction
of rats and muce on or m any land of which he 1s the occupter,
or for preventing such land from becoming infested with rats
and mice’ shall be liable to a fine not exceeding five pounds
The Act also gives local authorities power to serve notices on
occuprers (including masters of ships) to take steps to destray
the rats and muce (and mn the case of masters of ships to prevent
their escape) If the occupier fails to do so after the nonce 8
served on hin then he 1s Lable to a fine not exceeding twenty
pounds and the local authomty can enter on his land or
premises, carry out the destruction themselves and recoser
from the occupuer the cost of so domg  The Act has certamly
been used on many Occasions to serve notices On occuplers th'
get nd of rats and mice, and steps are taken by ‘h:l ]dm
authonity to see that their notices are comphed with, mcluding
n appropriate cases prosecutions for farlure to comply £ rxts
The legal posttion therefore remamns that the presence o 12
on property occupied by an mdsvidual whether that property 1s
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2 house, a factory, land or a ship may result 1 ks having a
notice served on him under the above Act and his possible
convicnion and fine for a breach of the Act  The consequences
n Cinl Law of the presence of rats may mean that 2 thurd party
contracts leptospieal disease and the occuprer, 2s the person
responaible tn law on the basis set out m this Chapter, may
well find himself hable to pay that third party or hus dependants,
if he 18 dead, damages 1 money, which damages may well be
heavy, and of the contraction took place to an snsured person
wotking in a rat-infested place the Mmtstry of Natwonal
Insurance will have to make money payments






CHAPTER XVI
PIGS : CATTLE : SHEEP : GOATS : HORSES
PIGS

‘ L pomona

L pomona was 1solated from pigs slaughtered m Austraha
(Johnson, 1039, 1950, Wellington, Stevenson and Ferns, 1951)
and from pigs 1n Batavia by Mochtar (1940) and Collier (1948 b)
Widespread infection of pigs has been detected 1n Switzerland
(Gsell and Rimpau, 1944¢a) and 1n the USA (Bohl and
Ferguson, 1952) The 1nfection of pigs has been found in
several other countries 1n Europe and 1n other continents, as
i Italy (Babudien, 1949 b), France (holochine-Erber and
Collombaer, 1950), Germany (Mitscherhch quoted by Gsell,
1952) and New Zealand (Kirschner et af, 1952) In Argentina
the serotype was discovered 1 pigs by Savino and Rennella
(1044) who first named 1t L suzs but later (1949 a) 1dentified
itas L pomona

Expermental infection of pigs has been studied i many
countnes  Schmid and Giovanella (1947) infected a pig by
rubbing a culture of L pomona over its snout The anmal
showed no stgns of illness, but leptospires appeared tn the urne
on the fourteenth day When they infected 6 other pigs, 3
developed a moderate degree of fever with comunctivitis and
lack of appetite, 1 showed constderable weakness of the hind
limbs and another had neck stffness for a considerable time

Burnstein and Baker (1954) studied pigs killed at various
times up to 20 weeks after inoculation with L pomona Of
7 pigs killed during the febrle period, no gross changes were
found 1n 4, the other 3 showed scattered petechial hacmor-
thages m the lungs, and the Iners of 2 were pale, sightly
mottled and friable In ammals killed 3 or more weeks after
mnfection the only lesions noted were in the kidneys which
showed white spots of varied shapes and sizes on the exteror.
As they developed, these white areas appeared as depressions

237
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extending into the medulla, and the capsule overlying them was
difficult to stnp  After longer tervals the kidneys showed
scarnng, became shrunken, and bands of fibrous tissue were
seen on the surface and extending mnto the parenchyma

When 4 pregnant sows were nfected expenmentally by
Ryley and Stmmons (1954), 3 aborted 3 to 4 weeks before
full term, and the other farrowed a week before the expected
ume  Of the 37 piglets which they produced, 34 were either
born dead or died a few minutes after birth A number of the
foetuses were decomposed when expelled, mdicating that they
had died several days before burth, and leptospires were not
1solated 1n cultures from them Many of the piglets that died
at or Just after birth showed focal necrosis of the liver, and
leptospires were 1solated from 12

Ferguson and Powers (1956) infected sows by the conjunctival
and tntranasal routes at different stages of pregnancy They
found that infection 1n the first and third months seemed to
have little effect on reproduction, while none of the three gilts
exposed during the second month produced a normal htter
Infection produced mtravaginally simmedsately after maung did
not disturb pregnancy

The epizootology of L pomona infection of pigs was
evtensively studied by Gsell {1952) and his collaborators 1n
Switzerland ‘They found that the serum of 59 per cent of
193 pigs slaughtered 1 vanous parts of Switzerland agglutinated
L pomona 1o 1{100 or higher, and 27 per cent to higher than
1/800 Tt appears that chronic leptosprrura 1s 2 more common
sequel of porcine than bovine, avine, equine or human nfection
by L pomona (Borg Petersen and Fennestad, 1956b) The
danger of conjunctival infection by the splashing of urine 1nto
the eyes of farm ammals, and of intranasal infection by smffing
and grouting 1s emphasized by several workers

Schrud and Giovanella (1947) showed that young pigs were
mfected by association with an older pig which was excreting
leptospires in the urine, and the young ones showed leptospiruria
after 12 days’ contact Leptospires have been recovered from
piglets born of experimentally mfected sows as mentioned above,
and 1 the U S A, Bryan, Rhoades and Willigan (1953) found
them also 1n the tssues of aborted foetuses In addstion,
infection of 4 out of 4 pigs by contact with expenmentally
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mfected calves was demonstrated by Morter and Morse (1956)
In Denmark, Borg-Petersen and Fennestad (1956 b) found
L pomona in 3 out of 14 striped field mice (Apodemus agrarius)
which occur 1 Denmark only on the slands of Lolland and
Falster ‘The serum of 5 out of 153 pigs from these islands

1 d L pomona ficantly whereas pig sera from
elsewhere 1n the country were negative ‘They believed there-
fore that the striped field mouse was the principal carnier of
L pomona 1 Denmark

TasLe XXVIIT

SYMPTOMS ATTRIBUTED TO LEPTOSPIROSIS IN
54 HERDS OF PIGS 1952 54
(after Bryan 1955 2)

Per Cent
Abortion 85
Reduced mulk 7
cver 22
Haemoglobinuria 1
sermia 9
Jaund ce 13

In many countries pigs appear to suffer lhittle chinical dis-
turbance from infection, but evidence 1s accumulating that this
15 not always the case  Gochenour, Johnston, Yager and
Gochenour (1952) beheved that infection of suckling pigs
resulted 1n general unthnf and lowered to other
diseases, such as hog cholera  Abortion and infected foetuses
were foundinthe U S A by Bryanetal (1853) Bryan (19552)
found in Ilinois that infection of pigs was present n threes
quarters of the Counties of the State, m 23 per cent of the
herds that were examined and 1n 185 per cent of the pigs
tested  The percentage of herds showing symptoms attributable
to infection are given in Table ANVIIT  High rates of abortion
1 anfected herds were also recorded by Bohl, Pawers and
Ferguson (1954) and Powers, Bohl and Ferguson {1956)

L hyor
{8yn L s Johnson)
L k305 has been found to be the cause of mild or mnapparent
snfection of pigs 1n a similar way to L. pomona and often m
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the same countries, but 1t 1s not so widespread as L pomona in
the areas affected Its presence was described i prgs n
Australia by Johnsen (1942, 1950) and Wellington et af (1951),
in Switzerland by Gsell and Wiesmann (1948}, 10 Argentma by
Savino and Rennella (1944) and i the Belgian Congo by
van Riel and van Riel (1954)

L 1cterohaemorrhagiae

Small outbreaks or single cases of infection of pigs due to
L cteroh hagiae, ck 1zed by dice and a farly
high mortality, were reported from the Netherlands (Klarenbeek
and Winsser, 1937), England (Field and Sellers, 1951) Scotland
{Nisbet, 1951), Ireland (Power, 1951), the US A (Boh! and
Ferguson, 1952) and Denmark (Fennestad, 1956) A heawily
endemic state of infection of pigs by this serotype was found
m Western Samoz by Johnson (1943), and Collier (1948 b)
found gical evid of nf n Batavia

Affected ammals show signs of mappetence and fever for a
day or two before jaundice develops, and a few days later they
become prostrate and die soon afterwards Al the organs are

d, and petechial haemorrhages may be found
1n the lung, intestinal walls, and retroperitoneal tissue  Micro-
scopically, many of the liver cells are necrotic, in the kidneys,
the tubules are extensively damaged, but most of the glomerult
only show thickening of Bowman's capsule

L canicola

L camcola was 1solated from the unne of pigs dunng an
investigation 1nto human cases of canicola fever mn the US A
(Williams et al, 1953) Seiler et al (1956), 1 Scotland, found
sigmificant agglutiins for L cantcola 1n sera from 46 out of
76 pigs i a piggery where human cases of camcola fever had
occurred  They believed it likely that the infection had reached
the piggery from a dog (which was not traced) and then passed
from pig to pig  They stated that no marked symptoms of
disease were observed 1n the pigs but that leptospires were seen
n the urne

An eptdemic 1n Isracl among young pigs about four months
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old was reported by van der Hoeden (1956) The animals
showed fever, anorevia, b and 1
These ammals were also infected with Salmomlla cholerae-sus
as were the young pigs infected by L pomona recorded by
Gochenour, Johnston ef al (1952) van der Hoeden killed one
of the pigs and etamined the kidneys He found petechial
haemorrhages in the cortex, chronic nterstitial nephntts,
degeneration of the epithelial cells of the tubules, 2nd infiltration
of the glomeruli  The part played by the leptospires 1n these
outbreaks 13 difficult to assess, on account of the double
infection

OTHER SEROTYPES

Serological evidence has been recorded of infection of pigs
by L autumnahs and L pyrogenes in Batavia (Collter, 1948 b)
by L batawiae, L gnppotyphosa L porand L sgroe in Denmark
(Fennestad, 1956), and by L ballum 1n Czechoslovakia (Kmety
et al, 1056)

CATTLE
L gnppotyphosa

Nikolajev (1946) stated that L grippotyphosa was the cause
of epizootics n cattle 1n the US SR, and at about the same
time the disease was intensively investigated tn Israel where 1t
affects mainly adult cons  When the causative organisms were
first 1solated 1n Israel Bernkopf (1946) thought they represented
a new serotype for which the name L botss was suggested by
Btesh (1947)  Later 1t was agreed that L bozs 1s a svnonym of
L gnippoty phosa

Clinically, Freund {1847} recogmzed three forms of the
disease  One 1s a peracute form which occurs duning pregnancy
or when the ammals are suffering from another acute infection
In this form the onset 1s sudden with high fever, the unne
becomes black, and the mucous membranes are deeply jaundiced,,
general stasis of the digestive system 1s pronounced , the unne
contains albumn, haemoglobm, and bile pigments i large
amounts  Bleod urea 15 high in the termmal stages, and death

usually ensues n thiee to seven davs  Gayor (1935) who
3
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the same countries, but 1t 1s not so widespread as L pomona
the areas affected Its presence was descnbed m pigs m
Australia by Johnson (1942, 1950) and Wellington e al (1951),
i Switzerland by Gsell and Wiesmann (1948), 1n Argentma by
Savino and Rennella (1944) and 1n the Belgian Congo by
van Riel and van Riel (1954)

L scterohaemorrhagiae

Small outbreaks or single cases of infection of prgs due to
L 1cterohaemorrhagiae, charactenzed by jaundice and a fauly
Tigh mortality, were reported from the Netherlands (Klarenbeek
and Winsser, 1937), England (Field and Sellers, 1951}, Scotland
(Nisbet, 1951), Ireland (Power, 1951), the US A (Bohl and
Ferguson, 1952) and Denmark (Fennestad, 1956) A heavily
endemic state of infection of pigs by this serotype was found
i Western Samoa by Johnson (1943), and Collier (1948 b)
found serological evidence of infection 1n Batavia

Affected ammals show signs of mnappetence and fever for a
day or two before jaundice develops, and a few days later they
become prostrate and die soon afterwards Al the organs are
Jaundiced, and numerous petechial haemorrhages may be found
1 the Tung, intestinal walls, and retropentoneal tissue  Micro
scopically many of the hver cells are necrotic, 1n the kidneys,
the tubules are extensively damaged, but most of the glomeruls
only show thickening of Bowman’s capsule

L camcola

L camcola was 1solated from the urine of pigs during an
1nvestigation 1nto human cases of canicola fever i the US A
(Wilhams et al , 1953) Seiler ez al (1956), 1 Scotland, found
significant agglutimns for L cameola 1n sera from 46 out of
76 pigs m a piggery where human cases of camicola fever had
occurred They beheved it Iikely that the infection had reached
the prggery from a dog (which was not traced) and then passed
from pig to pig  They stated that no marked symptoms of
disease were observed 1n the pigs but that leptospires were seen
1 the unne

An eprdemic 1n Israel among young pigs about four months
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old was reported by van der Hoeden (1956) The amimals
showed fever, anorexia, histl and 1
These animals were also infected with Salmonella cholerae suis
as were the young pigs mfected by L pomona recorded by
Gochenour, Johnston ef af (1952) van der Hoeden killed one
of the pigs and examined the kidneys He found petechial
haemorrhages 1w the cortex, chromc mterstitial nephntis,
degeneration of the epithelial cells of the tubules, and infiltration
of the glomerult The part played by the leptospires 1n these
outbreaks 1s difficult to assess, on account of the double
nfection

OTHER SEROTYPES

Serological evidence has been recorded of infection of pigs
by L autumnals and L pyrogenes in Batavia (Collier, 1948 b),
by L bataiae, L grippotyphosa, L porand L seproe in Denmark

(Fennestad, 1956), and by L ballum in Czechoslovakia (Kmety
et al, 1956)

CATTLE

L gnppotyphosa
Nikolajev (1946) stated that L grippotyphosa was the cause
of epizootics mn cattle 1in the US S R, and at about the same
time the disease was ntensively investigated 1n Israel where 1t

affects mainly adult cows  When the causative organtsms were
Fer 2Tt wm. ot 6 mum s .

L grippoty phosa

Chnicatly, Freund (1947) recognized three forms of the
disease  One 1s a peracute form which occurs during pregnancy
or when the ammals are suffering from another acute infection
‘In this f‘ofm the onset 1s sudden with high fever, the unne

u
amounts  Blood urca 13 high 1n the terminal stages, and death

usually ensues in three to seven days  Gayot (1935) who
R
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studted the condition m Tunisia, noted the occurrence of
cutaneous ulcers 1 acute cases The lestons exuded a sticky
flud which coagulated on the harr, producing hard plaques
As the ulcer healed the plaques loosened and finally dropped
off leaving bare patches of skin

Postmortem exammations of cattle which had died after
expenmental mfections were made by Ungar and Bernkopf
(1847)  The liver was of normal stze and consistency, and the
kidneys appeared normal apart from an icteric tinge and some
hyperaemia of the cortex Microscopreally, scattered foc of
central necrosis were observed in the hivers of some but nat all
animals, and small groups of hver cells were enlarged and
showed discrete vacuolation of the cytoplasm  Macrophages
containing haemostderin were seen 1n the periportal ussue m
several cases ‘There were cellular infiltrations round the
smaller bile ducts i which there were often bile thrombt
containing desquamated epithehal cells In the kidneys the
glomeruli were moderately hyperaemic In many areas the
tubules were distended, they contamned hyaline or cellular
casts, and 2 number of the epithelial cells were necrotic  Focal
accumulations of round cells were constantly present, par-
ticularly around the convoluted tubules  Small numbers of
Ieptospires could be seen 1n sections of both hver and hidney
stained by silver impregnation

Many cases among mulking cows are of a subacute fotm,
lasting about two weeks, from which the majonty recover The
onset 1s slow, and the first signs are usually noted in the mulk
which becomes pmlush and contans blood clots  The mulk
flow 1s reduced, sometimes to a few drops of wisaid flud
Jaundice appears, and 1s d of r
and stasis of the digestive system The kidneys are greatly
enlarged, and return to normal size only slowly dunng con-
valescence, which 1s prolonged for two months or more

In the chrome and recurrent forms the symptoms are less
breaks neither jaundice nor haema-

pr d, mn some
turta occur, and abortions may be the only ndication of
infection In Ierael, van der Hoeden (1953 b) ebserved differ-
€nces 1n ous s which mav have been related
to the bres” * of cattle In one herd of Fresan
cross hre 17 out of 95 became serjously il and
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10 died; 30 othets showed shght symptoms of disease The
rest of the cows remained chnucally healthy though all but 7
developed antibadies 1 the blood, van der Hoeden (1953 €)
also examined sera of a second herd of 131 indigenous Arab
cattle during the period when an enzoouc (referred to below)
occurred among goats None of the cattle developed clinical
sgns of infection, but over 50 per cent showed positive
agglutinahon titres ta L grppoty phosa

L pomona

Strains of leptospires, later identified as L pomona by
Gochenour, Yager and Wetmore {1950), were isolated from
cattle 1n the US A by Baker and Lattle (1948) and by Lattle,
Beck and McCahon (1950) Renhard (1953 a) estimated that
probably tens of thousands of new cases occur annually, and
he gathered evidence of leptospirosia (mostly due to L porona)
among catle 1n 28 States of the US A Many, possibly even
the majonty of these infections, are either inapparent or produce
only muld, fleeung signs of disease  However, this type of
mnfection acts as a frequent cause of abortion 1n pregnant cows,
and the anumals Tnay continue 1o excrete leptosprees 1 the unne
for weeks or months, and so spread infection throughout the
herd  Morse (1955) stated that leptospirosis 18 the fourth most
wmportant disease of cattle in the U S A, and that 1t 1s probably
responsible for an annual loss of 100 milion dollars to the
farming commumty  York (1051) found widespread lepto-
spirosis 1n New York State and recorded that in infected herds
50 to 70 per cent of antmals were affected  Of those affected,
& per cent died, 5 to 10 per cent were severely 1ll, and up to
25 per cent of pregnant cows aborted

In the State of Ilhnows, Bryan {1955 a) found infection 1n
77 out of 92 of the Counties, and 1n 31 per cent of 2,056 herds
of cattle, ot 16 per cent of the 26,000 amimals tested  Among
125 of the infected herds disturbances were attmbuted to
leptospirosts as shown i Table ANIX  As a rule, the ammals
showed symptoms resembling those of the subacute form of the
disease produced by the Palestne strains of L grippotyphosa
with fever, haematuria, and blood stained mulk, but some
ammals were severely affected and died as the result of the
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attack  In sumilar outbreaks in New Zealand, Kurschner ef al
(1952) noted that milking cows which survive may suffer from
damage to the udder with consequent cessation of lactation

In young animals, 1. pomona causes ‘ redwater of calves’, an
acute febnle dllness with a high mortality, characterized by
jaundice and haemoglobinussa  The disease has been described
m Austraha by Sutherland, Stmmons and Kenny (1949} and
Wellington et al (1951) and i New Zealand by Kirschner
et al (1952) Salisbury (1954) constdered that 1n New Zealand

TasLE XXIX

SYMPTOMS ATTRIBUTED TO LEPTOSPIROSIS IN
125 HERDS OF CATTLE, 1952-54
(after Bryan, 1956 2)

Per Cent
Abortion 58
Reduced mlk 47
Fever 38
Haemoglobmuna 30
Anaemnia 19
Jaundrce 15

1t 1s an important cause of abortron n cows and of red-water
1n calves In the outbreak observed by Sutherland et of, all
the calves which died were less than 4 months old  The onset
of the disease was sudden, with fever, the urine was dark red
1n colour, and the mucosae were jaundiced, Death occurred
from a few hours to one day after the symptoms were first
noted At autopsy widespread jaundice was present, the
kidneys were congested and showed a few subcapsular petechial
haemorrhages  Calves which recovered took six to eight weeks
to regan normal health

Experimental mfection of calves, adult cattle and pregnant
cows was studied 1n the USA by Remhard and Hadlow
(1954), Morter and Morse (1956), Morse and McNutt (1956)
and Ringen and Bracken (1956), and m Denmark by Fennestad
and Borg-Petersen (1956) Subcutaneous injection of L pomona
(or other serotypes) into cows caused fever, mild or severe
1liness and occastonally death or abortion of a foetus  Morter
and Morse showed that contact mfection passed to pregnant
heifers, pigs and a goat Ringen and Bracken infected cattle
with L pamona by instillation nto the conjunctival sac, or by
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nebulization mn the nostnl, or by holding = shaved fost 1
dilwted nfected unine for 2 few nunutes

Borg Petersen and Fennestad (1056 b found that, wm Den
mark, 3 striped field mouse (Apodemus agranus) which oceurs
anly on the nlands of Lolland and Falstes, ss the chuef cartier
of L pomona in that countsy  On those islands 13 eut of 200
cattle were found by serolopical tests to be wnfected but the
snfection did ot ovcur elsewhere i the country

L cameola

From fsracl van der Hoeden {1955 3 & b) desonbed epis
demics and sporathe cases of lepiospirosis caused by L cameola
The infection caused a fever of short duration i cows, with
tack of appette weskness ysundice haemoglobinuria and
decreased mibk y1eld  Calves were much more senously affected,
and sn some outbreaks nearly half the ammals died or had 10
be slaughtered  van der Hoeden considered an eprdemeatogical
evidence that jackals not dogs constituted the pumazy focus
of nfection 1w 3 out of 4 outbreaks  The sera of § out of 7
sackats showed sigmificant agglutimn ttres for L ecamicola, and
steams wsolated from the kidneys of o were proved tu belong
10 that serotype

Omuer SEROTYPES

Infections of young calves with L wcterohaemorthagiae have
been recorded by Mana and Queveda (2847) i Argenting, by
Tield and Seffers (1050} i England by Mantovans (1053) i
Haly by Baxter and Pearson {1956) in Ireland and by Mashoy
and Rybkma (1057} 1 the USSR Janndice and heemstunia
were the outstanding featires, and the mortality was bigh  An
enzoohic among cattle, ch d by b i and
with a mortality of about 30 per cent occurred m Japan dunng
1949 The sern of 24 cattle which had recovered from the
disease were tested by Yamamota (1951}  Leptospiea! antie
bodies \sere present 1 every case, but three different seratypes
appeared to be wnvolved, namely L. austrahr A, L autumnals
and L. hebdomadss

In Central Aftica, san Riel and van Ruel (1955} found
serologscal exadence of wfection of 42 out of 124 cattle (35 per
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cent) , the leptospires concerned were L australis 4, L bataviae,
L gnippotyphosa, L pomona, L hebdomad: h rhagtae
group and the Butembo type Savino and Rennellz (1945-8)
diagnosed serologically nfection with L kyos 1n 20 per cent of
a group of cattle 1n Argentina, and Johnson (1950) found cattle
i Australia infected by the same serotype van Riel and
Bienfet (1953) found that the serum of 10 per cent of 278 cattle
1 Belgium gave evidence of mnfection by one or other of four
serotypes or serogroups  Borg Petersen and Fennestad (1956 a)
estimated from serological tests that 7 to 8 per cent of Danish
cattle over one year of age had leptosprrosts due to the sejroe-
saxkoebing or poi-javanica groups, to L grippotyphosa, L

pomona, L bataviae, L cterohaemorrhagiae or L ballum  Gsell
(1952) recorded serological evidence m Switzerland of 23 per
cent infection of 612 cattle with one or other of seven serotypes

UNIDENTIFIED INFECTIONS

Qutbreaks and sporadic cases of leptospirosis 1n which the
strains 1solated were not identified, or 1n which the diagnosts
was made by the observation of leptospires 1n sections of tissues
obtained postmortem were described by Jungherr (1944),
Marsh (1945), Mathews (1946}, Sutherland and Mornll (1948),
Reinhard, Tierney and Roberts (1950) and Zaharya (1955)
Nefed’ev (1949) studied extensive epidemics of leptosprrosts 1n
cattle ;n the US SR 1n 1948

SHEEP

Sheep appear to be relatively resistant to leptosprrosis,
though Melantdi, Tzortzaki and Debonera (1933) were able to
mfect them expenimentally with L scterohaemorshagiae  Wirth
(1937 a) recorded that mn Austria sheep are known to have
been infected, and van der Hoeden (1953 c) found serological
evidence of infection with L grippotyphosa i Israel  He stated
however that mn the few chimeal cases seen, the disease ran an
atypical course and ended 1 early recovery. Nefed'ev (1949)
recorded 1nfectton of sheep 1n vanous parts of the USSR m
1948 The majority of cases accurred in summer

An outbreak 1n New Zealand investigated by Hartley (1952)
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was of 2 much more sertous nature, and caused the death of
12 lambs and 2 ewes The only symptom noted was haematuria
Autopstes carrted out on 2 lambs showed widespread jaundice ,
the livers were vellowish-brown 1 colour, and the hidneys had
a brownish appearance, more marked in the cortex  Histological
examination revealed extensive centrilobular necrosis of the
Iiver together with bile ductule proliferation  The collecting
tubules of the kidneys contained much coarse, granular, orange-
red pigment In the epithelial cells of some of the protimal
convuluted tubules there was globular eosmnophilic material, and
1 others a brownish yellow pigment Leptospires were seen
1 sections of lver and kidney staned by Levaditi’s method
No bacteriological investigation was made of the affected animals
However, the following year during another outbreak m which
the chinieal and pathol 1 findings were {ly the same,
strains were solated by guineapig imoculation  The strans
were not identified, but sera from recovered cases had high
agglutinin titres for L pomona

Beamer, Hardenbrook and Motnll (1953) described ovine
leptospirosss in the U S A, on a farm where there had probably
been cases among calves some six months earlier Young
pregnant ewes were chiefly affected and invanably aborted
A day or two after abortion, the ewes became sickly, lost
conditton, developed haematurta and jaundice, 2nd 15 out of 19
died At autopsy the hivers appeared fatty and the kidneys
were swollen  Leptospires were isolated from one of the
foetuses, and the sera of some of the affected ewes contamed
leptospiral antibodies The authors did not however state
which serotype was responsible for the epizootic

In Germany, Moct (1955) found )l 1 evid. of
mfection of 1 out of 220 sheep by L canmicola, and 1n Central
Afnca van Riel and van Riel (1958) found that the serum of
3 out of 72 sheep shoned slgmﬁcnm aggluunauon titres with
L bataviae, leptospires of the I hagiae group and
the Butembo type respectively

GOATS

Goats were known to be suscepuble to expenmental nfection
with I scterohaemorrhagiae {Ghetty, 19223 Warth 1937 a) but
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no of sp leptosp had been d
until van der Hoeden (1953 ¢) investigated cases of ictero
baemoglobmnurta among goats mn Israel The presence of
agglutinins for L grippotyphosa mn the sera of sick goats first
suggested that the disease might be of leptospiral ongin  Ina
later outbreak leptospires were demonstrated 1n stained sectsons
of tissues from fatal cases, and final confirmation was obtained
when a stram of L grippots phosa was 1solated from a goat at
autopsy 1mmediately after death

The symptoms comprised mappetence, 1cterus and the
passage of red or dark brown unne No defintte febnle
reacttons were noted, though the death rate was high, amounting
to more than 40 per cent of the affected animals m one nstance
Many pregnant female goats aborted

At autopsy the tissues were deeply jaundiced The kidneys
showed venous congestion with degeneration and haemorrhages
in the medula  There were swelling, degeneration and des
quamation of the epithelial cells of the tubules, and hyalme
and cellular casts were often present There was some evidence
of interstitial nephritis with lear 1nfiltration, especiall
of the perrvascular and penglomerular regions  The glomeruli
were swollen, therr capillaries empty, and there was some
proliferation of both visceral and partetal layers of Bowman's
capsule The liver showed venous congestion and degeneration
of hver cells, most marked around the central vems Shght
infiltration of mononuclear cells was present in the portal spaces,
especizlly 2round the bile ducts Many leptospires were seen
1m sections of hver and kidney stamed by Levaditr's method

van Ruel and van Riel (1956) found that the serum of 12 out
of 353 goats (3 4 per cent) 1n the Belgian Congo and Ruanda-
Urand: agglutinated one or other of five serotypes to a titre of
at least 1/100 The serotypes were L batatrae, leptospires of
the Icterohaemorrhagiae, Grippotyphosa or Hebdomadis sero-
groups and the Butembo type

HORSES AND OTHER EQUIDAE

Comparatively ittle disease of horses has been clearly proved
to be due to leptospires, although i many countries serologicat
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evidence has been found of subclinical infection by varous
serotypes present in the regions concerned Tor mstance,
Kathe (1943) reported that the serum of 35 out of 162 healthy
horses 1n Germany agglutmated L gnppotyphosa to a titre of

1/1,000 Wagener and M lich (personal
to Gsell, 1952) found that thc serum of 15 out of 109 hezlthy
hofses sn Hanover aggt L iph

L pomona 3, L cancola and L xrtnohaemnrrlmgme 2 cach
van der Hoeden (1953 ¢) found serological evidence 1n Israel
of infection by L grnippotyphosa in 4 out of 5 horses and 6 out
of 12 donkeys This confirmed stmular findings m horses,
mules and donkeys 1n the same country by Jacusiel ef o/ (1918}
In Cast Germany, Mochmann (1955) found that the serum of
25 out of 1,065 horses agglutinated L canscola to 2 itre of at
least 1/400  Fennestad (1956) reported serological evidence of
infection of horses by L scterohaentorrhagiae, L pot, L gnppo-
typhosa, L segroe and I savkoebing 1n Denmark, and Salmmen
(1956) found leptosprral anttbodies 1 the sera of a high pro-
portion of the horses which he tested 1n Finland

In Lngland, Alston and Broom (unpublished data) tested the
serum of 108 healthy horses and found agglutinins to L sctero
haemorrhagiae 1o an end titre of 1100 1n 20 per cent, 1/300 m
54 per cent, 1/1,000 1n 17 per cent and 1/3,000 1n 2 per cent,
results with L eamcola wese of the same order  Symilar findings
m varous countnes are Tecorded below i an outhne of

of periodic ophthal

Lubashenko and Novikova (1947 a & b) have studied equine
leptospiross 1n different pans of the USSR From 104046
they saw 111 sp with a ity of 66 per
cent on farms where leptospiross was present in other amimals,
such as cattle and silver foxes The sick horses had a high
temperature for two or three days, then developed jaundice, and
this was followed by petechiae on mucous b bal
spots on the skin, ha:molync anaemia, and haemoglobinuna
the terminal stages The isllness lasted for 5 to 18 days, and
peracute, subacute, chromic and atypical forms were seen

Strains of leptospires were ssolated by gumeapig moculatson
and by culture from 2 horses, but the diagnosis usually depended
on the results of agglutination tests A titre of 1/400 was the
meneaiam accepted as proof of nfection, but titres up to
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1/40,000 were sometimes obtaned [The serotypes concerned
are not shown 1n the available translations of these papers |

In Yugoslavia, Zaharyja (1953 b) observed 8 horses infected
by L pomona, confirmed by serological tests and isolatron of
leptospires  The horses were 1l for 5 to 7 days with fever,

dice and conjunctivitis, and leptospiruria was found late

in convalescence towards the thurtieth day There were no
deaths

Roberts, York and Robinson (1952) 1solated L pomona from
2 out of 6 horses which had a short 1llness with symptoms of
fever, dullness, anorexia and, occasionally, jaundice These
ammals all lived on the same farm 1 the US A, and were 1l
at the same time  One mare was delivered of a premature foal
which died deeply jaundiced two days after birth  Another
mare had marked photophobra, lachrymation and greying of
the cornea There seemed to be coagulatton of the aqueous
humour, and severe pertodic ophthalmia was diagnosed The
mare’s general conditton mmproved with dihydrostreptomycin
therapy, but the severe affection of the eyes did not improve
until aureomycin was given ntravenously for three days, when
complete resolution of the ophthalmia occurred and there was
no recrudescence  This mare foaled durning her treatment An
agglutination test was first made 24 days after the onset of
illness, and the serum agglutinated L pomona to a titre of 1512
None of the other 5 horses developed periodic ophthalmia
‘Ths outbreak 1s interesting 1n sh g that leptospral inf
of horses can produce symptoms including jaundice, disturbance
of pregnancy and ophthalma

There 1s evidence that horses excrete leptospres m the urne
after experimental mfection with L pomona (Yager, 1953) and
1 this way may transmut infection to other anumals or to man
It may be presumed that they become infected from rodents,
dogs, pigs, cattle or other farm animals

Periopic OPHTHALMIA (RECURRENT IRIDOCYCLITIS)
Controversy exists about how great a part—if any—leptospiral
infection plays m pertodic ophthalmia  Crawford (1954 out-
Iined the knowledge of the eprdemology of this conditon and
the numerous theones of its causatton The disease has been
known since the fourth century and has been named pertodsc



HORSES 251
phthal phthal indocychits, uveitis and
blind Crawford d ¢ recurrent mdocychtis®
a very smitable name  Duagnostic features are (1) the manner
1n which acute attacks clear up, only to recur after ntervals of
one month to a year or longer and (1) the sudden onset of the
acute attacks At present 1t 15 most commonly found 1 low
swampy areas 1n Central Europe and 1n the US A east of the
Rocky M hed It was m Great Brtain
before 1880 1n large coaching stables and stables of tramway
horses especually i low-lying districts At present it 13
uncommon and sporadic in Britain

Infection by bacterta (including Brucella suis), filterable
viruses, ot des as well as and allergy have
been suggested as aetrological agents, but no single cause has
yet been confirmed for all chinical cases

A detailed account of the clinical forms of the disease was
given by Crowhurst (1954) He stated that the disease 1s very
rare in foals and 1s most frequent 1n animals from 1 to 8 years
old Prognosis 1s very grave in the vast majonty of cases
Blindness will eccur sooner or later, and 1n almost 50 per cent
of cases the second eye becomes mnvolved also  Treatment with
atropine reduces the risk of synechiae but does not arrest the
disease  In Crowhurst’s opinion neither riboflavin nor various
antibiotics nor antilustamines have been effective  The use of
cortisone has yet to be tested adequately

Jones (1942) described the morbid anatomy and histology 1
detatl, and concluded lhat the disease was pnmanly a recurring
fibninolymph yehtis which graduall dto 2
chronie degenemuon of all the 1tra ccular structures  Ashtors
(1054) concluded that the microscoprcal picture of the disease
11 the horse differed Iittle from many cases of recurrent indo-
cycliis 1n m:n, where the aenology 15 equally obscure He

d hat the h was with an
aflergic, leptospml or viral 0 ongin, but was not in harmony with
witamin or protein deficiency or with invasion by pyogenic
orgamsms or helmnthic larvae.

In 1948 Heusser, Gsell, Kanter and Wiesmann presented
serological evidence that pcnodxc ophthalmiz of horses 15 a
leptospirat disease  The evidence they put forward was gathered
from replies to 2 questionnaire sent to Swiss veternary surgeons
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(Gsell, 1952) The disease was reported m 276 horses and
appeared to be assocrated with cold wet seasons and damp
marshy regons  Leptosprral agglutination tests were done
with sera from 263 of these 276 horses, from 91 horses with
other forms of eye disease, and from 291 healthy horses The
results showed that among the 263 horses with pemodic
ophthalmra the serz of 78 per cent agglutinated leptospires at 2
dilution of 1/400 or higher, and only 6 per cent were completely
negative By contrast, among 382 healthy horses and horses
with other eye diseases the sera of only 14 per cent agglutinated
at 1/400 or higher, and 61 per cent were negative Further
evidence was obtained from 2 horse 1 which serum agglusina-
tion was negative 13 days after the onset of the illness in
November 1944, was positve to 1/8,000 1n January 1945, fell
to 1/2,000 1 March, rose with recurrence of mflammation to
1/4,000 on two dates 1n Apnl and May, and to 1/8,000 1n June
Two years later the reaction was almost negative, but was found
to be posttive agamn at 1/3,000 1n March 1948

Agglutination titres mn the sera of affected horses were highest
with L grippotyphosa 1n 118 out of 206 (58 per cent) In the
other cases the serotypes involved appeared to be L pomona,
L australs, L seyroe and L 1cterohaemorrhagiae  ‘The sera of
healthy horses and of horses with other eye diseases which
contained agglutimins, afso reacted most frequently with L
grippotyphosa  The presence of agglutinns 1n 39 per cent of
healthy horses or i those suffering from other eye diseases was
taken to mean that many horses may be nfected by leptospires
and that ophthalmia develops 1n a proportion of these animals
as almost the only clintcal manifestation

The Swiss wotkers could not demonstrate leptospres 1 the
aqueous humour, but they considered that their fatlure was due
to lack of early cases Gsell recorded that Kathe successfully
cultured leptospires from the aqueous humour of one forse, and
Heusser (1952) produced indocychtis 1n two foals by extra-
ocular myection of L pomona

Kathe mformed Gsell (foc a1t ) that in Mecklenberg, Ger-
many, he examined 8 horses with moonbfindness and confirmed
1ts leptospiral ongin logically He dered 3 cases to be
due to L scterohaemorrhagiae, and the others to L grippotyphosa
Rimpau (1947) found 1n Munich that the serum of 19 out of 20
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horses with moonblindness agglutinated L grippotyphosa, mn
11 cases to titres of 1/1,000 to 1/16,000, m 6 cases between
1/200 and 1/600 and 1n 2 to 1/100  Ross: and Kolochine-Erber
(1954) reported a higher percentage of reactions i the sera of
288 horses with indocychitis than 1n the sera of 87 stable mates
when they were tested against mne serotypes, Zaharya (18522
& b, 1953 b) found in Yugoslavia leptospiral antubodtes (sero-
types not mentioned) 1n 50 1o 70 per cent of all horses which
he tested, and 1n 6 out of 6 suffering from ophthalmna

In the USA, Yager, Gochenour and Wetmore (1950}
mvestigated pentodic ophthalma 1n 35 horses, and found that
the serum of 34 agglutinated L pomona 1n ddutions of 1/100
or hugher (n fact 24 of the sera agglutinated up to at least
1/10,000) By contrast, the sera of only 13 out of 88 healthy
horses agglutinated L pomona to 1/100 ot more, and only 3 to
1/10,000 or more  Alsa tn the U S A, Woods and Davis (1950}
found aggl for L h h up to 1/5,000
12 out of 12 horses with active ophthalmia, and up to 1{100 or
1/1,000 11 5 out of 5 with chromc ophthalmia By contrast, the
sera of only 4 out of 30 healthy horses agglutinated that serotype
to 11,000 or more, 8 were positive to 1/100, 14 to 1/10, and
4 were completely negative,

The ophthalmia 1n 2 mare which was 1 of the 6 horses
apparently infected by L pomona on a farm in the US A has
already been mentioned (p 250)  Strains were 1solated in
culture from two of these animals, but culture was not attempted
from the mare with ophthalmia, her serum taken on the
twenty-fourth day agglutinated L pomona to a titre of 1/512
Bryans (1935) contnued the study of these 6 horses, and
observed peniodic ophthalmia 1n 2 of them 1 year and 2 years
after the illness of the whole group  He also found antibodres
for L pomona, L scterohaemorrhagiae or L canscola in 30 per
cent of 512 brood mares, but none 1n 492 weanling horses
Serum‘ of 20 n:n'of 23 horses with ophthalmits, or 3 history of

ophthalmia was not proved.
In England we have mvestigated (unpublished) 9 cases of
penodic ophthalmia 1n horses, and after bactenologica), sero~
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logtcal and histological examination have not found convincing
evidence of a leptospiral cause  Stx of the horses were suffering
from a pnimary acute attack 1n one or both eyes, and the others
had chromic ophthalmia of long standing  The sera of these
9 horses agglutinated L 1cterohaemorrhagiae and L canicola to
titres of 1/100 to 1/1,000 but, as recorded above, we found
that 93 per cent of 108 healthy horses also had agglutimns for
L m di of 1100 or higher The
question needs more study 1n many countries for it must be
admitted that the frequency of iridocycliis 1 human lepto-
spirosis makes a theory of leptospiral ophthalmia 1 horses
seem attractive




CHAPTER AVIL

DOGS : TOXES : JACKALS : CATS:
BATS : PRIMATES

DOGS

Leptospirosis was considered by Krumbein and Frieling (1916)
to be the probable cause of an attack of jaundice 1 a certun
dog because two men in close contact with 1t developed Weil s
disease  Courmont and Durand (1917) showed that fatal
Jaundice could be regularly produccd 1n young dogs by injection
of g pig liver They also tnfected
dogs percutaneously through shaved o epilated skin, and
through skin which was intact after the harr had been clipped
Uhlenhuth and Fromme (1919) 1dentified leptospiral nfection
1 a dog by finding leptospires in smears of kidney and liver of
a guineapsg moculated with the dog’s tissues

Luhes (1024) saw spirochactes in the kidneys of 7 out of 8
dogs which had died with symptoms of haemorrhagic gastro-
emexms and ulcemmc stomatitis  He named the organism

cams and Ity d the
infection to gummpxgs Stnce the orgarism was lost 1t 1s not
possible to sav to which scrotype 1t belonged

Qlell, Dalling and l‘ugh (10%) proved that ‘ yellows * was
caused by L but Rlarenbeek (1927)
recognized two chinical forms in bo!h of which leptospires were
found in the bidney The ictenic form was the same as the
disease 1nvestigated by Okell et af but signs of nephriuis pre~
dominated 1n the other form (Stuttgart disease) Klarenbeek
constdered that Stuttgart disease Was probably leptosptral
ongin, and this was proved in 1931 when Klarenbeek and
Schiiffner {1933) 1solated from the urine of a dog 1n Utrecht a
strain of leptospires which differed serologically from other
Anown serotypes  ‘The new strain was called Roesel (Hond
Utrecht I¥) Later, the Roesel stram was named I camcola

253
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and 1ts low degree of pathogenicity for guineapgs was estab-
lished (Schuffner, 1934)

There has been a gradual clarification of the chincal effects
of L 1cterohaemorrhagiae and L camcola in dogs  The opinion
1s accepted (Klarenbeek, 1938, Wirth, 1937 b, 1939, Mills,
1948) that 1n general L scteroh k causes dice and
sometimes severe nephritis with uraemra,, 1n a small mmonty
of cases nephritis occurs without jaundice L canicola, on the
other hand, causes jaundice uncommonly For example,
Klarenbeek (1938) found that jaundice was present in 47 out
of 57 (80 per cent) canne 11l dueto L ; hagiae,
in contrast with 3 out of 94 (3 per cent) due to L camcola
duning the five years 1933-38 in the Netherlands As an
exception, Meyer, Stewart-Anderson and Eddie (1939 b)
emphasized 1ts occurrence in California  In Klarenbeek’s
sertes, death occurred m 50 per cent of those mnfected by
L ucterohaemorrhagiae and 40 per cent mfected by L camcola
Nephntis with uraemta occurs i about half the cases The
uraemic form of infection, with haemorrhages and often severe
gastro-entenitis has been known in the past as dog typhus,
ulcerative stomatitis, haemorrhagie gastro enteritis or Stuttgart
disease.  All or nearly all these cases are due to L camcola
Infectron with either serotype may cause mild symptoms or be
napparent

Both serotypes have been recorded from almost all parts of
Europe, Asia, North and South America and Australasia
Table XXX gwves the results of some representative surveys of
infectton by L icterohaemorrhagiae and L cantcola i dogs 1n
vartous countries, hsted according to the dates of the published
records The figures rep esther 1sol of leptosy
or serological tests It will be noted that on the whole L
canseola 1s responsible for a higher proportion of infections
than L icterohaemorrhagiae

L cterohaemorrhagiae

Ep1z00TOLOGY —Sporadic cases occur among house and farm
dogs, but epizootics are more common when numbers of dogs
are housed and fed together in condittons which favour
infestation by rats, as was emphasized by Okell ef al and bv
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Stuart (10463) Infection 13 mainly caused by contact with
rat unne, but the disease can be transmitted from dog to
dog—and also from dog to man

A seasonal incidence of infection has been noted 1n several
countries, 23 1n the Netherlands where Klarenbeek (1938)
found that 29 per cent of 57 overt infections occurred 1n the
months of September, October and November of the years
1933-37 The rezson for this was not clear, and he surmised

TaBLE XXX

SELECTED SURVEYS OF INFECTION RATES OF DOGS WITH
L wcterohaemorrhagiac OR L cameola

Pey Cent Pontie
Year Author Country
L sctero- | L camcola
hacmorrhagiae
1038 | Uhlenhuth & Zimmermann | German 6 12
1037 | Borg Petersen & Jacobsen | Denmar 35 2
1039 b| Meyer et of USA 15 14
1939 | van der Walle Belgum 15
1840 [ Dewvery Asman Netheslands 13
1840 | Snapper et af hana -
1940 | Babudiers & Castagnoli Traly 33
1041 | Greene Usa
1941 | Raven USA 5
1012 | Alston (unpublished) England -
113 | Fram de Azevedo Porrugal 5
1043 | Alicata & Breaks Honolutu 20
1843 | Ssvino & Rennella Argennna &
19402 | Sruart Scotland 9
1348 | Broom & Maclntyre England 2
1049¢ | Guida Brazl 13
1851 b [ Broom ire —_
18534 | Zahanja 3 ugoslavia 7
1933 | Mochmann Germany 11

that a similar vanation in the degree of leptospiruna of rats
sght be responsible

Symrrovs anp Course oF ILINEss —Obell ¢f al investigated
@ight dogs and tissues from another, and from three of the
animals they 1solated leptospires which were virulent for ginea-
pigs It 1s possible that some of the other dogs were suffering
from infection by L cameola, which had not been recognized at
that ttme  With this reser atton, their clineal and pathological

s
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descriptions are still very valuable They dvided the chimeal
course into two patterns which they named the hyperacute or
haemorrhagic, and the rctenic types  Later Joshua (1849)
recognized a subacute type

Hyperacute Type —The onset 1s sudden, with high temperature
(104°-106°F , 40°—41°C ), ntense deptession, shivening and
tenderness of muscles of the neck or abdomen Haemorrhagic
herpes of the lips, bleeding from the gums and other mucous
membranes and vomuting ar¢ frequent Unne 15 scanty, may
be bile-stained, and 1b Enlargement of lymph
glands, petechiae or comjunctivitts may occur Icterus 1s not
usually present, and death commonly supervenes 1n a few hours
to a few days after the onset

Icteric Type—The illness begins varably  In the rapidly
fatal form with jaundice the onset 15 acute, while 1n others the
disease may be so 1nsidious that the dog 1s not thought to be
sick until jaundice 15 evident The temperature 1s rased at
first, but falls to normal or below as jaundice appears The
ammal tends to hide away and be tnactive, but not to be so
depressed as 1n the hyperacute type Bronchual riles may be
heard, and epsstaxis occurs uncommonly The gums are yellow
but the mouth 1s otherwise healthy Vomiting 15 a fauly
constant feature and blood may be present 1n the vomit
Constipation 1s usual, faeces clay like and sometimes blood-
streaked Intussusceptron of the small intestine can often be
diagnosed by palpation and s often the rmmedrate cause of
death The unne 1s coloured with bile and contains albumin
Conyunctivitis frequently occurs  Acute cases may die withmn
two days of the onset while milder cases may survive a week
Conjunctivitis or keratitts may be a sequel to

or longer

recovery
Subacute Type —The symptoms are generally simlar to those

of subacute infection by L canmcola (p 261) Slight rcterus
may develop after four to six days and the dog seems very 1it
without serious symptoms Response to treatment 1s poor, and
of recovery occurs convalescence 1s slow

WMoraIp ANATOAMY AND HisToLOGY -—At autopsy, jeundice 1s
general except in hyperacute cases and haemorrhages of varying
sizes may be found 1n almost any tssue of the body  Intussus-
ception of the intestme and prolapse of the rectum are frequent
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The kidneys may be congested, or pale and jaundiced The
Irver may be enlarged and congested or pale and scteric  In
sections of the liver Monlux (1948) noted disruption of the cord
structure  The kidneys 1n his senes showed many petechral
haemorrhages m the cortex, which was usually 1schaemic, and
also 1n the mednlla which tended to be hyperaemic  The
proumal convoluted tubules showed marked degeneration,
similar to the changes seen in mercury posontng

L cancola

Er1zooToLocY —Infection of dogs by L cantcola has been
detected by culture of urine, of kidney or other tissues or by
serologreal tests The percentage of dogs in which L canicola
has been detected vares widely from place to place according
to whether healthy dogs sick dogs 1 general or dogs suspected
of leptosprrosis were tested but it appears that n some regions
from 30 to 40 per cent of apparently healthy dogs may show
antibodies indicatine of either former active infection or of a
symptomless carrier state (Table XXX) All breeds of dogs
are hable to infectron (Meyer ez al 1939 b) but Joshua (1949)
belteves that low-to ground breeds, like Scottish terriers are
especially often at nsh

Sex Incidence and Source of Infection —It 1s generally but not
quite unammously belicved that male dogs are oftener infected
than female This was the experience for example of Raven
(1841) 1n Pennsylvania of van der Walle (1939) 1n Belgum,
of Klarenbeek and VWinscer (1838) in the Netherlands and of
Meyer ez al (1039 b) 1n Calforma where the rano of male to
female was 67 18 mn fatal infections OQn the other hand,
Beuvery-Asman (1940) 1 Belgiom, and Joshua (1949) in
London recorded almost equal incidence 1n the sexes In 2
general review of the Rosenberg (1051) d that
dogs hase been reported 3 to 5 umes as frequently as bitches

The difference in sex incrdence may be related to the habat,
which 15 specually prevalent among males, of smelling and
Icking the genitals and excreted urne of other dogs which
may be carners  Dogs mav continue to excrete Jeptosprres i
the unne for weeks or months after recovery from mfection.
Indeed Mclntyre and M 3 (1952} d d the
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organisms 1n secttons of kidneys taken from dogs four yeats
after chintcal recovery from naturally acquired infections with
L camcola In addition, Joshua suggested that after sexual
matunty 1n the male (at about 8 to 10 months) urmation may
be the cause of contact between the preputial hairs and the
wall or lamp-post aganst which other dogs have urmnated
Joshua beleves that low-to-ground breeds, which like the
Scottish terrser have a long whisker of hatr round the gemtals
1n both sexes, may be infected by direct contact with mnfective
urmne on the ground Infectron of dogs of either sex by
g 1n d water 1s established (Winsser, 1943,

Joshua, 1949) Dogs and bitches may snfect one another by
coitus but 1t appears that infection from contaminated food or
drink 1s uncommon

Age Incidence —The evid about the age at
which infectton of dogs occurs, and the relative susceptibilities
of young and older dogs 1s not conclusive Statements zre
found frequently in the lterature to the general effect that
infection ts commoner 1n older antmals, but published reports
do not fully support that view Most of the information 1s
dernned from serological tests of healthy dogs which have
recovered from earlier infections For example, Raven (1941)
recorded the ages of 50 dogs (in and sround Philadelphia)
which showed logical d of past The
infection rate was 19 per cent for dogs up to 1 year of age,
25 per cent for those of 1 to 3 years and 46 per cent for 3 to
10 years This mdicates that nearly one-fifth of the dogs had
become infected before they were 1 year old  On the other
hand, Meyer ¢f al (1939 b) stated that the disease was rare :n
California under the age of 1 year However, natural mfectront
of pupptes has been found at or soon after birth (Roos et al,
1937, Senthille et af, 1945) Puppies were infected exper-
mentally by Walch-Sorgdrager (1939) and by klarenbeek and
Winsser (1938) and the latter observers noted that 10 out of
11 of the young dogs i their senes developed jaundice  Snce
the risk vartes from place to place and time to time 1t would
seem that young dogs are clearly susceptible, and there 1s at
any rate no evidence that the first year of Ife 15 a resistant age
Restriction of general contact with other dogs may be a pro-
tective element for part of the first year
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Seasonal and  Regonal Inadence — Klarenbeek (1938)
compared the seasonal mcidence of mfection of dogs by L
tcterohaemorrhagiae and L camcola  Of the former 29 out of
57 ifections (50 per cent) occurred 1n September, October and
November but only 35 out of 94 (35 per cent) of the Iatter
were n these three months The other 39 cases were dis-
tubuted ieregularly throughout the rest of the year  Others
Iike Joshua (1949) found most mfections by L cantcola
between late October and April mclusive 1 e the wetter pertods
of the year, but our own figures for 319 infections do not show
a seasonal trend  Vanation i the numbers of acute nfections
from year to year in the same areas has often been observed
and has been attnibuted, n part, to changes 1 wet or dry
conditions of the ground

SyapTons AND Counst OF JLLness —The chinical features of
the disease have been described by many observers, including
Wirth (1939) Meyer ef al (1939 b) Losvell (1943) and Joshua
(1949) The following account 13 tshen mainly from Joshua s
pubhcations

Acute camcola ferer 15 the syndrome known to clinicians as
Stuttgart disease, dog typhus haemorrhagic gastro ententis or
ulceratine I acute ting, rapd
dehydration and collapse occasmnally the passage of blood-
stained faeces and, 1f the dog survives long enough, rapid
necrosis and sloughing of the buccal mucosa and tongue 1he
mortahty rate before the use of pemailin was high, death
occurring 10 36 hours to 4 days  Some wnters including
Meyer et al (1930 b) have descnbed jaundice m acute
infections

CR .. — v »sible
to The
8y amage

1n many organs occasionally occurs  Ieterus may be present
and the temperature may be ramsed :arI) m the disease
Symptoms ly include prof yomting
muscular pain tn the early stngcs, and a tucked up appearanct
usually nssocmed with pam in the renal area  Tharst may be
m g with corresponding ohgura or
pol)um Iipxscler:xl mjection 1s very charactenstic when 1t
occurs  Uleeration of the buceal mucosa 1s common and the
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tongue 1s dry and often shows a2 brick-red or brownish dis-
colouration  Marked enlargement of the kidneys may occur,
and 1t 15 often possible to palpate the left kidney very eastly
Albumin may be present in the unne n shght degree or be
absent, and traces of bile are common In the majonty of
cases death, when 1t occurs, 1s due to uraemia  Rimpau and
Kalich (1948) noted that signs of menmngeal irntation occur m
dogs and that muscular weakness may sometimes be found
after recovery

It 15 generally agreed that infection by L cameola 15 one of
the 1mportant causes of subacute or chronic nephntss 10 dogs

TapLe XXXI
BLOOD UREA CONCENTRATION AND PROGNOSIS
(after Melntyre and Stuart 1949)

Blood urea
Stage and Type tnmg per Prognosis
100 mf
Prumary renal
(1) Severe 200-350 Very grave
> 350 Usuiatly hopeless
2y Mud 40-200 Goad
Secondary renal
o ?1?' Severe > 150 Grave
{2) Mila 40-150 Sertous

McIntyre and Stuart (1949) found serological evidence of this
type of leptospirosis n 90 per cent of 130 dogs which had
detectable renal disease, but m only 23 per cent of 140 other
dogs 'The serological diagnosis was confirmed mn 2 number of
cases by the 1solatton of the organism from blood culture  This
1s one of the hughest rates of correlatson between infection by
L camicola and renal disease mn dogs Mclntyre and Stuart
dwided therr renal cases mto primary (acute) and secondary
(subacute), and found that the blood urea concentration was a
wseful sndex n prognosis (Table XXXI) In the chronic
form the disease 15 usually progressive and has a fatal terpun-

ation
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The appearance of severe renal symptoms may be delayed
for months or years after recovery from the initial illness, and
for that reason Werpers (1949) considered that primary,
secondary and tertiary leptospirosts are suitable terms for the
possible course of the discase

Moratp  ANatowY AND  HisToroGy —Renal lesions are
predomuinant 1n all stages, and they were fully described by
Mclntyre and Montgomery (1932), who also reviewed the
vesults of previous workers  These authors examimed the
hidneys of 21 dogs which had been destroyed during the acute
stage, and of 13 destroyed up to four years after recovery from
an acute attack of canicola fever

In the acute group the hidneys showed, charactenstically, 2
broad band of yellowish or yellowish-white colour situated at
the boundary of the cortex and medulla  Microscopically, this
was seen to be duc to intense nodular infiltration of the
boundary zone with non-granular leucocytes which surrounded
but did not involve the glomeruli  This may ndicate the
presence of a renal shunt h such as that described by
Trueta et al (p 92) Cortical tubules were separated by
many non-granular cells  The tubular epithellum showed
cloudy swelling, and leptospires were usually abundant within
the convoluted tubules  The nodular lesions were refatively
avascular, but the adjacent casa recta were dilated and
congested

All the dogs of the chromic group had pale contracted kidneys
with fine granular surfaces, and sclerosts of the renal artery
and 1ts branches was common  Microscopically, the main
change was focal and diffuse fibrosts, much of 1t penvascular
{(Fig 14) Diffuse uterstital fibrosis of the cortex also was
not uncommon, and there was focal deposition of connective
tissue ot the boundary zone representing residual scars of
lestons seen 1n the acute stage  Glomerular damage was shght,
and took the form of thickening of Bowman's capsule with
some damage to the tufts and some adhesions of tuft to capsule
In general the changes were those of slowly mountng hyper-
tenston  Leptospires were relauvely scanty and occurred n
groups or apglutinated clumps, sometimes 1n hyaline matenal
They were demonstrated at all periods up to four years—which
was the longest included
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OTHER SEROTYPES

L medanensts (Kouwenaar and Wolff, 1929, 1930), L bataviae
and L pomona (Mochtar and Collier, 1939) and L wolfs
(Schuffner ez al, 1939) were all 1solated from dogs 1n Indonesia.
Serologrcally, mfection by L schuffners has been detected 1n
Indonesia (Colher and Mochtar, 19392), by L pomane m
Italy (Babudiers and Castagnoli, 1940) and 1n Germany (Brede,
1951), by L pyrogenes in Germany (Brede, 1951), by L seroe
and L saxkoebing in Denmark (Fennestad, 1956)

FOXES

Acute nfectton by L tcterohaemorrhagiae has been found 1n
wild foxes (Dunkin and Laidlaw, 1925, Uhlenhuth and
Fromme, 1930) Smuth (personal communication) mnvestigated
an outbreak of the infection 1n a siver fox farm i Scotland
when three ammals died Catchpole (1934) made a similar
report on clinical evid alone Lubashenko and Novikava
(1947 a) referred to infectron of silver foxes on farms where
cattle and horses were also infected

JACKALS

van der Hoeden (1955 a) found infection among jackals 1n
Isrzel Serum of 8 out of 10 possessed sigmificant agglutinins
for L canicola and the serotype was solated from four
Epidemiological evidence showed that in the same area jackals
provided a reservowr from which cattle were infected At
necrapsy the kidney of one jackal showed many small yellowish
white nodules 1n the cortex and at the cortico-medullary
and 1 revealed small haemor-

Jrhages, Itrple foct of { nfil and large clumps
of leptosprres 1n many of the convoluted tubules

CATS
Leptospiral infe of cats 1s and very rarely
causes recognuzable disease  Esseveld and Collier (1938 a) m
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Java tolated 13 strans of leptospues from the kidneys of
500 cats and one stram from the blood of 2 cat  Of these
strauns 8 were L batarrae and 8 I jaramca  The cats which
were found to be infected were all 15 kg or more 1 veight
Similarly, among older cats the serum of 23 to 45 per cent
agglutinated L datatige, and the serum of 30 per cent
agglutnated L jatamea  Esseveld and Collier did not find
any disease attributable to these nfections and considered that
the cats were mfected from rats

Sunveys elsewhere have shown even less evidence of infection
of cats  van den Brekel (1038) thought, on rather slender
evidence, that a cat was the source of a human case of Wal's
disease  In Denmark, Fennestad (2958} recorded serologicat

d af inf by L 2 haguae, por, L
raxkoebing and L batgriae  Hemsley (1956) in England found
agglutinins for L camcola 1n the sera of three cats suffering
from chronic nephnitis The hustological changes in the kidneys
were very varted and there appeared to be no relattonship
between the clhnical prcture and the seventy of the lesions
Changes were most marked 1n the glomerult, some of which
were destroyed and repliced by fibrous tissue

In a simtar sumvey m London Joshua and Broom {un-
published data) tested serum from 200 cats and found low

d utres for L h hagiae or L camcola
a proportion of the speamens  They fuled however to solate
feptospires from the few cases of acute yaundice which they
were able to mvestigate

In Germany, Otten Henze and Goethe (1951) tested serum
from 236 cats for complement-fixing antibodues to four or more
scrotypes, and only one serum gave a weak reaction wath
L canscola and I seroe By apslutination tests, 1 out of §6
showed a utre of 1/100 with L «cterohaemorrhagiae, and another
with L camcala and L segroe Expenimental wfection of cats
with I seterchaemorrhagiae ot L canreola produoced a low titre
of antibodies and only shght disease

BATS

In Indencus, bats act as carriers of L schilffnert {p 137) and
also of L ¢ymopters which has not 5o far been known to cause
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disease 1 man or other animals {Collier and Mochtar,
1939 a & b)

PRIMATES

An eprdemic of an acute and rapidly faral disease among
chimpanzees 1n 2 200 tn French Gumea was described by
Wilbert and Delorme (1927)  Of the affected ammals 23 out
of 24 died, and Wilbert himself contracted the infection while
carrying out a postmortem evamination on one of the ammals
Strains of leptospires were 1solated from this chunpanzee and
also from the man  The same authors (1928) concluded that
they were L tcterokaemorrhagrae

In a survey carned out by Erber (1932) agglutinins for
L acteroh. hagiae were d d i the serum of one
gonlla, 1 out of 9 Macacus cynomolgus and 33 out of 279
Cynocephalus papio ot C hamadryas  Some of these monkeys
had been 1n captrvity m France for a considerable time before
the tests were made, but others were bled less than 2 week
after therr arrival from West Africa




CHAPTER XVIiI

TREATMENT AND CONTROL OF
LEPTOSPIROSIS IN DOMESTIC ANIMALS

TREATMENT

The treatment of leptospiral disease 1n farm ammals has not
yet been clearly established by controlled observations, but some
of the reports of the use of antibiotic drugs or antiserum in
the treatment of naturally occurning and evpenimental infection
will be mentioned  The study of treatment of expenimental
Ieptospirosts 1n laboratory amimals 13 summarized 1n Chapter
XII  Untul more evidence has been collected on the treatment
of farm amimals 1t may be suspected that, as in man antibiotic
or serum treatment which does not begin untt 4 few days
after the commencement of the llness may not be effectne
Carefully controlled expertments are needed and until these have
been made the following dosage of antibrotic drugs per b body-
weight giten mtramuscularly each day for fite days may be
suggested  pentcillin 1,000 unuts, ovytetracychine (ferramycin)
3 mg or tetracychne hydrochlonde & mg

If renal falure develops, treatment following along the lines
advocated 1n human leptospirosis (Chapter NITI) might be
useful  We have seen no reports of 1ts use n farm ammals,
but somewhat similar régimes evolved for the treatment of both
acute and chronic nephnitis 1n dogs are described lster

[yvese Srrun

In dogs infected with L scterohaemorrhagiae Ohell et af
{1025) constdered that antileptospiral serum proved of value in
treatment, but the method never appears to have been widely
sdopted  Specific immune serum has also been wsed 1 the
treatment of leptospiral disease of cattle and horses i the
USSR The serum was produced by hypenmmunization of
snimals of these two species with two serotypes, and was used

203
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for treatment 1n a smgle dose of 100 m) subcutaneously, or 1
two such doses with an interval of three days between them
(Lubashenko and Novikova, 1947b, Lubashenk 1949)
[The translated versions of these reports do not record the
degree of control, but 1t was stated that the treatment was
successful ]

ANnTIBIOTIC DRUGS

Prgs —Nisbet (1951) treated 20 pigs with sodium pemcifiin
as soon as a tentative diagnosts of leptospirosis was made,
12 pigs had previously died on the same farm and L zctero
haemorrhagiae had been 1solated from 2 of them The drug
was given 1n 2 dose of 100,000 umts intramuscularly on each
of three successne days, only one pig died, and 1t was
Jaundiced before treatment began Two pigs on another farm
recovered after similar treatment although they were jaundrced
before treatment began  Serological tests on several of the
recovered animals did not show a sigruficant titre of antibodies

In pigs infected with L pomona Ferguson, Lococo, Smith
and Hamdy (1958) found that suffient chlortetracycline
(aureomycin) added to the ration to provide each sow with
1g per day did not eradicate the kidney carrier state 1 15 gults,
although the amount of abortion and of neonatal mortality was
reduced On the other hand, Howarth (1956) beleved that
chlortetracycline given as 200 mg per Ib of food for fourteen
days, or 3 mg of oxytetracycline per Ib weight of the ammal
ntramuscularly daily for five days, did eradicate the leptospires
from the kidneys Baker, Gallan, Pnce and White (1907)
successfully elimmated the unnary excretion of L pomona 11
evpenimentally infected pigs by feeding @ ratron contatning
500 g and 1,000 g of oxytetracyclme per ton for fourteen days

CarrLE —Bryan (1955 b) concluded that no therapeutic effect
was obtained when cattle naturally nfected with I pomona
were treated with p 1 p chlortetracy clin
or a combination of oxytetracychne and streptomycin  He
based his conclusions on the fact that agglutinin titres were
not reduced by the treatment, and made no attempt to determine
whether the anmals were excreting leptospires either before or
after treatment On the other hand, Ringen, Bracken, Kenzy
and Gullespie (1955) elyminated the carrier state m cattle
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experimentally infected with L pomona by giving dihydro-
streptomyain intramuscularly i doses of 5 mg per b body-
weight 12-hourly for three days ~ Stmulacly Ringen and Bracken
(1058) claimed that they abolished leptospiruria due to expeni~
mental ifection with L pomona by tetracychine hydrochlonde
in dosage of 25 or 5 mg per Ib body weight given once daily
for five days

Docs —Brunner and Meyer (1949) and Joshua (1950)
reported disappointing results with pcmcnllxn therapy 1n spon-
taneous infe with L cterok , but the former
workers concluded that streptomycin was eﬂ’ecnve in doses of
40 mg per Lg body weight daily for three or four days

Joshua and Freak (1947) treated six dogs suffening from
L eameola wfection by means of pemollin, In four treated
for 4 to 8 days within a few days of the beginning of the
illness, there was very rapid improvement and all recovered,
1n a fifth the ilness had lasted six w ccks before peniallin was
gnven and recovery was d by signs of
kidney damage The sixth dog “had probably been b for four
weeks, and 1t died after mine days treatment with signs of recent
acute as well as | Brunner and Meyer
(19-19) discovered that pcmc;llm dld not eradicate leptospires
{from the kidneys, and that the dogs developed leptospiruna
after the cure of the ncute illness A subsequent course of
streptomycin (40 mg per kg of body-weight, daly for four or
five days) was needed to ehminate leptospites completely

‘The mmportance of supportine treatment was emphasized by
Witter (1950) e recommended the administration of flurds
in the form of & per cent glucose 1n normal saling, Ringer's
solution  pelatine, and protetn hydrolysstes to counteract
dehydration  One or two blood transfusions m addition to
these flusds will improve the resuits  Frequent enemeta of
& per cent sodium carbonate solution remove irntant materials
from the intestine and reduce intestinal ulceration  Injectable
crude lner and thumine hydrochlonde offset ansemta and
improve the appetite Dunng comvalescence, a high proten
diet with iron and arsemic tontcs will hasten recovery

Martin, Knight and Pittaway (personal communication) have
obtuined dramatic improvement 1n cases showing acute nephritis
by ) of glucose-saline {see below) and
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the admimstration of 500 mg vitamin C together with ant
biotics  They consider however that the dog s deet should
contain no meat for six to nmine months after recovery

A method of treatng the chronic nephritis which frequently
follows recovery from L camcola infections has been elaborated
by the same workers They regard the blood urea level as a
most mmportant index of the dog s conditson and consider a
concentration of 60 mg per 100 ml or more as evidence of
urzemiz  The average value m dogs suffermng from chromc
nephritis 1s from 100 mg upwards 1n severe cases 1t may be
between 200 and 300 mg

Treatment 1s begun with a transfuston of 500 m! of normal
saline contaming 5 per cent glucose but less 1s given if the
anumal develops rapid breathing panting and excessive trembling
during the adem o steat nn Fare mmart s tvantomant tha an mal
receves 500
vitamin By
consist of muik puddings mulk foods and glucose 1n water and
milk together with 10 to 20 mg vitarmin B; daily by mouth.

Blood urea estimattons are made at mtervals of 2 or 3 days
and further transfusions gwven If the concentration wazs
ongnally from 100 to 120 mg per 100 ml, 1t should be reduced
to about 50 mg by five transfusions and can be mamntamed at
that level by the meat free diet wath the additten of vitamn By
This deet must be continued for the rest of the dog’s life

The dogs should be examned at intervals of three to six
months when the onginal response was satisfactory about 80
per cent can be expected to live for many years In some cases
02510 05 mg digoxin twice daily by mouth 1s needed 1f heart
disturbances poor circulation and venous congestion occur

CONTROL

ELIMINATION OF CARRIERS

This would obviously be the 1deal methed of control but 1t
could seldom be attempted for practical and economic reasons
It was however the means adopted by Jones et al (1945) 1@
prevent the spread of camine leptospirosis at 2 War Dog
Reception Centre m Virgia, US A Serum for agglutination
tests was taken from each dog as soon as possible after it
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reached the Centre and the ammal was quarantined for at
least tno weeks  The dog was destroyed 1f leptospiral antibodies
were present in the serum or if symptoms of leptospirosis
developed duning quarantine  These drasuc measures were
carned out 1n time of war, but the decision may have been
snfluenced by the fact that only 13 per cent of the 4 368 dogs
examined had to be destroyed When the dogs are houschold
pets 1t might be possible to ehminate the carner state by giving
the course of streptomyain therapy described 1n the section on
Treatment

PROVENTION OF TRANSMISSION

Methods for destroying rodents and for prevenung them
from gaung access to buildings and contamunating food and
water supphes are outhned 1n Chapter X1V As regards the
sptead of infection within a herd Coghlan et al (1957) noted
that 1n some of the piggenes they investigated the pigs were
crowded into pens to maintain a warm temperature and that
the pens were hosed datly and were almost always damp  “These
conditions might favour the sunnal and dissemination of
leptospires and they suggested that the pens should be treated
with a hypochlonte solution after they had been washed {p 45)

In an outbreak of L pomona infection in cattle described by
Baker and Lattle (1048) the disease was thought to spread
dircctly from cow to cow by inhalaton  The cattle continued
ta excrete leptospires for about two months after recovers and
of the amimal uninated from a standing position on to a concrete
floor, 3 spray of droplets was produced which could be anhaled
by nearby cattle  In such cases the affected animals should be
solated from the rest of the herd until they cease to be carners

‘The following measures for the control of leptospirosit among
Iivestock 1n the US \ were tentatvely recommended by T antle
and Raker {19 3)

1 Report outt reaks of leptospirosis to dtate or Iederal authorities

2 Confrm all reported outt reaks of leptospirosis ty the employment
of appropriate Jaboratory methods

3 Isolate and the haboratory d chrcal cases
Require strict santary precauti ns to munimize the risk of spread of
tnfection to other amumals and to man  Discard mulk from affected
Lictating amamals
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4 Obtan immedrately and examine serum specimens from al
2mimals on the premuses

5 Dunng the outbreak, require the daily recording of temperatyres
of all ammals Segregate those antmals with temperatures abore
103°F [396°C} Isolate and quarantune of Jeptosprross s confirmed
on lab y of Tinrcalle d A cases
6 Examme serusms of all annals one month followmg the onset of
the outbreak  Isolate and quarantine animals found to have contracted
the mfection during this period

7 Continue monthly serological exammations of all ammals for
three months after detection of the last acute infection, before per-
mutting remtroduction mto the herd, or other movement of the animals
under quarantme

The measures advocated by Remnhard (1953 b) were of
different nature  He constdered that the primary requirement
i the USA was adequate laboratory facilittes for making
serological surveys of herds  His suggestions were that farmers
with serologically negattve herds should segregate newly
acquired ammals for 2 month and have their sera tested before
allowsng them to mix with the rest of the stock Farmers with
diseased ammals should be advised to make no addittons to
their herds for at least 6 months, and to keep new calves and
unaffected stock 1solated from the infected herd for 6 to 9 months
after the last case had occurred York (1951) had prevtously
expressed stmilar views and recommended that serologrcal tests
should be made before cattle were transported from an mfected
area to one which was free of the disease

Because of the high cartier rate among pigs, Kirschner et ol
(1952) suggested that these ammals should be kept completely
separated from cattle  Gochenour (1952) pomted out that care
must also be taken to ensure that the water supphes o
clean herds cannot be contamunated by the urme of nfected

animals

IMMUNIZATION

Passtve —Okell e al (1925) considered that the moculation
of dogs wnth antdeptospical serum was 2 useful prophylactic
measure during outbreaks in kenmels of infectron with
scterohaemorrhagiae  Simlarly, Lubashenko (1949) claimed that
the hypennmmune serum he used i treatment was effective
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n prophylaxis 1n horses and cattle, under both expenmental
and field conditions

AcTive —A vacane for immunizing dogs against ¢ yellows *
was prepared by Dalling and Okell (1926) from a suspension
of the livers of guineapigs infected with L scterohaemorrhagiae
In small field trials the vacane appeared to provide a good
level of protection  Ottosen (1946) moculated about two
thousand dogs with a formohzed vaccine of L canicols and
only two developed leptospirosts duning the period of observa-
tion—which 1s not definitely stated but was apparently between
#1x months and one year

‘The vacaination of farm amimats has been studied mainly 1n
the USSR, the USA and New Zealand  Nefed ev (1049)
believed that a vaccine given n two doses was effectine 1n
reducing the inaidence of disease 1n cattle in infected herds
He stated that the vacaine had been used 1n tens of thousands
of cattle and sheep m the USSR with good results
Lubashenko (1049) claimed that a chinosol sacctne was 100 per
cent effective in protecting foxes and calves In the USA,
York and Baker (1953) and Bramel and Schetdy {1946) hae
studied the prophylactic use of bactenn made from L pomona
mactnated by formalin or by freezing and thawing  Thetr
results in small numbers of cattle and horses were encouraging

Immunization of sheep by a vaccine of L pomona was tested
experimentally by Webster and Reynolds (1030) i New
Zealind  Twenty sheep remisted challenge doses gisen three
weeks and eleven months after the admimstration of the
vaceine, while 16 out of 20 unvacainated control animals showed
leptospiruna which lasted up to three months

In spite of these sausfactory reports Morse Allen Pope and
hrohn (19%55) were sceptical about the value of vacamation 1
preventing the spread of nfection within a herd after an
outbreak had begun  They pointed out that a diagnowus of
leptospirosis was often made only after a number of cows 1 a
herd had aborted  If actine immumzation were begun then a
further period of 2 or 3 weeks would elapse before a useful
level of protection could be attained By that ime from 4 to
6 weeks mught have passed mince the introduction of the discase
tnto the herd 1 pizootics duc to L, pomona are often explosise
wn character, and the whole herd 1s rapidly exposed to the nsk

T
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of mfection They considered therefore that the disease would
‘ probably have clarmed most of 1ts victims * before vaccination
could confer adequate protection  For that reason they decided
not to recommend the use of vacene during an outbreak

In view of these conflicting opinrons 1t ts apparent that a true
estimate of the value of vaccination 1n the control of leptosprrosts
cannot be made until more formation 1s avarlable
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CHAPTER XIX

REGIONAL OCCURRENCE OF
LEPTOSPIROSIS IN THE COUNTRIES
MOST AFFECTED *

Japan  Germany Indonesa  Netherlands  France
Britsh Isles Australasia  Denmark  Switzerland  ltaly
USA  South Amenca

In this Chapter an outline 1s given of the development of
knowledge of leptospirosts 1n man and antmals in the countries
and regions where the infectton has been most studied The
first knowledge of the path leptosp was gamed 1
Japan and much information was obtaned soon afterwards in
that country and 1n Indonesra and Malaya Europezn workers
took up the study of leptosp soon after the publ of
the first Japanese work Successful proneering work has been
tecorded from Australiz since 1933 In North and South
Amenica knowledge accumulated slowly until about 1938 and
stnce that time 1nfections of amumals and man have been found
of increasing frequency In Africa little evidence of the disease
has been found except 1n the Belgian Congo, m some other
terntories of the west equatonal zone and in Kenya

Table VII gives extensive lists of serotypes found throughout
the world  In this Chapter only an outhne of the recogmtion
of sefotypes and some main features of aetiology are given,
more detai] 1s contained about the separate serotypes in
Chapters VIII-XI

JAPAN

In Chapter I an account 13 given of the proneer work
Japan which included a climical study of Weil s disease, the

* Much of the matersal contained in this Chapter appears m other Sections
but 1t 13 considered here wth regard to individual regions In addition
reference 13 made to a number of po ats wh ch are more of local than of general
1nterest and importance

o171
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discovery m 1914-16 of the causative organtsm—L. ctero
haem?r:hagme-—and provided a large proportion of our present
L ge of the epid logy and serology of the disease
Japanese workers discovered two other new leptospsral serotypes
i the ‘seven-day fevers of Japan’ and also found 1n ther
country four seratypes which had first been 1solated elsewhere
In certain country districts 1n Japan a disease, running a
course of about seven days and with symptoms Itke those of
atypical Weil’s disease, had long been recognized Qpinions
differed whether ‘ seven-day fever’ was a distinct entity, but
Inada (quoted by Ido ef af, 1918) who studied the disease 1n
the Fukuoka Prefecture where 1t 15 known as ¢ nanukayam:’,
Tuded that 1t was an independ £ 15 !
was confirmed when Ido ef al (1918) isolated strarns of lepto
spires from cases of the disease and showed that they differed
from L icterohaemorrhagiae 1 lly, and sn pathog
for guineapigs  For the new serotype they proposed the name
Spiroch = Leptosp hebdomadis or 1n their Japanese
publications S nanukayam: In 1949 Gauld et al (1952) found
infection by this serotype m sixteen U S soldiers mn the 1sland
of Okmawa
A sumular disease in Shizuoka Prefecture, known locally as
* akiyami’, was investigated by Koshina ef a/ (1925) Stramns
of leptospires 1solated from patients showed marked differences
m thetr virulence for guineapigs and were dwvided tentatively
mto two groups, Akiyam: leptospira A type, and Aktyam
leptosptra B type  Further investigation proved that the B type
stramns were 1dentical with L kebdomadis, but that the A type
stramns represented a new serotype  Later Abe (1934) found
the 1 1 cre  afee an day fever m Nagasake
P [TERYIT PRI ¢ hasamiyami ', were
[ !+ .1 11\ pe and he proposed
to name the serotype L autumnalis In additton to the common
names already mentioned seven day fever 1s also known mn
vartous localities as akke disease, odan eki, sakushu fever, and

sahara fever
1o d d elsewhere, Z aus-

Among serotypes §
tralts A has been found m Japan where i certan areas, such
as along the Tenryu Ruver, 1t causes 2 seven-day fever It was

for a ume named 1 Japan L akiyamt C, L hebdomadss Cor
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L tenryuensis  'The amimal reservoir of this serotype in Japan
has not been found

Less commonly L batavtae has caused human infections 1n
Japan but the amimal reservorr has not been discovered
L pyrogenes has been found i1n human patients and m rats,
and infection by L camcola was first presumed 1n one patient
on immunological evidence, and later found to be the cause of
43 cases of disease 1n ncefield workers

I L h A have been
among coal miners, food handlers and some farm workers, the
infections by L camcola were presumably from dogs, and the
other serotypes mostly infected field workers

GERMANY

Well's article which established a2 new disease enuty was
published 1 1886 and Goldschmide (1887) first used the name
*Weil's disease’ German writers, such as Jaeger (1892)
deseribed other cases of the disease on a clinical basts  During
World War I, Hubener and Remter (1915, 1916)—without
knowing of the slightly earler Japanese discoveries—transmitted
the infection of Weil’s disease 1n German soldsers to gmneapigs,
monkeys and rabbits and named the causal organism Spurochaeta
nodosa Uhlenhuth 2nd Fromme (1915, 1916 a & b) confirmed
these findings and named the organism szrathaeta ltlerogenﬂ!
These two names are of L
monograph * Die Leptospirose’, by Rimpau was published 1n
1950, and 1t includes an account of a considerable amount of
the German expenience on leptosptrosis

Infe ¥ seteroh h and L camcola have
been found in many parts of the country 1 circumstances
simtlar to those 1n other lands, but the numbers of such cases
are much less than those due to L grippotyphosa (Rimpau, 1948,
Gacehtgens, 1950, Brede, 1951, Kathe and Enge]hardt 1953)
Adam (1950) showed that 1nfe by L
occurred mostly on the coasts of the North Sea and Baluc Sea
and m the Jower courses of the Rivers Weser and Elbe By
contrast field fever (due to L grippotyphosa) was found mainly
well infand, and canicola fever occurred without special
geographncal assoctation
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Evidence of infection of animals by L scterohaemorrhagiae
was found 1 dogs (Uhlenhuth and Zimmermann, 1936 , Dahr,
1987), wiute rats (Roelche, 1938), wild rats (Fihner, 1950 b),
cattle (Kathe, 1943), Arvicola sherman (Rimpau, 1913) and,
doubtfully, a cat (Otten #f of, 1954)

Since the end of the last century German clintcians had
recogruzed ‘ mud fever’ as a specific disease occurning among
people working 1n damp fields  In 1926 Prausnitz and Lubinsks
reported that they had cultured leptospires from the blood of
patients suffenng from the disease, but they failed to subculture
the orgamism or to transmut the infection to ammals  After
Tarassoff (1931) reported his discovery of L grippotyphosa,
Rimpau ef ol (1933) showed that this orgamsm 15 the cause of
“mud fever’ in the basin of the River Qder, * harvest fever’
1n the Danube basin and 1 the basin of the Elbe, and * swamp
fever* in various parts of the country

‘The infections by L grippotyphosa have been very numerous,
for Rimpau (1948) found 663 1n eight years 1n South Bavana,
and epidemics of 300 cases among pea harvesters in Lower
Saxony, and of at least 300 in pea harvesters and cabbage
gatherers m Schleswig-Holstein have been reported (Popp,
1950, Hermannsen, 1954) Litzner and Hahn (1900) and
Popp (1950) showed that the first of these eptdemics was partly
dependent on an acute epizootic spread of L grippotyphosa 1n
field mice  Other groups of cases and isolated infections by
the same serotype have been reported from varous parts of
Germany by Glattkowski (1950), Fishner (1953), Naumann
(1950) and Burggraf (1950) Kathe (1943) found serologrcal
evidence of old or recent infection by L grippotyphosa n dogs,
horses and cattle

Human infections by L camcola have been found frequently
n Germany, and Steigner and Messerschmdt (1950) estimated
that there may be 3 cases per 100,000 of the population,
annually He noticed a seasonal madence of the disease m
man and 1n dogs, with pesks 1 late summer and 1 winter
Other collections of cases were recorded by Gunther-Kiihne,
Rimpau and Schubert (1949), by Rimpau {1948) 1 South
Bavania, by Hellwch (1950) i Saxony, by Gaehtgens (1950)
in Hamburg, and by Brede (1951) in Cologne and district
Infectton of dogs was studied by Uhlenhuth and Zimmermann
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{1936) m Freiburg-im-Breisgau, by Dahr (1937) Stergner
(1950), and by Brede (1951) m Cologne and disttict The
last named found 138 dogs infected duning 1950, approximately
80 per cent of these dogs were male

Twelve infections of human beings by L seroe have been
found by Rimpau (1948) Infection by this serotype was found
serologically 1n wood mice by Rimpau (1943) and 1 dogs by
Steigner (1950) Rimpau (1948} discovered two human cases
of mfection by L australis A, and Lubbers (1951) suspected
infection by L saxkoebing 1in two patients, and demonstrated 1t
1 two dogs

L muenchen was 1solated from a human infection in Munich
(Wolff, 1053 2)

INDONESIA

According to Walch-Sorgdrager (1939) the first recogmzed
case of Weil’s disease 1n Indonesia was reported by van der

Scheer (1892)  Schuffner (1918) d. d leptosp as
well 25 malania parasites, 1n blood films of a patient who died
with symp of black fever Schuffner proposed the
name teteroh lob for these leptosp but as the

stran was not grown 1n culture 1ts 1dentity 1s unknown, and
the name 13 not 1n use

During the next two decades Schuffner and hus colleagues
made an intensive mvestigation into fevers of short duration
and unknown ongin occurning manly among plantation workers
n Sumatra, where leptospires were frequently found in the
alkaline natural waters of the sland  In contrast, the waters
of Java are more acid leptospires are almost absent in them
and only a few human Jeptospiral infections were found in that
1sland Leptospires of a wide vanety of serological types were
1solated 1 Sumatra, Collier (1048 a) stated that from human
¢ases 18 different serotypes had been solated in culture, and
that there was serological evidence for the presence of an
additional 3 serotypes  In addiion 3 more serotypes have
been found only 1n ammals These findings are recorded mn
Table VII In studying the relationshuips of these strams, the
Dutch workers elab d the logical teck which are
now used as the basis for classifying the genus
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NETHERLANDS

Werl's disease was first recognized 1n the Netherlands 1n
1924 (Schiiffner, 1934) The madence has been greatest m
three provinces below sea level on the West coast, 1ncluding
Amsterdam, Rotterdam, Utrecht and Leyden, where the water
15 less saline than m northern parts of the Netherlands A
seasonal increase in Jate summer and early avtumn was noticed
and m Amsterdam, especially, the disease occurred m three
groups of people (1) Those whose occupation put them at
nisk, such as fishermen, bargemen or slaughtermen  (2) Those
wfected by faling into canals by accident or with surcidal
intention and who came near to being drowned and were ;n 2
belpless state when removed from the water Falling mto
clean fresh water in lakes did not lead to infection, but only
canals which were polluted by human and animal refuse and
of which the banks were teeming with rats Infections of
this type occurred without seasonal emphasis (3} Infections
of bathers and swimmers in canals and 1n open air swimming
baths 1n which the water was polluted by refuse and nfected
with L reterohaemorrhagiae It 1s this group that caused the
sudden mise 1n cases from July to October It 1s probable that
the use of the crawl stroke 1n swimming ncreases the risk of
infection because infected water then frequently enters the
mouth, nose and eyes

During the Second World War the madence of Wedl's
disease was altered in Amsterdam (Ruys, 1946) In the pre-war
years (1935 to 1939 inclusive) only 13 per cent of 47 mnfections
occurred 1n the fourth quarter of the year, but during the years
of the war (1040 to 1945) 43 per cent of 83 cases occurred m
the fourth quarter, owng to people fallng mto the canals
duting the “ black out” Also, 1n the hot summer of 1944 no
case of Weil's disease was noticed 1n spite of much ssammmng,,
this was probably due to the high salinty of the water of the
town and neighbourhood after the canals had been filled with
brackish water Wolff and Ruys (1953) found that the number
of cases notified 1 the Netherlands duripg 193439 mclustve
was 531, compared with 276 duning 1946-51  In Amsterdam,
there was similarly a decrease from 185 to 111, this was made
up by a fall to about two thirds the number of cases m the
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second pentod 1n the group of water contact by swimming and
fishing, and to about one half 1n occupational contacts and
water acctdents  The ratio of the numbers of infections to the
numbers of accidents remained the same

Widespread infection of rats by L scterohaemorrhagiae was
found as 1n other countries, and Klarenbeek (1938) found at
Utrecht that 31 per cent of 182 dogs which had leptospirosis
during 1933-37 were infected with L icterohaemorrhagiae A
cat was suspected of bemg the carrter of infection to two
bakers (van den Brekel, 1938) klarenbeck and Winsser (1937)
found that a pig was infected

In 1831 Klarenbeek and Schuffner (1933) 1solated from a
Dobberman picher dog in Utrecht a new serotype, L cantcola
The first known human 1nfections by this type were recogmzed
in the Netherlands 1n 1933 (Dhont ef al, 1034) and by 1948,
48 cases had been recorded (Roos ez al , 1937, Schuffner, 1941,
Minkenhof, 1948) Klarenbeek (1938) found that 69 per cent
of dogs which had leptospiral infection were infected with
L cancola, and Klarenbeek and Winsser (1938) made a full
mvestigatron of the disease m dogs The infection was
diagnosed 1n a cat (van den Brekel, 1938)

Schiiffner and Bohlander (1942a& b) found L grippots phosa
as the cause of leptospirosis 1n two children who had been
bitten by field mice (Microtus arvalisy ‘They established that
this amimal 1 2 carner of L grippotyphosa and (1943) found
21 human cases 1n the Netherlands up to the end of 1942

Wolff ¢ al (1949) reported the first known human nfection
by L ballum which occurred 1n a laboratory worker from a
superficial scratch by an mnfected mouse

FRANCE

In 1883, Landouzy described an 1llness of two sewermen 1n
Parts, which he called hepatic or bilious fever or hepatic typhoid
fever, he aseribed the disease to an mfectious agent caught n
the sewers ‘This was before Weil’s publication 1 1886

Infections of Allied troops by L icterohaemorrhagiae were
detected 1n France and Flanders duning the First World War
(Stokes and Ryle, 1916 a & b, Dawson and Hume, 1916,
Stokes et af, 1917, Costa and Troser, 1916 ¢, Dawson et
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al,1817) Costa and Trosster (1918) emphasized the menmgitic
form of the disease During later mvestigations, Mare and
Gabriel (1936) stressed that leptospral gitis ts
in children than in adults and that eprdemics with a seasonal
mcdence i the suromer may be due to bathing In 193¢
Erber reported that 286 infections of Weil’s disease mn all parts
of France had been diagnosed at the Pasteur Institute, Pans,
between 1923 and 1932

Infections by L cantcola n France wete first reported by
lochine-Erber and Collomt 1945)
In 1940 von Hoesshn (1941} found rafectrons of German
soldiers mn France by L grippotyphosa, and Buckland and
Stuart (1945) detected two instances of infection by L grippe
typhiosa and one by L sejroe among Britssh soldiers 1n Normandy
Bastin et al (1953) found 2 boy who had acquired infectton by
L gnppotyphosa, probably by bathing

Infectson of pig keepers has been reported 1 several parts
of France (Siguter and Poulet, 1947, Matter et of , 1930,
Boquien ez al, 1950) In 10 cases the infecting agent was

L pomona which has been found also, by serological test, to
- ” + ¥ re=a} ]none

*150)

' als m
Strassburg, and Prcard (1954) found infections by L sctero
haemorrhagrae and L ballum among nce workers i the South
of France

In French Indo-China, human nfecttons by L sctero-
haemorvhagiae, L autumnahs, L kebler, L hebdomadss, L caveelt
L camcola, L batamae and L austrahs A have been demon-
strated (Ragrot and Delbove, 1934, Vaucel and Souler, 1937,
Kolochine-Erber et af, 1952, de Lajudie and Brygoo, 1953}

Cases of Weil's disease were 1dentified 1n French West Africa
(Goez, 1933) and m French Morocco (Blanc and Delage,

1951)

K

BRITISH ISLES
Durning the First World War, British workers diagnosed
Weil’s disease by bacterological and serologrcal methods n
Briish soldiers i Flanders (Stokes et al, 1917, Dawson ef
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al, 1917) ‘The first case proved to anse 1n England was in a
man infected by immersion 1n the Thames and was reported
by Manson-Bahr et @/ (1922) In Scotland, the disease was
found chiefly i coal mmers mn East Lothran (Gulland and
Buch 1924, Buch 1927)  Buch also demon-
strated L h h in rats 1 Scotland and 1n shme
from a coal pit

Since 1934, evidence of the disease has been reviewed at
various stages by Alston and Brown (1937), Broom and Alston
(1948) 2nd Broom (1951 a) During the recent years 1951-54
inclusive, the number of cases known in England and Wales
was 98, 117, 118, and 125 respectively The death rate m this
series was 15 per cent and was lower than i a previous series
covering the years 1940-46 (Broom and Alston, 1948) 1n which
1t was 22 per cent

In Table X the occupational wncidence 15 given of almost
1,000 cases reported 1n the Butish Isles from 1933-48 The
proportion of coal mners and fish workers 1n the second sertes
1s less than in earhier surveys, because of improved working
conditions, and greater in farm workers, probably partly by
reason of better diagnosis The large ‘ muscellaneous ' group
mostly comprises occupations where contact with rat urine was
likely In England and Wales, Broom (1951 a) found that m
recent years 30 per cent of all infections have been in land
workers

Coal mining formerly carried a much greater risk of Weil's
disease 1 Great Brtamn than it does now In Table X,
refernng to infections during 1933 48, 14 2 per cent were
coal miners, but mn Broom’s series 1947-50 the percentage
was ¢ Good accounts of the disease 1n coal miners have been
given by Buchanan (1927) for the Lothians, Stuart (1939 b)
and Sharp (1953) for the West of Scotland, Swan and McKeon
(1835) for Northumberland and Sladden (1939) for South Wales
Reasons for the recent reduction of nfectton include the
decrease of the use of horses 1n the mines, improved water
pumping and the closing of many ‘ dnft ' mimes which enter
the ground by horizontal or gently sloping roadways (Jenkins
and Sharp, 1916)

Bathung and ‘accidental immersion 1n canals, rvers and
stagnant pools was the cause of infection 1n 19 per cent of the
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1947-50 series an England and Wales In the hot summer of
1949 there were 33 cases, and 1n the cooler summers of 1948
and 1950 there were 15 and 16 Working in canals, gravel pits,
watercress beds, ditches etc contributed 25 per cent to that
sertes.  Lyon (1956) detected 3 coal muners and ! brickwork
employee who were infected by bathing and not at their work
places

In the fresh fish industry 1n Aberdeen, workers were found
by Dawdson and Smith (1936) to be frequently infected by
means of rat urtne which contammated offal left m the fish
cleaning sheds during the nught (Fig 16) These investigators
continued their reports for several years, and up to 1948 had
diagnosed appro<imately 200 cases (Davidson and Smth, 1639,
Smuth, 1949)

Broom and Alston (1948) included 11 infect:ons in men
working at the fish docks of Hull and 2 at Gnmsby Hampson
(1946) found leptospiral antibodtes in the serum of only 1 out
of 116 fish cleaners at Grimsby, and he attributed this low
meidence to the use of sea water m washing the fish and the
tubs
Food handlers in shops, restaurants and hotels compnsed
4 per cent 1n the 1947-50 sertes 1n England and Wales

The percentage of sewer workers among all ifections dis-
covered 1 England and Wales has fallen from 8 per cent n
193348 to 5 per cent in 1947-50 The number of cases felt
sharply 1 1940 and remamed low dunng the war but has
inereased agamn since 1946 The most hikely reason was the
cessation durng the war of extenswve repairs of the sewers,
which mvolve handling of broken mfected bnckwork Exten-
sive destruction of rats in London sewers was begun in 1942,
but has not been sufficient to prevent 5 to 10 cases a year
among one to two thousand workers As would be cxpcme.d
infection has occurred more often early than late 1 a man's
penod of service m the sewers, 1n 19 instances the range of
service was from 3 weeks to 20 years, but 1n 8 the pertod was
less than one year and m only 2 more than ten years The
disease has been studied 1n sewer workers mn London {Fauley,
1934, Alston and Brown, 1935, Broom, 1951 a), Glasgow
(Stuart, 1939 a), Aberdeen, Newcastle, Wulverhamp}on and

Brixham
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In Northern Ireland 24 of leptospiral inf
were recorded 1 1952 and 38 1n 1953, these were almost all
Weil's disease, a number of infecttons have been found 1n
Eire (Broom, unpublished data)

Among antmals, infection by L teterohaemorrhagiae has been
found 1n Great Britain 1n rats (Coles, 1918, Stevenson, 1922,
Broom and Gibson, 1953), dogs (Okell et al, 1925), a wild
fox (Dunkn and Laidlaw, 1925) silver foxes (Smuth, personal
communication), pigs (Field and Sellers, 1951, Power, 1951,
Nisbet, 1951), and rarely in cattle (Field, 1949, Field and
Sellers, 1050)

The first human infection by L camcola known n England
was reported by Baber and Stuart (1946) Broom (1951 a}
recorded 70 cases i the period 1947-50 m England and Wales
and 78 are recorded during the following four years 1951-54
Joe and Sangster (1951) recorded the first three cases known
1 Scotland, and Seiler et af (1956) and Lyon (1956) provided
other examples A case has been detected 1n Northern Ireland
(kennedy, Crozier and Houston, 1953)

The imfection of dogs 1s frequent as 1s shown by serological
surveys  Stuart (1946 a) in Scotland, Broom and MacIntyre
(1848) 1n England and Broom (1951 b) 1n specimens from Eire
have found evidence of past infection 1 25 to 40 per cent of
the canine population

Infection by leptospires other than L k h or
L camcola has not yet been d (apart from lab y
wfection) m the Brtish Isles  Keal (1957) reported a case
dragnosed serologrcally as bemg caused by L grippotyphosa, but
the patient was an engineer who became 1ll a few days after
reaching London by arr from Malaya Broom (1951 a) tested
sera from 642 patients suffening from aseptic memmngitis for
aotibodies against L batatiae, L grippotyphosa, L pomona and
L seproe with entirely negative results, but found 17 sera with
Sigmificant titres aganst L scterohaemorrhagiae and 8 aganst

canicola

AUSTRALASIA

In 1933 and 1934 utbreaks of an acute febrle illness occurred
mthe Ingham region of North Queensland, Australia  Chimcally
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the affection resembled Weil’s disease, and Cotter and Sawers
(1934) 1solated strains of leptospires from some of the patients,
who were mamly employed 1n the sugarcane fields, and from
rats caught in the locality By a serological study of these
strains, and of others isolated during the ensumg period,
Lumley (1937) found that two new serotypes, L austrahs A
and L austrahs B, were mvolved In the same year Clayton
et al (1937) reported the 1solation of another new serotype
which was named L pomona by Derrck (1942) and Johnson
(1942) recorded a fifth, L smutss (=hyos)

TasLe XXXII

ANIMAL RESERVOIRS OF THE AUSTRALIAN LEPTOSPIROSES
(after Johnson 1950)

Clirical Type Serological Tape Arimal Reservors

Classic Weil s disease L wterohaemorrhagiae | Imported rats (R norvegicus
R rattus)
Dogs

Natwe rat (R conatus)

Canefields leptospiroses | L australis A

L australis B Imported rat (R ratfus}
austrels # Bandicoot (Isoodon spp )

Bld leptospiroses L pomona Cattle, calves
e leptosps L ﬁyo: (matss) Pigs
Dogs

A full review of leptospirosis in Australta was wrtten by
Johnson (1950) He showed that 96 per cent of the disease
has been found 1n Queensland, that 61 per cent of 1t was due
1o infection by L australis A and L australs B 1o the sugarcant
filds of North Queensland, 33 per cent to mfection by L
pomona or L hyos in North and South Queensland and 10
northern New South Wales, and only a few per cent of the
cases have been found 1 Victona and Western Australiz
I due to L 1cterok k were only 6 per cent
of the whele  Table XXXII gives the snimal reservoirs of the
serotypes, and Table XXXIII shows the occupations of the

atients
P Stevenson, Hayes, Ferns and Wellington (1953) gave sero-
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logical evidence of infection by L pomona or L kyos or hoth
10 7 6 per cent of 422 abattorr workers in Melbourne, Victona,
and they found three cases of memagitts due to L pomona m
Melbourne Derrich (1952) found L camicola 1n blood cultuses
of two patients in the same State

Duning recent investigations 1n the sugar growing areas
farther serotypes have been discovered In additton to L
medanenss, this series compnses strains belonging to four
apparently new serologreal types (Smith et af, 1954)  Of these,
the  Rob ¢ L re
and the .
type belo
(1956) showed that the * Celledont * type 1s related to L javanica
and L poz, and proposed for it the name L celledons Two
additronal new serotypes, the ‘Esposito® type and the
‘Valbuzzr® type which arc related to L australs 4 and L
gnppotyphosa respectively were later reported by Smth and
Brown (1955)

« A7 4T A aancland have

v .
58 cases 1nvestigated from July to November 195¢ In both
papers the relation of infection to heavy rainfall was emphastzed
Experiments demonstrating that leptospires can survive 1o soil,
and later be washed out, were made by Smuth and Self (1955)
Regarding the site of entry of the organisms Cotter (1936) stated
that workers 1n the cane fields sustan numesous cuts and
abrastons of the hands, wnsts and forearms from the cane
Jeaves and cut ends of the cane, and that soiling of these parts
1s unavotdable Rats urnate on the cane when feeding and
also on the soil 1 the vicinuty, and the most probable portal of
entry of the organisms 1s through these skin abrastons Cane
cutters frequently use poor footwear and some go barefoot, and
abrasions of the feet and around the ankles may also permit
entry of the leptospires

Measures which are used m the canefields for the prevention
of mfection are described 1n Chapter XIV

In Dernck’s series, 120 patients were persons engaged i
cane fields and 99 patents were not, the infectng serotype
was accurately diagnosed in 208 cases, and eleven serotypes
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were d i the b & d—~L australs B (58),
L ausiralis A (48} ‘ hremastos tvpe (22) Robwnson” type (17)
L celledont (15) L hyos (15) L cameale (12) Srwapzal’
type (=L wmum) (9) L medanenss () L pomona (3)
Doherty et ol examuned 52 rodents caught m or near cang
fitlds  Antsbodses agamst L awstralis 4 vese found m 1} out
of 16 specumens of R comatus and 7 were urnaty carsiers
Laptospites were not found 1n the kdneys of 32 speamens of
Kroodon dhesules (bandicoats) but 10 had aggluumns agasnst
L auwstrahs 4 and 2 agamnst serotypes of the Hebdomachs
serogroup

L pomona infects pags and abo causes  red water 1n castle
Sutherland ez @! (194%) were the fir ¢ to solate the seroty pe
from the latter species It has afso been ssolated from a carrger
dog (Mackerras 1934) L kpos 13 endemic among pigs and
Johnson (1950) stated that \nere 15 serological evidence that 5
wnfects cattle and calves although 1t has nor so far been solated
from these animals

In New Zealand harschner and Gray (1951) Rurschoer et o
{1992) 2nd Fasne and Kirschner {193) recorded human wnfee
vons by L icterohaemorrhagiae and L pomena and found the
first named eerotype sn rats  They obtaired seralogical endence
of infection of cahves and pins by L pomona and 2 steam of
this setotype was 1solated from sheep by Hartley (1802) 4
humzn case of camcola fever was reported by West ung
Whitehead (1903)

Serological emidence of leptospsral infection of human bengs
11 Papua and Wew Guinea has been found by Austratian workerg
{Forbes and Wanpan 39 3)

DENVARK

Leptaspirosis was first recognized tn Denmark 1y 1834 whery
14 human cases of infection by L rdcmhammbzgm Were
found, and 1t was shown that -5 per cent of 93 eatg WEIE Carnecy
of the organsm (Zuclzer 1936 2 & b)  Later Oty {1941y
cultured leptosprres from 33 per cent of 685 ats gy gy
£oncise review of leptospirasis 1n 808 persons i Doy was

8wen by Borg Petersen (1849)
From 103448 snfecuan by L scterohaemorhapge ey g 0 /
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n 254 persons, with a decreasing proportion of jaundseed and
of fatal cases as the years went on There was 2 distinet,
unexplamed seasonal mcrease of the mfection 1n August to
December mclusive  The patients were men 1n 86 per cent of
cases

As well as rats, dogs were found snfected—espectally n rugsl
distrcts

L camcola 1nfected 95 of the 808 patients during 193448
and these infections were more frequent in the last three months
of the year Men were mfected 1n 57 per cent of cases, there
were no fatalittes and 13 per cent were jaundiced This serotype
was cultivated from dogs (especially m towns) and some
excreted 1t for several months

In 1937, Borg-Petersen and Christensen (1939) rdennfied a
new serotype, L seroe Borg Petersen (1949) found that this
orgamsm 1s carried mainly by harvest muce (Mus musculus sp)
There were 414 human infections with tfus serotype 1 1934-48
mcluding 198 durmng the year 1943 when there was 2 plague of
mice Infection occurred in the fields and 1n houses 1 country
districts, and 66 per cent of patients were males There were
three fatal cases (0756 per cent) and 13 per cent showed
jaundice

Infection by L grippotyphosa was found i 15 rural male
patients duning 194048 without a fatahty, the serotype was
1solated from 22 per cent of 132 voles (Microtus areals)

L batatiae was diagnosed serologically 1 16 male country
duwellers without fatabty durmg 194046, but the serotype was
not 1solated from man or animals

In 1942 Borg Petersen (1944 b) 1solated from two wood
mice (Apodemus flarscollis) a new serotype, L _saxkoebing In
1943 he found two heman imfections by it 1n Denmark

L por was diagnosed serologreally i two cases 1n 1945 and
1946, 2nd the serotype has been cultivated from man and from
the wood mouse (Apodemus syliancus) and from a bank vole
(Cleth 135 glareolus) (F: d, 1955)

In 1943, Borg Petersen (1944 c) 1solated another new sero
type L ballum, from a field mouse (Mus smuseulusy  He found
that 1ts path for young was stmular to that
of L icterchaemorrhagiae (for 14 out of 18 animals died 7 to
12 days after inoculation) although jaundice was caused by the
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new strain 1n only 7 out of 16 amimals Human imfection by
this serotype has not yet been found 1 Denmark

Infectton of pigs and cattle by L pomona was recorded by
Borg-Petersen and Fennestad (1956 b) They discovered that
these 1nfections were present only in certain 1slands where there
occurs a stnped field mouse which 1s the chuef carrier of L
pomona 1 Denmark  They found (1936 a, Fennestad, 1956)
serological evidence of infectton of cattle pigs and horses in
Denmark generally, by several different serotypes, and con-
Jectured to what extent abortion of cattle might be due to
leptospirosts  Fennestad gave a gaod summary of the serotypes
found to mfect man and animals up to that date

SWITZERLAND

Gsell (1936) teported the first recorded nfections
land by L h h four proved cases and

one suspected case

It 15 one of the distinctions of the Swiss workers—Gsell and
hus coll that they have elucidated the leptospiral nature
of snaneherd’s disease after 1t had been studied chinically and
epidemiologically 1in Switzerland and Savoy since 1914 They
bave given very accurate accounts of the climical features and
epidemuologreal details of the disease in several papers and 1
Gsell s book * Leptospirosen’ (1952)

Gsell (1944) showed by serological and cultural methods that
swineherd s disease 15 a leptospiral inf E o
PIgs 1n certan parts of Switzerland showed infection by L
pomona to be common, and later 1t was found (Gsell and
Wiesmann, 1948) that L hyos also infects them  Swineherds
are infected from pigs’ unne by both of these serotypes, and
the name swincherd & disease refers specially to discase caused
by them  Rarely, pigs and pig farmers n Switzerland are
tnfected by other serotypes Epidemiological and climeal
details of swineherd s disease are ghen on pages 145-8

Gsell (1948 b) showed that berugn meningitis 1s caused
Switzerland by other serotypes than those of swincherd's
disease, and divided this form of leptospiral infection into three
epdemuological groups
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1 Field workers marnly wnfected by L grippotyphosa
2 Swineherds manly infected by L pumam{
& Cancola fever due to L camcola

Infections dragnosed 1943-46 m Switzerland were by the
following serotypes

L pomona 76
L grippotyphosa 41
seyroe 23
L austrahs 4 11
L camcola 9
Undetermined 3
163

In recording an attack of camicola fever in a vetermary
surgeon, Gsell and Kanter (1945) mentioned that, in the year
194445, 114 cases of this infectton were seen 1 dogs at a
veteninary clintc 1n Zurich, and that 59 died

Heusser et al (1948) concluded from serologcal evidence that
maonbhindness or pertedic ophthalmia, in herses, ts lepto-
sprral, and they incnmunated L grippotyphosa, L pomond,
L australts, L sgroe and L ) y 1n mndivdual
amimals (p 251)

ITALY

Durtng the War of 1914-18, a few cases of Weil’s discase
were proved among the soldiers on the Austro-Italin front
(Morescht and Carpt, 1916, Ascol and Perrser, 1916, Sisto,
1917) It appeared that the leptospiral infections were only 2
small proportion of the cases of jaundice

Leptospiral mfections have been found much more frequently
sn Northern Italy than m the rest of the country Auston:
(1953) recorded that during the previous 15 years there had
been diagnosed serologrcally at the Istituto Supertore di Samth
di Roma 953 cases of & hagree, and
90 per cent of these were n Northern Italy {Venice, Lombardy,
Enulia and Predmont}, 10 per cent 1n Central and only 3 cases
1n Southern Italy These 953 were 67 per cent of alf lepto-
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spiral infections diagnosed at the Institute in that perod  The
Northern part of the country has the most nvers  In August
and September 1944, 17 Bntish soldiers were mfected by
L seterohaemorrhagiae after bathing in the River Arno or 1its
tubutaries or i bomb craters, 5 died (Hutchison et af,
1946)

Infection by L camcola was duagnosed serologreally 1n 5%
persons by the Institute up to 1951 46 of these lived
Northern Italy (Austoms 1953) Babudier and Castagnoly
(1940) found this serotype 1n 3 per cent of 150 dogs in
Rome

In 1938, Mino (1938 1939) and Babudien: (1938) separately
published the discovery of leptospiral mfection among ncefield
workers 1n the valley of the Po 1n Piedmont and Lombardy in
Northern Italy The two 1nvestigators believed that they had
each found a new serotype, and they named them L smitis and
L oryzet: respectively ~ Gispen and Schuffner {1939 b) showed
that these strains are L batavige It has been reckoned that
about one exghth of all leptospiral infections in Italy, and
two thirds of those 1n Italian nce workers have been by L
bataviae 'The most frequent carner 13 Micromys mnutus
sorenus - A detailed account of the disease n nce workers 15
ghenonp 163

Mino (1942 a) found serologically 3 of inf by
L grippoty phosa among 255 leptospiral cases during 193741,
and 8 more such infections were found serologically by
Babudiers (Austons, 1953) Mino also found evidence of the
serotype 1 1 Aruicola out of 21 tested 1t 15 voles of this
sort that are the usual carners of the serotype, but they are
uncommon n Italy

A few human mfections which were first thought to be by
L seroe (Mino 1911) are now believed to have been by
L soxkoebing (Austom, 1953)

Mino (19422) found a new serotype—L pm—in a nce
worker, an antmal carrier has not yet been found for it

Babudien and Bunchi (1940) wmolated strains from tece
workers which were first named * Mezzano strains” and later
tentified by Babudiers (1941) as L pomona  Austomt (1933)
stated that infections with this serotype have been found
specially 1n the Po valley, 1n cheese factonies, pig farms and 1n
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some nice fields Infection by L kyos has been found sero-
logrcally m about 20 persons 1 Northern Ttaly (Austons, 1953)
L australis B, also, has been found on rare occasions m nce
worhers (Austons, 1953)

UNITED STATES OF AMERICA

Wolbach and Binger (1914) 1solated from a fresh water pond
in Massachusetts the first observed leptospire, which they
named Sprrockaeta biflexa  Nogucht (1917, 1918 a) estabhshed
the morphological similanity to one another of the Sprrachaeta
scterohaemorrhagiae of Inada, strains from British cases of Werl's
disease n Flanders, strains from wild rats 1n New York City
and Wolbach and Binger’s Sprrochaeta biffexa, and he suggested
the name Leptospira for the genus

The first human nfection known wn the USA was of 2
Liboratory worker acadentally snoculated with L sctero-
haemorrkagiae i Albany, New York (Vadsworth, Langwarthy,
Stewart, Moore and Coleman, 1922) Molner ef al (1948)
collected records of 306 human cases of Weil's disease 1 the
USA up to 1945, these were found 1n many States of the
Unuon but specially 1n cities such as New York (Tiffany and
Martorana, 1942), San Franasco (Meyer, Stewart-Anderson
and Eddse, 1939a) New Orleans (Bruno, Wilen and Snavely,
1943, Senekpe, 1944) and Detrot (Molner et al, 1948)
Circumstances of mfection were similar to those elsewhere and

tuded the p of gard veterinarian, sewer
workers (Mever et al, 1939 a) and bathing (Havens, Bucher
and Reinann, 1941) Ward and Turer (1942) found
Baltimore titres of 1 ton of L tctero-
kaemorrhagiae by the serum of 17 per cent of 75 poultry
dressers, 6 per cent of 48 meat packers and none of 24 candy
makers Stles and Sawyer (1942) gave the sigmficant occupa-
tion m 71 cases Among others, Beeson and Han}(:y {1952)

ded cases of gatss due to L acterol , and
Stles Goldstemn and McCann (1946) emphasized predomuantly

renal forms of the disease
tances

Meyer et al (1938 a & b, 1939 a) revealed the first iny
of human infection by L cameola known in the USA, the
patients were two vetermarians  Rosenberg (1951) lListed IT
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American cases, diagnosed two more and gave A very good
review of the subject Beeson and Hankey (1952) recorded
12 mnstances of the infection, and one or two cases each were
reported by Rosenbaum (1946) Molner e al (1948) and
Pearson and Hall (1952)

Meyer et al (1939 a) 1solated 11 strans of L camcola from
dogs 1 Cahfornsa, and Raven (1941) Tiffany and Mastorana
(1942) and Jones ef al {1945) showed evidence of the wfection
of dogs 1n Eastern States

In many of these mstances domestic o professional cantact
with dogs was found, but Cockburn ot a! (1954) traced
mfection of 24 people by use of 2 swummmg paol (possibly
contamiated by horses), and Williams, Murphy, McCroan,
Starr and Ward (1956) believed that 26 persons were tnfected
10 a stream to which infected dogs cattle and swine had access

Morton (1942) first showed that the hamster (Cricetus
auratus) 3s susceptible to mfection by L camcola as well as by
L scterohaemorrhageae

Baker and Lutle (1948) isolated leptospires from dairy cattle
1 New Jersey, and these were idenufied as L pomona by
Gochenour et of (1950) Later evidence of leptosprral infectson
of zattte, mamly by this serotype, was found m 19 States,
Reinhacd (1953 2) gave a full account of it and Morse (1955)
estimated that 1t causes 4 loss of 100 mithon dollars 2 year  Pigs
10 smany States east of the Rocky Mountains have been found
infected by Sippel and Atwood (1953) and very extensne
wfections of herds of pigs, with considerable damage to health
was found sn Jilinots {Bryan, 1855 2) and elsewhere  Roberts
el al (1952) found this serotype tn 2 out of 6 horses alf of which
had leptospirosts  One of the two had periodic ophthalma
The retation of leptospical infection, espeaially by L pomona,
to periadse ophthalmra of horses has been tnvestgated by
Yaperet al (1850) Woods and Davis (1950) and Bryans (1955)
The presumptive evidence which they found for the relationshap
s gwen 11 detarl ny Chapter XVI

Beesan et a7 {1951) and Beeson and Hankey {1952) first
found human infection by L pomonainthe US A 2 patent
mthmdocychm. and 1 two other cases of menngitis  Schaeffer
931 found that 50 soung adults were mfected with this
Serotype after swimming n a stream about which cattle and
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swine pastured  Coffey ef ol (1951} found a swineherd mfected,
and Krouse and Sigel (1952) and Spink (1952) found an
nfection 1n a slaughterhouse worker and meatpacking wotker
respectively  Larson, E (1953) recorded a case in a fisherman
with a skin wound, who fell 1nto 2 stream

Gochenour, Smadel et al (1952) showed serologically that
Fort Bragg, or pretibial, fever 1s due to L autumnals, 40 cases
were believed to have occurred in the summers of each of the
years 1942, 1943 and 1944

L ballum was found m 15 rural house mice and m an
opossum 1n Virgimiz (Yager et al, 1953)

Infection by L b was dagnosed logically m 2
trapper {Gochenour et al, 1951)  Spain and Howard (1922)
diagnosed a human infection by L grippotyphosa

It 15 probable that L seproe 1s responsible for some infections
1 cattle 1n four States (Yager, 1953)

Ovine leptospirosss, due to a serotype which they did not
name, was described 1n 19 sheep by Beamer ef a/ (1953}

It 15 seen that at present there 1s 2 very active phase of
discovery m leptospiral diseases 1n the Umted States The
seterinary work, including experimental and therapeutic study,
15 described 1n more detail m Chapters XVI—XVIII

SOUTH AMERICA

In Argentina the first two cases of Weil's disease confirmed
by serological tests were reported bv Miyara, Martiez Leanes
and Elroy Funes (1935) Savino and Rennella (1944) demon-
strated leptosptres microscopicaly in the kidneys of R norcegictd
aud R rattus m Buenos Awes Strams ssolated from rats, and
later from human infections were at first considered by these
workers to constitute a new serotype which they named L
bonarenss  Later however (1949 b) they showed 1t to be
1dentical with L scterohaemorrhagiae

Savino and Rennella (1944) wsolated two other serotypes
from pigs and man, which thev named L surs and {1 hyos
respectively, and they also established the p. of
with L camcola In further studies (1940 ) they showed that
L sws 1s dentical with L pomomg  Most of the humat
infecttons with L portona were attributed to bathing 1 wares
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d by pigs budien (1951 2) and Savino and
Rennella (1950}03) proved L hyos to be sdentical with I mufis
Johnson (p 167) This serotype wfects cattle and horses as
well 2s pigs 1 Argentina

Anchirr Tha and 1130l (1949) wdentified infection by
L scterohaemorrhaziae n a vetennanan and a technician and
found that nutrras werd mnfected by this serotvpe

In Braz! Prza and Gomes {1930) sdentified 2 case of Weils
disease  In 1920, Gomes Corréa and Jordao reported the
serological diagnosis of nfection by L scterohaemorrhagiae in
44 out of 146 suspected cases, two struns of the serotvpe were
wolated 1n culture  Infection of dogs and rats by L selero
haemorrhagrae was shown by solatton of strams and by
serological tests 1 Sza Panlo (Guda 1948b 1049a) A few
human infections by L camcola have been found (Correa and
AMera 1049 Gomes et al, 1950, Corréa ef al, 1904} and
infection of dogs by the same scrotype was also detected by
Guida (1940 b

In one mnstance a serological draghosis of mfection by L
austrahs B 1w a nicefield worker was made by Cortea ¢t of
(1954) Guwida (1948 a) reported that he isolated leptospires
from 3 out of 50 pigs  the serotype was not idennified but 1t
was nesther L tcteroftaem rrhagiae nor L camcola

ISRAEL

A considerable amount of infecton by L grippotyphota
{p 161) has been found an fsrael  The first record 3
extensive disease of cattle by Bernkopf ez @l (1047} o °

of humsn bengs by the same wnters and by others

unne of cattle transmutted infection to human bem
contact and more remotely by contammnation of Ar
water {Jacustel ef al 1948)  For a time stramns 1solated
these nfections wese known 2s L borr Oleynal™
Shneyerson (1950) reported that more than 1000

growers were infected 1 a district where the rodent
guenthert was the carner

of leptospires which the;
L geffent but which were proved by van der H *
to be L grppotyphosa

Tnfectson of five Pgsty workers by L pomona was

.
r
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Sandler (1949) van der Hoeden (1955 a & b) found infection
of cattle, with some deaths, due to L camcola and caused by
Jackals which were proved to be carmers The same worker
(1956) studied leptospirosts 1n pigs and its probable transfer
from them to human bengs

More detailed information about leptospiral disease m Israel
15 given 1n the sections of Chapter X and XI mn which the
serotypes mentioned above are detailed



APPENDIX
CULTURE MEDIA AND LABORATORY TECHNIQUES

CULTURE MEDIA

L ' . ' . 1

ULLAStUnALY Used, MOSt workers hnd rabbit serum the most satis-
factory 'The serum of certan individual rabbuts may nhubst rather
than suppert growth, so 1t 1s adsisable to test the suitability of each
rabbit’s scrum separately before @ * pool * 15 formed  Sometimes the
1nhibitory effect 18 assoctated with the presence 1n the serum of naturally
occurrmg agglutiruns, but we have also noted 1t 1n the absence of any
demonstrable antibodies

Most media also contain peptone, and Watte brand 1s commonly
recommended When this brand was not available in England we
found that Fawchild, Difco proteose No 3 or Difco Neopeptone
brands provided y C ki, McLeod and
Rodican (1954) tested a number of different brznds and noted, on
occasion, considerable vanations i ability to support growth between
different batches of the same brand It 1s advisable therefore to make
preliminary tests on new batches of peptone before taking them into
use

Growth 13 often improved by the addition of small amounts of
haemoglobin  To explun this effect Czekslowsky ef ol (1954)
postulated that Ieptospires, which as the same authors (1953) showed

"The optimur temp for growth of leptosprres 13 30° to 32°C ,
but cultures will grow satisfactonily at temperatures down to 20°C
For solating strains from suspected cases of leptospirass the World
Health Orgamsation Report {1926) recommended incubation at 37°C
untd leptospires are first seen in mucroscopic preparations from the
cultere, thereafter the cultures may be incubated at the lower
temperature  The reaction of the medmm should be pH 72 to
78

301
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When making 1t 1s advisable to late the fresh
medium with about one-tenth of 1ts volume of old culture Strams
vary greatly in the rapidity of therr growth, and 2lso 1n the density
they finally reach  As a rule a definite increase 1n numbers can be
observed by the third to fifth day, and maumum growth 13 reached
after five to nine days’ incubation

A very latge number of recipes for preparing media has been
published and only a selection can be gnen We have limited our
choice to those which we have found satisfactory, and to certain
others which are erther wadely used or embody some unusual
features

‘To obtain serum, blood 1s taken from the ear vemn of suitable rabbits
and allowed to clot  The serum 1s pipetted off, inactvated by heating
for half an hour at 56°C and passed through a Seitz filter ~ After the
serum has been removed, an equal volume of distilled water 15 added
to the clot which 15 then allowed to stand for 15 munutes The
haemoglobin solution thus gamed s filtered and used as indicated 1
the recipes

VERVOORT's MEDIUM
(Vervoort 1922, 1023 , Wolff, 1954)

This medium was - 3L L anmad ad

by several workers
serotypes of leptospu
prepatation
1 Dissolve 1 g of Watte peptone 1n 1 hitre of distdled water and
e et 1

phosphone
acid will gve a better precipitate and a clearer soloton

after filtermg

6 After cooling, filter the solution through paper and heat for
ane-half hour at 100°C

7 Distribute 1n small sterile bottles or tubes, 3 ml 10 each

8 Heat the contatners for one half hour at 100°C

9 Add 03 m! rebbit seram woth 3 trace of haemaglobin to

ST

each
10 Tnactivate for one-half hour 1n a water bath at 56°C
11 Check stenlity by placing the bottles or tubes overnight 1n the

incubator at 37°C
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KorrHoF's Mepium
(Korthof, 1932)
This medsmm 13 basically simlar to Vervoort's, and the rectpe given
here 15 the modification which we use
Peptone-salt solution

*Witte peptone 08g
NaCl 14g
NaHCOg 002g
KCl 00¢g
CaCly (hydrated) 00ig
KH, PO, 024¢g
Na;HPOZH,0 083g
Double distilled water to 1,000 ml

Steam for 20 minutes, filter through double thickness Whatman No 1
paper, pour into 500 ml Erlenmeyer flasks Steam 30 munutes on 3
successive days, or autoclave at 10 Ibs for 15 minutes The pH of
this solution, whch must be clear 15 approx 72

To 100 ml peptone salt-salution add 8 m! sterile tnactivated rabbit
serum and 08 ml sterde ‘ haemoglobin solution’, mentioned above
Distrsbute 1n hard glass test tubes 1n 10 ml amounts (aseptrcally)
Incubate for 4 days at 30°C to ensure sterlity

FLETCHER § AGAR MEDIUM
{Fletcher, 1928)

Stertlize separately and then mux

Tap or distilled water 5107 ml
Nutrent agar (2 5 per cent) 05 ml
Rabbit serum 10ml

Frercrer's Brota Mepius
(Brown, 1935)
Sterthze separately and then mix

Distilled water 3 ml
Nutrient broth 05 m]
Rabbit serum 025 m}

® Many other brands of peptone are equally suitable
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Nogucar’s Meotum
(Noguchs, 1017)
Since this medwm contams a small amount of agar, 1t does not
evaporate so quickly in hot chmates as more flud media  Stenhze
separately and mix

Nutrient agar 05tol part
Ringer s solution 3 parts
Rabbit serum 1 part
Citrated rabbst plasma 05 part

Tube i1n 3 to § ml amounts

[Noguch: recommends overlaying with hquid paraffin, but this 1s not
necessary ]

Srtuart’s Mepium
(Stuart, 1946 b)

Prepare M/10 stock sol of the d (except gly }
and mux together m the followmg proportions
Asparagime (destro-rotatory) 2ml
NH,CIt 10ml
MgCl, 4 ml
NaCl 66 ml
Glycerin (AR) 1m
0029 aqueous phenol red 10m
Dastilled water 91 ml
PR St et b eal aw

hour at 60°C

Hinvpres MepIvM
(Hindle, 1925)

Mix 1n 2 Petrs dish & portion of human faeces the size of 2 pea with
20 ml of the water to be examuned, and heep the muxture 1n the dark
at 25° t0 30°C  Leptospires are generally found in 10 days and feach
2 maximum on about the 20th day

Saprophytic leptospires present 1n water will muluply m ths
medum, but the pathogenic serotypes will not do so
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LABORATORY TECHNIQUES
DeMONSTRATION OF LEPTOsPIREs 1N Hyvan Broop

Walff (1954) stated that leptospires can be detected by direct dark-
field examunation of untreated human blood in only about 8 per cent
of proved cases A bl of 1 can
often be obtamned however by the method of dufferentral oemnfuganon
which was elaborated by Ruys {1933)

1 Prepare an anti-coagulant solution of 1 per cent sodum oxalate
dissolved 1n phosphate buffer pH 8 1.

2 Add 45 m! of patient’s blood (freshly drawn) to 05 ml of the
buffered oxalate solution, and centrifuge for 15 minutes at

1,50 rpm

3 Place a drop of the clear supernatant fluid on a shide and examine
by dark-field iliurmnation

4 1f no leptospires are seen, one or other of two alternative procedures
may be carried out
(a) Centrifuge the plasma for 20 munutes at 10,000 rpm
Carefully remove the supernatant fluid, and examine a drop
of the sediment mcroscopically as aboye, or
(3) If no hugh speed centrifuge 13 available, mix equal quantities
of the plasma and phosphate buffer pH 63, centnifuge for 30
munutes at 3,000 r pm and examune the sediment

A word of warning 1s necessary to inexperienced workers regarding
a possible source of dragnostic error when this technique 15 used
When a drop of normal blood 13 examined by dark-field illununation
onc frequently sces thread-like filaments, probably denved from
blood platelets or red blood corpuscles, which are about the same
uize as leptospires  As they are constantly beng bombarded by
patticles in Browman movement, the filaments wave about in the
field but they never show actine motity No difficulty . differ-
entiating these artifacts from true leptospires will be expenenced by
anjone who has compared the two side by side, but beginners are
very liable to make a mistake (Kathe and Engelhardt, 1931)

Tre ISOLATION OF VIRULENT LEPTOSPIRES FROM WATER

Batumg Meuop (Appelman, 1034, van Thel, 1948 2) —The
abdominal wall of 2 guineapig 13 shaved and scanfied The ammal
1s placed for an hour 1n the water, which 1s warmed to 30°C and
which reaches the animal’s flanks

x



306 LEPTOSPIROSIS

ContInvous PrrcuTaneous Merwon (van Thiel 1948 a) —~The
¢ 1 !
[ | '

' '
P8 and Is surrounded by 2 warter Jacket at Ju (A glass ¢y 1ac
open at both ends and with a dramage tube at the lower end 1s fixed
to the abdomunal wall and the water allowed to drip slowly through
for 2 hours

CoNTINUOUS SUBCUTANEOUs Metsop (san Thiel 1948 a)—The
bar 1s clipped from the abdomen of a guneapig and the skin
petforated on one side to admt a glass cannula A small opening
1s made on the opposite side and the shin freed from the abdomunal
wall by blunt d to form a tunnel between the
two openungs  The ammal 1s fixed to a board as 1n the percutaneous
method and water from a funnel 15 allowed to flow slowly through
the tunnel As Smith and Self (1955) powted out the speed of
flow can be th d by means of 2 fi drp

AGGLUTINATION TESTS

PREPARATION OF FORMOLIZED SUSPENSION — Suspensions for
agglutination tests are prepared from well grown cultures The
density 1s judged by mucroscop cal examination and it s pot
customary to make an actual count of the number of orgamsms
present  Sufficient neutral formaln* 15 added to gne a final
concentration of 02 per cent and the mixture left overmght The
suspenston 15 centrifuged at fow speed to sedsment any ehymps which
may be present and the supernatant flu d transferred to a fresh
container

Some suspenstons reman stable and sepsitive for months but
others develop a tendency to spontaneous agglutination after varying
pertads of storage and must be discarded Positive and negative
control sera should be mcluded 1n every series of tests

DiLution ScuemE—A drop technique ging final dilutions of
serum 1 a2 series 1/10 1/30 1/100 1/300 etc was developed by
Schuffner and Mochtar (19°7) and Schuffner and Bohlander (1939}
and 1s alfustrated 1n Fig 36 1n which the circles represent depress ons
1 a porcelan palette  In the top left depression (A) place 2 drops
of serum and 8 drops of diluent which may be distilled water normal
saline peptone water or culture medrarp - Mex and transfer 1 drop

® A stack solut pn of neutral formahn s prepared by the add t on of excess
sold MgCO3 Small quantit es of the Iquid are removed as requ red and

filtered through paper before use
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to D, 3 drops to B and 1 drop to C  Add 9 drops of dduent to D,
and repeat the procedure 2s mdicated n the Fig, which also shows
the number of drops of d:uent and culture to be added to give the
final didutions The same pipette may be used throughont, provided
1t 1s washed with botling water and cooled before each muxture 1n the
series 1s made

AGCLUTININ-ABSORFTION TEST
In princsple this test 1s the same as the agglutimin absorption test

which has been used for many years 1n the identification and anttgeme
analysis of bactena, and 1t was first applied to leptosparal mvestigations

Serum
Diuent

Diutlon

Serum ¢ lutien
Dilugnt
Cuitare

Finat d futien

Serum dtution
Dituent
Cultgre

V30 1300 13000 V3oo0a

Fig 36

Scheme for preparing dutions of serum and setung up agghutimanon o
aggtutination lysis tests mn 2 p

by Ruys and Schiffner (1934)  The techniques described by different
workers vary shghtly tn pownts of detad, but the method which we
employ and which we have found satisfactory 1s as follows

A sufficrent amount of neutrahized formalin to give 2 final con-
centration of 02 per cent 1s added to 60 to 80 ml of a well grown
culture 1n fluid medism  The culture 18 distnbuted among four
tubes and centrifuged for 30 munutes m an angle centtifuge The
supernatant flud 13 pipetted off, and 2 few drops are used to emulsify
the preaipitated leptospires 1 the 4 tubes  The combmned emulsions
are made up to 19 drops and muxed with 1 drop of antiserum (or
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patient’s serum) diluted to a standard titre of 1/3,000 of the antibody
content 1s above that level The muxture 15 incubated at 56°C for
1 hour and then left overnight at 5°C  Next day the mixture, 1n a
Dreyer’s agglutination tube, 13 centrifuged for 20 minutes at 2,000
Tpm,mak fuge, and the sup flurd 13 tested
agamnst formolized antigens for the presence of agglutnms  As the
serum has already been diluted 1/20, the first dilution 1 the test 13
1/30 and 15 prepared by adding 4 drops of absorbed serum to £ of
suspenston

If possible, absorption tests should not be made on sera with titres
of 1/300 or less In a few fata] human cases howeter in Which the
question of industrial compensation was 1nvolved, we have obtamned
unequivocal results when the titres were as low as 1/100 In such
cases 4 drops of serum were muxed with 16 of suspension, giving a
final serum ditution of 1/5 1nstead of 1/20

IDENTIFICATION OF STRAINS

The 1dentufication of newly 1solated strains of leptospires 1s a lengthy
procedure when crrcumstances make 1t necessary to compare their
serological characters with a wide range of standard serotypes For
example, Broom (unpublished) investigated more than 200 stramns
from Malaya, some 1solated from human pauents and others from
domesti. and wild antmals When the work was begun, only L

h ; , L isand L p had been di ly
dentsfied 1n Malaya, although Fletcher (1928) also solated other
stramns which he was unable to sdentify ~ Broom tested each stram
against antisera prepared aganst 32 serotypes, and evolved a technuque
with mixed antisera which considerably reduced the amount of work
entailed

The method depends primanly on the observation that the presence
of heterologous antiserum does not mhsbit the agglutination of a
strain by 1ts homologous antiserum It 15 possible therefore to carry
out a preliminary screening test with mustures contaiung a number
of antisera  Expenience showed that 1t was convensent to use mixtures
of 5 or 6 antisers and to 1ncorporate into different mixtures the anti-
sera to serotypes which are related serologically By a careful
selecton of the serotypes represented mn each mixture, one can often
obtan 2 good mdication of the group to which a new stramn belongs
from one test with a single dilution (1/300) of each muxture

The stran 1s next tested against 2 smgle didution of each serum i
the mixture or mrvtures with which 1t has reacted The stram 13
then tested against 2 full range of dulutions of the antiserum or antisera
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with which 1t reacted  Finally the 1dentificatron 15 confirmed n the
normal manner bv cross absorption tests

‘The six muxtures we use are listed above (Table XXXIV) The
superscript numerals mdicate serotypes belonging to the same

serogroup

Mixen ANTIGENIC SUSPENSIONS

When evidence of the presence of leptospirosis 13 being sought by
means of a serological survey tt may be necessary to cover a large
number of serotypes 1 the tests The work can be reduced by using
mxtutes of antigemc suspensions  Since only the homologous
leptospires react with the antiserum, 1t 1s inadvisable to include more
than three serotypes in ene mixture, otherwse weakly positive reactzons
may be missed Formolized cultures must be used for this test, and
the onignal susp should be of app ly equal density
The mixtures should be centrifuged at low speed to sediment any
small clumps which may be present.

Qur own surveys have mamnly been concerned with searches for
possible cartier hosts, and the sera of such ammals show relatively
Ittle reaction except with the homologous serotype In preparing
the muxed antigens therefore antigenic relationships have been dis-
regarded, and the serotypes are mxed, w groups of three, (a alpha
betical sequence The first muxture contans L andaman A, L
australhs A and L antumnals, and so on

The prelitmnary screenmg test 15 made with a serum difution of
1/160 because low diluttons of the sera of many apparently pormal
ammals agglutinate a number of leptospiral serotypes The same
dilutron 1s then tested agamst each of the separate components of
any muxture with which 1t reacts  Finally the titre of the serum 15

d agamst the )i serotype




1978
1930

1939
1941

1941
1944
1046

1948
1950

1051
1931

BlBLlOGRAYHY

MONOGRAPYS axp OTHER afagon REVIEWS on Leprospmosts
(arranged 1n chronnluglu\ order)

f‘ rochaeta 1e1eTe emoTTagae Gontribution & 1 étude des
Spmnhl!x fis 1 Part3 vacs (weme) For the Author.

Umn-mrm & FROMME \V Weilsche Krankheit ‘Handbuch der
pathogenert Mikroorgantsm edited bY W Kolle R Kraus & P
Ublenbuth 3rd ed non 7 Past 1 T 481 Jema Gustav

scher
WALCH, SORGDRAGER B Leptospirosts Bull Hhh org LoN 8.

143

Aswe W F Pmﬂ TI\on H R &RUWE Wels dseast

A complete I € Amenican hlenmrc aml an lbstnc! n( world
hterature ltdmnz Ba!umov: 20 14

poroeN L o Bacte eal serologieal D agnost of Wals
Drsease Os\o 3 Dy

g0 E & RENNEAA I/pm:ylm y‘Lepmx,-uaux enla Republica

Avgnmm! uenos Aures Tnm;\s bo
R ) cfnyex 2 R etrucmn de 1eptosPI™ Ann Soc belge
Ned (mp 26.

L P B he Leptosp roses, 11 den_Uniee Press
RinieAu W u.e T forpirase e anograptuen, 4¢T N fedmschen
Kook o 8 Munich, Tecm  Usban und S ersrzenbers

Krraoka M Chassfnior, D Leptospre 2P med 1 &

Koo v 1o 1S st o0 ¢ omenctatuse 0f {eptospites
Feattems of Regio el General and, Expevmtmlal Parastology_and
HMede ] Zoolopy (Aead ‘ot Saw CRrY Moscowd v

B\aumzm Leptospirost Tmﬂn(n dn l\fala!lxz ln!nmv edited bY

\m! nt & F Magrass 3 783 s Scentifich®
lu\n

Llploxplra
Ammu On e mmp-mn dm Tlpogn(n det Serot
Sympa:mm on the L:pmf roses dlu\ S e Publ cstont e 1
l!s Govt .t Prating Office
\Vom 1 The O oratary Dragnosts o PLeptospirons Sprngheld
Tinoss Chnle 'rbml!

CoMmsscy D and Cdl llaborator* Mro:{um e Belgrade Editura

Academ &1 Rtpuh\xcu ‘Populare Romint



REFERENCES
Ams, T (1934)  Ueber den Erteger des ‘ Hasam ' Ficbers (Sprrochaeta

Apm . .. .. ictero-hemorragica  Primeros

05 comentartos acerca de su

Apa K 3 der Verbreitung der Lepto-
At « )

Presence of m cultures of Proc Soc

exp Biol N Y91, 20>
ER, A D “rmonz P W Ewc\s L B ]}:FnuE H &Gr.slsm,

ND]
C A (1955,
Atrowy, Z & Foz *° .

megyében N o o ousr s
Auckrs, | E (1939)  Gbaervaions on leptospiral anfections in Samos
Havar med ¥ ,9,
Aurcata, ] E & Bmxs, V (1943) A survey of leptospirosts n Honolulu

aveass med 2,
Awston, ] M (1935) L:pmspual Jaundice among sewer workers  Lance,

1, 806
Auston, ] M (1940) Probable effect of therapeutic myection of serus on

agglunnmun tests for leptospiral infection  Brit med 7,2, 256

on, ] M (1948) Leptospirosts in the Brish Isles  Thess of

Edinburg
AusTo, J "M (1949) Discussion on leptospirosss  Proz R Soc Med,
o

Malbrdr, 14, 114
srosisx, D1 (956) Preservation of leptospirac by deymg J Path

AvPETSAS, ] el (1934) Het isoleeren van Leptospira scterohaemorrhagiae
wit watés  Leeuwenhoek ned Tydschr , 1, 22

312



REFERENCES 313

Ascows N & Peran S (1916} Suff enologa defl 1ttero epidemmico  Gaz~
o Clm 37

Asue W F_PRaTT 'h;mm\s H R &homee € W (1941) Bals d-sus;
A :ompk(e teview of American Mtersture wnd an shstract of world
T1e en case vepotts  Afedianz Baltomore 20

Asn'mN N 1{}05”4 23 Dumssmn on penodic ophthalm 2 Pnbn]ogy Proc
R ed 47,23

Arins ) n fosn 1\hgume 18 % sequel 1o wfection by L wcterohaemar

hog
Mooy mus Fotme réna!e dc 12 Jeprosprrose & Leptospira camcela
Bull So¢ mid Hep Par
svcona DL W P&, McAwssn 3 (mu) Pemeiliin
sodum iherepy 10 espennentat Wels disease " Neo £rgt 7 3ed

231
Avstont M (I953)  Le Leptotprross Padua  Tipografia def Sem nario

Bk M D & Swur B D (1946) Leptosp rosts camucola A case
treated w th persall 6 Lncet

Do Q8 K cerche sulls teprosicon Al Vercellose  Polcl meo
45,1774

Bunin B (U0 D sysematsche Sicliang dec Leplosg cen des

0 Typus  Z JmmunForsed 99 4

“MUDXEM B ( 943) Rlctrche nrolag)che sulla frequenza delle infez om da
i

Bescoiest B (1943 8) The mor;\ho‘ugy of the genus Leptorp »a 33 shown,
by the mnmm F Hyg Comb 4T 300

Tmommg B (1 ux T teptospirost  pomonse  Jaa  RG Kt

sup

BARUDIERE E (l‘.7 ) Pos zane g stermat c3 & Leptorp ra hyos Saving ¢
Rennella  Boll Soc 1tal Eeol o 27 W

B\nmlml B8 (wslb) Leptospare ¢ leptospirosi in Itala R G Jot sp
Samt 34 133

Basvoigrt B (1954 8)  La leprospiros: delle rsae RC It sup Samt

Dampizal B (1004 5)  Proposta di una naous sstemazione dell ordine
dele Sprrochaegles’ RC Jit p Sams 47,956
Buacpim B (08) Studo wemlogco des sipm europes b Leplospra
Samt 18 57

C Jst sup
n\umamu B (19.8)  leprospsrs Mins  em pever Serotyp pathogener
l/:plmpxrtn z !I)g In/zkll\r 143 12
Bawvouzmy & Anousyyr 1 (1948) La !eptmptrﬂ Sgu coles et Jeur
mm(mmﬂnlnhgé e Ann Inst Pasteur 75 6

g

Dasinpre B & Bueeny L (1940)  Umersuchungen uberen epidemischey
Votkommen der Ressfelderleptosp rote in der Prowinz Pavis 2
TromunForsch 98 9

Bapiomar B, Busmao L Baocamt B Sav: A 8 VMasw L (1905)
Seacs sulls Ieptaspiross drﬂz T e delta Vatts Dudsna R cerche e
dem ologche ¢ profilasss vecanele  Rir Infort

Bustngers B & CasTacsout B (i840) Foaity lu!h frrqu:nu delt
nfenone de Ieptorp re e am di Rowa . fgyene 50 145

Brersaany G (59 3) iusche und expenmentelle Unlenuch\mgtn vber
Sp m:hae!entrkr-nkm\gm und Spirochseten {in Delr Sumstras Osthiste)
Geneerh Tydschr Ned Ind

Baxex C E GAl e 3 J Price K E & Vmme E A (195T)  Lepto-
&pirosns § Thmpzunc stud es on the eracication of rena} carners of
voreine leptospuross Par Mad 52 103

Bawen § A &Iatne R B (048] Leptosprovymeamtie Y erp Afed

8 205
Baw, H A (933 erosmn) prund et A veport of two cases  dmer
¥ ¢ln Path 3 783



314 LEPTOSPIROSIS
BARkER, ¥ :A (IQEP) Leptosprrosis ~ With spectal reference to the enst
= A R s Y R s the

Basr . spirose

Batc i . aeillin
2

Bsus nkung

e sy ,44. e

Baxter, ] T & Peanson, J K (1956)  Leptosprra scterohaemorrhagiae
infection 1n calves 1m Nonhem Treland = Vet Rec 68,

Beamer, P D, Harpenerook, H & Morriny, C [ (1953) Studies on
Iepmspuosls 1 domesticated anumals 1 Leptospirosis mn sheep Vet
Med , 48, 365

Beeson, P B & Hankey, D D (1952) Leptospual memngis  Arch
sntern Med , 89, 575

Besson, P B, Hankzy, D D & Cooper, C F (1951) Leptospiral mdo-
cyclitis Ev:dence of human infection with Leptospira pomona in the
i A S TR

he Anatomte der ansteckenden
kha Wsehr , 53, 188
rvaziont chmiche sulla patologiz
malattre da leptospre  Ann
oania puost , 13, 1019

14 £ Lhe e mma D Ca Pal Dawe GR .II(J
Bess *
K ' 5, 6t

roiséas

daggtutmation et de lyse au moyen de leptospires icérokémormagiaues,

canicoles et aquicoles " Rev belge Sax med , 1
BeUVERY-AsMAN, A (1940) De bet:ekmi der scmuacue by horéden met

tot Tydse 167,
P, G H (1939) "Wels sykdomn fremialt e i o Bred , 2.

Bicuam, R 5 (1953) Benrgn as:phc memingitis due to Leptospira grippo
typhosa  Arch antern Med , 92, 587

BLAGOVESHCHENSKAIA, N M (1957) On the epidermology of amcterc
leptospirosis  J Microbisl, Moscou, No 2, 82  [English edition, 28,

240]
Buanc, G & DeLace, B (1951)  La leptospirose retéro hémorragique au
Maroc, Maroc Méd , 30,75
Brancuarp, M & LEFrov, G (1922) Sur un spirochite trouvé dans le
sang de cas de fidvre bnheuse hemoglobmunquc et s0n action pathogene
C.R Acad Sa , Pari, 17!

LanciarD, M , Levrou, G & mem, 1 (1923)  Spirochérase sétérigine
épidémique obsarvé: sur des indigénes & Brazzaville (Afrique Equatoriale
Frangatse) Bull Soc Pat exot, 16,184

Boces, T R (1915) Infectsous jau.ndnce A System of Medscne, edited
by W, Osler & T, McCrae, 2nd edition, 1, 1014,



REFERENCES 315

Bont. E H & Fergrson, L C (195") Leptospirosts 1 domestic animals
F dmer vet med Asi 121, 4

mees T e N0 Ao o - e

dusteuty oy o
Bogurew, Y, Hewouer, D, Davrmy & Verome (1951) _Un pouvesu

Dysease Oslo  § Dybwad

Bope Perersen, € "(1938)  Leptospirenuntersuchungen o Dinemark
Congr tnt Mld o 3 Amsterdam, Acta, 1,

Dorc-Pererten C (1943) L m(harbxml a new serological leptospara type
Amxpanh muerobrol scand

Borg Perersey, C (1044 8) Om \\ e|ls lvgdom og_andre 3 Danrmark fore.
\mnmtnd: \epmmmsu Ugeskr Laeg , 106, 61

Dorc Prrerseny C {1945 b) L saxkoebny e neues serologischer Lepto-
+ lnry;\ Acta ,mh smicrobtol scand 21,

Bore, Pereisen, C (1944 ¢} Leptospura ballum‘ a new serological leptosprra

et Acta ynrh mucrobral seand 21 504
nu‘g.g“mnnd ls Expenience of leptospirosss 1 Denmark Proc
42,7

& Cansrensm 1 1 {1909) | Ex tlisclde of leptotpirone
G e ey oY foraarmget af en budul ukendt serolognl Leptosp

Ugeskr Lacg , 101
Rorc PerrRsa, G & "Enses o Kirostt B O (1959 Om vaceinstion of
meanesker mod Wels sygdom Nord “hy gn‘ Tudskr Nos 6,109
Bonc Peversex C & Facnazus, A (1949) " The influence of the antigenic
. . Caven
[ . . - e
- . . . L]
. .
med Ass ns. ™
Bong-PEressex, & Jacomsw, E (1937) _ Resherche sur la diffusion de
la ‘=1\l°!mmse des chiens dans un village danoss C R Sor Biof,

Pans, 126, 790
Bore Perersey, C & Scnsuor, M R (1945)  Effect of pemcllin an
lrpwsp\ne m vt -nd on leptospirosis 1n guines PR Adta path

‘u
5,128, 399



316 LEPTOSPIROSIS
Brars— T moom - o . 8) Unas
CR Soc

B s Z fnma
Brme, H D& T om0 oty vot o ..

ﬂusslg . °

o/ Det . . : ) f

. ) on microscapy

. .. Lo an ziekte van

o . . ¥ cin Path,

Broow, J C 9349) The protective value of leptospiral vacanes in

Brit med ¥,

B ters Rec , 61,

noo2“,6 g C (19513) Leptospirosis 1n England and Wales

BROOM I C (35?5! b) Camoola fever in Great Britan  Mon Bull Mumst
ey, 10, 25

Bkoowr, J C (1953 a) Lepwsplmsls i troprcal countnes

one Lrens R Soc trop Med Hz 47,273

" £ ' Y spiroses  Symposum

o - 1t No 1, 3 Wash

A review

fever  Problems of
- ¢ Analysis of 185

. tination reactions of

‘ . . 2.1, 783
" of Rattus nartegicus
1 A rural area1n

. . ot Rec,61, 7L
canine leptospirosis

- £ prophylactic oral
. . tosprrosts  Lancet,

1,721,
Broow, ], C & Smrmi, D ] W (1956) Leptospra celledom A new lepto-
wmL DT W d
= s jctero-

[
Lancet,
Brit med

1,388
Brow~, H C (1935) Serological dragnosis of Weil's disease

F. 1.
Broisi, € (1039) A s presumptie serlogial et for Wal's

sease  Brit med ¥,2,
Brown,H C & Davis, L J (1927} “The adhesion phenomenan ssan sid to the
differentiation of Leptosprra  Brat F exp Path 8, 397,
Brewver, K T (1 948) ﬂm on Lepmp:m mmola lnfe:hox:‘ n hamsters
uraty

Calif Vet 1,18
Brurxner, K T & l\l}:‘rﬂ\, K F. (1949) Streptomycmn in the treatment
Expenments with hamsters and dogs  Proc

of leptospira camers
ot Biol, N 5 70, 430




REFERENCES 317

Brno F E wuv C ] W & Swavey J R (1943)  Spirochsetal
jaundice ¥ Amer med Ass 123, 519

Bevin H S (1955 2)  Leptospirous am cattle snd swine  Circular 760,
University of Il n

Dy H 8 (1955 by Studies on leptospiros s in domestic ammals V
Expenmental antibotic therapy m chromc bovine leptospirosis Vet
Med 50 349

Bry, 1rEoen

Bays

Brvans J T (1958)  Studies on equine leptospirosis  Cornell Vet 45 16

Bresw & (1947) Infecton of man with Leptospira bowrs in Palestine
Trans R Soc trop Med Hyg 41 419

DucaN G (192T)  Sprochsetal jaundice  Spec Rep Ser mad Res

n

Buesiom B & S R D (1935),  Mud fever (eprospuronis) 1n
the Briush Army n France  Lancet 2

Buat N (1040) Bt nlfaclde of lepto!plmus canicolarss med udtalt
nephropath _ Ugeskr Latg

Buir G M (1955) Analysis and tuatmem of uraerzs  Lancet 1, T31

Brir G M Joenss A M & anz K G (1949) Conservauve treat
ment of anunc uraemia  Lancet
Buwe G‘_ M ]Dzm A M & Lowe l\ G (1958) Acute tubular necrosis

Campmett. A M G Macra ] Maxomson W G Suwvmm K C &
Broow J C (1850) Camcoha fever in Britol  Ctrucal_bactemological
and epdemolopnl notcs on sux buman cites  Brif med 7 1,338

Carctie W H & Beson P B_(1947) The vslue of sp nal fluid exam na
fon ss « diagnostic procedure 1n Weils disesse —Ann sntern Aled

CAUNFANTI E (1938)  Studsen ueber de ant genen E genschafien dee
S 4

Castro A B de (19"))  ‘loue jaundice of inkmenn ongn in the
Andimans Ind med Gaz 57,297
CAmvPo:;x A M (1934) Leptospiral yound ce 1n silver foxes Tet Rer
X
CartaNso L (19°9)  Contributo alfa sonoscroza della sprrochetost ittero-



318 LEPTOSPIROSIS

Cuan, $ L (19472) Studies on Leptosprra scterohaemorrhagize. 1 Two
new medwims for growing L tcterohasmorrhagiae, L camcola and L
biflexor, and a method_for mamtang the virulence of L icterohae

gestrucgon n, water by balogen oo ds synthetic dets o
festrucyon o water by balogen compands symthetc detergents, an
Cromea B Hora BB & Mooke R D (1951) Hepatic function tests
n wm;dxsem Amer § med So 222, 530
Ty, D & Soutnerw H N (195¢)  Control of Rats and Mice  Oxford
Chendon Press
Cuownny A K (1903) Jaundice at Port Blar, Andsman llands Ind
Cum;, 56T;g19’54; A case of warfann posonng 1n young pigs Vet
ec
CLavion, G E B, Dewack E H & Cuwento R (1937) ‘The presence
F ‘lqcptusplrgm; of a ould type (seven day fever) in Queensland Med
ust 1,
Crscrory G (1751} Observations on the Epidemcal Diseases n Minorca
Sfrom the Year 1711. 101749 London D Wilson
Creiv L (1956)  Leptospirosis among Britsh troops 1n Malaya  Lancet,

1,289
Cocxavne E A (1912) Catarshal Jaundice, sporadic and epld:mu:, and
1ts relation to acute yellow atrophy of the hiver QOwuart ¥ 3ed ,6, 1
Cocxpurn, T A , VAvRA J SpeNCER, $ 5 Dann,} R, PmmeI

& Remvmaro, K R (1951) Human leptospirosts. associated with 2
swinming poo! diagnosed after eleven years mer ¥ Hyg 60,

Correy, ] H Draviy, I & Dive, W € (1951) vam:hexds disease

(zsepm: menmngitis) due to Lepto:pxra pomona med  Ass,

N 4 T8 Cn ea T T 108 Man enla faver 1n man

Dugnose der Leptospigus un Niedertindisen Ingen  Meaes 1 enss
Volksgezondh Ned Ind , 28, 35
Cotimr W A & Mocutan A (19391) FEen serolopisch afuykende
l:ptospu': e ot de e tenes vleeomas  Genarsh Todichr Ned
28 Relorads  Edsturs

: * 4 m nssuc
ntigen bv
.ot . . . o CH
1)  Inquénto L para © ue entre
a\?razd)nresn:l]eu::muu do vale do Reo Paraiba Reo Inst Adolfo Lutz
14
1a
Correa M O A & Mema J A (1949) Sobre um caso de febre canicol
no homen  Ret Med Cirurg S Paulo 9, 183




REPERENCES 319
Costy, S & Trowstn, J (1916 ) Un tas de spirochétose wcréro hémorra

Co‘rrm T ] (1936) Wail's disease in North Queensland  Brit med J,

1, Supy
i ] " & Sawers, W € (1934) A laboratory and epidemio
logical investigation_of an putbreak of Wels disesse i Northe
Queensland  Med ¥ Aust 2, 5
Covmyont, J & Dirakp, P (1917 La sptrochétose setérobémorranque
chezlechen C R Soc Biol Pans, 80, 275
CoutzLa, C (1948) The oculzr manifestations of leptospirosis _ Modern
Trends 1 Ophthalmology, edited by Amold Sorsby, 2, 625 London
Butterworth & Co
Covarsa, ], Pusarora, A & Cantaxetr, I (1953)  Leptospurosis por
L oo en los trabyjadores de arrozal ‘de 1 region de Camarles (delta
delEbro) Reo 1 Parant ,13, 289
Cox R e g T b . * with lepto-
Crax . . The epi-
* Proc R
Ry
me:wm K¢ "(054)  Duscussion on peniodic ophthalmia  Climeal
pecrs’ Proc R Soc Med ,47, 236
Cunarto, & & Manqusz, (1949) La cspiroguetoliss y espuroqueto
en el la Ret' cubama Lab

<hin 3, 81
Cregatow A, ] W & Eavis, G (l‘.'.m) The structure of leptaspirae as

T T, e e e e
P . : . ' .

s
Dy . .
Dag ‘ e ‘ . . ' .
D " T b . -

. e

. 0 . . " N

" ) [l " - .

M5, 263



320 LEPTOSPIROSIS

DAVIDSON, I, S P & Ceermes T f1naar e PN
of Scotland  Ana e e
DAVIS, Ly (1939) - .
Leptospira :tlerahat
Dawson, B & Hume,
b, J Med 10, 90
DAWEO’:;, £‘H¥ b VV E & BmpsoN, S P (1917)  Infective jaundice
ERRICK, (194°) Lepm:pxrﬂpamvﬂﬂ Med ¥ Aust, 1,431
Dmlcx E H (195 il
e T H (o st %)L n Victorta to discussion
Derrick, E H (1956) Leptospirosis 1n North Queensland  an :pndemxo
logical compnnsan between the various leptospiral serotypes Med J

ust |
DERRICK, E H G RDON D Ross, C J, Doserty, R L, Sovwanoy, C N
MAcDoN.u.n, v‘ & Kexneor, ] M (1 54} Ep.demmlngxu!
on n N Ann Med

3,85
Druskar, V. N (19"8) Weil’s disease as occurring mn the Andamans

Ind ‘med Gaz , 63,1
Dront, C M, l\.LARE'NBEEK, A, Smmm:u, \V A P & VO!:T,] (1934)

B R N R LS SRR TR

“Tenschop ménsch  Ned Tydschy Geneesk , 76, 6UST.
Domzrry, R L (1955) A :hmcal study of leptospirosts 1n North Queens
land  Aust Ann Med,
DDH;RTY, R 5’5 {1956} A second nfection with leptospirosis  Med J
st , 1,
Donerty, R L, Emanver, M L & Moore, N (1956) A.n outbreak of
Ieptospirosis 1n North Queensland  Med ¥ Awt,1 27
Doxatien, A & Gavor, G (1951) De certams modes dunfection du
coba\ée par Leptocpira sctero haemorramae  Arch Inst Pasteur Algér,
Dorrr, F(1948)  Contnibuto chmico allo stadio della leptospiross  Tre
F=n AeY srmanne Re Pgr Fin 4,106
Dot .
DR
UNKIN, & w & Lawiaw, & & (i
1924-1925,p 3
L:r Infections Bihawres (Etude bactertologique et clirque)

Dozré, E (i891)
Paris_ G _Stewhed
(19362) ‘Trans-

gar cane plantations
" tomie der Weilschen

g wd Res Coun, Lond,

s
Duraxp, P, S ovp, P, Larrive, E & MestraLLET, A
rmssion’ expérimentale & Hhomme de la maladie des porchers C R
Acod S, 203, 830
P, Gmorp, P, mive, £ & Mestrauer, A (1932!7)

URAND, Larrrve,
Réceptuvicé des antmaux an vinss de la maladie de porchers

Acad St ,203, 957
B, L (1938) Ewne Endeme Wetlscher Krankheit Med Klin , 34, 963
B (1932)  Agslubnanon de spirochétdss par e séum d ammaux

R Soc Brol | Paris, 109,



REFERINCES

Eun,n(wm L
A9%2, daprs - e T

PR .
aanlaiding van umrnmes met ln)zn:pummmmen by * Widal -sera
Genest Tydiche Ned -fnd T8

Essevao, W A (ms 2} Laptospurose ber Katzen auf
]m z Immun.FMnh

» H Corter, w A (lsssb) Leptospirotes by Katten te

N . . .
Fammet, C & EstReiia, C (1938)  Estudio clinsco y bactenaldgco del
prumer caso de §eFToquetous etero hemorrigica descato en el Urugua

Arch urag Med , 13, 537
FAmx, B (1937 a) Vlrulmce n leptospia 1 Reactions of guinea-pigy
mmenml fection with Leptospira reterobaemorrhagiae Brit ¥

FA!\‘:PS (I'eb‘l l:) Virulence in kpmspmn“ ll The growth i vive of

BT
. . .

. .
Famizy ; N R n (m‘:)) Weils disease among sewee workers i London

FAusthc, 1 {1851) Pulog poznavana profesionalne leptospiroze u nasoy

{Contribution to the problem of ogcupational leptosprosia in
Yugvsh\'u) Arkro Hig Rada, 2,160

F\m , R L (19 u) Om 1epm-p|rom og vore busdyr  (Lepto-

. Ve e lepoe
Ve . - Twadn

The
control snd frestment of swane ]eptmplmxl dunng » nawrally occurnng
outbreak  J dmer vet med Ass,

l-‘n«mov, © 2 Powsns, T T {3936) Expenm:nul leptosprosts in
swime  Amer J vet Res, 17,47
mu;l :( T 000 Trecuowion on Icplvsrnmus Proc R Soc Med 42,

Frnn.tit I & Stuzxs K C (1950) Leptospra seterohaemorshagias
et T & Smums B €AW

me‘"un“]‘(g ‘IJ.' ) ok
es, & Vasuar J S (1953)  Lepton
3 e Tomuory of P.;?m o New >

h'd



322 LEPTOSPIROSIS
Tome e w o~ L, ETR N

Fracs .
- '

8, Ut
anm_l 'a§ (1947)  Leptospirosss 10 cattle 1 Palestne  J comp Path,
Frev, W (1948) Bemgnc Leprosp-msm im Kanton Luzern, mut besop.
Schues med Wackr ,

LY Bahe tEe m1G

78, 531
FRUNDER, M A (1952 7~
Ftuner, F (1950 a)

Leptospirenantige "

gebntase fur Klin ' .

FUHvEr, F (1950 b} " -

Wed-Badeepidern:

Founer, ¥ (1953) - ‘

i Schleswig-Hols
Fiuver, B & Mimm "

spiren Infektionen
Furton, ] D & Sro

lttnﬂhamlﬂrhﬂgm! . -

DR T A

™

en

chez l? convalescents de spirochétose 1etengene

80, 1
Gauip, R L, Croven, W L Kimery & L, Huwenosr R L,
S' & Yaom, R H (1952)  Leptospiral memngitis’

&
UK 0 sy Lurte,

GOCHENGUR,

Report of ombmk among Amertcan troops on Okmawa § Amer

med dsr 149,228
Pe e vk e o e
Gave -
Gue . . .

Giras
A praf, 10, 67

Gueen, R f& ScuOFrNER, W (1939 2) Die Spaltung der Klasmschen
Leptosptra 1ctervhaemorrhogiae s  tcterogenes m zwer Buotypen  Zbl

Bakt , 144, 427
Grseex, R W (1939b) Das Vorkommen der Leptospira
bataviae mObenuhen Aetabren neerl Physnol 9, 184
Gumrows, G (195 n’ Kreise
At

Dty med Wichr , 75
ik e 73 S bublie helth aspects of leptospirosis

, 11 ,265
. ¥ , Jounston, R V, Yactr, R H & Gocuenour, W S

) Po Jeprospirons Amer F vet Res , 13, 15!
GnugmaU)R, w rgmes lﬁn!f J E, JacksoN, T B, EVA!\S L B & YacEr,



REFERENCES 323

L L T

Ihg, 1934 9,188]
Gowpscrtnamr, F(1887)  Ein Bestrag zur neuen Tnfectionskrankheit Weil s
Disch Arch ¥in Med , 40, 235
Goms, I de S, Correa, M O A & Joroko F M (1950) Tncidéncia

ue; LK doc Brer, rars, YU, 0o
Goum!,] G,Wer, I B L & Wusox T S {1952) Wells disease in
.9

the Glasgow fishrnarket  Glasg med 7,
Guant H .G & Scuvpkores, H W (193) ' Retische Prifung der Wirkung

von_ T-Vitarmn Goetschi an pathogenen Leptospiren  Arztl Forsck

Gm\'s, MR (194D A survey for leptospirosis in Southem Califormia
r J Ihg 34, Sec B, 87

csm o (193)' "Wed sche Krankhert 1 der Schweiz Heh med acta,

Goet, o (1984)  Actilogie des Scmemchuterkrankhert  Bull schoess

Ahad med e, 1
Gsete, O (1946 ) Lepmsplmsu Pomona die Schwemehuterkcankhest

a)
Stz med Wcly 76, 257.
Gseit, O (1946 1) Récherches climques sur les leptospiroses bénignes
N S



324 LEPTOSPIROSIS

- - - LT T e vk Ina
Gun . U Presenca
bras Bl ,9, ) Paulo Reo

Guuano, G 'L’ & Bucnanay, G (1924)  Sprrochaet -
shagica in Fast Lot ot mel 7,). grrochistons iterohacmor

GonTHER-KUmNE, H , Rivpauy W & cmmm- H 1949) U
von Canicolaficber  Disch med thr 74,129 (1949) " Dter 20 Fatle
Haw, H E, Hicurowr, ] A Rivers, R, Byrne R ], Smaper,

1 E & Woopwaro, T E (1951) Evalmuon of antibiotic therapy i

978
Havens, W P, Bucher, C ] & RemnuaxN H A (1941) Leptospirosis
a public health hazard ¥ Amer med Ass , 116, 2
Hervan F R & Hegrerr, W E (1944} Pen.\Cllhn n the trearment of
(Wedl s disease)

Maso Cin 19 B9

Hemwmax, F R, Khutson, M & Gremnsure N (1945)  Streptomycm 1n
the rreaxment of experumental relapsing fever and leptospirosis ictero
hacmorthagica (Wed's disease)  Proc Mayo Chin , 20, 169

(2950) Bencht uber Canicola Leptnspuose mn Dresden

Hemwes, G D (1948) Remad(s on the occurrence of Wesds disease 1n
the Netherlands Leeuwenhoek ned Tydschr , 14, 2!

Hemstey, L A (1956)  Leptospira cameola and chmmc nephritis 1 cats
Vet Rec 68, 300

Hmmr-nmws I & FLAVELL, H C G (1951) Wael's disease treated

¥ omeat 7 11
e A reporst of
Vestlustengebiet

\genentzundung

Die periodische
- Schuers m

ses  Symposum
. 1,158 Wash-

437 2,87

ta cterohaemor

. aladie de Wed
Hm:om, J van der (1953q) ~Leptaspura grippolsphosa struns i Israel
ant R Soc trop Med Hyg 47,
Humm, J van der (1953 b) Bovne l!p(ﬂsplmsls Bull Greek get Ass,
No
‘HoepeN, J "van der (1953 c¢) Leptospirosis among goats 1n Israel ¥ comp
Poth,



REFERENCES 325

Homry J van der (1958) The pathogenicity of leptospiras to field rodents
in Tssacl | (A e test anumal for use in Leptorpra research ) J nfect
Dis , 95, 2

Hoenew, ] o der (1055a) Epizootiology of leptospirosis (camcola) in

the bovine and other species 1 Istael - ¥ Amer et med ss, 126,
207
Homnen, 1 van der (1995b)  Leptospira camcola 1 cattle ¥ comp Path,
untB T e orer e - .

comp Mea 1),
Hinter W (wos) A System of Medicine, ed.(ed by Sir C Allbutt and
U D Raolleston, 2ad edtian, 4, paet 1, p 103 London Macmilan

Hurcisow, | H, Preparp, | S, GLesson=Wre, M H & Suzpnsy, H L
¢ j] Ouzbmk of Weil s disease 1n the British Army an [taly Bnt
med ¥,1,8

iy - i v, MsTiBOVSAIL S A,
ospicosts of the camcola.
' Microbiol , Moscon,

Inc optylaus of Wel's
disease (spirochaetons seterohaemorrhagica) } xp Bled 24,4
100, Y Howt, R, Ito, H & Want, H (1917)" The rat as a omner of

Sprachaeta mernlmmanlwgme, the cnus'\uve agent of Weils disease
{spitochaetos:s icterchaemorthagica) 7 exp Med ,
0 Y Iro, H & Wany, H (1918)  Spirochaeta hebdomachs_the causative
I ST of seren day fever (nanukasams)  F cxp, Vied, 28, 433

INar . .
ot g esp M, 2oy 00
Jrenson, H & Oessky, S (1948)  An unusul case of Weil's discase

nt med 7,2,
Jwonsex © (1938) Ernpt nl.(:e!de n( Weils sygdom paa fyen  Hund som
sruttebaerer Ugeskr 8,

Jreusie, F, Ourzxy, L & s crmslu, 1. A (1949 Fmdemiolomeal
2ndserglonicat, observations my an outbresk of bovne leptospirons. in
men  Harefush, 34, 63

Jaece H (1592) Die Aetiolome des infectudsen fieberhaften Icterus
(Meilsche hrankhen) Z Hyg InfekiKr 12,525

Jawon, A "(1943) En Bertrag rur Frage der nzuer{ormen (Karnchen-
stadnam) ben e Leptospiren  Adun Thache , 27, 304



326 LEPTOSPIROSIS
Jecuers, H ], Hovenrow, ] D & Fotev, ] A (1935) Wels disease.

hcpon of a case wnh postmunem obsemuons and review of recent
terat -

Jormsot W Y012 The discovery of & fifth Australin type of lepto
spirosts  Med J Aust 1 ype of lep
Jomngow, D W (1043) " Epsdermiclogy of Wel's desse  Brt med 7.
Jomssow, D W (1950) ‘The Australian leptospiroses  Med ¥ Aust
Jonts, I c o) Equne penodc ophthalma  Amer J vet Rer,
JONES,T €, = ™ A Ty o T € My TN A0 Caneed
of leptosp
Jorce, R (193
hydrique
Bull Of
Josuua, ] O )
42, 710
Jossiua, ] O (1950) Some chinical observations on leptospirosis 1 suburban
s TRl o ok
sentcillin in Leptosprra camcola
. Amer vet med Ass, 105, 276

X WS R W

Kanero, R & Oxvpa, K o7 =.
Spirochaeta 1cterohaemo, .

KARAKASEVIC, B (1935) i
donien, Jugoslawien)

Karue, ] (1928) Das soge
ZBI" Bakt , 109, 2

Katex, ] (2999) U:ber das sogenannte Schlammfieber 28/ Bakt, 110,

Katrz, J (1943) it Leptospira grippoty phosa bet Tieren und
) Bed, Iur die k des Schl:
mmunanrh , 60
RATHE, ] (1945) \thlenmgsvuhahmsse und Mause i threr Bedeutung
fur die Epidermologie des Schlamm oder Feldficbers Zbl Bakt,
151, 481
KatsE, ] & ENceLmarpt, K (1951) Leptospiren und Pseudospirochiten
Z arztl Farlbxld 45, 640
Kathe, J & ENGELHARDT, K {1953) Rattm und Weilsche l\rsnkhelt m
- akt Desinfekt , 45,
!bcr e snnlepmsplraren w,mmgm
Bakt ,
n England due to forergn speces

Lancet, X, 726

e E T s W avsToN A C_(0068) | Camcola fever
. Bm ‘wed 7,1, 1382

' Far East Ass trop Med

tospirosts i the Northem
87



REFERENCES 327

Kmscewer, I, (1954) Recent studies on leptosprrosis . New Zealand
Infection with & new type Leplmp:m i) Johnson (syn Lept hyor)
in man and ammals  N.Z med 7,53

Kmsouner, L & Grav, W G (191) I.tpmspurmu i New Ze

Infection with spirochactes 1n apimals and man ~ N.Z med ¥, 50, Ere
Kscinien, 1, & Macome, T (195 Antlepospiral effeet of sulk N.Z
med J,54, 660

Kmsciwer, L, Mnim, T F & Garuex, € H (1952)  Swincherd’s
duseast 1 'New Zealand | Infection with Leptaspira pomona m man,

. nationstiters ber Weil

. p med 7,4,181
. . 1 type Leprospira dans
. typhoide  Ann Ins
.
co-uraemiaecamus)
sl corsualc van cterus, nephrits en urdetmie ven den hond - Tydschr
Digercsk , 85, 231
E2K, A (1933) Rlinische Statsuk der Leptospirosen des Hundes
21 bake,
A & SCHQF}’NER, W A P (1933) Het voorkomen van een
ufwukmd {Leptosprsn 128 1a Nederland Ned Tydschr Genserk 77, 4211
e Wrisen, 3 (1937) " Eam Tall von pontaser Wellscher
eranhas be Farkeny Disch toesprsit Wiohr 148, 454
ek, A A WinssmR, ] (1938) De leptospirosen by de Meme
husdieren  Een statistisch en_ expenmentee] onderzock  Tydichr
Diergeneesk , 65, o
Kuamskiv, G_(1955) Leptosp rosis  YaleJ Biol Med, 27, 243
Ruontzakss, P 1 (1954) {Leptospirosis | Hellen ratr 23,1
v, B (1954)  Leptospurenforschung 1n der Slowaker Zbl Bakt
1, 35
Kuery, E (19058) Leptospira sorex Jalod novy druh leptospir ? Branis-
lvshi mm Lise 35, 291
, E_ (1955 b) = Leptospitosenherde i der Stowsker 23 Dakr,
L 163,468

Actas, 33

Rorotuivg B Brvcoo, E-R, Cros, R_& Lapoms, P de (1952)
ganlnbutxon W e e leptospires du Sud Viet Nem A Inst
auew,sa,

KoLocurvE Ernex, n & Cotionsmr, M (m:s) Isolement d'unc souche
Frangarse de Leptospira cameola  C.R Soc_Brol , Parss, 139, 923

Korocurve-Erper, B & CorLovsier, M (1950) Aggluunzuon des lepto
spires, en parhcuicr de L. pomona, par s sérums de pores | Amn Init
Fasteur, 79, 370

Korrsscn, & & Bovn, \v M (1953)  The morbxd anatomy of human
Ieptospirons of thirteen fatal cases  Sympomum on the

Leptosprrases ) Medal Scence Pulication No 1, 85" Washungton

. . . betm  Menschen.

. cae - * Studies of Leprom




328 LEPTOSPIROSIS

Ko'rsrgn, G. F. (1939) Leptospirosis n Atyeh Ned Tydschr Geneesk
I\DULHWS;.' 3 ? .'S:\LL(N_EN“ ’fi r(195_3)ﬂ Uber Leptospirons 1n Finnfand

Kou - . .
Kou '»-
Kov - . .

Rovwenaae, W & Wowrm, | W (wzo) Honden als dragers van Lepto-
spra Ned Tydschr Gmuk 74,3
KraLjevic, R, Jiaez, L, 0, M & Scurc, R. (1926)  Leptosprrosis
Constderaciones clmlms Sobre 13 casos  Comuntescion prelimmar. Ree
Med Chile, 84, 55
Knassunisov, & B (m 57} Natural reservous of mfection of leptospirons
n the Belomss];an SSR ¥, Microbiol , Moscow, No 1, 61 [English

cdiion, 28, 5
M M. (1957) The isolation of

stratns of from. the tick D from
Tl S AP, B rtr margingiue 8, |

Kro v

hrur .

Kunerr, H. i L (1952) Die der hend
Piceen for die Vorsthlepong von Lagiaspuen <% “Tropemned 3
FParast , 3, 475

Lajp, P de & Brycoo, E R (1953) Les leptospiroscs au Viet-Nam
Méd trop , 13, 466
Laspovzy, L (18833) Fidvre bilieuse ou hépatique Gax Hip
(Parss), 56, 809
Lanouzy, L T J (1883b) Typhus hépatique Gaz Hép (Pare), 56, 913
1812)  Fidvre jaune, considérée comme complication des
plales” darmes & feu  Mémoires de Charurgie Milstaire et Compagnes,

2,18 Pans Smith
e P PP e ) o
Lars ~urriog
k, 56,

LARsoN, C L (1883) Leptospiross snpats (R norepcus) an and sbout
C' Publ Hith Rep, Wash 58, 949

‘Washungton, D
Lasson, C'L "(1911) * Expersmental leptospirosis 1 hamsters (Cricetus
nura!us) Publ Hlth Rep n h 59, 522 .
Lasson, © L (10 8 . fates e
Sympostum on -
‘Washington .
o rimental lepto-

peruciilin and 1mmune serum 1 the treatment of expe
spirgus in young white mice and i homsters  Publ Hith Rep , Wash ,

0, 317
LARsoN E (1953) Leptospirosis duc to Leptosprra pomona
first case( m n)ww. nndpa review of the hterature J Jowa St md Sat .

43, 17

LavmeNt, L J M, Nomms, T St M, Srarxs, J. M, Brooss, J. € &
Arston, ,y M (1918) " Four cases of Leptospira eamcola wfection sn
England ~ Zancet, 2, 48.



REFERENCES 329

Lewssouiier, J, Kooourve Ensen, B & Casret (1949)  Un cas de
lepwspxm:ei Leptospra camcola’ Dull Soc mdd Hoy Pars, 65, 176
Lamovirrr, ], hotocuive Eancr, B & Lavuext P (1951)  Forme

leptospirosis in Oeloc-Soengar

. . V. (12,0)  An outbresk of
Med 45,104

estock samtary signuficance of

stosprroses _ Medical Science

' United States Government

Lizwea, © & Hurg, H (1050) Alinsche, Beobachtungen ber emer
dfiebereprdermue Dtsch med TWse

chm. R (1943)_ Leptospira) mfr:cuuns 75t e 55 190

Lonasitenko, S Y (1949)  [Vaccine and serum prophyluus and serus
therapy 1n ltptnsplrosxs of anumals } Vettrmdrlvﬂ Vrowors 26, July,
P 6 [Abstractedin ¥ Amer tet med Ass 1950 116, 62]

Lussnewko, S Y & Novikova, L S {1947 a)  [Leptospirosia in horses ]
Vetermariya, 2o oscom, 24. RBlay p 11 {Abstracted 1 § ddmer vet
med A, m’z; 112,

Luaastenko, Nov Kova I S (147b) [jympmm, dna')mocls
- Tl RKeaeror

Les

Lux - .
Ofgam:mes nn Inst Pasteur 38,523

F (1 937) Leptospirosss in Queensland  Med ¥ Aust , 1, 654

Lt'm. l {1949) Leptospirosis ictero hzmorrhmzlu (Weil " disease) treated
aureomycin  Acta med orient

Lo T 008) - An outbresh of Ve s disease  Fith Dull Edind 14,11

MacCaLium, F O (1951) The laboratory diagnosis of virus tnfections of
the central pervous system  Mon Bull Mumst Hith Lab Serv, 10

T
Micit, R S (1044) Les leptospiroses bénignes (Résre dos champs, de 12
yuse ou dey mneres)  Schueiy med Wckr 74,
McGumr, C D & Myres D M (1857 Lrptosy'xrous m Egypt dAmer
7 teop 1y g 6, 532
Melxtvre, W 1 M & Mowtgovem G L (1952)  Renal lesions mn Lepto-
xp-mmmmza wnfection in dogs _F Path Bact 68 143
MeINTyre, W 1 M & Senex H L (1953) Epidemology of camcols
At le ver ]mg Cmb 51, 330
CI;;mvzl\ N & Sfuant, R D (1949) Camine leptospirosis Vet
i 411
Michav'Dicw, | & Warrs R W E (1019) Carseols frer im Germany
AopRSTOM of drx cases  Lacet, 1, 807
cheov, § 4 5 Brows, It (, {1938)  An unusal case of jeundice in a
e me 3
“’Mmm T (15{3) Am.mll resenvorrs of mfection in Australia
" 10y Sor Queendland, 6
C\m I W (1920) qp.mmmt saundice _the morbid anatomv and
mechanism of production of the icterus  F Path Bact ,23, 312




330 LEPTOSPIROSIS

MaecraTH, B G (1948)  Pathological Processes in Ma 3

water Fever  Oxford Ebckwellgéclenhﬁc Publxcauonslma omd Black
Maecrarte, B G (1953)  Leptospirosis in tropical countres  Contrabution
nm;origcuséla?lgsgamoR f‘;ul'wp “!I:ézd Hvg 47, 288

GREN, m Weil's o

o, B T sfukdom och ‘dess forckomst 1 Svenge
Manson-Bar, P, Wenvon, C M & Brown, H C. (1922) A case of

Weil's disease occurning in London  Lancet, 2, 1056
ManTovANS, A 953} Lsol: ella L. a

1n un facolaio de leptospirost bovina  Zooprofilass, 8, 273 & 281
MANTOVANI, G (1950 a)  Sulls presenza della Leptospira scterohaemor-
T - e A Mo 7 oy Immun 41, 374

L opravvivenza della Leptosprra sctero-

ella carne bowina spenmentilmente

L .. Eine scltene Form der Leptospirose

o . descripeion de una enfermedad
de reciente comprobacion 2n Argentina  Leptospirosis bovina o 1ctero-
haemnoglobinuna infecctosa de los bovinos  Rev Med tet, B dwres,
29,504

Mar -

. B T o tae o o aha Venfanr

ret med s, V4, aas

Mansiart, P B (1943) Measurement of acrobic respiration m Leptospira
< 0 @ Lo w4 180

) stro-

. nant

. rats

1 Laverpool .} Fain back, 40, uor
Maruews, F P (1046) A contagious disease of cattle associated with
I e W aat D AR

, F, Recouore, A-M,

ervations de maladic des

, 1269

. s 52) Sobre una epidenua
Toledo  Cons gen Col

. . - (1933) La spirochétose
- n, chevreau et porcelet

Rev gen Mea 1ei 42, 10
Merrice, ] P (1955)  Treatment of Renal Falure, New Yorh —Grume &
Stratton
Mever, K F, Epote, B & ANDErson-Stewart, B (1938a). Canune,
murne and human leptosptrosis 1 Califorua’  Proc Soc exp, Biol,

NV,38 17
. B (1933b) Cameol

Mever, ko F, StewARr AnoessoN, B & Foow, a«‘qx, 332
o i Epidemology

' ' Canine lepto-
V720



REFERENCES k13
Moprroy ] E {1955} Cancola fe er with neurologial complicstions

ai3
Mites § {1943) 1 nesluspects of carunc eptosorrosss Vet Ree 60 287
MoustRy o7 AGRICLUTVRE avp Fisuskms (1953)  Rat and Afies on the
Faon  Bulletn No 30 London H M Stitionery Office

tovweviar, | B (IM3)  Leptasp ros s canucolang Law et 2 8

nbas) E ne. mue Teptospisose be dm Re sarbe tem Obenital ens
Conge re Mtéd 3 dmiterdom Acta & 477
Mrvo (:s:m ol exctagia dala kpmxp tast nel Vercellase Pk

133

meo

MonE (sl Wertere Untersuchungen wber de Leptowp rose der
Resftdachetier Manck awod Wachr 85 08

Boo P (16420} Zur Bpidesmolape des Lepwowpmosen Kiw ok
1

Mne P (39425} La kptosp rone nel Verellese nellanno 3941 Quser
e om el ouch erdcmw gche © medeolegal G decad Med
orano

Me 8 Honovesss Nusrorat 3 homsvamn ¥
Bovsiin Kt Ao WG (mn 1 Epdeme of comeola fe ee
Fazin and 1o v lages Fubooka Prefeciore Jop  med Sa Bl

Musw T JHimovosn § WATRTA b Nimgara Y hosavasm %
;v.;lxm WA K& Aso M (A0 A Lancols tever m Japan  dmer

b, B,
M 5 AMasiner Loases H & Eieov Fuses P {3035) dovestcn
b w Aull

1
Mocton M U0S3) | De Nesbee e der Can coieplost o n der
DR 2t Bakt ud 6!
Mognine A £ ] & horer H {19.8) Epulemologiehe Berreett

dher e ee b serologsch disgrost 2 enen Tull_on el
na t0sp soze wn der BOR & [mptenForsch 113 8ig
Moc\rr\l A {3930) O er her vootkomen van beptosprras by varkens te
v Genersk Tyd che Ned Ind 80 2334
Mocyzsn A & Cotin W A (4930 Stctieptovo ra anderaonk by bonden
te Batavis  Med A d Bl Diergener
Mownax A Djomax B & Wanan (mu \uam u themsten van the
?#nnci an feptoep ros 8 gevalien te Batavia  Geneesk 1yid chr Med
Mociran A Rzmz & A de & Rypadc (1831} et sooskomen van
bangkavar Gereertk Tucdsche Aed Ini
Mo E 11550y Dujmkbmdm Dagetiere BateAtands und der achbar
M"Jn 7 2 Jers Gustav Fudher
Mot rs G rn B T KR A (1945} Leptasp ral infeceions
136
Mo W 5 (mn) bepmswlrms 151" The cf sl pathology of carune
PUpccosis  Corneli 3
\lmm C & Canrt U (me) QOsrervazione chiuche e spenmentals
orma & teero nfert so ep dem co nelle truppe combatient
Foid mes 233518
muw O gremTox § T Stus W W & Doy G P (1038 The
of Leptosprra on the
dn hack zmb Seence 55 353
Monoe T EY ) 'llhe cconom ¢ s gsficance of feptospuvess m doghrstic
ook dmer vet med 1 ¢
Mo By Ausy V Porr E P & hno}:‘i A (935 Lepsosraros s
1 Wsconnm n % mn‘uhx’.m. ¥ dmev vt med A 127 47
Morge 5 3B Mo o {19.48)  Espenumental leptospiros ¥
3 of Leplaipera, ,w.m infecvon in pregmans heders T
Amer ot med st 128, 2"




332 LEFTOSPIROSIS
Mvnl‘rzri'slw, V (I1940) Nervous complications of Weil's disease  Lancety
Monnm RL & MORSE, E v (1956) ‘Experimental leptospirosss I The

Al né o2l g 1 +h. e 20 nn of T abtneh v Aomana srnang cattle gwine

extracts of lepmspnrae n complement fixation tests Proc Soc e
Biol NV,92, i Taton e i
MlmDArlRD;r'D F (1937) Chrontc memngitis 1 Weil s disease  Brst med

B

Navmann, P (1850) Nachnag zur Meissner Feldfieber Epidemie 1946

Dtschi Gesundllles , 5,
te et T eanya, Mowos,

N Susceptibilidad
Bol Inform

pavant ehal 6,4
Necive, A, Jarra A, Acosin M & Cumistey, R (1951) Indice de
infestacton por leptaspiras en 1as rata (Rattis sor egicts) 2l Matadern
Munieipal de Santiago, Chile  Bol Inform parasst chl 6, 6
Nixoraey, 1 1 (1940) " [Leptosprrosss 1 the U S8 R1 Med Parast,

Moscow, 15, 85 [Abstracted 1n Bull Hyg, 1947 22, 697]

Nissst, DPI h(lﬁl ) Leplo:pxm seterohaemorrhapae wfection m pigs J

ath , 6.

NDGUCHI H_aszy Thgp dutton, Sp
ok SP""‘”“”’ coermesert and Splmdmela wooy Fexp oy
16,
¢ - ' S Amacon wild rats
15,755,
Nos e of
J exp
Med ,27, 575
Nocucxz H (1918 1) The survival of Leptospara (Sprrachata) setero
amane  concernmg  soucrochemical
'1,27,6
' expenm:ntnl prophylacus
wagae \ 28,
Nog - - N £ o ¥ Mecen 5o an prneriments
o ‘ muno
e Phagiae

Mea , 55y 100
Noctcm 1 (1838 Tre Newer Knouledge of Bacterologs) and Trmunology
zdlted by E D Jordan and I § Falk, p 452 Chicago Usuversity of

Nowexs B i “11953) Early dagnosss of leptoepicons by Iysis-test with
urine fractions Tex Rep Biol Med 13,2

Some effects of various enFiron-

Orazakt W & Rmern, L M (1957) ey wet

‘mental conditions on the survval of Leptosprra pomona

Res , 18, 219
L ¢ C,Dutrvg T & Pucn, L P (1925) Leptospiral jaundice 10

dogs (yellows) Vet ¥,81,8



REFERENCES 333

Oupuk, E & SHNEVERSON, S (1950) A new stram of Letospira 1n Tsreel
Nature, 166, 526

Oupiix, E & SHNgvemsos © 0= A - oo -
geffom sp.n 10 mice . .
Orasster, R A (1903) .

olhtl’ antibiotics on.

e exp Biol N,y oe

T R o ' - z
¢ bet

Usskr

0110 { 46)  Om vaocmahﬂn mod leptospirose hos hund
Mzdltm:bl dan:k: Dyrlaegeforen , 29, 187

Prevmniees A fnem @ Cieoean .. -

T

ol Med 1,411 !

PaPAGEORCIU, S (1938)  Ueher die homplementbindungsreaktion bev
plospirosen | Z mpuForsch 94,3

i . LT
Pero .
-

Phynque; lur les leptospires  Rev belge Sa méd , 13,71
Porova E M & Awmossenxova, N I (1957) Reservorrs of leptospiral
Infection 1n the North West regions of the USSR  Results of an
mvestigation on leptospiral mfections of murne rodents Y Microbiol,
Moscou, Do )l 4 [Engluh edion, 28, 41
Emn
ber

ber Neue
loge 2 Hyg Infektkr , 138,

Ton A w (1936) A macroscopic egglutnation test m Weils disease
H{l! 1,1290
Por, A W & Donvicrs, € G T (1938)  The complement firation test
e dngnoss of Weils disesse 7 Path Bact 43, 507
"“‘mh? N_(1931) Keptosmya nfesfion mypiglts | bt Rec 63, 136
Powsss, T E, Boww, E H & Feovson, L C (1956) ~Climcal studies
o kpmpmu s thuss of svarmon n wame Y Amervet med
i1, 129, 6
Bttty ¢ & Lenrsssr (1920)  Untersuchungen ber st * Schlarm-
fieber' Klin Wuhr, 5, 205.
w1 R Ribstiwosos, | E (1936) Control of water and
elckictyte daordenn, A pealt care Lonteh, 1, 23
Prnuavst, b, A (1051) © ber ds punchmende B:deumng der Lepto-
prosen Off GenondhiDrenst , 13, 231




334 LEPTOSPIROSIS
Puviros Busquers, A & GAteco Bemsncuer, J (1050)  Estudo

epidermiologi “spirosis murna en
Barcelona

Pevmicam, F & kommen von Lepta
z;.:es%rml . . Wien kin Wachr,

QUEENSLAND (1933)  Ann Rep hith med Serv, 1959-53, p 88
QUEENSLAND (1955)  Ann Rep hith med Serv , 195455, p 90
QUEENSLAND (1956) Ann Rep hlth med Serp | 1955-56, p 81

h

Ractor, C_& Detsove, P (1934 cténgine en C
B Sor Pt e, 2755 wesengene en
Raiay, A M (1935) Canscola fever sumalating poliomyelius  Brie mef

,2,24
Ravhov, M (1855)  Uber eme anéhnsserepldemle von Welscher Krank-

heit | 2 Hyg InfektKr , 140, 55
Ravew, C (1941} Camne’ leptospirous in Peonsylvanm  J infect Dus,

Prewgen WD 1652 2) Rovine lentosmirosis  Sympostum on the Lepto-

RO, . -
spiross | _Pathological, hematological, bacteriological and serologicst
studies Proc Book Amer vet med dss,p 203

. K R, . W F & Ropirts, S ] (1950) A study
of two enzootic occurrences of bovine leptospirosis  Cornell Vet , 48,
4!

148

Ricy, A R (1930) The pathogenesis of the forms of jaundice  Johnt
Foph Fosp Bull 47, 338

oN, W W (1953) Leptospual encephalins, Report of a case

NZ med 7,52, 189

RiEx, ] van (166) Le foyer centrowafricamn de leptospirose  Anm. Soc
belge Med_trop ,26, 197

Rrer, ] van (1948) Conceptions ectuelles de la leptospirose  Brux méd ,
8, 2054

RzL, | van (1052 2)  La leptospirose en Belgique _ Brux med ,32, 1799

Rier, | van (1952b) Sur lesistence au Congo Belge d un leptospire du
“groupe Hebdomadis ~ Ann Soc belge Mad trop ,32, 633

Ret, J van & Biewrer, V. (1903)  Enquéte sur l'emistence de la lepto-
spirose bovine en Belmque  Bull Acad Méd Belg 18, 472.

Rir, ] ven & Rit, M van (1904) Enquite sur lenstence de ka lepto-
“oirose du porc su Congo Belge  Bull Soc Pat exot ,57, 435

RieL . - * Yy 4~ ~ea hovifie

R . . . romwsa
R . : ‘?E‘ von
L - . sen auf
" No 18

~43 und 194647}
der Medimmsschen
N . iberg

woss,  1915-1950



REFERENCTS 335
Werld-Atlat of Epdewc Diseases, edited by E Rodenwaldt, Part I,
87 Hamburg Falk Verlag

a0d terramscin on the eacnes condstion in bovine leprospirosss  J dmer
et med Au, 126,232
Rowmmy § §, Vorx, C') & Romwiow | W (1992) An outbreak of
kvlolplmn 1n horses on a small farm  F dmer vet med 15 121,23
R\mtzmssm 1N (lQlB) VWaeils disease 2 rare condinon? Brit med

Roos, € J, WarcH Sorcomacer, B & SciCEFsze, W A P (1937)  Een
gpidemie 1an £ camcotaninfece by oo e honden. Aok Tiydschr

Gene
R(xr_\'uz\l WD (mm) Lamicola feves  Case report and review of
lterature  Arch wntern Mel 78, 531
Rosmnm B L (1931) Canxcoh fever Review with ezport of two new
er § Med,
Row. P & l\DLocm\'! Eum B (w m Indocvelites des équidés ct
e D

Re [ . immunochemustry
Rew v . rmy mgmm.
L. . 17,1

ha:munlmgmr n
bloed met bchulp \1" meexourhgg centntugitie  Aed Ty lschr
Geneesk , 77, 365.
Rems, A C '(1916) ety duesse i Amsterdam dunng the war  Leeus
wwembock ned Tydschr , 11, 1
Rovs, A7C & Sentresrn, W " p (1931)  De waarde van sbsorptie-

Fmevm voor de duaenose mn Leptospira
ln!«:ms Ned Tydschr Gmenk 78, 311

My, ] W& Soasons, G 1624) Leplaxﬂra pomona as a cause of
aBortion and neenatal momhry n swine ¥ agric Sa, 11, 81

SHNME B A 10243 ¥ pmonem nn e~ Now Zoslind Lvestock  J NZ

. . £ varous leptospural
A se of swineherds, 1n
: . . P A% 2 61
. ' .
. .



334 LEFTOSPIROSIS

Pmmou\ BLsQUrrs A & Garuco Bmz.\aul‘k ] {1950)  Estudio
L munna en

Barcelona Rev b Parasit 10,
Puwticam F & T, F {1950) Ueber das Vorkommen xon Lepto
! h Wien klin Wichr,

62, 533

QuessLAND (1903)  Ann Rep hith med Serv , 1952 53, p 85
Quesnstanp (1935)  Ann Rep Hlth med Serv 19545, p 90
QuesnsLanp (1956) Ann Rep hith med Serv | 1955-56,p 87

Raciot, C_ & Dewsove, P (1934) Sprrochétose 1cténgine en Cocbinchine
Bull Soc Pat exot,27, 3
RAMSAY, A M (1955) Camcuh fever simulating polomyelitis  Brt med

.2,

Ranhov, M (2955)  Uber emne Trinkwasserepidemue von Weilscher hrank

het | Z Hyg InfektKr , 140, 556

Raven, C (1841)  Camne’ leptospirosis n Pennsylvanm  J et D,
69, 131

, - . et

spirosts _Pathological Yogical, and  serologrcal

studies  Proc Book Amer vet med ss,p 203
Rervaro B R, ToRNEYy W F & Roserts, S ]

of two enzootic occurrences of bovine leptospirosis

(1950) A study
Cornell Vet, 40,

1
Ricn A R (1930) The pathogenesis of the forms of jaundice Fohns

(1953) Leptospiral encephalitis  Report of & ease

med J ,52, 18
. ] van (1946) Le fnyer centro africain de leptospirose  Ann Soc
belg: Med twp 26, I

R, ] van (1948) Concepnons actuelles de la leptospirose  Brux méd,

1 2054
Rezr, § van (1952 3) e A D e P wwd %2 1999

T van (1952 b} . . u

Hebdomadis R

Spirose bovine en B .

Jeptosprose bovizie

Rz
Rez ) N N : |za.leplnspm15x! n
. r trop,8

Ror  * . + | Donaugebrer von

Rxml- ' ' n Feldmausen auf

Roa : . o Umsch No 18

Ko 43 nad 1946-47)

Rnw = .. . . :*;{, g]\lgdnzxmschtﬂ
: Irosss, 1015-1950



REFERTNCES 335

Torld Atlas of Epdemic Discases edted by [ Rodenwaldt Part 1
5 Hamburg Ralk Lerlag

- SR Y fate rhne £ - ools Leprospirose der Hunde
. (1938)  Ueber Leptospirase
- b ) adies an bavine leptasp rosig

1L LuE €1 el Ul vanious Kbeis UL WL u,ume hydrochlonde on bovine
leptosparosis  J Amer vet med s 129 e e
- .
' .
leptospiros s 1n horses on @ small tarm  J Awmer vet med dss 121 23}
Rosextsow, ko (1946) Weils disease  a rare condiwon? Brr med ¥,

Roeltke h (1933) D e Bedeutung der we sen Ratten als Vusreservorr
k\xd:chla:plm cterohamorshagiac £ Hg Infchifr 121 365

Rood € ] WALCH Sorcpracer B & SCHCFENER W A P (1937)  Een
Cpudenmie an L camcola infectic b  menschen en honden Ned Tydichr
Geneesk 81,3373

Rosssmase H D (1946) Cameols fever  Case repore and revien of
Ltecature  Arch smtern Med 7

Rosessers B L (1031)  Canicola feoer Restew mith report of two new
cases  mer J Ved

Rox P& houogive E»au B (%% Indoadies do équds a

bloed mel behulp 1an twneevoul!se centrtugaue  Ned  Lydschr
3624

Ceneesk

Row & G (0a) e ls dacasc n Amsterdam during she wer Lo
oock med Tydche 11

Rovs A FENIR w A P (930 De waarde van absorptic
,\m.‘,, “,o e } duawnose van Lepsospira
mietes et Tydir Gmeerk

Rasx ] W & Siions 1904)  Leptospira pomona as & cause of
Shortion and neonam mortaity i swine O 3 aame S 11 o1

SMuseRY R M (1954) Leptospurosss in New Zealand hvestock  J N.Z
» R



336 LEPTOSPIROSIS

Savrvo, B & Rewnetra, E (1045-8)  Estudios sobre leptospiras  VIII
Leptospira e ammales vacunos, equinos y lanares de la. Repiblea

z

Savr . obre Leptosprra  XIV

. . dentrdad con la Lepto-

Savt . ) sobre Leptosprra XV
——

Voscitn ssteminca s Yo Tamraste -
Leptospira scterohaem

Savrno E & RENNELLA .
humana  Int Comgr . '

Savivo, E & ReNNeLLA,
Posicién_sistemitica

s 1944 WRZ Ig;zbg/;n lg:lbmn , 15, 305

 AWERS, me zspects of the leptospironit problem m
Austraba  Med ¥ Aust 1, 1080 prosP! ®

SceacwteL ] (1948] An epidemuc of leptospirosts bovis m men  Hare

5. Lept 1 of a water

borne epidemuc due to L pomona J clin - 30,
Scuemn & ¥an dex (189%) De Weiiihe ziekic Gk Tutir:}zr Aed

32,
SCHEID w (1949) Leptospirenerkrankungen unter dem Bild dcrsogmannten
Disch med Wschr 74, 898
ScuLproTER H W (1951)  Uber das umcrsrhncdhche Verhalten der
und esser  drch Hyg,

w

Berl 13%,27
Seuenoten H W & BECKERS, M asol) D Wrkuog von Chemo
Lept Z  Immun-

Forsch 108, ey
ScurosspEroer, H & Lancesmv H (1952) Ubertng\mg von Leptospira
durch O Z  ImmunForsch,

109, 3
ScHMID G & GIOVANELLA, R (1047) Ueber die Schwemehuter Krankhert
oz Arch Tierhedk ,89, 1
Scam:mm M D (1053) ' Properties of 2 semxogmny active substance
Wiy Proc Soc exp Buol,

NY
SCHNEIDER, M D (1954 a) Polysacchande antigens of leptospires J

snfect Dis,
commbeen, M D (1954 b) Isolation and chemucal compositon of
complément fxing anbgens from Leptospires  Proc Soc exp Biol,

NY, a2
Sc(-msmr_ﬁ, M D (!955) Anngemc potency of cell free extracts of lepto-

. + evaluation of serologic tests

rus ung {tber emen Spiro-



RFFERFNCES a7

Shlnbefund bev eimer Mhmach s Seharmmsecteber verlaufenen
wng | Geneesk Tydichr Ned-nd 58,332
‘Sclmn:m' ,“ {1933) Recent work on Iep(u!plmm Trant. R, Soc trop

' . ¢ Leptospiren  Congr it
' 1
. Rustentind  Disch med
P . . W
. ' s
. [T . .

25 E«kv.ln 3,0
SonCrrser, W & Domanpem, H (1943) Die ersten Ergebrusse der
Cemaganfeber Forschung in den Nederlanden  Leeuwenhoek ne

Tudsckr ,9, 19
SCHEFNER Vo ,GISPEN, R & P & mon £F 3090 % s o bemapmmam
tot ordening der lzpm-pm-
KorTen 0

i, A
menschelyke  besmetting .
Geneetk Tydschr NedInd 175,534

Sawerrver, W & hozsex, WA (1933) et soorkomen van spirochasten
van het n ype der Sp biy ratten 1n Ned
T)dsrhr Generk 7,300

Soutrrees, & Mmmn A (1027)  Versuche zur Auftelung von
1 uber den Verlauf

[ i oG, SR
Seug . “tion bumaine par
L . . " ospirosis in

) snterrogans
. . + « Tram R

SEAERJIE, 11 A (i¥E4)  AlC CHHLAI IAMIIESIALONS OF ICPIOSPIrONS 1n
38 L eyt

S, W C os) Wels dsease wn the Scotush cond munes  Trans
An mdunr ml (7,0

@ . vy,



338 LEPTOSPIROSIS
Sumlz;m, A dF (1939) Wats disease 1n South Wales  Clmseal pathology

Stor, G A & '\\Zu:, N ven der (1932) Lep funang
enomgenng * Griesk Tgichy Nd Dol (13 yapgeen 20 Dan
Snu-ﬁx,'Dh] \’V &N?mvm, H ‘l-: ‘(1955) ’l:un _I'dd;\nonal serotypes of

Dslier, g (L9U4)  VECUTRLOD Of guinea plgs lnﬂ human bengs aganst
leptospiral infections 7 Hye, Qamb | 3°

Surrit, § (1948} Weds disease wn the t\unh-ﬁm of Scodand Bt ¥
industr Med 6, 213

SaiTH 1 & D.wmsow L S P (1936) The madence of Wed s disease
- , Canb 36, 438

- A mzc:mtnplc agglutination test for
. ¢, 2, 846
. & Cimt, K C (1940)  Prelmunsry

observations on humnn, canine and munne leptospiross 1n North China
Gl med F, 58, 4

Sopesan W A & hxuoucn, J H (1851) The cardiac mansfestanons of
Wexlsdxseue Amer ¥ trop Med 31, 470

Seamv R & Howarp, G T (1952) Leptospirosis due to Leprospira
gnppal)pka.m First report of occurrence tt Untted States J Arer
med Asi 150, 1010

Servk W W (l%g;‘3 Human leptaspirosis due to Leptaspira pomons

Srooner, D F {1935) A compamon of the n mmbobam of Leptospira

T . :
SYEF . =t
Srer : - ’

Sreoven, K F & Ve - o

von Hannover I Orsu vl
SterinG ko {1950} Hepanc function m \V:dl dusease  Castroenterologys
5, 52
Stevensow, A C (1922) 'The wnadence of & leptospira in the kudneys and
of parases the intestines of one hundred wild rats exanuned
England_ Amer 7 trop Med 2,71
Wermcton N A

Srevensoy, W1, Haves, L, Féam, A A
(1053) Observations on leptosparosis \lﬂ\mn AMed § dusty B

ke
Srewarr A & \Vrm, L J (1944) Wels diuease without jsundice

Brat med F.2, 1 N

Srinzes W s Gommm,] D '.\l McCaxN, W 5 (1938) Leptospural
e 9

. (e s

' - ssue

. . sion of

. IR N

90, 233
Sroues, A L Ryiz, J A (19168) A note on Weil s disease (sprrochactons®



REFERENCES 339

-ctjro]h-rmonhmu) s 1t has occurred i the Army 1n Tlanders  Brt

me:

Stoxss, A ‘& Rviz, J A (1918b) A short note on Weil s dusease (spuro-
chactosts x:lemhzemorﬂug‘u) a5 1t hos occurred in the Army 1n Flanders
J R drm med Cps, 2

Sroies, A, Ryiz, J A & ’r«msn W H (1917) Wels discase (spiro-
chletous 1etero-haemorrhagica) in the Beitish Army 1n Flanders  Lancet,

snom, \\| (83) Zur Kenntns der Leptosprrenceleankungen 1m
. wer workers B

. 1 .
. « sease smong muners

. Vet Rec 58,131
of a simple culture
medium for leptospirae 7 Path Bact , 58, 313
Stenrrt Kave, A T (l 51) Periailun in Weil s disease  Lancet, I,
SUNDHARAGIATI, Bxsnvnucu. S (1881) A study on leptaspirosis
J med s Thmland 34, 3¢
SerfenLap, A K & Mmlu_ € C {1948) An outbreak of leptospirosis
wncatle 7 Amer ver med Ars 113, 463
Stnigrianp, A K, Stvons, G € & R G C (1H7)  Dowvine
Teptaspurosss  three outbreaks 1 calves i Queensland  Aust ter 7,

Suriard, W D, Suerarp, R & Dv~mas, W B (1953) Acite Leptaspira
‘pomona axthisns and wmyosardits  Ann wntern Med ,39,

Swamy, R H A (1955)  Electron microscope ciaotd oF the morphology
of pathogenic spirochactes  J Path Dact

S, WG A & Mcheoy, J A (1937) Wells duesse among co
uners in Northumberland and Durham ~ Lancet 2,

Tarassorr, S (1931 Sur la décowverte de logent wnfectieus de la
ou aquatiis Ann Inst

Pastewr , 46, 222
Tunicaorn, & (1031) Htore sommaure e Licttre afectiens et des
Jeptospiroses dans LU RS S Bull Off wt Hyg publ 26, 690
TARASsOFF, § (1935) Trows éclosions d épidémie de fidvre aquatique ou
Leptosprrons srppo-tsphosa aquanils, 1332-1933 en URSS  Bull
int g publ 27, 6

Tarion, | & F 51) Leptospirosss 1 dhe Andamans
o mad g lﬂtm l\c 20
Terskrcw, V. 1 (1951) * cs and n of leptoy

Tamm, P H van (1948 b) “The role of frogs 1n the epidemiology of Weil's
disease  Leeunenhoek ned Tydschr , 14, 129



340 LEPTOSPIROSIS

Thser, P H <an & Encersrecut, £ (!941) 'I'he mode of m!emon of
man i o4 weonr trop 9, 5

Tayorea, T duem)
n Nors N . 639
Trrayvy, E b R ' *ew Tark

ity .
TIMMERMAY orrhagtar

Thesss of Utrecht  |Quoted uy van
Tumv:\u:;)” {19: 7) Result of the pwpbyhxu oi Wex)s duu:e (mro~
~hantnsy;

S s

. - Proc Atumm Ass Kig

"R Su_Med 50, 1.

Trossir, } & Baqurn Y (1930) Spuochétose mérungée o origme
hydnque Contamination digwale * Bulf Sor med Hdp Paris 46, 1798

Tnoxsmx, J & Boquen Y (1933} La Sprrochétose Mémmgle Parls
Masson e! C\c

spirosss i Malaga  Proe

A ) A E, P M, Franxuw, K ] & Pricuam
U 1. (1947) smdm af e Remad Coreatanon® Oxtord.  Backned
Scmmﬁc Publications

Toeas, R € & Hampurcer, M (1951} Cancola fever with menmngn
ﬁ;p;:t of & case 1 & human treated with periolim dAmer ¥ Mzd

UIILE:IKUTK P (19433) Zur Epdennwologre und Xmmunbia}ogx: dee
Schlamm  Feld

ﬁebc Immuni'amll 103
Uniennuta P ( b Die Mzus als Le;:mspmnuig:r, zuglech &n
ﬂ:lmg ur ne =
2 JmmunForsek , IDJ 38
Uit P & Frowse W (1515}  Experimentelle Untersuchungen
uber die seg.‘ Wetlsche Krankheit (snsteckende Gelbsucht) Afed

o P &Fxmm W (1016 n) Zur Actiolome dersog  Weil schen
Berl klin Washr 83, 269
Umersuchxmgm Dby die Aetior
- xﬂ-ndlun er Weilschen haankheit
» 25, 3[7
. Expenmenteife Untersuchungen
emwologie und Serumbandiung der
“el)schtn Krankheit ticieus . sus) 2 JmmunForsch , 28.
ENHyTsS P& Tavuse, W (1930) Wnlschc Kranhhest Handbuch
der patbogenen Mekrovrgansmen edited by W Ralle R Kraus
Urioanusth | Sxd edroons. 7, Pact 1, p 467 ©  Jens . Gustav Fﬂcher
Umensoti, P & Scuomnirg, K E (19513 Therexpenimentelle Unter-
suchunsen ube die Therape der Leptaspirosen TmmunForsch ,

108

Uuu\mm P, Soopaes, b B & Znneraa, P{1950) Expeﬂ-
mentelle L o her die
i der Hund { 17 heh Z Im .

168, 1
Umengurs P& Zooeraany, E (1933)  Die wesse kg (zabume) Ratte 212
Ueberrrigenn des Etregers der Weidschen Krankheie (Sprrathaetd
wtorogenes)  Disch med Wiehr .59, 1393
LENHUTY, P& ZIMMERMANN, 0 936) Hundc 8)s Triger der Spiror
chiten vam\mlewm Dseh md Wuhy,b §
Uncar, H & Benvaoer, H (1947) )tp!vspmms Puho loge.
observatons on expenmexmuymf:mdulv« Arch Path , 44, &



REFERENCES 341

Vs, G, Ctseio, A, Vasquez, A & Geosn Nema, £ (1954)
Estudios de leptospirosis en las ciudades de VeraCruz_ Tampico y
Mexlm;, de Ja Republica Mexicana  Ret Inst Salubr Enferm trop,

VisrotoMEn s, A A (1957) Epidemiotogy and actiology of an outbreak
of leptospirosis  F Microbiol , Moscow, Na 1, 30 [Enghsh edition,

Vamveio, V. (1940) Rucerche speamenlt aulla v d entrata delle fepto-
spure netl oo Polichimeo, 47, 1

'umu, M gy Leptospirons o Indochize frangase  Types

Congr tat Méd trop 3 Amsterdam, Acta, 1, T

Vi M & Som.xsn R (w:m Sur | existence d un fnye{ ae leptosprtose
a Tuy¢n Quang (Tonkin)  Bull Soc Pat exot 30, 4

\m‘wm‘ H (1922} _Spirochaeten by acute koorsige iéhten van onbekenden

rong in de Tropen  Geneest Tydschr Ned fnd , 62, 637

\muom,u {1923) Spurachaeten b acute hoortsige zickten an onbe\endm

oo:;pmng 1n de Tropen Sptrochaetosis febrlts  Geneesk  Tifdschr.

Visnovs, S’V (1940) [A scudy of two epidernics of jaundice | Kiim
Med,' Mosk, 22, No 5(6, 3 [Abstracted 1 Bull Hig, 145, 20,

Voutaxp, W & Breps, H D (1951)  Zur Frage der Hyvaluromdasebildung
durch Leptospseen’  Med Mschr Stuttgart 5, 693

Waosworte, A, LAMGworTiv, ¥ H Srewarr T C Moorg, A C &
Comisdy P 13932) " Infestious jpundice cecurnng i s York

Wan een
.
Wapr een
1 . ond
War zoek

Gl Pus gesoleende e eonige Andere Lepuspi suumen
Geneesk Tydschr Ned~Ind
WaLcu Sorcomacer, B (1939)" Ol dptospurons Bull IHlth Org LoN,

8,143

WALEH SORGDRAGE! eR, B, HOHL\.\DER, L, Soutrrner, W & Wour, | W
(1940)  Serologische groepeering van leptospira stammen, afkomstig
van gevallen van Iepmsplmus ter Oostkust van Sumatra  Geneesk
Tuydschr Ned -Ind , 80

Waeee N, van d’ (wsa) Lepm!pm)sns b1y honden n Antwerpen Ned

WEIL, A 183y Uber fuil uigin uin t
A!Phrms elnhergonende ahise o orheankhest | Desck Arch M
Med 20¢

Warma, 7 £%0048)  Camine teptospurosss (dmscussion) Vet Ree 61,



312 LEPTOSPIROSIS

Waicker, A (18938) Dhe L Kzl

Fhardd Z.N(B ,).‘ \e‘ Dghuninnumsmfekuunm mit Wedscher k

Weaimerow, N A M Sn:\'bsnv. Wy &mes A A (1351) Endemc
Jeptospiros:s 1n Victona  Med 7 Ause 2,15

Wexvan, € M (1926) Pmmzoolngy YA Manal for Medical Men
¥ ;mmmam and Zoologusts, 2, p 1281 London ~ Balliere, Tundall

and
West G A & Wartereas, V 1 E (1953] Leptospirosss an New Zeafand
W Report rgf ZC:ean camcols feser | N.Z m , 8
HISTLER oxss L R (1953 f ed spete ® ers
Sanelst Chem 3o 08 (1953)  [nfrar d spectea of ugar anom
Warsnovse B ll%’) Camenla fever  Repart of a case w which
aureomyein and pemicillha wete used } Amer med Ass 148,47
Wiesvanw, £ (1952)  Die L ter b
shres antigenen Eigenschagten Eyge&n !l)w Baht 27, 8
Wisswaxy, E & Soren, L (1036)  Doppehnfektion (S|mukzmnf¢knon)
i Ltﬂ‘“ﬂ”&rﬂwm und Jos * Shmers med Wachr , 86, 813
Wicvore, 3 ]ER & Dnm:m. G M £1936) Ltpmspﬂ:\ ‘jeundice m 2
Froom rmy med Cps
WargrT, R & Dmmm, M (!9"7) Su\" une sprochérase ctéro bémor.
ﬁmgz}z;gdn chunpapsé teansmussible @ Vhomme  ww lmt? Pasir,
Wueert, R & Drorse X% {1028) Note sur la ﬂplrochému sctéro
hér mumg:que duchumpanzé  C R Soc Bl , Pors, 98, 343
Wz - R Muexeny, “’ 1, McCroan, E Sramz, L E & Wi,
o' of gamcola fever m raan with the
- e 2ad ettle
. 8, 4
WILLIAVS so B £ L E (1933}
A water-borne outbrcnk i
‘VlLLlAMS B H C (14T) ’X'rezvmznz of renss ta * m Weds disease
by spunal anaesthesa  Lamcry, 1, 200
Wu‘ums‘ R V (1956) An umosual case of cimcol'z ferer complicated
persistent homonymoys hemsanopta  Med
Wi I (19431 Uebes e Anuhl \on Lep!o:pxrostﬁllcn bey Hunden
Z n/ekuu Haustiere 60, I
Wirry D (1937a) Die Lepxuspnosa (Westschier hrankbeat) bes Tieren
ven Ko Wachr , 80, 1
menr}. D (:93 b} anekuonm:suche mit Leptospicen  Wien sieodrzil

Wi, D (19397 Frgebrusse newerer Untersuchungen Gber die Lepto
spirosen der Hunde = Wien tierdrze Mschr , 26, 303

Wisseman, C L, Tratp, R, Gocwenour, W 8, ‘mun,] E & LavcasteR
W E (195%)  Leptosproms of man and smumals tn utban niral and
jungle aveas af southesst Asta  Amer J trop Med Hyg o4, 29

Wirter, R E_(1950) Chn«Al diggnosis and treayment of canine lepto
spirosts Vet Me 103

Woupion, & B & Bisom R 5 4010 Nesons Sinerale spochere

o fresh water  Sprrocheta biflexa (new speces) J med Ress

30. 729
WourF, § W (1928) Umenud’ungen uber l\ulmr und Serologie der
Leptosprren ek Schuffs- 10 Tropendpg .29, 111
Wourr J W (1952) Weiis drscase weated vnxb perucillin Lancet, 4
>

Wourr, 7 W (1953a) Serological elassification of rype strans of Lepfo

e o 135 Geneva . World
um;h Queanizavon | nlonognph Seney )

Wourr, ] W {19 pIoSP
Sympasim on the I-tpluxprra:a Medical Sclence Put-hc-non o 1,
174" Washington Umted States Gosernment Prnting Qffice




REFERENCES 343

Wour, 1. WV (1954)  The Loboratery Diagnons of Leptospiroms  Sprng-
field, thinors + Charles C Thoma
Wour, | W. & BorLyives, 170952 Bovine leptospucosns  Docum

Woum, | W, Bofudom H & Rus, & C (194) Rescarches on
eptospuposs ballum e detecuon "of unnary eamners in laboratory
egenbock ned, Tydichr 18, 1
Sour, ] W& Troow, J & (1051)" The genus Leptompra Noguchs,
1917 Problems of ‘clasufication. andt a suggested system based on
. .

. .
7 trop 5, 54 .
Womar B M K Pavis, G R (1030) The correlation of Jepode
sehiaimia with leptospura sgglutiios n horses dmer 3 Ophthal
33,56

e

e B
Wriie, J'A" H (1066 b)  The pathology of expenmental leptospirosis
icterohaemorthagica m the guinea pig and the structure of 7 ictero
hamorrhugice ay revenled by the clctzon mrowope  Thews of London
Wrie, ] A H & Vineent E (1947) The senstnty of organisms of the
wenus Lrploxpvm to pemcithn and streptomyen ~ J Path Bact , 59,
247

ndocyclins (peniodic ophthaliua) of horses 7 Amer vet med i,
17, 2

Yucororo, S (1048)  Serological studies on Leptospira I Serological

suudies on Lptorpura stzems found 1 human beings and smmals m
ver

Yaviavioro, Zp(l] 315 “De s Teptospirose chez les ammaux domestiques
Bu ,:7 it Epiz , 36, 421

Yorz, C J (1951} Aspects of control 1n bovine leptospirosia  Proc U.S
Serh rame A, p

tow, € ) '(1938) e complement fization test for leptospurons in cattle

er 7 et R 13,107
\anx. C J & Baker, 1 A (1903)  Vacanation for bovine leptospirosss
J vet Res
Xoum: E 11 Qlasoy * Nites on & case of Werl's dusease  Lancet, 2, 1103



344 LEPTOSPIROSIS

Zamaryga T (1952'1) 'Scmh‘:skz pretraga konja ergele Lipik 8 obsirom na
of the Lipitsa stud of horses for
;%r;tlispxmsn] Vet Arhw 22,177 [Abstracted m Vet Bull, 1954, 24,

Zamarya, I (1952b)  Reztdualna protutyela za anttgen leptospirz u
zivotinja 72 protzvodniu seruma [Residual antibodies for the anngen
of leptospra 1n ammals used for the production of serum] Fet
Artw 22, 252

Zauaripa, 1 (19532)  Leptospiroza pasa u Zagrebu (1) [Leptospuosis

o0 R}, Septospirozs pass,

" osis pomona u korya
Vet Arksv , 23, 318

. u Hrvatskoy  [Lepto

tv , 25, 273

: + ‘Weil'schen Krankheit

Acta path mcrobiol

scand , 12, 511

Zueizer M (1936a) Zur Biologte und Epidemuologie der Welschen
lenkhextmxt besonderer Berucksichugung von Ddnemark I Z8/ Bakt,
30, 194

Zuszer, M (1936 b) Zur Boologie und Epidemialogie der Werlschen
Kot ot b % von Dinemark 11 ZH
Bakt 137, 189




A

Abe T 140 141 °78 317
Abellin Ayala A 95 108 317
Adam W 279 210

Agosn M 181 33
Alexander A D

5 317
2 J E u“ 144 757 312
Allen Y 773 331
Alston T M 40 44 45 46 56 57
68 67 78 81 87 101 103 103
110 117 1°9 19 189 190 06
“01 °537 °8 986 31° 318

Altavz v 86 88 “13 3 31°

43
Appt].m:n ] M 182 305 31°

Asaol l\l 24

Ashe W F 90 94 98 311 313

Ashton N 313
11 4 331

06 313

4 01 134 137 147 164
168 294 °95 2'16 3]1 33

Avittnos F 169 3

B

Baber M D 123 287 313

Babuden B 8 § 10 17 25 77 137
144 146 148 16 183 184 167
169 108 213 218 223 °37 257
295 %99 311 31° 313

Baer A °3 70 312

Baermann G 140 141 313

Baert H 18

Baocch: E 218 313

Baker C E 968

Bake J A 231 243 271 273 207
313 317 343

Ball H A 114 313

Babe A 168 330

NDEX OF AUTHORS AND SOURCES

Barclay A E 97 340
Barker F A 165 314
rrera M 84 88 2 3 317

Bachelor T M

Bauer J H 10 &

Baumann A w 314

Baxter

Baye P de l°3 IDO 337

Beamer P D 247 98 314

Beck J D 243 23 0

Beckers l\l 45 46 330

Bedson S P

Beeion ll’ B 100 147 149 208 787
4

317
Bewle H 80 94 314
A 14 131 314

Bemkopf H 151 154 155 241 24

Den ry G P 6 331

Bessemans A 10 16 1

Beuvery Aunan A 287 30 314

B anch 77 144 146 143 05
313

Be CH 103 314

Benfet V 248 324

Bghsm R S 154 155 314
Bnger C A L 8 15 18 796 34°
Blzgo eshchenskaa N M 146 314
Blanc G_ 284 314

Blanchard M ° 68 311
Bl zn chenko A G 435

"17 “3’) 240 315 333
Bnhznder H_ 87 104 139 151 155
83 306 43

Bohlande L, 133 341
Bond W M 9% 397
Bonne C_6% 137 31%
quu en Y 00 11° 114 148 284

187 314

Bordo kM 148 Jar 148 201 15
Borgen L O 54
Bo g Pe ersen C 446 5668 75

77 8 88 11 1° 134 132 148
155 159 160 161 16 164 186
°06 22 °38 39 44 45 248

257 291 °9” 293 315 316 3 1
Borst J G G 70 135 315
Bouchet

Bracken F 244 288 89 335
Badfield J R G 17 315

345



346

Bramet R G 278 315
Brammer E 171 316
Brandio © H 318
Breaks 1 257 31°

Brede H D 27 8T 30 147 %64
TIE 50 281 JXG 31

Breed R 5 19

Breese § § 18

3
aa den 765 283 3
C 0”345465351
85 56 6> 70 71 *B 85 BY 88
gu_ 104 117 118 119 173 120
179 185 137 138 133 14°
148 157 16”187
100 191
68 Ay
785 "57 °8¢ 290 308 317 315
317 3 8 341 23
Brown E K 4 316
Brown H ¢ 6 &7 71 181 187
140 131 178 185 156 188 190
;g"“ <85 303 81% 316 3°1 379

Bmwn HE °1 & 170 200 335
Beunner K T 183 °17 269 316
Brune F E 296 317
Bryan H S !SS ©38 "6 43 P4
% a7
ans 1 T 253 47 317
E R 1"6 fi4 781 37

&
o€

Bry goo
2y
Bresh S 351 155 41 317
Bushanan G 5{ 90 285 317 3%
Bucher € [
Buck ngham M
BucMand F E 154 155 181 3¢
3!1’
h N 98 3
\xll G M ‘\3 196 197 7
ulmer £ 08 317
Burgdocfer “ £9 3.
arggral P 154 “50 7
arnste n T "

gspa snch S l 6 141 164 339
Pusunello E 123 134 218 §13 314
uzzard E M OT° 317

164 203 373 34

yme R J

c

Cabanes J 183 314
Campbell A G 136 3
Cs;ngbelt A MG 7!

3 40 318
14 319

3 104

Campbel! R M
Camax(( I iz
wdy } D193 3%
Cargll W H 100 31%
Carbafant E 31 817

INDEX

Carmonz G S de § %1 155 330
Carp U 29¢ 331

Carnngton L B 187 336
Castagnol B 257, 113
Cas:cl 67 3°9

Castra A Tt de 182 317

Chitty, D
Chovdry Pty 165 318
Chestes B 151 332

Chostensen 31 o

37

Caltsman M B 296 341

Coles A ¢ 787 318

Coller W A 2 56 131 135 L4
148 14% 16 1gs 937 ™30 41
eG4 265 966 781 als 371 ast

Collomber M 37 184 37

Colguhoun J 95 341

ombicsen D 148 1855 168 31

18
Conner E 137 338
Coons A 93 318
Casts 5_8 96 13° 933, °81 8
Cotter T J P 138 "SR 90 319
=55 319

155 3!0 34
w18 19 5 301



INDEX

D
Pafn I °18 37§
Dabs P ’SU Ry 318
Daling T *18 35 "' 3 313 3

R 4 28
Ducupﬂ )'l \l 135 184 199 319
Dauphin L3

Dav dson L s P §0 41 4% 45 g7
101 104 (2 256 :uv 3033
ave C L *18 36

D;w G B 753 297 24

Di s L J 188 316 3 0
awson 890 983 9430

Déponera G ™48
elage B 81 34
iy ¢ P o8 334
elorme M1 3

uce 9
k£ 55 U9 B4 133 342 1ag
;w 156 163 169 vS% 00 318

Dre uskar N N 185 390
Devic AL 113 3

De uyst R 10 2

hont € M l”l "53 3 o

Docteman 7 1720 3 0
Hy R L 3 7y 119 lSR 14°
1(3 144 159 °p "4 ~31

)nn.;!um A 7130
kx € G T iﬁ’} 323

Dot T 148 3%
Bowy & T 208 200
cert E. 03 3 0
Desvin | 347 318
ubarmel 147 31,
unbiam AV 145 323
Dank n G W %84 %47 3 0
unlop I 1 178 3%
Dun 3 5 8 330
Dupre £ 4 3%

Durand P 103 40 25-1 9Ny 370
Dusheva 1 ¥ 74 3 5

E
Eaves G 18 1
e B in 0 w6 330
Eaere 2 157 500
Enter 3

3
Elroy Punea P o3 381

34

Emanuel AL L 133 30

Engelbracht £ 66 340

Eocthards K 21; 27D 305 36

Leber

rrevo l\nud: £ 0 s

Eate eld 1 G0 135 137 0 11
6. 6 31

18°
£ nhz c e
Fra 3 "1 "» 1% 140 o4

3]° 3
r
Fsbn C 103 39F
Lagraews A_ 136 915
Fanc S "7 47 137 14% 183 "00
1 31
Jer R 310
Taoben a3 199 14 s

;35 8 168 198 O3 04 "0e
1

Tadey N

Fi s ac § 126 a7 tao

Ve 1 'L 156 56 I1b g
41

14 335 248 49 96¢ 965
5993 315 391
Feguson £ C 37 38 230 250

a8 3(5 37 I
237 %3 338 367

Frava de Aze edo ] 135 148 257

a k) P 3y
F\'ﬂk ’\i J 8338
veezer LB

Freund & 1 302
N'( 181 ! 63"

Fﬂy W
ng
Fromme \\ 7 HO 190 55 g1
o719 311
Frunde A o7 30 37

uhner F 3 41 40 65 71 y53
187 193 94 8D 3

Fulon J D 27 %% 4 3°

Fur M 148 155 31°

Cabret P 783 330



348

Gardner A D 26 184 322
Gathck C H 40 8.

Gamer M 189 32"‘

quld R L 71 157 258 %07 278

Gay D M 6R

Gnym G 7 “41 320 322
Ghettt G 247 3°2

Gbson E A 53 54 55 287 316

Gt P 233

G llespre R W 268 335
Giovanells R ”37 238 336
Grrard P F 113 322

Guoud P 103 3%0

Gispen R 24 25 139 140 141 163
167 290 32> 337

Glattkowsla G 153 280 300

Gleeson Whte M H 96 325

Gleiser C A 23 25 30 312

Gochenour W S 18 93 70 71 136
140 141 164 187 239 241 243
253 272 297 °98 31° 316 3 °
3°3 34° 343

Gochenour W 5 Sr 239 372

Goethe H 260 333

Goez Y 284 3°3

Goldschmudt F 3 219 3 23

Goldsten ] D 115 296 338

Gomes L de S 54 “99 3°3 333
Gomes de Fara § 22 373
Gordon D

79 390
Gordon Smuth C E 66 1°3 135
147 146 167
Gotleb T 15¢ 314
Goudie ] G 40 3
Goyle A’ N 44 75 Sl 90 151 155
165 166 167 213 3!
28

6 3
28" 57 393 338
Grfftts J ] 199 2
Gaell O 56 67 76 80 &1 107 119

1°3 140 141 143 144 145 146
155 160 161 168 171
°37 938 240 46 %49
284 293 204 311 393
°57 299 33 3°4

'35
Gunther Kthne H °so o
Guzmin Newa E 68

H
Hadlow W ] 244 334
Hahn H 157 215 280 3°9
Halen C 216 314 3°5
Halevy C 154 314 3°5

INDEX

Hall H 187 343
Il H E 205 324
Hall W H 297 333
Hamburger M 127 350
Hamdy A H "6? 3"‘1
Hampson F 40 286 34
Hank DD, 147 "’96 207 314
Hara 140
Hardenbrook H 247 314
Hartson J L 208 374
Hartley W y 248 291 374

Harvey 113
Haunz E A 123 324
Havens W P 296 32:

Hellwch K g0 374

Hemmes G D 54 3°4

Hemsley L A 965 374

Henze 5 85 333

Herbert Burns J 159 3’4

Herngman E C

Hermannsen 7 15" 153 tiss
0 324

Hemu W E 206 3%

Herschell Lord 228

Hervouet D 114 147 315

Heusser H 251 25° 93 3%

Hatt C W 30 31 33 34 37 31>
3°4 335

ht J A 164 205 3°3 3%
Hidle E 8 30 38 304 3 ¢
royoshi S 194 331
H tchens A P 19 316
iyeda G 75 394
Hoeden J van der 41 4 123 151

181 206 °41 242 243 745 248

268 249 61 209 300 324 3%
Hoessln H won 154 784 3°%

Holt R 6 3%
Holdeman L V187 336
Hosova S 140 338
Houghton J D 95 3°8
House 1 R 36 E
Houston A C 787 3
Howard G T 155 295 338
5

Huollnghorst R L 71 877
H E 7 8 283 370
Humphreys F A 1 3"5
Hunter W 5

Hutchison J H QB “95 3.5

1
Ianovxch T D 73 %
Y 19 s 7 8] 103 140
156 157 158 217 219 278 3%



INDEYX

mx R ~hy A
da B 8 8 %8 65 67 Lu¢ 17D
e 1% m o
T i3

H
tson E B 140
mmn Ry
scobeen £ 67 757 315 3%
]k:\lsel F T4 15) 154 15, M@

J-egcz !l 457 "'9 375
fakob A 16 1 3 5
A ot W32

7o N 128 139
U 14t 183 1B 247 MR 140
187 168 180 °f3 237 30 "6
283 3¢ °0¢ 3G

Johnstan R % 233 741 3%

18 051 2 ¢ "97 3%

3%

87 88 °s8 750 g0
61 %o °6) 316 378
Jungbm E °B3d

X
Ragmoen & ) 47 200 321

Ralch ¥
Kam naky A i
Kancko R 6 78 3 5
hanter U 51 204 3°3 2%
haps v
Kanlasene B 18

72
hathe J 89 ist 1 "wa 212 «49
ok KRS

ngsb AN 8% 38
WM 3"6

Korschner 1, 4 187 149 107
xs" s ket 244 331 49 390

340

Bockee A 190 3o
hstamura
Kiraoks M m 138 342 34k 207
158 181 :ll o1
R tayama l-lb I
M: mht!k A °2 87 17) o240 935
“57 "50 60 gl 23 3 ¢

hlaﬁkn G 86 3°7

l\bnza\n: }‘i 135 37

humety 31 130 139 147
MJ us uo 17 14 135 26t

ho ght 69
Kauwsao A 208 374
hobavesk ¥ 1% 331

holochne Echer B 67 133 133
Y8 136 MY 164 16w 19p 33
;;a °81 315 397 320 33p 333

Kopmisch E

Rotter G F

Km:lumcs R 155 180 186 187
Raunenaar W
hrate 14
hrastlakor A P 180 398

Krepkogotskaa T 4 70 373
Surohn A 275

137 138 "8y 3°§
2 378

Xutnm WA H
pe w 90 3N g
kunen 65 3%

kupp H 158 33t
Ruwsshma K 173 33}

L
Lo dlaw P P 268 °§7 370
Lagrer | 8
L’%‘:é“ P de 125 M4 Dge 297

Tembert £ 112 178 37
Lancaster W E 140 349

Llnon C L 54 65 181 199 208
0%

Lasvon E

Laurent L, J M x”s 1738

Ld u G 3

ngoun«} 10 126 120 220



350

Lmdsay, 5, 76, 320
Lingen, F Y. L 164, 329
Lile, R B 271, 207,313, 320
Ll!zn:r,S 15n 215 280,
Tococo, S ) 268, 321
Lovell, R , 261, 329
Lowe, K. G, 93, 196, 3
Lul;asshenko,s .Y, 249 204 268,272,
Lubbers, P, 162, 281, 30
Lubotsks, J , 154, 314
Lubunske, 151.280 333
ke, J
Lukes, J, 2 'y 255 3
Lumley, ‘G F, 138, 139, 142, 144,
288,329
une, I, 203, 3
Lyon, M T, 255 287, 329

M

McAllster, J , 206, s
MecCahon, T ¥, 243, 3
MacCallum, F O, 175, 176 329
McCann, W 8, 115, 293 338
McClure, L E, 28, 336
McComb, D E, L8, 317
McCrae, T, 8, 3.
McCroan, J E ,
McCrumb, F R, 120

Mchonzld Vi M 23, 79, 159, 320,

MCG\.ur:.C D 54, 155, 329

Mach, R S, 3 139, 339

ﬁfaclnt}r!,A B, 257, 287, 318

Mclntvre, W l ]\«I 49 l."‘.), 200,217,
259, 262, 263,

Nlackzy-[)lck j 123

1\1::Keon, J A, 100, 195‘., 285, 329,

’ 1. M, 201, 329
IcLaughln, J , 36 37 336
fcLeod, | W, 29 301, 319
Macmullan, Lord 22 h 33

I"" 297, 342

Tacrae, J , 71,

Maegraith B G , 93, 330
Maguire, T, 40, 327
Malmgren, B, 54, 330
Manderson, W G a1, 817
Manson 1, 103, 285, 330
Mantovanns A, 245, 430
Mantovan, G, 42,54 30
Marchwichy, R

Marcuse, K , 122, is7, 189 330
Mana, ], 24 5, 330

Mane, J , 284,

Mann, €, 86, ss 223 312

INDEX

Markov, G P, 245, 330
Marquez, v, 135, 319
Marsh, H , 216, 330

Marshall, P, B, 29, 330
Martin, D 5, 388,336
Marun, E , 74, 330

Martin, I L, 26

Martinez Leanes H, 208, 331
Martorana, N F

Meétanid, C

Merrill, J 30

Messerschmidt, 'r,-.-so 338

Mestrallet, A , 103, 3

Meyer, K'F, 54, 124, 1“6 217, 256,
257,159, :«zo, 261, 269, 298, 207,
316, 330, 331 '

Middleton, J E ng 331

Miller, T F,

Mills, S, 236 1

Munkeahof, ] E , 95, 125, 331, 313

I\rhx:)l;try of Agncu]mre & Fusheries,

Mino, P, s.; 34, 139, 155, 162, 163,
161, 167, 169 213, 295, 831
Misao, T , 124, 331

Matscherlich, 237, 249

Muyars, §, 298, 331

Mochmann, H , 158, 247, 249, 257,

]

Mochm,A 134, 135, 137, 145, 157,
3, 162, 164, 237, 264, 268, 306,

318 a»x 331, 835,337

Mohr, E , 135, 15g 160, 331
Bohun, A F, 100, 335

Molner,J G, 1°a 212, 206, 207, 331

Monlux, W § , 239, 331

Momgomcry,c L '49, 200, 217, 259,

hlonrus:hl,E 118

Moore, A C, 296, 241

Moore, N, us 350

Moore, R D, 98 as

Moresch, C,

Mornll, C.C 248 "41 314, 332
orris, ] 1

Morrow, G , 26,

v, "39, 2;3 244, 273, 297,

I\Ionensen v, 129, 161, 332
Morzer, R L ,'239,'244, 332
Morton, H E', 16,181,297, 332
Mmbov:lm, 5 A, T4, 318
Mumme, C, 167, 322"



INDEX

Mura ch T 187 33*

Murgamyd F 113 118 119 180
1 urphy W J °97 31

Nurn)' EG D 19 318

Myers D AL 54 155 379

N

Naumann P 280 3
Nefedey A 1 248 "73 330

Nikolaey 11241 33
Nsbet D1 240 20 o7 3
Nishuhara X L

ch o 102""6.’194068
174 201 %36 304
Noms T St M 0T 1y 134
Norval y 5 103 218 a7
Novkowa L 5 249 264 63 39

wek E L 4)

o
Okazake W 43 45 33°
“a7 81

Qeesky's 9 ma
Olenk E 15

333
Ol L 74 151 314 3%

05
13 13 %99
Otosen H E 5+ 217 273 °91 333

Oxer 146

P
Packcharan A 49 181 333
187 333

Pearson R T *97 333
Pedro Pons A 147 148 313

Per ex S 291 313
Perry 1 S 03 341
Peterson L | 154 318
Perr A 31
Petzetak s M 74 88
Phlips J H 114

Picard | 138 137 284 333
Pok L7 g0
Pickens E G §9 317

351

ppard 1S 395

ope F P
opo a E M 146 333
opp L 53 77 88 15° 153 15y
15 %50 333
Pot A W 186 187 333
oulet J 147 784 337
ower I N 240 87 333
owers T E 38 239 315 371 333
rades A 168 33

att Thonws H R 90 .’JH 313
rausn tz C 161 280 3!
reedy J R K106 -’i.’!.’i

ce K E
rchard A M 1

Pumarola Busquets A 54 334
Pun gam F 139 189 150 161 334

Queensland 119 168 169 170 33¢
Quesos § | deS 136 3°2
Que edo € 45 330

R
Rae H J 40 313
Ragiot C 781 334
Raker C W °71 3°9
Ramsay A M 175 434
Rankov M 74 334
Rakie HA 1633
Kaven C 07 00 200 207 334
Recorder A M. 108 33

Reede C A de 157 331

Relly 7 189 3 0

Remann H A 296 374

Remnhard K 14 146 243 243
46 272 °97 318

Reter H 7 2

Rementso 3 M M 0 38

Rennella E 144 146 147 149 167
183 °37 740 246 57 °98 °09
311 335, 336

Reynolds £ A m 341

99, .'{3-(
JE 1

6 333
Ruchardson W ‘V 148 149 334



352

Reel, J van, 23, 25, 39, 135, 148, 165
;53 164,'540, 215, 218, 247, 245,
Rm M van, 146, 240, 245, 247, 248,

Rukebﬁsch 157, 331
umpau, W, 56, 143, 145, 148, 151,
152, 153, 155, 160, 161, 237, 252!
;ge, 2379 280, 281, 311, 323, 324,

ngg:n.L M, 43, 45, 244, 268, 269,

Robem 8 ], 248, 250, 297, 334, 335

Robenson K, 189, 196 199 335

Robinson, ] ‘V,250,

Roby, T 0 216, 326

Rodiean, T, 29 301 319

Roelcle, X, 54 280 335

Roos, C T, 260, 283, 335

Rosenbaum, H D , 597, 335

Rosenberg, B L 77 9, 121, 124,
125, 259, 206,

Ross, C [, 23, 79 159 320, 338

Rossy, P, 353,

Roth, H P, 98 3lB

Rothstemn, N 37, 335

Rubie, J , 100, 335

Ruys, A 'C, 39, 40, 70, 86, 104, 179,
282, 305, 307, 315 335, 343

Ryblama, L G , 330

Ryle,J A, ,"ss 335 339

Ryley, J W ,'238,'335

s

Salcedo, M, 328

Sahisbury, R M , 244, 335

Salunen, A, 56, 155, 159, 161, 168,
167 "49 325 33,

Salw, A , 518, 313
Sandler. R 147 148, 300, 335
Sandwith, ' M, 5,

g st
Sardpto, M , 44, 65 lﬁl 335
Savino, E, &4, 14 ]46 147, 149,
167, lﬁﬁ “37 "40 246, 257, “98
299) 311, 335, 336
Sawers, VV c, 43 214, 288 319, 336
Sawyer, W A, us, 295, 358
Schachtel, J , 161, 165, 336
Schaeffer, M 145 147 149, 297, 336
Scheel. 'n\mmsm, 131,218
Scheer, van der 281

Schlossbexger,}-! 69, 151, 335, 338

INDEX

Schnud, G , 237, 238, 336

Schmdt, M R '48, 06, 315
Schrudtke, L, 68, 328

Sch.neldel‘. M D 33 34, 35, 36, 37,

Schn:ldermm, A, 28,
Schoznhen',!{ E, 183 "00 206,322,

Schubed,H 280, 324

123, 133, 18,7139, 1
155, 159, 163, 166, 167, 179, 180,
185, 255, 256, 281, 282, 283 295,
306, 307, 320, 322, 327, 335, 336,
337, 341

Schulfsz, D , 121, 3

Seg:x.H E 122, m, 240, 287, 318,

SeLH R M, 42, 143, 214, 200,305,

Sellards,A W, 10, 68, 322, 337

Sellers, K C, uo 243,287, 321

Semple, S TG, 134, 130, 144, 148,
1%, 158, 165, "138, 203, 204, 205,

331"
Senclue, H A, 337
Senthille, F, m 190. 260, 337
Sesmic, R , :4.
Sewitt,'S ,'93,
Sharp, W' C, ss 285, 3%, 391
Shechen, H 1., 96, 325
Sheldon, W H, 94 95, 154, 237
Shepard, R , 15, 33
Shettles, L B, 36, 320
Shiorawa, S 110,397
Shneyerson, § , 88, 151, 152, 153, 154,

295, 333
Sigel, M_M , 208, 3“
Sigwser, F , 147 281, 337
Summons, &_C’, 235, 244, 335, 339
Sinnamon, C N, 23, 79, 159, 320

8
Sippel, W L, 297, 331
SISKD,P 8, 294,

F 97 35, 338
5, 338
Smadel I E 140 205, 298, 822, 324,
S h [o] E Gardon, 56, 123, 135,

142, 146, I
Srotth, D ] w V23 420143 1‘659 168,

5 321
45,87,101,104, 186,

S (h, 40,4
0 %lz 2“1 292, 264, 286, 287,

319 320, 338"
Smuch, O H, 30,312



INDEX

napper T 257 333
oarely § R 208 317

3
7 27 79 41 370

tatks J N

L E b2 3
tasky A B 71 90 338
Stéfanopoula G J 140 338

tevenson A € 64 87 338

Steman Anderson B © LA
30

Stles W W %6 115 116 °96 331
333

Stmson A M 10 333
Stokes A 7 10 1) PR3 °R4 338

101 113 118 339
Stuart R b 123 154 150 161 190
251 96 a8y 255 88 304

Smczynskl LA 74 151 15¢ 34
uchen klye A l 0 330
er K'C

nund.hznguu n HD 141 164 339

uter L 1°0 34>

Sutherlind A h 244 °48 330
ulff W D 148 330

wan R B4 19 30

nin W G A l0g 38 330

Syverton [ T °8 3

T
Tnn;soﬂ S 150 151 154 155 980
3:

5 Sl 90 151 155

152 154 165 158

Terzn A L 187
Thel P H van 39 49 86 71 138
9 3

0

Temey W F °46 334

Tiffany E J 296 297 340
24

353

Till F 139 148 15, Isl 35-(
T mmerman W A
‘ods

Traub R MO 31>

te A P 160 117 133 140
M1 142 138 150 16t 185 196
340

Troser J 8 90 96 117 763
319 310

Truet2 J_9. %63 3t0
Tulloch W ]

Turmer T B °0
Turrell R C
Tytler W H
Trartesla N

RS

248 30

u
Ublenhuth P 7 67 118 15> 183
190 ™ e > 7 %6y 7
280 311 340
Ungar H 4% 340

v

Valente ] S 135 320
Valent PF 147 145 333
Varela G 54 83 341
Yarfolomee 2 A A 123 341
Varvello V67 71 341
Visquez A 68 341
\-‘:xs::l B0 SRS VIO £}

Vara ] D
Verat

157 158
174 318

Voo Bt Yo 5 3 5
Vilalonga 1 86 °

Voacent E 48 343
slowly u ¥ 1o 341

Voet J 171 B0,

Volland ¥ 90 34t

w

Wadswo th A 96 341
Wagener ™32
Wahab 67 16 331 341
Walch E W 16 1564 341
\\nkh Sorgdmger I 45 52
121 1°3 2133 18> 164
g}g "01 260 281 311 335 337



354

l 325 341

Welcker A 67 70 108 217 342
\Vcnsngtcn NAM T 20 2,

238
“;nnn c M 19 71 103 330,
West G A 201

342
-J{cssmann T o120 168 192 240 251,

3 123 324 342
e J B A o e
Biienr R 268, 3
[ RS 3 a
Walles Ree fosues 201
Will sene 12 193 12¢ 940

7 a¢2
W M g s e

W lhems R

Witz b A i35

$ilson T 5 40 373

Wnsser ] 240, %63 260 283 877

42
Wuth D 746 247 258 261 842

INDEX
“aﬂt N vander 142 257 249,238,

Wisseman, € L, 140 Hl 168 342
Wistebolle P 20 136

J

8 5 16 20§ 347

anﬂ' ] W 20 21 70 88 05 104
134 135 137 138 140

!ll MJ 151 150 16* 15¢ 178

179 180 18p, 264 281 282 233

30" 305 311 215 329 341 e

Woods,R M 253 297,343
Wondwille ¥ C, 208 5%

W oodward 205 301
Wooley, ] M 165 343
Worstz H 27 343

Weotld Health Organistion 21

Wile J A B 48 72 05 08
1Bz 317 822 313

Y
Yeger R B 189 23 56 760 72 138
137 120 184 187 239 243, 250
253 "9T 298 31 316 372,303

342
YVamamoto § 137 138 245 313
York © ] 187 243 A50 272, 212
335

Yushxd: R 47 3’6
Young E H

z

Zabuowa L V%4 35

Zaharys 1 246 230 233 297 344

Zsmmermann E 67 "57 280 340

Zmmermann P 200

Zuelser M, 44, ﬁﬁ, W o
344



INDEX OF

A

Abdomunal signs and symptoms 114
Acids resutance of leptospires to 44

Adhesion test 189

Adrenal failure 95 108

Age influence on death rate 117

Age incidence of cancola fever 124
of leptotpirosis 79 81

Arglutination lysis test 186

Asglutmag_nn tests 185 186 306
dilution scherne 308 307
Preparation of formolized suspen

300
Agglutinin abeorption test 307 308
Abmenu%mgx 21 voute of infection.

nca leptotpiross n 206-900
Anal bites Weil s dicase followiog

trﬂtmzn(of 216 217
umcuhhon 181 184
Anumals sntibiotic treatment of ex
Eenmem:l infect onn 0"

domestic el mination of carmert
270 »71

tmmumzation 272 274
p:evtzmmn of transmistion 274
72

tremmm and :omrol u( lepto
3pirosis 1 °67
infected domeste. 216 ’11
destruction 21
drug treatmient 217
1solation
vscanation 218 217
serum treatment of experumental
sease 1 199 204
susceptible to mfeuwn 50 57
treatment  anubonc drugs 208
270
smmune serum 267 6%
Anhbmllc druw‘ 198 200 208
m (rut‘ment uf domest ¢ anumaly
258
m mnmm o( cxperiment discase
0 animals 903 206
mn ueumem of human d sens: 200

Tesistance of leptospires to 45 48

SUBJLCTS

Antibodies day of disease snd appear
ance and development of
190 191

demonstration of 181 19§
Antibody t¢ hmque Ruorescent 95
Antpen complement fiving  from

Ieptospres
Antgemic_consntution  stabTiry of
20 24
Antgentc subtypes 21 25
Antigenic suspensions mixed 310
Antigens polysaccharide of lepto
spires 33 34
Antiserum  mixtures for screen ng
leptospares 303 310
Artificial hidney 1
Aqueous humour culuvation of [epto
sp res from 107
Austrafas a ltp(oiplmsl! w287 291
Axial flament in |=plosr|r:s 17 19
‘Axostyle 1n leprospires 17 1

B
Ball co strain See Leptosprra australis

o
Bubimg ‘sge dstnbunon of cses
ntracted by 1
assaciauon  between
leptospirosa and 7
s souree of L camcola ofotuon

memngm!

Werls frste de 1o 30 40 71 72
Bats, leptospirosts in 265
bugs_ role 1o \prud of lepto
sprrosts
Bres Wensd i following 67 83
ood  demonstration of leptospires
n 179 304
1n can cola fever 126
Bioad changes tn feptospironis 96
Blood usea concentration 1n Weil's
Sea
Beitush Isles leptospurosis 1 294 267
Bugs role n spread of leptospirosis

Buld ngs rodent proofing of 211

c
Caleaum hypochlorte effect on lepto
spires 45

335



356
Carucola fever, sge maudence, 79, 80,
bathing as source of infection, 123,

blood mn, 126
carrier hosts 121-123
cerebrospnal fiud 10, 126

climeal pathology, 2

convalescence, 129

drinking water as source of, 74
epidemiclogical and clincal aspects,

fatal cas:s of Qa 96, 125, 126

follmvmg dogbute, 67

hustory, 121

mlustrative case histories, 129-132

1 ricefield workers, 174

1n veterinanans, 121

morbid anatomy, 125, 126

multrple household mfections, 123

muscle lesions n,

seasonal meidence, 7, 85,125

sex mnaidence, 77, 124

symptoms and course of, 127-120

urne mn, 12
Cardiovascular system 1 Weil's
case,
Carrier hosts, of Teptospural serotypes,

mode ot ansmussion among, 5
Carnier state, after leptospurosts, us

duration of, 49, 53
rrie; 9.55
elrnination of, among domestic

ammals, 270, 271
fost of election, 53
intenstty of mfection, 53, 54
of leptospiral serotypes, 50 52
of leptospures, 13
Table of, 50 52
Case to case transmission of Weul's
hsease, 75

Cats, leptospirosis 1, 264

Cattle, L camcola mfection tn, 245
L gnppat_)p’m:a infection 1n, 241.

L pomomz infection 1n, 243 215
245

INDEX

Chloros disinfectant, 212
Chlortetracyclme, :ﬂm on lepto
spires, 48, 47, 48
mn trenlrélsen! of 'domestic animals,

rapy, 198, 205, 206
ctmd Ezthology of leptospirosis,

Co-agglutination, 192, 193
Coal muners, leptaspitons n, 65, 8,

Complement ﬁxmun test, 187, 188
Complement fixing :ntlgen from
leptospires, 35
Concurrent mfections, 119, 120
nvalescence, 115, 116
after canicola f:ver, 129
Cortisone therapy, 20!
Cultural xeqmumenu of leptospires,

Culture, of bods fuds and nssues,
180,
Culture medla, 180 lBl 301-304

22 3
Fleicher’s broth medwrm, 303
indle s medium, 304
Tsorthof s medium, 303
Noguchl 's medium, 304
pH of, 2!
Stuart's medlum, 304
Vervoort's medium, 302
Cutaneous infection, &5 67
condition of the skun, 66, 67

D
Dehydration, survval of leptospires
4

atter,
Denmatk, leptospirosis 1n, 201-203
Detergents, effect on leptospires, 45
Diagnosss, 171-194
chinreal, 171 l77
Iaboratory, 178
Differential dlﬂgnusls 172.177
Dogs, as carmers of L camicola, 121,
122

smmunization of, ¥ 7~,6°;73

treatment of leptospiross m, 268,
269

Cerebrospinal flud, i canicola fever,
126

leptospires m, 180
1n leptospirosis, 100
Chang s medium, 26
Chimpanzees, leptospirosis 1, 266
Chloramphenicol, effect on lepto
spires, 47
therapy, 203, 204, 206

treatment, 269
less common semtyp:s infecting,
ﬂl

Dog
Du)s:’ﬂ'a smm, m Leptosprra grippo~
typh

E
Electrocardiogram n Weil's dhisease,
o4



INDEX

Electron of

357

16 19
Encephalins 113
England leptospiros s n 984 387
Frythacyte, sedimentstion test 90

Frythrocyte sensitization test 183
effect on

lesons 1 L sctero
aemorrhagrae infections 31
Hamsters anoculaton of 181 183
Harvest fever

Headache i camcola fever 137 17

Henduche: Tecurrent 118

47

E therapy "¢
'spos to lyp

Eye les nnssm “e:ll dsease 107
10¢

4
Fever seven day 11 19 156-158
Eish morkens Welsdsepe iy 40
Fleteher s agar med u 03
broth med um
es ole m tpread of leptosp ross

Fluorescent antibody techmaque 95
Foetal infection 75 16

Fond as soutce of nfecton. 76
Food pratection 21

m Veals disease

Heat, resmtance of leptosp resto 44

Hindle s med u

Homses ‘lepronp ot s e 048 254
periad ¢ ophthalmua 1 2,0.254

Host of elect on 5

Hygene of buman induiduats *17

of premuses and land °12 215
Hy phow terobs m wulgare 17

1
Teterus gravis 3 8
Identsfication of stra ns 308 210
Immune serum eatment of
omestic amimals 267 268
1n treatment n(lmnnjl!)i 199
219 2

306

Fort Bﬂgg fever 140

Fox:! leptasp ros s 1n 64
eptoapros an 783 294

Furmgmon 210 2]

G

Gardner s medium 26

Gas gangrene

Gastro intest nal haemorthage 93

Geographical inc dence of lepto
spirosrs 2

Germany leptosp rosis n_279 281

Gosts leptospirons in 247 248

Grenular constituents of leptospires

Growih requements of leprospices

Guineap g I\xthmg test
Cutmean s immcaiatn of 181 184

B
H-emquur. ageat in leptospres 30
3t

Haemaptys s
Hatmon’hagﬂom Well's discase
951

active 719 2

of doment c an mals 277 ah

pass ¢ 219
Incidence 77 8D
Incubat on per od 103 104
Indonesi1 leptosp ros 3 1 281
Infecuon rates of rodents with

scterohaemorrhariae 54

Tnacct tramsmiss o of Weil's d sensc

Todine effect on leptosp res 4o
Indocyclitis recurrent 250 54

Toraeh leptospacosis 395, 300
Taly leptosprrosis in 204 298

eckals leptosurome tm %64

a) ln leptospirouis in 277 35 a‘

Jaundice and sever ty o 8 7
s,



358
3
Kidney, ertificial, 197
n Weil's disease, 99, 93

Korthof’s med um, 26, 27, 303
Kremastos type, 169, 170

L
Laboratory lnfectmns, 70, 71
techniques, 305-
Legal aspecls of leptosplral diseases,

Lep!ospu'a, genus, creation of, 8

INDEX

Leptosprra nmumalu, contmued
strain Alayarm 5
strain Rachmat,

Leplﬂxpzm bn[lum, anngcmc subtypes

carrier e and anumals suscep-
able to, 50
discovery of, 1!
dlstnbunon of 55 61, 136, 137
I pigs, 241
infectton, 135, 136
nfection in cattle, 246
Iaboratory infection by, 70
Lrpmpnn bangkmang, carrier hosts
to,51

akuamx A, see Leptospr
umnalis
Leptoxplra ak:yamx B, see Leptosprra
adis

fom
Leptospira nkuamz C, see Leptosprra
ustrals
Leptosprra amiamrm A, 13
carrter hosts and ammals suscep-
tible to,
chnzcal sspects, 166
discovery of, 1
distnbution of 69 61, 187
epidemiology, 1
historv, 163, 155
Leptospira amiaman E see Leptospira

grippoty,
Leptosptra mgstmlﬂ, dxsmbmmn of,

m{ecnon of horses, 252

Leptﬂ:pzmamlmh:A carrier hosts end
nmals susceptible to, 51

clinieal 2 aspects, 143

discovery of,

distribution of 58 61, 143, 144

pmemnlogv, 142, 143

Istory,

anfection calde, '_‘45 2i6
Leptosptra australis B, 1.

carrier hosts .mli ammals suscep-

5.

chinteal nsptcts, 138, 139

discovery of, 12

distribution of, 60, 61, 139

epidemology, 138

hustory, 138
L hostsand

d\sm\mmm of 6&‘
mfection, 142
Leptosprra lmmvm:, carrter hosts and
animals suscepnble to, 52

clinical aspects, 163, 16¢
discaveey of,
distribution oi 58 61, 164
epidemiology, 67, 86, 163
hustory, 162, 163
nfection in cats, 265

m cattle, 246

1n dogs, 264

1n goats, 218
npgn 211
n sheep, 247

Ltptmpma ben]nmm, 16
antigenic subtype of, 2!
carrier hosts and amm:h suscep-
tble to, 50
distribution of, 60
nfection, 133
Jukmgiina strain, 2
Leptospira biflexa, mnrphology of, 15,

Leptosptra bovss, see Leptospira grippo-
Bphosa
I—emvspna cammIa, antigenic subtypes

carnec hosts “‘5‘3 anumals suscep-
camers of 13

discovery

dlstnbuuen ol, 53 61
growth requirements of, 28
k d by, 30

agamst, 278

anmnel 1s ble to, 51
discovery of, L
distribution of, 53 61,141
epidermiology ind clinical aspects,

hlsmrv, 139 140
mfection i cattle, 245
mfection m pigs, 241
infections, 140

Iaboratory infection by, 70

wfection in cats, 265

in dogs, 259 263
treatment, 269, 270
1 horses, 249, 253, 254

n sheep, 2
Romseroek! Rnver strains of, 25



INDEX

Beptaspra eelledurn caties sty and
inumals susceptible t
dumbunon of 80 61
imfecti
Leptosp m t_vmpttn carnier hosts and
nimals suscepuble to 51
custnbut on of
infection 1n bats 7835
Leptosptra djasman cacrier hosu and
anmals susaepible to
d stribut on of 6
infection 147
Leptosprra eninacer distrabut on of 59
Leptospire n /elmlu see  Leptosprra
Ltp!n:pvm gtﬁzm Leptaspira
rippoty phosa
Leptorpira gripponphose 1° 13 30
carr ers of 13

carrier hosts and an mals suscep-

e

d scorery of
distrbution of 59 81 155

9
o onte 41 243 248
n goats 248
i Rorses 240 252 753
mpgs =
n sheep e
Leptosprra grippoty pl osa (AR) 25
tosprra hardio carner hosts and
an mals susceptible to 67
distribution of
infection 159
Leptospreahebdomadis carier hostsand
anumals susceptible to 51
climcal sspects
d flerent ation from L scterhaemor

rhagiae
discovery of 3
S hon of 88 60 155
epidenology 187 158
tustory 156 157
sfection 10 cattle 245 248
Leptosprra hebdomadis A see Lepto-
sprva auturmalss
Leptospira hebdamadis 3 see Lepto-

Leptosure rebipmods G soe Lepto
tprra australis A
Leptospra kyos carnies_hosts_and
smimals suzceptible o 62
ol nrcal aspects
dstnbution of 58 69 183
epu‘l:m nlaxy 187
st
intecoon pas 39 240

359

Lq)lorp!m scterohaemorrhagiae as type
ecics or serotype §
carrier hous end anmals suscep
€ to 50
culture mécs for 262
differentation from L hzbdmadx

distribution of 83 81

generation tune of 2

growth on chorio allantoic mem
27

growth requirements 27 9§
immunization against 277 974
smmuno-chem stry of 31 38
infection 1n cats 2
n cattle 245 248
n dogs 13 256 259
treatment 269 270
n foxes
in goats
m mu 240 252 203 2ot
n 240
treatment 268
10 primates 266
1 sheep 46
Jackson stran of 18
metabol sm of 29 31
morphology of 16.19
surveys of nfection ratesof rodents

stram xwo by
strain RGA 24
txonomy of 10 11
rulence of *7 °8
Leptospua scterohaemorriagiae @) z;
Leptospira vcterohaemorrhagiae (.

Leptospira icterordes 10 (sce also
Leptosptra scterohaemor

rhagac)
Leptospara_sntersita disttibution of
59

Leptospara mterrogans 10 11
Leptosprra javan ca_carreer hasts and
shumaly susceprible to. 50
d seribution of 8!
mlection
in cats 265
Leptospira mankarsa carvier hosts snd
srimals smsceptible to 50
d stribution of 5
fection 133 134
Leptosprra medanensis cammer hosts
and animals suseeptible to

51

distnbut on of 60
mfection 159
in dogs 264

Leptmpam wam; a0t genic subtypes of



362
Leptospirosis, continued

from appendicttss, 113
from bensgn lymphocs ic menin.
13,

£itis,
from brucellosss, 173
from carcinoma of pancreas, 174
from cholangits,
from cholelnhnasns, 174
from dengue, 1
from encep’lalms, 177
from erythema muluforme, 177
from glandular fever, 177
from mfective hepatitss, 173
from nfluenza, 172
from malara, 173 174
from pohomyelms, 175, 176
from Q fever, 173
from relapsing fever, 113 174
from rheumatic fever, 1
from rubella, 176
from sceub typhus, 173
from secondary syphilis, 177
from septicaemua, 173
from septicaemra accompanied by
Jaundice, 174
from Stevens Johnson syndrome,
177
from tovoplasmasss, 174, 175
from tuberculous meningitss, 174
from ryphold and paratyphoid
fevers,
from yellow [ever, 174
wenmgrtss fram other cuses, 174
of anictecic forms, 174-177
discovery of infective agent, 6-8
drstribution and spread, 12 14
drinking water as source of, 73,
early clinical observations, 3
endocarditis n, 94
epidemtology of, 65-89
following antmal butes, 67, 68
food as source of mfecuon. 5
haematology,
hae‘mnxxhzg:s 3n, 94,95
tustory of,
unmuruzauon, 219 223
10 ammals, 237-274
m Australasia, 287 291
1n bats,
1n Brinsh 151156,52§4-231

treatment, 268
1m coal muners, 65 81 83,88, 118
1n Denmark, 29).
1n dogs, 255-264
treatment, 269, 270
i domestic anymals,
treatment and camml of, 267-274

INDEX

1n fove:

mn France, 283, 284

n Germany, 279 281

1n goats, 243, 94

1n horses and other equidae, 248 254

1 Indonesia, 281

1n Israel, 299, 300

m Italy, 294-296

1n gachals, 2

mn Japan, 2 7

m the Nelherlands, 282, 283

In pigs, 237-24

treatment, 2ﬂs, 269
1n primates

1n ricefield wmvkus 81, 82, 66, 83,
124, 163

1n sewer workem, 66, 81, 83, 87

1n sheep, 246, 24

1 South America, 298, 299

n sugarcane workers, 81, 82, 8,
138, 142, 168, 169,288, 200

n Swnzcrlznd 203, 204

m Umtcd Stafes of Amenica, 208-

Leptospiross, continued
s, 264

m vzmmanms, 66
infection through mucous mem-
b

ranes, 71
nsect mnsmxssmn, 68-70
Jaundice 1n, 171,
Kidnev changes i, 9_, 93
laboratory dxamosvs, 178.39¢
adhesion test, 1
agglutmation-dysss test, 186
ngglunnzrmn test, 185, 186
anumal moculation, 181 184
complement fixation  test,

88
caltge of body funds and ussucs,

187,

demonstration of antibodzes, 184~
demzﬁs‘muun of leptosprres, 117~

erythrocyte-sensitization test, 188
mieroscopical  examunation of
stamed tssue, 184
laboratory infections, 70, 71
legal aspects of, 225.233
leucocyte count m, 178
Ier changes m, 91, 92
Irver function tests 1n, 98, 99
Iymnphati glands in, 90, 91
memngeal form of, 72,
menugitts m, 112-112°
Puider, epdeimoiopcal and el
‘aspects of, 121-132
mode of teanstmission, 55
morbid :natomy and hstology, 20~



INDEX

Leptosp rosis_contumued
mortaf ty 116 107
muscle les ony 1n
occupatons assec ated wm. 8 81
ocular Jes ons 107
postmortem :ppunnu; n milder

forms 95 06

prevention wnd sersonal grophy

rashes nccump:mymx 91 106 113
115 128 141 143 148 155

reg onal occursence of 277 %

renal function tests in 97 93

e i per odic ophthalmta 230

Toutes and means of mfection €5
[}

seasonal yanations in incidence 81
84 87

second artacks 119

sedimentation rate in 96 178
sequelae 117 118

303

Men ngit s leptosrirosa_continued
stsocuion. berneen. bath g and
7273

Metabolism of leptosp res 29 31
Mezzanostra n see Leptaspira pomona
Rlice inoculation of 181
ltcromy s monutus sorcinus 86
examinaton of bady
Puids and ground tssae 179

of lumed tissues
Microscopy dark Feld Septospures

ctectron-of lepmsp res 1610
Mucrotus arval s 61 88

Microt s guent) en

M graine fnllo\lxmg leptospiral 1nfec

ik survival of feptosortes o 40 41

orbnd anstomny and Iutology 90 98
ortal ty of Werk s disease 116 117

serological tests of
189 19

severe chncal aspects of 101 1.0
sex ncidence 77

skin i 90

spleen 1n 93

transm ssion of €5 76

trans placental trmnsmission 15 76
treatment of 195

ant b otic drugs 198 200 206
of renal fa lure 195 198
serum 201

vacaination sgamst 210 °23

Weassermnann test in 96 97

Wateshouse  Fraderichsen
e n

yearly yuriaions in incidence 7

svn

Leptospirosis canicolans see Canucola

role 1 spread of lepto-
ros s 68
Mucous membranes a3 soutes of
infect on 71
Mud fever 121 280
Mundae (rxcluding rats) as cammicrs
leptospices 56 57
Muscle lesions 1n canscola fever 177
n leptospiros ¢ 94

N
Ninuhayami 139 156 158
Negat ve react ons
Nephross lower nephron mn Weils
.
Netherlands kptnwnosu n the 282

Noguch 8 med um 8 i
Nzrandabula groun et Lf)lospm:

Leptospiros see
Weil 5 disease

Leucocyte count n leptosp fosty 178

Liver changes in Weils disease 91

£

Laver function tests i Wel s disease
08 99

Lung consolidation of 95
1 ymphstic glands n leptospirons 90
9

M
Maladie des jeunes porchers 145
Menmngeal form of Weils d ease 72

Meningims an cancols Sover 127 128
Menmngit s leptospirosa 112 114

°

Occopatoral ik offeptospieoms
cording to serotypes

E
Occupations assocrated with lepto
sprrosis 78 81 289
Ocular Ieyons n leptospurosss 107

n Weil s disease 107 108
Ophthalmia penodic 250,254
Oxytetracycl oe effect an leptospires

4
1n treatment of domestic an mala

therspy 108 205 206



364
P
! Paradoxical Rcznlons’ 24, 194

INDEX

Rat catchers, Werl's dusease w, 42
Rats, rates’ of infecton with L
B84

Pentcillin, eﬂ':n:t 45
g s
mn trcmmenc of domestic anmmals,

therapy, 198 200 206
Pemclllln V pmphylzcna use of, 224
Pygs, antubigtic drugs 1n treatment of

as camer bosts of L eamcola, 122,

L mm:ola 1nfection m, 2 240, 241
L kyos infection 1n, 239,
L utemhgemarrhnvme m{ecnon n,
L pomona mfecuon m, 144-147,
237 2
lepmspltosu :;1, 237.241
6:
Po]ys.lcchand: antigens of lepto-
spures, 33, 34
Positive reactions, 139 190
Premises 2axnd 1and, hygiene of, 212
5

Pretibual fever, 140
Prevention and prophylaxs 207-224
destruction of rodents, 208-211
food protection, 215
hygx:n; losf human indiveduals, 217,

hvgtens of premises and land, 212-
2

immunization, 219-223
:salaucm, desrrumon, \zc-:manan
nt of in
feg’ted st mimals, 216,

prophylsctc use of penicilln V,

rodent pmoﬁng of buildings, 211
tng doctors of fisk of mnfection
in certain occupations, 218,

Prunates, leptospsrosts 1n, 266
Prophylaxss, 207-224

R

Rachmat stramn, see Leptospira
autumnahs
Rashes, 94, 106, 113, 115
1n canicola fever, 128
1n L autun nates infection, 141
m L australis A miection, 143
m L gnppotyphosa mfection, 155
m L pomona mfections,
Rat catch;‘;'s. antibodies in blood of,

see also Rodents
Rattus nmegmu, westward spread of,

Regional oocumnce of leptospirosis,
277-300

Rena! fulure, treament of, 195 193
m of Werl’s disease, 115
funttmn, 117, 1is
function tests i leptospirosts, 97,

lesions, i canicola feves, 125, 126,
128

shunt mechantsm, 92, 93
Ruce fields, prevenérve measures in,
213 215

Ricefield workers, canicola fever 1,
12¢

L ballum nfection m, 136
L. bataviae infectron m, 163
leptosplmslsm xn 82,56, 88
Robinson type, 1
Rodent proofing nt‘ buldings, 2
Rodents, destruction af, 208421
furmgation, 210, 211
porsoning of, 209, 210
surveys of mfection rates with L
icterohaemorrhagiae,
Table of carners, 50 52
trapping of, 208

5
Salmem strain, see Leptosprra pyro-

gemes
Salt water, survival of leptospires i,
39, 40

‘~apmphync leptospires, 30
Schiffner’s me: 2
r.chwgm:hutcrkmnkh:u, 145
Screening tests, 308 310

easonal mcld:nce of cantcola fever,

canations m sexdence, 81, 84 87
Second attacks of leptospirosis, 119
Sedimentation rate n leptosprosis, 96,

17

Sequelae of Weil's disease, 117, 118
Scmlogtcal tests, co-agglutination,
92, 19
mterpretznun of results of, 189-194
negatsve reactions, 189
paradoxical reaction 194
posttrve nuctmns, 189, 160
Serotypes, carrier Hosts and animals
suscepuble to infecuon with,

d)smbutxon of, 55 62



INDEX

Sesotypes eontimied
recorded from human spd stumal
infectona  d flerent coun
tries 58 81
severity of d sesse caused by 171
Serum  treatment  of  domest ¢
an mafy 267 26!
of experuments} 4 sease in anunaly
199 200

of buman diease

Seven day fever 11, 19 1.55 158
Sewage survival of feptosp ren w40
Seser mud suraval of leptuspires in

*
Sewee worlers infectious jaundice
n

leprospaross n 60 81 63 87
We lnd

of canicola fever 124

Sheep mmunizavon of 273
Teptosprrosts in 246 247

Shan as route of infection 5 67 90

Sorum hypochlonite effect on lepto

spires 45

Soi varaival of leprospires an 43 53

South Asmenicaleptosp rosis in 203

Sp:mhqm b:ﬁua LR

Sparachaeta scterogenes T

Sprrochaeta utnoharmonhagme diy
covery of

Sprrocharta ierrogas m 10

Sprrochacta melanogenes cants 295

Spachata namkoam e Lepto
:pun Ius.{bm

Sprrochaeta nods

Splrocmzulu cl:\lsxﬁcahon of 8 9

Spirochasiat pndice 6.8
Spleen i W {2 d sease 93
nCHIL e Lepporpira anda

Serain € 96 aee Leptospira muenchen

Stran DV A see Leptospira hyos

Stra 090 C see Leptospera schuffners

Strain San see Leplaspira mun

Stra ns 1denuficat on of 308 310

S!repwm};m gefieet on deprosp res
4

W trtavmert of 3 mal tarpers 317
in lle:tm;n§ ngi domestic 3n mals
B¢

thera) 200
Stuart s medium 304
Stuttgact d sease 261
Subichin cal mnfect on 101
S\Xgnunc workers feptosp ros s n
88 138 ‘147, 189
The ey 299

365
Sunt ght resmtonce of feptosprres to

Swamg fover 280

Swart stran see Leptospira batatiar
Swineherd s disease
Sw‘ltzulznd leptospironss in 203

Seospl voe see Leptospsra mim

T

“Taxonomy of Leptospira icterchaemor
+/ o4 1 1
Temperuture w camcola fover 107,

w0 We L3 disease 104 106
“Tetracy clma n truément of domestie

Thermal ‘d“euh PO fts of leptospires

Thamme rdle of m growth of L
canmcola 28

Ticks 50le e wpsead of Leptosiros s

Tustue m((clcd 4 st of Jepno

Tassues demosnsxnuen of leptospures

Transmisstion mode of 53
Teans placestal transoiss on of We 13
sgase

“Teatment of leptospuen 10 193 206
antibiotic drugs 198 200 2
chloramphentcol 203 204 256
chlortetracycl ne 198 205 708
cortisone

® n S08
of infected domestc smmals 218

of renal fajlure 185 198
oxytetricychine H)B 204 200
pencilln 198
serum 193 500
s sepomycin 205

H :u lz: Leplospra gnppo-

v
Ultramolet hght dsntruction of lepto
spires by 44
United Statss of Americe lepta
sp rostin_"06 2
Unjaund ced cases 101 10“ 117
Uracmia treatent of 196 197
Ut demonstration of Ieptaspares

excree on of leptospires in 15
10 caoucola fever 127



366 INDEX

Urine, contined
Iepmspu'es m, 118, 119
urvival of lepmspms 1n, 41, 42
Uvets, 250-25

v
Vaccination, agamnst Veeul's di
219253 o dmease,
of dogs, 273

of farm anynals, 273
of mfected domestic ammals, 216,

Valbuzz typz, 170
Van Tienen umn, see Leptosprra
atatias

Vervoorts med.mm. 02

Vetennanans, camcn!a feverin, 124
infecuon of, 6l

Viruses, lysis of l:ptospzr:s by, 1t

Vitamun resq\nrtments of leptospires,

Vitamun T of Goetsch, 28
Vclu.ntaryg ‘mé;;cle: n leptospiros:s,

w
Wassermann test 1n Weil’s disease, 96,

Water, dnnkmg, as source of infection,
nsolztwn of \1rulem leptospires

m,
survival of otonpies i, 38 42

Weil's dusease, contimued

eptdemology of, 6580
fatal infection, 108-210

first use of term, 3

following animal butes, 67, 68
food as source of mfrﬂxon, 5
haematology, 96

haemorrhages n, 94, 95
Alustratise case historses, 108 112
n coal muners,

n fish Wa!kexs, 40

I rat catchers, 42

1n sewer workers, 66

n yeterinartans, 66

1ncubation perod, 103, 104
mfnm;l V1a mucous membranes,

smsect transmission, 68 70

jsundice m, 101, 102, 105, 106,
108 109, 110, 111, 112,

118, 17

lidney chlnges 1n, 92, 9

laboratory nfections, 70 11

legal aspects of, 225-233

Irver changes in, 91, 92

Tiver function tests 1n, 99, 99

lymphatic glands in, 90, 91

meningeal form of, 72, 73

mensngits m, 112113,

monthly mcrdence m Eng]nnd and

morbid mnomy and histology, 90-
5
mortality, 13, 116, 111, 201

musle lesions 1n 94, 9
mled wnh 78,81

95, 106
Wer’s disease, adrenel fafure 1n, 95
age merdence, 79-
alimentary mct a3 route of infec-
tion,
bst.h\mz o relatlun to, 7173, 207,

blood m 95

blood urea concentration in, 97-99

cardiovascular system 1n,

carmer state, 118, 119

case mortaliey, 116, 117

cases presenting unusual forms,
114, 115

case to case transmussion, 75
cerebrospinal flud m 100
clintcal aspects of, 101120
clinscal pathology of, 96-100
convalescence, 115, 116

cutaneous mfection, 65 67
discorery of nfective agent, 6-8
dnnking water as source of, 73, 74
early hustory of, 3-11

endocarditis i, 94

assoc

ocular leslons, 107, 1

onset, 104

paradoxical xuctmns 1, 193, 194

pentcillin 1n, 200-20:

Prevention ‘and penanal prophy-

s, 207-22¢

rashes 1

renal form of, 115

senal function tests 1n, 87, 9

route and means of mfecuon, 65.76

seasonal variations 1 incxdence, 81,

second attacks, 119

sedimentation e, 96

sequelae, 117, 118

sex incrdence, 77-79

:\un m

sp

subclmxcal mftﬂwns, 101, 115

symaptoms and course of, 102, 104
07

mnpmmre 108, 106
transmyssion of, §5-78
trans.placental (rnnsmlsslon, 5,76



INDEX 367

We s dsease cont mued v
treatment 195 °06
ungaund ced cases 101 10° 117 }’eﬁﬂ,{» Jnat ons in ine dence 87 §9
sacc nat on agamst 219 993 elow feves

Wassermann test n 96 07
Waterhouse  Frder chyen  syn

z

jrome
yearly vanat ons in inc dence 87
8@ Zanom stran  see Leplospira Gus

e ako Leptospres  Leptorpicos tral s
Wortd Health Organzat on Zenker s degenerst on 9o

—_—
Provied v GReAT BRTAI B Huci Paton & Sons Lo EDINevRcH









