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PRLFACI

The old order changeth vielding place to new  speaally has this
buen true of the swift succession of events wluch have contributed within
the past few years to our hnowledge of the acute bactennl diseases
Change has buen most apparent in the field of therapy wherc sulfonam
1des pemetllin and streptomycin were all introduced within the space of
a few short vears Less dramatic and the refore more essily overlooked
have been the changes and mmprovements i the laboratory procedures
used for dingnosts A third change has taken plice i the attitude of the
physteran toward the bacternl diseases In the past lus mterest was con
fined mostly to their clirieal features and pithology This was reflected
m the nomenchture used which was either chimeal (such as  scarlet
fever ) or pathological (such as lobar pucumonia ) I ven though the
bactena responsible for most of the acute bacturial diseases had been
1dentified for many yeirs the dise 1se was seldom named after the micro-
orgamsm that crused 1t Now that several therapeutic agents have been
discovered each of which 1z effective agnnst certain micro-orgamsms and
useless against others 1t h1s become mmperatnv e toidentify each disease
according to its etiologic agent Physieiams are now 1 the process of
adjusting themselyves to thnk of the infectious diseases sn this manner

This book 1s wnitten with the purpese of combining the new order of
diagnosts and treatment with that which 1s worthwlile in the old order
It 1 intended as a practical gwide for physiaans and interested students

In the first chapter certan general foctars 1n the diagnasis of the
fectious diseases are considered and the acute infectious discases are
then grouped together accarding to therr outstanding chinical features
Our purpose n so doin,, 18 to axd the physician in narrow ing the presump-
tive diagnosis to one group of diseases Further diagnostic procedures
may then be carned out by consulting the mdividual diseases In the
next four chapters we have discussed the general measures 2y ulable and
the p pal agents employed 1n the of the bactenal diseases
serums sulfonarmdes pemicillin and streptomyem We have attempted
to answer the following questtons concerming ¢ach of these In what
diseases and under what conditions does 1t work? How much should be
given 'nd by what method? What untoward effects m v result from
1ts used

"The remander of the book has been devoted to a discussion of mdi
vidual diseascs These have been classified according to the etiologic
agent responsible for them Disenses which are similar i therr climcal
characteristics have been grouped together whenever possible Part IT
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AL PREFACE

comprises the diseases caused by the cocer and Part I those caused by
bacills In the latter group therc 1s a subclrssific itron according to the
most frequent portal of entry  the gastro intestmal tract the respiratory
tractor the shan In Part IV are the diseases primanily due to exotouns
In the finnl chapter a number of less frequent or less important bicterral
wfcetions are then up breefly

In the discussion of the wdnidual diseases the following questions
have been considered How can the diaynosts be made with rapidity and
vet with certmntv? How should the disease be treated? What can be
expected as a result of the treatmentd

Complete details of eprdcmiology and pathology have not been
cluded 1n evary mstance Instead because of the practical objectives of
the book we hay e attempted to utilize 1 discussing 1 disease only those
detls of epidermology pathogenesis and pathology which hayve a direct
bearing on dingnosts prognosis and treatment For the same reason we
have ocersionally incorporated mformation regarding the techmes of a
faboratory test where we felt that such detarls would fielp the chmerin
to 1pprasc the value of the test or would aid him 1n getting optimnl re
sults from the exammation Here as elsewhere the distance between
chmc and laboratory must be shortened

Only the acute forms of tuberculosts have been considered becuse
these are the ones likelv to be confused with acute nfections crused by
other bacterin and because chronie tubcrculosis 1s usually treated m spe
el wstitutions by a specialized group of physicians and often requires
the use of certun provedures such as pnemmothorax and thoracie sur
gery which are outside the scope of tlis volume

Wherever possible this book 1s based upon cases personally obscrved
at the Galiinger Municipal Hospital and tn prisate practice These now
number over seven thousand patients Numerous persons have contrnib
uted to the collection of the data used Among these T would ke to
thank particularly the George Washmgton University |ellows in Medi
cine who have studied these patients with me They are Drs Clarence R
Hartman Harry A Feldman Mark H Lepper Fdith Dumoff Stanley
Harold L Hirsh Jeand Yoo William W Zdler and Jay A Robinson

I am mdebted to a number of persons who read and constructively
cntiized one or more chapters Drs Thomas McP Biown J huth
Cromer Clayton B ] thrdge James J Feffcr Maxwell Finland  Sol
hatz Manson Mewds David Rutsten and Thomas C Thompson

I wish to express pirticular gratrtude to Drs John I Hanks Carl C
Daucr and Mark H T epper each of whom rend all or a large part of the
manusenipt and offcred many valuable suggestions My scerctarses Vrs
Florence S Stolar and Muss VMadehne Brown e bun of mvaluable
assistance
Washington D C
Januarv 1938

Hanm I Dowiine



PART I
DIAGNOSIS AND TREATMENT OF ACUTF BACTERIAL DISEASES

1 Diggno i of the Acute Bacterial Dueaser 3
Decae ani Syndrom  Characterize | Ma nly by Fever 3
D1 1ves Characteriz d by an Erupts n 1o
Diveases Characterzed by Pharyng u 10
Tnfecth D seases Asoctate | with Pulmonary Tofltration 10
Bactensal Infect ns of th M nges 10
Tofection Daseases wih & wociat 4 Arthritis 1
2 General Measures tn the Treatment of Infectious Diseases 15

3 Serum The apv 2%

Absorpuion of Serum %

Kind of Serum in Use at Pr <ent 2%

Reach n 10 the Adm m trat on of Serum 21
Prevention of Serum Reacts ns—\{ 2 ures Ad ocated { ¢ the Proper Ad

m i travion of Serum 33

4 Sulfonamide Therapr a1
Tomic Reactio s L
5 Penieli n The apy {1 tollaboration w th Ha ofd L Hi sh) £
Toxic Reactio s 8

6 St eptomyctn The apv Un collabor ¢ on with Ha old L Hirsh) 91
Intcat s for the Use of Antibotc Sulfonamides and Specific Semum 99

PART 1L
PISEASES CAUSED BY COCCI

7 Pnreumocoecle Inf ctions 102
Prcumon & 102
Preumocorcic Preymonta 103
Local Complicat s 123
Comple t n of Pneumicoccic Preumoma a 4 Diseases Caused by the

Preumncoccus in Oth © Organs e

8 Streptovoc ¢ Inf tons Infections w th Beta Hemolyt ¢ Streptococei 134
Introduct o1 133
Infect on with Beta Hemolyt ¢ Streptocnect 14



vin CONTENTS

313k w3 Type  § Streprococeic Fever 136
Streptseocesc Sere Throat (Sepuie Sore Throat) Includmg Scarler Fever 136
Fryspelas 1o
\ ningitis Cauee! by Hemolytie Streptococes 162
Eneumonia Caused by Hemolytie Streptococes 162
Rh umatic Fever 163
9 si Ing Inf swith Nonhemol s,

(Alpha anl Camma Streptococer) 13

Frdocar tits Cau ¢ 11+ the Nonhemolytic Streptoceces {Subacute Bacterial
Fn) carditt ¢ 173
Urinars Inf ¢t ns Caused by Nonhemolytic Streptococer 183
10 Stuphvlococeie Infections 182
Local and Ceneral Staphylococcie Infections 18
Stapbylocecese Preumonta 190
O teomyelitt 193
Oth £ Staphylcercerc Infections 1%
Staphvlecoceie F d Poweoning 199
11 Meningocacele Infections 207
Mening co o Infections 202
Mentagoe cete Memngitia 203
Meningoce ccemia 223
12 € rocnceie Infections 221
Eab ratory Duagno 1 of Gonococcic Infections 221
Infections of the Cemtouninary Tract in Men 228
Tafections of tte Centourinary Tract 1n Women 233
‘ulvovagimitia an Clal fren 23%
Infectsion in Other Parts of the Dody 210
Conococcie Arthritis an i Tenosynovitis 24
Conoc coie Ophtt almia 247

PART I
DISFASES CAUSED BY BACILLI

13 Flerthella Infections (Tvphoid Fecer) 253

14 Salma ella Infectians (Sals onella Fever Sal ionella Enteryiy Fara
1y phot 1 Ferer) 273
Silmonella Fever 275
Salmenella Ga trcentenitis 276
Ls cal Salmonefla Infections 276
Is Shigella Infections (Bacillary Dvaentery) 280
293

16 i cello 1s (Unlulant Ferer)



CONTINTS 1X

17 The dcute Fo me of Tuberculosix 307
The T rimary Complex 309
Acute Generalzed Mil ary Tuberculosis 312
Acute Form of Pulmonary Tubercalosts 316
Acute Tuberculus Pleun y 319
Tuberenlor  Memmngitis 3.3

18 Pertus  (Fhoopimg Cough) [By Lewis A Sueet] 338

19 Hemophit  Inflie 1ae Infections 313
Hemophulu Influ n se Memmgitis 31
Acmt Larvngiti 33
Hmpllu 1 fluenzze Pacumonia 25
Other Inf cton Du 1o H Influenzac 35

20 Al b rella § neumon ae (Friedlander s Bac ltus) Infections 351
F al Kleh rells Infectio s 3t

21 Tularen 1a anl Plague 366
Tularem a 360
Plague m

22 Anthrax 306

TART IV

BACTERIAL DIEASES 1N WHICH EXOTOMNS ARE A VIAJOR FACTOR

23 Dphtlera{B L s A Sueell 381
24 Tetanus 09
25 Gos Gang eie 12
26 Mi cellaneous Bact 1ol D sea es 1%

Infe ton w th Organisms of the Goh Aevogenes Gro p and Related Ba tenia m

P eud monas Aer o a (Pyocyaneus) Infections

Streptobacillas Mo Iifo m  Infections (Rat Bre Fe er Ha ech Il Fe er
Erythems Anhr t cum Ep demicum)

Glan! rs 436
Bl m 437
Appen! x 4
D termn b 1 of Sulf mlamide n Blood and Unine 411
Pemcllin 4 ay 2
Stept my n Asav 417

Index 45






Part 1

DIAGNOSIS AND TRLATMLNT OF THE
ACUTE BACTELRIAL DISCASES

1 Dragnosis of the Acute Bacterial Diceases

W hen bretern ewse wfections i the human body they preduce awide
varety of symptonss and st.ns sud many duarse syndromes Nowhere
in the sphere of medioine 1w the phyawnn ealied upon to vvert more
disgnostic acumen thutan the field of the sfectious dis vses Since shait
m dingnoss s the product of years of trumug at the bedade 1t cannot
be transferred to the prnted page Neaerthetess we shall attempt 1 s
chaptee 1o g somic o the process of dingnoss by clwssifying the
disease svndromes 1nto groups based upon the wmager clmeat furtores
and by emphaszimg the important duucil and hberatory ehar setonsties
of the diseses withun evch group

Infectious discases fall roughly nto two groups first those w which
the dserse 1s obyioushy loelived to one organ or locality  1d second
those with symptoms and signs of genernhized mfection onhy Preumo-
eocew pi umonn s a4 cxample of % dise 1se \nthe first group and yphoid
fever an Hustration of one 1 the second group I an sceasion] ovse n
spatc of the fart that the mfection 18 situated m enly one organ or loca
tion there may be e clinedd fertures to point to a focabved infection
and the diseise my be crroneous!y dignosed s 1 g neralized safection
T et mstances however a careful bistory and gl scad examnntion
wilf enable the dimew to determune whether the mfeetion 1s loeafized
16 a wngle organ and wall ot lerst provide chews as to the or.an organ
systemior aretsmvolved Labortory or ofber spect o exammations should
then be performed ta vénly the presinee of fietion w the suspected
ate. and o detemune the cticlogie agent Poranstance of the patient has
had a chsll followed by rough and exp(clomuon of blood tinged sputumy
an wiection 1 the Jung would be t hikely 1
the eharactenstic signs of lobar mnwhdmun ari present the diagnous
will be establihed with a reasonable degree of crtunty but of physical
exomination of the fungs rovenls no abnormal siges or enly & few nan
dcsenipt rales further exammnations will be needed A roentgensgram of
the chest or typing of the sputum for pnewmococer or bath will then be
resorted 1o as the next step

1






VINCDNOSIS OF THY &CUTF BACTI BRI DISEASLS 3

ane ar seyeral of these eultures walf show growth by the following morn
tng We hve not found any adsantag. m taking blood for cnlture at
the tund the tomperntur s at s haghy

Blood for culture 1s usually takea from » von  Arhries abo have
Dbrow recommended but we hve not found a tugher incdence of post
tive cullures from Uns source than from vans The stomad marew
however wifl somclunes yuld 8 posstine eultore when blowd from a
vem will not

Body fimds direethy mr contact wath an mfected or,, mor i are often
more. frhely to contam bactena than the blood Conscquentdy whentver
corchronpmal pleural perseardind perttune stor svaoy tib thnds hve buen
removed thiy should always b culturcd (and atherwise appropratedy
exmmmed 1o dutet the prosence of mscroworgwwsms) of & bactersadinfie
tion 13 suspeeted Cultures of urine or feces should ba snade snany erse
where bactanal fection of the annary or uitestinnd teaet 1s Iihedy

Sowme arganisms are more rerdidy obtamed upon ammal meculation
than upors culture In such cvses a sullicient amount of flwed should be
obtamed and mocuiition prorformed a8 scon as 13 practicable

Agatutimtion tests are safusble i the dignosas of the genvratized
mfictions ¥ ven though sntiboches do not usuatly appewr m the blood
for a werd or two after thy onse! of on ssfcctions discrse 1t s nes ertheless
advibide to perforns an 1gefotin stion test wt th tame of thy watal exam
wnitan 50 that & base line may he obtuned agunst winch sueceeding
1aate {usurbly done at wechly intervads) may de mersured

Drseases and Syndromes Charactery ed Mawnly by Ferer

The ufectrous dizenses winch are charnctenized expreonidly by sns and
symptoms of 2 gencralzed wiection will be considered first Sinex fever
18 usually the mowt pronmunent and some ames the ondy discermible clin
real foature 2 fow prehminary remarhs upon ferer sl are necessary
Tlevation of the temperature occurs myannbly m bactenat mfections
exeept under the folloning arcamstances (1) the mfcetion 13 so minor
that the patient s body 15 not stimulited to produce fover (25 debabity
55 50 extreme ar the wieclion 15 50 overwhelming  that the pattent 15
unible 1o respond with fever

Tyies or Foven

Regrlar conhinuous or sustained fey or 13 sad to oconr when the temper
Rture remains b alt times aboye potmest humts and the hurnl mperure
vanation 18 not more than two degrees Fahrenhet

Intermittent fever zs present when there are regulardy recurring bouts
of fexer separated by penods of normal temperature

Remttent fever 13 fever 1 wiach the dwarnnd varration 18 two degrees
Falzenhett or more but in which & certain amount of fever remamns
during the nteryais betweun the peaks
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THE ACUTI BACTIRIAL DISEASLS

If the clical features do not pomt to one location attempts should
be made to find out whether one of the generalized mnfections 1s present
In some cases the identats of the hized 1nf can be establshed
by the presence of certun significant features 1n the hstory and phys
scal exammnation 1n other cases laboratory and other spectal examinations
must be employed before a concluston can be reached

Since fever 15 the one outstanding climcal feature present i those
winfectious diseases winch do not exlibit any sigmficant abnormality
one organ or locihty we have placed all such conditions under the
heading of fevers and grouped them together n Table 1

A charctenistic feature of many infectsous diseases 1s a shin eruption
On the basts of the appearance of the rash 1ts focation and the order of
occurrence and frequency of the Iesions a definite dia,nosis can be made
m some cascs while 1n others these features will help to narrow down the
possibilities For this reason we have attempted to bring together
Table 2 all the important mfectious discases characterized by 1 rash
alon,, with certam other noninfectious disenscs which may be easily con
fused with them

Other areas or organs frequently affected during the course of mfec
tious diseasts are the pharynx the memuges the jomts and the lungs
The differential dingnosis of the first three of these will be discussed
the present chapter wlile the differential diagnoss of pulmonary infil
trations 1s covered in the chupter on pueumoma (pages 110 to 110)

The purpose of the tables 15 merely to suggest the possibility of 4 par
ticular disense and to pownt out the more important diagnostic features
of 1t 1 or further :nformation 1bout the dingnosis of any bactenl disease
the reader should refer to the scction on that specific disense

SucGrsTions ConcERning LaBoratony Teste

Blood cultures are frequently utihized to dragnose fuvers which present
no locahzing signs In certun other bactenal diseases also they are
helpful and sometimes necessary for the purpose of determuung the
exact etwolo,ic agent Furthermore they md the cliucinn win arriving at
a prognosts and mt determmng the results of treatment Since bloed eul
tures are important they should be taken carefully and i accord ince
with ccrtam genernl prinetples A medium should be used wlieh is suit
able for growing the orgamsms the presence of which 1s suspected the
proper volume of blood should be added to 1 given amount of medium
and the mixture should be placed i the wcubator as soon as possible
thereafter IT the diagnosts depends especinlly upon the outcome of the
blood culture and speerfic tretment which mght be fe saving 1s bung
withheld until the result of the culture ts known the common practice
of takung dmily blood cultures will often rosult 1o too much loss of ime
We have found that a satnsfactory methed 1s to tahe several specunens
of blood at hourly or ex¢n more frequent mtervals In many instances
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DIACNOSIS O THF ACUT] BACTFRIAL DISEASKES L)

Low grade fever 13 the term usually used to describe fuver which does
uot go abore 102 F

Irreqular fever 18 the term apphied to any type of fuser which does not
fit into the above citegones

1 ioLocy oF Frvems
1In addition to infections other physiologic and pathologic cond

5 P
may be accompamed by fever as follows

1 The Absorption of I roteins These may be foreign proteins such
as injeeted milk or typhoid vaceine or they may be protewns from the
patient sown tissues agin the absorption wiieh follows burns or surgery
The fever which sccompanies neoplisms and the low grade fever winch
1s v present when 113 resohvan,, probably belong in
this category

2 Dehydration The reduction in body water prevents proper dis-
sipation of heat from the hody

3 Drugs Caffein and epinephnne are examples of drugs capable of
causing fever

4 Hvpereenatints  This may result from chemrcal substances
serums or antibioticy

o Metabolic and End 1 Disorders Tiyperth diam 15
the most common example of this

6 Physical Tactors Lxamples are lieat strohe and actifianl fever
nduced for therapeutic purposes

7 Psychogemic actors Tension states will often resuft n shght
ncreases In temperature

8 Neurogemic Factors Injunes to certaim nerve centers will cause
fuver These are encountered so infrequently as to be relatively un
important chmeally

9 Ficutious Fever This occurs when a malingerer alters the ther
mometer to gnve the impression that he has fever

CrasstricaTion oF Fevins Dur 1o InvecTions

Table 1 Lists the infections in which fever 1s the cutstanding sign The
diserses n Group I are almost always charactenized by general symptoms
alone T'ven when localizing signs are present they are rarely diagnostic
Lab y and speal ex must usually be depended upon to
make the diagnoss

The infections histed in Group II are either Jocalized or finve dis-
tin,wshing chnical features 1n a magority of instances but these sizns
may be absent or may be easily overlooked Insuch cases the nfection
may be confused with the diseases in the other groups The disescs histed
w Group 111 resemble those 1n Group IT except that the distinguistung
features are often absent early 1n the diseasc and are detected onlv after
one or more days have passed




10 THE ACUTE BACTERIAL DISEASES

Several diseases of nomnfectious or of unknown etiology have been
placed 1n Group IV Here agan the locahzing or distingwshing signs
may be absent or easily overlooked and fever may be the only evident
climcal feature

Duseases Characlerized by an Eruption

Many of the infectious diseases display an eruption as a prominent
feature In others an eruption 1s present 1n a certain proportion of cases
Table 2 hsts the mfectious diseases characterzed by a rash The type
of rash which 1s commonly observed 1s indicated by a plus sign while
the types of rash which are less frequently seen are indicated by plus
munus signs The ifectious diseases which are more commonly observed
m the United States are tabulated m Groups I and II while the rarer
conditions have been placed 1 Group HI Groups IV and V contamn
the diseases of doubtful and of noninfectious etiology respectively wiich
may be confused with infectious diseases because they sometimes exhibit
simlar eruptions

Duseases Characlerized by Pharyngulis

The nfectious diseases m which an acute pharyngitis 1s a promnent
symptom are hsted in Table 3 together with some of the outstanding
features of the pharyngitis and the laboratory tests which are of value
m the differential diagnosis Special attention 1s called to the nominfec
tious diseases which may display throat lesions that simulate acute
nfections of the pharynx

Infectious Diseases Assocraled with Pulmonary Infiliralion

The differential diagnosis of these conditions 1s given under pneumo-
coccic pneumoma on pages 110 to 115

Bacterial Infechions of the Meninges

W Lenever an infectious disease 18 accompanied by symptoms of cen
tral nervous system involvement (headache ‘vomuting paralyses of
nerves stupor coma convulsions or disonientation) or by signs of menin
geal invohement (nuchal ngidity or a posttive Brudzinsha or hermg
sign) a lumbar puncture should be performed The dilerential diagnosis
between nfectious and noninfectious conditions affecting the meninges
and among the various imfectious t§ pes of memngitis ean usually be made
from the examination of the fluid obtaindd

YWhen the central nervous system and memnges have not been in
fected but are presumably only irntated by toxuns the condition 13
called memngismus Under these exrcumstances the cerebrospinal flud

will be normal except for an increase in pressure and occasionally a shght

imcrease 1n lvmphocytes
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DIACNOSIS OF THI' ACUT! BACTI'RIAL DISEASES 13

When the meninges are srmitated by the presence of red blood cells
as 10 subirachnoid or subdural hemorrhage the pressure may be i
creased and the Mimd will I umformly bloody After centnfugation the
supernatant will be xanthochromic unless the lumbar puncture hos been
done within a fus liours after the onsct of the hemorrhage Aside from

TABIF »
tarEcTiol  Dhisganrs Associatro Witk Awrunerns AN Covorrrong Wiar Must
Br DFFFRe~TIATFT FroM TiHFw
Diggnostic Procedures ’z;‘;,‘;‘y’f
Bactenial arthnus du to
Gonococer Culture of urethral or cervical dis.
charpe 22
Preumococet ‘Typing of sputum culture of blood 131
Staphylococe Cultur, of infectius foctand 1lood [ 198
Streplovoce Culture of snfectious foc: and blood "
Aemnrococcemia an { meningococ
e meninmty Culture of spinal Mud and Llood ~03
Brucellost Blood cufture ag futmation an {in
ra rmal tesls 293
Streptobacllus monil formss infec
tions Bod culture 437
Sprrillum minas inf~clion Mouse or guinea pig 1noculation 133
Sgl-'('llu dysenter: Cy lture of stools 230
Tuberculom mvol i~ the Joints | Colture and gumea p g wnculation
from foct which may be tubercu
ous
Syphilis imvol ing th Joints S rolomcal test for syphilis
Reiter 3 Syndrome Clinical features 1
Acute theumatic fever 1 lectrocardiorrams 163
Acute rhe imatoid arthritis Roentgenorrams of affected jomts
Serum sickness 1listory and cf n cal features 9
Sickie cell anermia Txamination of re { blood cefls for
sckln  x rays of bones
Osteomyelitis Xraysofbons 193
Gout. \ rays of jo nts blood unic erd
Diseases of the syno um \ rnys of joints biopsv
Hemarlhros 3du” 1o
(1) Disturbances 1n 1 lood cnagu | Coarulation  bleed ng and
lation such a3 hemopiiia | thrombin times platelet count
pseudohemophiulia pro- to1rn quet test vitamin C d ter
thrombin deficien ination
(2) Blood dyscrasias as.ociated | Coagulation  tleedine and pro-
with thrombocytopensa or{ thrombin times platelct count
increased capidlary fra ility| Lo irmquet test  itam n C deter
suchasth purpuras aplastic| mnation
anemia leukemia andect evy

In all cases where an infectious act! fitis 13 sw pected the synovial fluid should
be cult 1re 1 1f any can be obtained and tHood cuttures should slways be taken

the fact that the protein content will be increased  the other spinal flud
values wilf be normal and no bactena will be found unless there 1s an
associated 1nfection

If 0 inflammntory process of the brain or meninges 1s present the
cerebrospimal flmd will exhibit the features shown in Table 4 The table



11 THE ACUTE BACTFRI\L DISE\SFS

15 self explanatory although it may be well to point out that oceasion
ally when a lumbar puncture 1s done erly 1n the course of a disease
the tvpical changes may not yet have occurred Almost invarmably af
the examination 1s repeated withm 2 day or two the charactenstie features
will be present

The recommended methods of examining the spinal flud for the
presence of bactenia are given 1n Figure 31 on page 208

Infechious Diseases with Associaled Arlhrilts

In certain diseases the joints seem to be [avored sites for attack Tlis
1s particularly true m the infections caused by gonococel and menin
gococet (Table 5) Purulent arthritis 1s sometunes produced by other
bictenia especially when there 1s an overwhelming nfectron Pneumno-
cocer staphylococer and streptococer belong in thus group Other infee
tious diseases affect the jomts less frequentlv Reiter s syndrome 1s a
condition which closely sunulates a gonococeic nfection sinee both dis
eases may affect the urethra the jonts and the eyes The etiologic agent
15 probably an orgamism 1n the pleuropneumonia group of bactenia
Scurvy and osteomyelitis are usually distingwished from arthritis as a
result of a careful physical examination since both these processes are
1 bones adjacent to the jomnts and not 1 the joints themselves \r
thropathy may be a fenture of hypersensttiveness to other substances as
well os to serum The hist includes several ngents used in the treatment of
nfectious diseases such as the sulfonimides (particularly sulfathiazole)
puncilhn and streptomyvein



2 General Measures in the Treatment of Infectious
Diseases

Certn me wures are useful 1n the treatment of many differcnt nfec
tious diseases regardless of their etiolozy These will be discussed 1n
the present chapter in order to avoid repetition under the head of each
indiadual dise 1ze

Rest

During a febrile diserse the pulse rate the eardinc output and the
oxygen consumption ncrease  These changes reflect the increased
amount of work done by the heart and other organs Physical rest by
decreasing the work of the sheletal muscles permits the metabolism of
other organs to bd ncreased as demanded by fuver The more severe the
disease the higher the fover and the more marked the prostration the
more important 1t 1s to conserve the strength by rest \ccordingly n the
severe wfections rest should be complete bed rest without bathroom
pmviliges and 1f possible with a nurse 1n attendancy who antierpates
the needs of the patient and substitutes her muscular activity for Ins
shereyer possihle

In fever of a week s durition or less 1t 1s sufficient 1o heep the patient
¢ bed untsl his temperature has been 98 6° F - or below for twenty four
hours after which he may be allowed to resume complete activity over
the next week or two If the course of the fover 13 longer the number of
days which the patient with normnal temperature should spend 1n bed
before activity 19 permitted 1s proportionately ncreased A simple rule
18 to mcrease thus by one day for each weck of fover

Bed rest 1s not an unmitigated blessing Certain harmful eventualiies
may tahe place i a patient hept 1 bed because of an nfectious di case
as well as for other diseases These have been described 1n detail by
Harnison® and Powers ¢ One of them is the formation of thrombn 1n the
vens of the call or thigh Fragments breahing off from these thromb:
produce pulmonary nfarction which may be fatal Second 1f there 1s
any tendency toward the development of congestive heart failure edema
of the lungs 15 more likely to occur if the patient 1s 1n the recumbent
position A frequent sequel of this change 1n hydrodynamics 1s hy postatic
poeumonia Thurd  atrophy of the muscles and demineralization of the
bones occur after prolonged peniods of rest Fourth the digestive system
tends to function poorly 1n the hedndden p'ment The most common
chmeal fe of this 1 abd The ever present

15




14 THE ACUTE BACTERIAL DISEASES

15 self explanatory although it may be well to point out that occasion
ally when a lumbar puncture 1s done early 1n the course of a disease
the typrcal changes may not vet have occurred Almost mvanably if
the examination 15 repeated within a day or two the charactenstic features
will be present

The recommended methods of exammng the spmal flmd for the
presence of bactena are given in Figure 31 on page 208

Infechious Diseases with Associaled Arthrilis

In certain diseases the jonts seem to be favored sites for attack Ths
15 particularly true in the infections caused by gonococcr and menin
gococer (Table 5) Purulent arthritis 1s sometimes produced by other
bacterra especially when there 18 an overwhelming nfection Pneumo-
cocar staphylococer and streptococer belong 1n this group Other infec
tious diseases affect the jomts less frequently Reiter s syndrome 1> a
condition which closely i a gonoucoceIc smee both dis
eases may affect the urethra the joints and the eyes The etiologic agent
1s probably an orgamsm in the pleuropneumoma group of bacteria
Scurvy and osteomyehtrs are usually distinguished from arthritis 1s a
result of a careful physical exammation since both these processes are
i bones adjacent to the jonts and not 1 the jownts themselves Ar
thropathy may be a feature of hypersensitrvencss to other substances as
well as to serum The list includes several agents used 1n the treatment of
wnfectious diseases such as the sulfonamudes (particularly sulfathazole)
pemalhn and streptomycin
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TREATMENT oF FFVFR

The nise in temperature which ocenrs as a result of infectious processes
18 preceded except 1n the case of a very shight elevation by the clulling
process mamfested exther by chilly sensations or by an sctual shaking
cinll During tlus stage treatment should be directed tonard increasmg
the body heat by means of blankets hot water bottles and electnic pads
and by the admimstration of hot Nnds

VWhen the clully stage 1s over the patient feels hot and may begm to
perspire. At this tine only enough bedclothes should be used to heep the
patient comfortable The pounding headache wluch 1s often present may
be relicved by the application of cold or mny require analgestc drugs
Duning deferyescence care must be taken that the patient s clothing 1s
changed when 1t 15 wet with sweat 5o that he mav not hecome chulled

Surrort or iy CIRCULATION

In severe mnfections a shocklihe state supervenes similar in appearance
to that obsensed 1n patients 1n shock following traumn or hemorrhage
Once tIns condition has reached a severe stage as evidenced especially by
depresston of the systolic and diastolic blood pressures Little can be done
durectly to alter st It 13 the physicians tash to prevent its occurrence
by the prompt use of specific measures (such s serums sulfonmides or
antibiotics) to combat the wmfection If the patient lias already entered
the shocklthe stage every attempt should be made to support the cir
culation long enough to allow the speaific agents to clear up the infection
and thus reduce the touicity In order to do thrs plasma may be given
mtravenously alwayvs at a slow rate and always with care not to cause
further embarrassment of the circulation Pressor drugs such as epineph
nre neosynephrine and paredrine should be given at the same time
Oxygen should also be administered as outlined below

OxyGEn THERAPY

In many nfectious diseases the patient will benefit from the admms-
tration of oxygen This 1s particularly true mn the pneumomas where
there 13 often msufficent exchange of oxygen from the inspired air to
the blood because of the operation of one or several of the following
factors (1) Bronchs may be occluded thus preventing the ingress of wr
(2) alveoli may be crammed with bactenia leuhocytes and erythrocytes
(3) the blood vessels to the affected area may be closed (4) edema may
be present 1n aly eol: around the preymonc area (5) when shallow respr
ration 1s present the air 1n the air passages may be replaced with fresh
arr while the alveolar air may be only partly replaced

Since these abnormalities are present to some extent 1n ey ery patient
with pneumonia the climctan should be on the alert to detect the first
evidences of oxygen want While cyanosis 15 the most common of these
1ts presence must not be relied upon 1o diagnose anoveria Cyanosis
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possibility of one of these harmful effects should mmpel the physician to
allow patients convalescent from mfectious diseases to begin getting out
of bed as soon 1s possible and to encourage those who must remam in
bed to move about as freely as their condition will permst

Dier

Patients with infections usually lose more mtrogen than they take i
thus depleting their store of protems In acute infectrous diseases this
has been found to occur in spite of high caloric and Ingh protein mntakes
as shown by Grossman * On the other hand Coleman® was able to pre
vent the loss of weight which usually occurs dunng the relatively long
course of typhoid fever by the use of high caloric diets During the course
of a short tnfectious disease 1t 13 not necessary to coax the patient to eat
provided that he takes a sufficient amount of fluids During conva
lescence he should be given a high protemn high caloric diet and encour
aged to eat1t all When the 1llness from which the patient suffers 1s hikely
to be prolonged a diet rich 1n proten and in calories should be given
from the start YWhen the patient 1s obviously not tking enough food
by mouth oral feeding may be substituted by the intravenous tnjection
of dextrose and of protein hydrolyzates such as amigen or by mixtures
of amino acids as described 1n the chapter on typhoud fever (see p 270)

TREATMENT OF ANEMIA

During infections an anemra sometimes develops Beyond the fact that
1t 1s normochromic or sometimes shghtly hypochromic little 1s hnown
concerning 1ts development and the reasons therefor It responds to won
poorly or not at all If anemia 1s severe transfusions or suspensions of
red blood cells should be given Otherwise treatment may be postponed
until convalescence when iron should be given

Frumps

Whether the patient s intake of food 1s adequnte or not 1t 19 important
that he recenve a suflicient amount of fluids for several reasons Since
the majonity of the physiologic mechanims in the body are dependent
upon water for their action it 1> imperative that water be suppled for
use 1n the ordinary functions of the body plus the additiona] amount
needed to tahe care of the mncreased activities and cvaporation mncident
to the infection When flinds are scanty bladder writation 1s hikely to
occur and any tendency to constipation 15 mereased The increased
f1ssue breakdown which occurs duning fever produces an nerease tn

mtrog waste sub If sufli water cannot be spared to
transport this T mitrogen lates tn the blood Whenever
\| des are being ad ed 1t 13 necessary that enough unine

be excreted to present precipitation of the drugs in the uninary tract

and the concequent formation of calculi (sce p 51)
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should be withdews o slihitly and field 1n this phice by adheave tape on
the ontady of the nost The catheter should b clened and replaced
wheneser 1t pets clor,ed with seeretinns. Oxypen for the catheler must
e bubbled through water to lanachiy 1t (Fie 1) Accarding ta Barsch?
the cuncentration of oxvgen n the mspired mr when this method s userd
vartes i the avernge sdult from 33 per (unt when the flow 13 § hlers
s miute 1o 32 per cont at 8 hiters per nunute The same author sttes
that concentrations of axvgen i the snspired arr of 13 pr cont or more
can be obtamed at a flow of 6 fiters per munute of the free end of the
cathicter 58 phiced sn the oropharvmonstend of the prwpharyey Thisw

Fig 2 Oxygen teat (Courtesy of Ohio Chenucal ani Manufactunng Company }

dong by snserting the eatheter untd the patient hezius to ssallon ur
then mithdrawing it a short distance and fastemng st with dhesive
crosrp TENT The practical methiod which dedsvers ugh coneentra

tions and at the same time provides contratimd temperature and hurmdity
15 the exygen tent In ths method there s piiced ¢ the patient s bedwaide
a portable calinet which coakk and humidifies the oxygen Atiached to
the eabinet 18 a canopy which fits over the upper part of the patient s
body (Fig 2) A completely transparent tontas best smee 3t helps elim
nte the inpressian of confincment winch patients often expencnce
The ends of the tent should be sougly tuched 1o under the mattress and
under a sheet stretched tightly across the pabent s thighs to prevent
lethage of oxygen The tent should not be opened any more than s



18 THE ACUTF BACTERIAL DISEASFS

occurs when there 1s a suflicient amount of reduced hemoglobin 1n the
penipheral blood to gn e the charactenstic blue color If anermiais present
the total unount of hemoglobin will be so small that there will not be
enough of the reduced vancty to cause the color Likewise i1f the patient
15 1n shock  the surface vessels will be so contracted that there will not
be enough blood under the shin to give 1t a blue color Other signs of
anoxerma which mny appear before cyanosis are a rapid pulse rate rapid
respiration unexplained by the pathologicnl process or undue restlessness
Another condition requiring oxygen 1s that of peripheral vascular fail
ure or medical shack  which s seen 1n overwhelming infections crused

Fiz 1 Oropharvngeal catheter outfit (Courtesy of Ohio Chemical and Manu
facturing Compony )

by vartous infectious agents The chimeal features of this syndrome have
been given n the preceding section

Whatever the condition for which oxygen 1s required 1t should be
gwen prompth and should be continued until there 13 no Jonger any

1t
ne;‘:ei;ol:oda of Admnistration Nasat Carnerrn The simplest of
the efficient methods of admmstering oxygen 1s by a citheter wnserted
imto the nasopharynx or oropharynx The last inch of & size number 10
h) catheter should be perforated with three to si¢ holes at differ

(rene its fe It s then lub 1 and passed through
c?;z‘::’f“t‘::eo;\auems nostrils When 1t 13 felt to touch the bach wall 3t
of
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<hould be withdrawn shghtly and lield 1 this plice by adhesive tape on
the outside of the nose The catheter should be eleaned and replaced
whencver it gets clogzed with secretions Oxygen for the catheter must
be bubbled through water to humdify it (Fag 1) Aecording to Barach?
the concentration of ovygon i the inspired air when s method 1s used
vanies 11 the average adult from 33 per cent when the flow 1s 1 liters
per muinule 10 2 per cent at 8 hters per minute The <ime author states
that concentrations of oxygen in the mspired e of 12 per cont or more
can be obtuned at a flow of 6 Lters por nunute 1f the free end of the
catheter 15 plrced 1n the oropharsm instead of the nasophiryny This s

Fig 2 Oxygen tent (Courtesy of Ohio Chemical and Men ifacturing Company )

done by wnserting the catheter until the patint begins to swallow air
then withdrawing it a short distance and fastening 1t with adhesive
cLosED TENT The practical method which delivers high concentra
tions and at the same time provides controlled temperature and hurmdity
18 the oxygen tent In tius method there 1s placed at the patient s beduide
a portable cabimet which cools and hurmdifies the oxygen Attached to
the cabmet 13 a canopy which fits over the upper part of the patient s
body (Fig 2) A completely transparent tent 1s best since it helps elim
inate the inpression of confinement which patients often expenence
The ends of the tent should be snugly tucked mn under the mattress and
under a sheet stretched tightly across the patient s thighs to prevent
leakage of oxygen The tent should not be opened anyo more than
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absolutely necessary Most of the patient s needs can be attended to
through the flaps 1n the tent provided for that purpose The oxygen
content should be tested at least twice a day and preferably oftener if
the tent has been removed frequently These tents when used properly
will deliver oxygen in concentrations of from 40 to 60 per cent and even
higher Used mproperly they may often contam no more oxygen than
the air of the surrounding room

orEN TOP TENT The open top tent 1s shaped hike a box wthout a top
aor bottom This 1s placed over the patient s head and neck and connected
with an oxygen tank and regulatory valves A high concentration of

Fiz 3 BLB inhalation apparatus with nasal mask {Courtesy of Ohio Chermcal
and Manufacturing Company }

oxygen {about 50 per cent) will build up at the level of the patint s
nose when a flow of about 6 hters of oxygun per mmnute 1s comng nto
the tent because only small amounts of the gas will escape through the
open top This apparatus works well for infants and small cluldren and
1s stmple to operate It should be guarded from drafts wiich blowing
across the open top will such oxygen out more rapidly than it can be
replaced
oxyYGEN Masks The most evact control over the coneuntration of
oxygen and the highest concentrations of the gns may be obtained by
the use of special mashs The B L B mash (devised by Boothby Love
Jace and Bulbulian) (Fig 3)1s equipped with a rebreathing bag and will
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deliver oxvgen to nn adult of ay erage wize 10 concentrations varymng from
60 per cent at a flow of § Iiters per nmunute to 100 per cent at a flow of
7 to 8 lters per mmute The meter mash (nvented by Barwh and
Echman) 13 equipped with a bag wlich does not collect expired air but
only the inflow ing 0xy gen wluch accumulateswinle the patient 1sexhaling
This mask provides 100 per cent oxygen when the system 1s completely
closed or mvy be regulated so that the oxvgen st flows 1n from the
tank will suck 1n a prearranged amount of outside aar It hiaa the advan
tage that st may be adjusted to deliver exact concentrations of oxygen
all the way up to 100 per cent with the accompanmmint of mimmnl
amounts of carbon dicade [t mav also b metered o as to cau e the
patient to exhale under posiliv e pressure This device s extremely u eful
and may be hfe saving 1n a patient with pulmonary edenth

Other methods of admmstening oxygen are by double-pronged tubes
which fit into the nostnils by face tents or loose fitting mashs and oxy gen
chambers or rooms Tubes wiuch fit in the nostnils are not recommended
because only relatively low concentrations of oxygen can be delivered n
this way and because they become displaced esily and are useless if
the patient chooses 10 breathe through his mouth Face tents and loose
fitting face mashs are not recommended since they are difficult to adjust
becruse the exact amount of oxygen delivered cannot be calculated 2nd

fortably large of and earbon dioxide may collect
witlun lhcm unless the proper oxygen flow 1s continued Special rooms
pped to contun regulated conce of 0x) gen under conditions

of proper humidity and tumperature and large enough to admit one or
more patients together with thar attendants constitute an :deal method
of admimstering oxygen but are available 1n only a few hospitals

A special hood lias been devised for the admimstration of helum
oxygen mixture which allows efficient control of the concentrations of
these gases admimstered under positive pressure

The advantages and disadvantages of the ded methods of
oxygen admimstration are summarized 1n Table 6 In general it may be
sad that for young children and infants the open top tent 15 preferable
Most adults will do well with the catheter or the closed tent method
whle face mashs are usually employed for patients who require high con
centrations of oxy,en or where exact regulation or the use of positive
pressure 15 important It cannot be stressed too strongly that the mere
employment of one or the other type of apparatus does not guarantee
effiency Any method will be worse than uselesa 1f 1t 15 used improperly
whereas event a type which has d will
matenally to the care and comfort of the patient 1f the attendant under
stands 1ts use and watches 1t carefully while 1t 1 1n operation

STERILIZATION OF OXYGEN APPARATUS Since bacteria may lodge at
any place contacted by the air exhaled by the patient 1t 1s mportant
that the apparatus be sterilized before 1t 1s used again Catheters of
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course are most easily sterithzed since they may be boiled Tents should
be washed inside and out with soap and water after which 70 per cent
alcohol should be applied to the entire mside surfaces except plastic
windows which would be clouded by the use of alcohol Rubber parts

THE ACUTE BACTLRIAL DISFASES

TABLE 6
ADVANTAGES AND DISADVANTAGES OF THE PRacTicAL METIODS OF ADMINISTERING

Method

Adeantages

Disadiantages

Nasopharyngeal or

(1) $imple and economical

(1) Very high concentrations

meghmyngea\ (2} 1f properly placed cawses cannot be dehyered
catheter little annoyance to the | (2) May be uncomfortable or
patient neflicient 1f not properly
(3) Easte t to sterthze placed
(3} Not suitable for young chil
dren
Closed tent (1) Provides comfortable envi | (1) Imitial cost high
ronment as well as ade [ (2) Delinous  patients  some-
quate concentrations of times_hecome mamacal
oxygen robably because of fec!
1ng of confinement
(3) Oxygen content lLecomes
Jow 1f not kept properly
closed
(4) Requires frequent testing of
oxygen concentration
Open tent (1) Most practical apparatus | (1) Cannot be relied upon to
for young children aod grve proper concentra

tions of oxygen and car

nfants
bon dioxide when used by

adults
(2) Requires frequent testing of
oxygen

(1) Exact concentrations of ox
ygen can be delivered

(2) Higher concentrations can
be given than with any
other method

(3) Positive pressure may be
mamtained by the meter
mask

Tight fittin;
mas!
and meter masks)

face (1) Often annoying to the pa
3L tient

of mashs should be washed and boiled for ten mnutes and the metnl
parts should be washed thoroughly with soap and water and pliced na
chemical antiseptic for the proper length of time

Isoration Procepures

When patients are 1l with a bacteral disense certam of their secre-
tions excretions or discharges will contain infectious agents which may
be conveyed to other persons either directly or indirectly through the
medum of the personnel 1n attendance or by means of contaminated

articles In order to present the sprend of the disease such patients
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shionld be wolated thaty  separated for the penod of communtc ity
from everyone exeept those needed to attend them The attendants in
turn are required to abserve precautions wluch will provent the direct
or wndirect spread of the mfections nnent to themselves or 1o other
persons A further unefit of tsol itton 13 that it often protects the patient
fram second iy 1nfections which might otherwise In brought to Inm by
other persons

Laws and regulations for the control of fectious diserses vary m
dufferent localities concermn,, the diseases for wlnch patients should be
molated The physician 1n charge of the patient hewever may decide
apon ssolition procedures in other diseases such as the common cold
and nfluenzy even when loeal Lealth department regulitions do not.
require 1t

I olation Technyque in the Hospital The patient <hould be
placed m A room or cubicle by himeelf or 1 a ward along with other
patunts sulfering from the sime discase If this 15 not possible be may
be placed w a ward with paticnts having other diseases but at a suffi
ctent distanee so that cross infection will not oceur Thereafler until the
patient s period of sufuetiousness 13 over and he 13 redersed from olation
those whe attend the patint must wer a mash and gown when i the
prtient s room or i Ins vicimity 1f he v in a ward 1n order to prevent
contammation of thar dotlies Attendants must thoroughly scrub therr
hands or any part of thur body which s touched the patient or the
contunimated arcn (forinstance the attendant s faceif the patu nt should
cough or snceze directly into it) The mask and gown should he discarded
before the attend int viats the next patient Contamnated nstruments
should be barled or wiped with 70 per eunt ethyl alcohol or stenlized s
some other way The specific methods of earrving out the above pro-
cedures will vary mn different hospitals If physicians nurses and other
attendants understand the principle mvolved they can readily learn the
techmque employed in any given place

Isolation Techinique 1n the Ilome Isolation proccdures are more
difficult, to carry out 1 the home than 1 the hospital both because of
the lack of proper facilities and because the attendants cannot be thor
oughly tramed m the aseptic techmque 1n the imited time available
We agree with Anderson st reasoming when he s1ys  To approach the
problem not with the thought of achieving absolute asepsis but rather
with the aim of reducing the chances of infection by concentrating on
the main sources of spread and attempting to cut these down as much
23 possible seems the more logical course of action Attentton should be
first directed to the chief mode of spread then to the next most impor
tant channel 1n each case 1nstructions being given the attendant as to
methods of mmmizing the spread from this source

General procedures to be applied when 1solation of the patient 13
required axe as follows
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1 The patient should be confined to a room or rooms for his or her
exclusive use for the duration of the communicable period of the disease

2 With the exception of medrcal and nursing attendants no visttors
should be permitted during the 1solation perrod

3 The person giving nursing care should wear a gown or a Inrge apron
over her usunl clothing when caring for the patient This gown should
be left hanging near the door of the patient s room

4 After handling the patient or amy articles used or touched by him
the person giving nursing care should either wash her hands thoroughly
with soap and runmng water or ummerse her hands m a dwsinfecting
solution and allow them to dry in the air

In the care of patients with 1
tuberculosis diphtheria and infections with hemolytic streptococer the
following additional procedures should be carried out

1 All discharges from the nose and throat should be destrayed by
burmng Clean cloths or paper tissues should be used and discarded mto
a paper bag which 1s then burned

2 Dishes and other eating or drinling utensils as well as food rem
nants should be dropped nto a dishpan of soapy water 1n the patient s
room This pan should be carried directly to the stove and the contents
boiled for five muutes The dishes and utensils should be Lept separate
from those used by the rest of the family until the period of »olation 13
over

3 Linen from the patient s room should be dropped directly nto a
paper hned bashet and carried directly to the laundry for immersion
hot suds and subsequent washing At the end of the 1solation period the
basket can be disposed of by burning

4 Other articles removed from the patients room should be ared
cleansed with soap and water mmmersed 1 an antiseptic solution or
boiled according to the type of article

For patients with typhoid fever dysentery or various forms of
diarrhea the following procedures should be carred out

1 All waste food and body wastes except stool and urine should be
destroyed by burmng

2 All dishes and other eating utensil> should be treated as outhned
in the previous section

3 Before stool urme or vomtus specimens are disposed of they
should be treated with a disinfecting solution and allowed to stand for
at least one-half hour Fecal masses should be brohen up before treat
ment Chlorine 1 the form of chloride of kme or blexching solutions 1s
an ellfcctive disinfecting agent and 1s also a deodorizer

1 Linen removed from the sichroom should be washed an hot seapy
water immedrately and other articles should be cleansed ared or tm
mersed m disinfecting solutions depending on the type of article

When the patient 19 released from 1solation
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1 He should be given a bath and clean clothes

2 The sickroom should be thoroughly cleaned hot water and soap
being used wherever possible 1f possible the room should be mred for
twenty four lours or more W fore bung used agyin In anmy event use
of the room <hould be avoided for at least six hours

3 Allmattresses pilfons blankets toysand hooks used by the patient
should be ured for at Jeast st hours 1 direct sunhight Mattresses blan
kets millows and rugs may be dry cleaned 1f they require it

When there 1s a chowee of attendnts 1t 1s wise 1o fet the burden fall
on a person known to be smmune (for snstance 3n o case of diphthera
the attendant should be Schick negative if such a person 1s avalable }
In the e of disenses for wlieh immumization procedures are avminble
such ns typhoid fever the attendants should be vaceinated promptlv
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1 The patient should be confined to a room or rooms for s or her
exclustve use for the duration of the communicable period of the disease

2 With the exception of medical and nursing attendints no visttors
should be permitted during the isolation period

3 The person giving nursing care should wear 4 gown or a l1rge apron
over her usual elothing when carng for the patient This gown should
be left han_ing near the door of the patient s room

4 After handhng the patient or any articles used or touched by him
the person giving nursing care should erther wash her hands thoroughly
with soap and runmng water or immerse her hands m a dismfieting
solution and allow them to dry 1n the ar

In the care of patients with n
tuberculosis diphthenia and infections with hemoly tic streptococer the
following addrtional procedures should be carried out

1 All discharges from the nose and throat should be destroyed by
burmag Clean cloths er paper tissues should be used and discarded tto
a paper bag which 1s then burned

2 Dushes and other enting or dnnking utensils as well as food rem
nants should be dropped into a dishpan of s01py water 1n the patient s
room This pan should be carried directly to the stove and the contents
boiled for five minutes The dishes and utensils should be hept separate
from those used by the rest of the family unti! the perrod of 1solation 13
over

3 Linen from the patient s room should be dropped directly into a
paper hined basket and carred directly to the lundry for immersion 1
hot suds and subsequent washing At the end of the 1solation pertod the
basket can be disposed of by burmng

4 Other articles removed from the patient s room should be ared
cleansed with sonp and water immersed 1n an antiseplic solution or
botled according to the type of article

For patients with typhod fever dysentery or varous forms of
diarrhea the following procedures should be carried out

1 All waste food and body wastes except stool and urine should be
destroyed by burning

2 All dishes and other eating utensils should be treated as outhned
n the presious section

3 Before stool urne or vomitus specimens are disposed of they
should be treated with a dminfecting solution and allowed to stand for
at least one-lalf hour Fecal masses should be broken up before treat
ment Chlorine in the form of chloride of hime or bleaching solutions 15
an effective disinfecting agent and 15 also a deodorizer

4 Lanen removed from the sichroom should be washed in hot soapy
water immediately and other articles should be cleansed mred or im

depending on the type of arlicle

sed from 1solation

Lisinfecting

mersed 10
When the patient s relea
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rendered entirely unnccessary by the sulfonamides pemellim strep-
tomyan and other chemotherapeutic and antibiotic agents Antibac
ternl serums were formerly used extensiy elv in pneumococcic pneumotua
and memngococcic memngitis and Jess frequently in crysipelas baallry
dysentery anthrax tularemi and staphylococeic infections Antibic
ternl serum 13 still advised 1 sovere eases of H influen ae memnpitis
Tlus antiserum 1s produced from ribbits
2 Antitovic serums or antitoxins ore effective agamnst the soluble

exotoxins of bactena Since the sulforumides and the antibioties which
tve beun developed up to the present time are not effective aganst
these toxins the antilovic serums are just as inportant weapons m the
physieran s armamentarsum as they ever were They are

Tctanus antiserum  produced from horses or from cattle

Diphtt m anteserum g roduced from horses

Scar! t fever antiserum  pre fuced from horses

Cay gangrene antiserum  produced from horses

Dotulinus antrsrum prosdaced from £ orses

d Serums ngunst di cases which are not caused by bactena wnclude

antt Rocky Mountaw spotted fuver serum antivenns and the gamma
globulin fraction of human scrum the latter used especially for the
prevention or modification of the course of measles

React lo the Adi tralion of Serum

Unfortunately when patients are given serum ccrtain reactions may
occur which although often muld are oceastonally sey erc and sometimes
fatal Since the prevention or ameliorttion of these reactions 1s an impor
tant objective in the proper administration of serum we shall consider
first, the characteristies of these reactions and the factors influencing
them After this the techmque of admimistration of serum will be
discussed

TReactions to the admumstration of serum are of several hinds (1)
thermal (2) anaphylactic (3) areulatory and (1) serum sichness

TrervaL Resctions

It has long been known that mjections of a foruign protein may cause
fever The proteins contamned 1n antiserums are no exception to this
rule The most p: d are cf 1zed by a severe nigor
comung on at any time from « few munutes to an hour and a half’ after
the mjection of the scrum or 10 intravenous injections sometimes begin
ming while the serum 1s still being admimistered The chull may last from
2 few munutes 1o an hour or more When the temperature 15 taken by
rectum 1t 1s observed to nse progressively during the chull phase until
at its height 1t may be as much as four or five degrees higher than 1t
was before the scrum was admimstered The rise 1n fever 1s 1n general
proportional to the severity of the chill The elevation 1n temperature
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An ammal host usully responds to disense caused by bacteria by the
production of antibodies These subst inces axd the host sn destroyng or
othernise disposing of the nfecting orgarms Antibodses are present
at lowst tn the case of intipneutnococcus serums 1 the gamum globubin
component of the amimals serum or 1 a component between the betr
and gammn fractions An anunyf wall abo develop 4 Jugh titer of
bodies of 2t recen es progressn ely imereasing quantizes of kalled or hving
bactern If blood 1 taken from the ammnl thus mmunized and the
serum or the porton of the serum cont umn, the antibody s admmn
stered to o new host ammal or human 1t may (1) prevent the desclop
ment of an nfection by the mucrc-orgrmsm vsed for ynmumzation 21
1nsuse that the disese which develops wall be muld or (3) bring about
recovery m n ease winch would otherwise have bern fatal

Wisle man) wumals have been used for the production of serums
contunmg antibodies (antsserums) alt the commonly wsed commercial
antiserums are obtuned from harses sbbifs or cattle Serums from
cons alescent human patieats ave been used frequently m the treatment
of certn discrse s and recently there ims been a reanshoning of interest
wt the employment of the grmma globuln from hunan serum

Absorplion of Serum

When antipneutnococcic serum 15 admimstered wtrvenously b
niters of antthody are present m the blood mmediately 5 After wter
muscular myection the scrum antibody reaches s peak 1w ten or more
hours whereas this pownt 1< not reached for tnenty four hours or longer
when the shrum s given subcuimeonsty Stoce cven 1 fon hours mny
men the difference between death or e mt mam patients with acute
wivetious disenses the miravenous route s usunlly preferred

\When scrum 1s admmsstered by other routes such ns mto the mtra
theeal space or 1nfo the puntoneaf enaty or by the walivation of fincly
atonuzed pagtides absorption u ualh takes plice snto the nysterme
arculation 1 appreeyhle although sarcble amounts

Kinds of Serum in Use al Present
The antiserums avmhble at the present ime for the tectment of
pacternt diseases me)y be chissidied mto two groups (1) antsbietersat
serums and (2) antitoie scrums
1 Antibaclenal serums are eflective a.unst whoh bactenia They
Jiave been to a birge extent dhphc:d and probubly vl csentunlly be
P
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reaction 1s mild  the symptoms may subside gradually and the patient
recover

Prevention Amphylictic reactions wall occur rarcdy of certam pro-
cedures are earried out before serum 1s admumistered  The necessary
precautrons are disenssed on page 33

Treatment Prompt recogmuion of an anaphyltetic reiction 13 1m
perative since the proper treatment 1n order to be ife saving may have
to be imtiated withun o few seconds As will be emphasized later a bottle
of epinephnine solution and a syringe and needle should always be on
hand at the patint s bedside when serum s being admunistered At the
first sign of an allergic renction 05 to 10 cc of 2 1 1000 solution of
epinephrine hydrochlonde should be admumstered mtramuscularly and
the site mnssaged vigorously 1 order 10 speed entry of the epinephrine
mte the erculation If the patient s condilion ruquires more urgent
action 03 cc of tlus solution should be. grven slowly into a vein If the
veins are collapsed and death appears immumnent the epinephnine may
be given directly snto the heart Injections of eptnephrine should be
repeated at 1nteryals as required until the patient 1s completely free from
danger or relapse Tlus means that lie must not be unattended for a
moment during thes tme Prompt treatment at the beginmung of an
allergic reaction and careful attention for the succeeding hours are
absolutely necessary

CIRCULATORY OR SnOCKLIRF RFicTIONS

Rutstemn® has studied 1nother type of immediate reaction occurring
particularly 1n older people whicliis characterized by circulatory changes
such as rapid weak or irregular pulse profuse cold perspration and a
drop 1 blood pressure—in otlier words the signs of acute peripheral
vascular collapse Death occurred 1n 31 9 per cent of the patients who
were thus affected These reactions differ from anaphylactic reactions
n that the mcidence of patients with a lustory of allergy or of a positive
cutaneous test for serum 15 not so lugh as that of patients with anaphy
lactic reactions

Treatment, I'pinephnine should be given immediately by mtra
muscular mjection 1n doses of 05 to 1 0 cc and repeated at mtervals as
needed If the patient 18 in exiremis epinephrine should be injected
directly 1nto the heart If the patient remains in a shocklike state he
should be kept warm and oxygen should be admimistered

SeruM SichNESS

‘When serum s administered to persons who have never before recetved
serum produced from a particular species of animal or who have not pre-
viously become sensitive to the proteins contained 1n the serum a sigmfi
cant proportion of these mdividuals will develop serum sickness This 1s
thought to be caused by the formation of antibodies to some of the
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caused by the admimstration of serurmn usualy lasts for only a few hours
Some patients do not have 1 defimte rigor but evpentence only chully
sensations followed by fever while others fecl warm and are found to
have a temperature nse of a degree or tno

Thermal reactions occur after admumstration of all hinds of serum
They are much more frequent however when unconcentrated unrefined
serums are employed nd are obsenved less often when most of the
mactive protems have been removed Thev are much more likely to
oceur after the intrayenous than after the intrimusculyr admimstration
of serum Thermd reactions are not sersous unless the patient s temper
ature 15 already elevated and the adduiontl nse brings 1t to critical
levels When reetal temperatures of 108° to 109° ' are reached death
15 immnent unless prompt measures e instituted to reverse the trend

Treatment During the clull phase the patient should be hept warm
by blankets and hot water bottles These should be removed 1mmed:
ately when this phase 1s 0ver 50 25 to prevent further increase in the fever
Durning the fever phase nothmng need be done except to place an ice
bag on the forchead and perbaps admimister aspinn for comfort unless
the temperature goes too high When the temperature rises to about
105° or 106° F  tepud sponge baths alcoho! baths or if necessary ice
water ¢neras should be used to bring st down

Anapnyracric Reacrions

Persons who have natural (atopic) hypersensitiveness may be senst
tive to the serum of 1ny of the ammals commonly used for the produc
tion of antiserums I they are mjected with serum to which they are
hypersensitive they may develop an ummediale serum reaction which 13
classified as the prumary type Andnidual who has reeenved serum at
some previous time may have been sensitized sufliciently so that he will
develop a reaction to a subsequent ijection If this oceurs smmedsately
1t 1s hnown as an immedrate scrum reaction of the secondary fype It
occurs Iater 1t 18 designated serum sichness and will be discussed under
that heading

Chinicnl Features Within a few seconds to tlurty mnutes or more
after the begining of the myection the patient may evperience a fechng
of constriction in the chest of chicking or of suffocntion cough dyspuea
or wheezing or any combrmation of these Itching of the eyes nose or
throat and sneezing may be present Other symptoms wlich may oceur
alone or 1n combination with those Just menhioned are itching or burning
at the site of jection generalized urticarrr edemn of fce and nech of
the throat and Irvnx or of the extremuties Abdominal pun yomiting
drarrhen and restlessuess aften accur Qthicr developments are pallor or
eyanosss and a rapid werh pulse The blood pressure drops and a cold
sweat appears The patunt may become unconscious ot the onsct or

after o fow mmnufes or hours I prompt trertnyent 18 gnen or if the
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more Ithelv to be followed by an accelerated than by an immedite
reaction

The symploms and signs of scrum sichness include the followng fuver
rash cdema lymphadenopathy arthralmn neuntis and other less
frequent complications

Fuver oceurs 1n one-tlurd to one-half of the patients with scrum sich
ness Insome patients it may b shiht while i others the temperature
goes a3 lngh £s 103 to 105 I Confusion in diagnows s oftcn produced
Dby the apperrance of the fever from one to four d1ys before the rish
More commonly fuver and rash start at the simc time

The rash 1s urticarsal in 80 por cont or more of the patients T the
others 1t may b trythematous morbilhform peteclual or purpunic
although these types of rash appear more frequently 1n combinition
with urticana than alone The rsh Iasts from twelve hours to four or
more days

Edemn 1s a common symptom with extremely yanable cineal mam
festations 17 the patient 18 carefully cxanuned each duy subeutanecus
edema may b ob erved a day or two before the onset of the rash The
aren around the site of injection 15 most frequently 1volved and edema
of the face 13 the next most common site Qther subcutaneous areas may
be affected or with more serious potentialitis of danger the tongue
pharynx larynx or esophiagus Assuciated with the eduna s a reduction
1 the exerction of chlondes often albuminuna and cylindrury occa
sionally reduction n the exertion of phenol ulfonephthalen and rarely
suppression of urine

Lymphadenopathy 1 usully generalized and only 1nfrequently local
1zed 1n the area of the onginal njection The nodes are discrete and firm
shghtly or moderately tender and usunlly not greatly enlirged although
occasiomlly they rench a diameter of seseral centimeters They do not
return to normal size until several days to sie weeks after the rash
disappears

Arthralgmia often oceurs without any physical sigps In a small pro-
portion of patients redness and swelling of the yomts occur and occa
sionally jomt flmd may be incrcased to such an extent that 1t can be
aspirated  The flmd contains mostly Ivmphocytes with an occasionil
granulocyte

Involvement of the nervous system 1s mamifested by a variety of
syndromes The brain and spinal cord the memmnges or the peripheral
nerves may become edematous in the same way as the subcutaneous
tissues or other organs Doyle! reviewing forty mne cases 1 which
neurologic compheations occurred found that the motor function wag
disturbed 1n all the patients and that about one-fourth had sensory
changes 1 addiion A neurological complication of serum sichness
usually starts with severe neuralgic pans followed withm a few hours
toa few davs by flaceid paralysis Painsin and tenderness of the muscles
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serum protems These antibodies renct with the serum protein which
still remains i the body to cause the symptoms of serum sichness This
syndrome m1y appear as early as the third day after admimstration of
the serum although it s seldom observed before the sivth or seventh day

Types of Serum Sickness If the patient has previously been sen
sitized to the same proten the period from the injection of the serum
to the onset of symptoms may be shortened 1n which case the discase 1s
called an accelerated serum reaction Or the symptoms may begin within
2 fuw minutes or 4 few hours aflter the serum 1s admimstered 1n which
event the syndrome 13 termed an immediate serum reaction This Itter
condition 15 sumitlar to the anaphylactic reaction already described 1t
carries the same hazards and should be treated 1n the same way

Time of Onset The onsct of serum sichness occurred from five to
ten dys after the admimistration of the serum in 75 per cent of 1261
patients who developed this syndrome after the adnumstration of horse
serum ? In 96 per cent of the 1264 patients the symptoms began withn
fourteen days The incnbation persod may rarely be as long as thirty
days

Inadence The frequency with which serum sichness occurs varies
greatly depending upon the following factors

1 The amumnl from which the serum 1s produced The admumstra
tion of horse serum results 1n more cases of strum sichness than the
admimstration of rabbit serum Scrum from other 1imals 1s ginen so
mfrequently that the actual meidence of serum reactions cannol be
determmmned

2 The method of preparation of the serum Concentrated and refined
serum causes less serum sichness than unconcentrated serum

3 The amount of serum admimstered This 18 probably the most
wnportant single factor since the merdence of serum sichness increnses
1n direct proportion to the quantity of serum njected

3 The route of admmustration There 1s 2 difference of opimon as to
whetherserumsichnessismore frequent afterintray enouser intrimuscular
ngections

5 Race Scrum sichness 1s less frequently obseryed 1n Negro than in
white patients

6 Ageandsex These factors apparently play no partin the frequency
of scrum sichness

7 Intervals between mjections This is an extranely important factor
and must be considered with meticulous care whenever serum s grven
In general 1t may be smd that a second njection of serum wathin a wet h
after the mtinl snjection will have no effect upon the ncidence and time
of appearance of serum sickness A second imjection grven from eight
days to six months after the primary njection may be followed by
ediate anaphylactic reaction or by accelerated surum sichness A

m
lm ater than six months after the first anjection 19

second njection given |
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Local Serum Sickpess In patients who fise previously reeenved
wzum and are later gven an injection of serum derned from the same
anud a gangrenous reaction tety dovedop st the sue of the origmal
ngretion Ty resembles the Arthus phenomaon It s thought to be
due to a Jocnl umon of nntigess and antibody  The tissue destruction may
be extensne and the penod of comvalescence prolonged for weehs or
months In rare snstances derth hs ocenrred The tre ttmant 13 entirely
symptomatsc

Prevenlion of Serum Reaclions—)leasuces stdrocated
Jor the Proper Adminwsiralon of Serum

The dangers wberent s the use of serum may be mnmuzed and
deaths from serum ncodents chminated almost entwety of the proper
procedures are ewned out wheneser scrum s admnsstered  The steps
which shoukl by follawed arc shown m Uligure §

THE ADMINISTRATION OF SPECIFIC ANTISERUM
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Fig & Procedures to be foffowed i adnurustermg anterums,

BEFoRE ADMINISTRATION OF SERUM

1 Careful wnquiry should be made for a hustery of allergic conditions
of ali hinds The prtient should be speaifically questioned as to whether
he has had contact wath horses (or with rabbats of st 13 propesed to use
serum from the latter ansmals) If there has been contact & careful
mquiry should be mads ling the it of asthma
allesgic rlunstss urticana or engwreurotic edema The patieat should
als0 be sshed about previous mnjections of serum when and for what
purpose they were given and whether there were any reactions sfter
the admimstration of the serum
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persist for weeks or even for months The muscles atrophy 1n long
standing cases Most patients recover completely from the paralysis
witlun six months although about 20 per cent are Jeft with some weak
ness and atrophy The nerves associated with the brachial plexus are
much more frequently involved than any others Tlus 1s best expluned
by compression of these nerves by adjacent struetures when edem 1s
present Invohement of these nerves characteristically brings about
atrophy of the supraspmatus infraspinatus and deltord muscles

Other affections involving the neryous system are stupor cons ulsions
hall 101 mus legia and paraplegia

Duration of Serum Sickness and Recurrence hops? found that
n 88 per cent of Ins patients the symptoms lasted four days or less A
duratson of more than exght days was rare although some patients had
the disense for periods up 1o eighteen days

In some instances the rash may return agun after disappeaning
Repeated recurrences have been observed one patient having had as
many as six nltogether Recurrences result from the fact that antibedies
to the different protemn fractions of the serum appear at different time
ntery als after the injection of the serum Thus an individual may have
an attack of serum sicl ness when antibodies to one fraction appear
then after an nterval of several duys another attach when antibodies
to 2 second fraction appetr and so on

Treatment Urticaria will be relieved for short peniods by the use
of 03 to 06 cc of a1 1000 solution of eprmephrine Larger doses are
seldom required and only serve to make the patient uncomfortable from
the side effects Injectionsof 05to10¢cc of a1 500 solution of epineph
rine i o1l may be effective for as long as eight to twclve hours Benadryl
or pynibenzamine 1n dases of 50 mg every two to three hours for adults
and 1n proportiontte amounts for children may be used mstend and
will often be effective We have not found epbednine effective except in
mild urbicarn

State* observed that intrayvcnous mjections of procaine abohshed or
greatly relieved the symptoms of serum sichness 1or tlus purpose he
recommended that 1 gm of procune diluted 1n 500 cc of isotonic
sodium chlonide solution be given intravenous!v by the gravity method
over & period of two hours A syringe contnining amy tl should be kept
at the bedside for intrw enous adminstration 1 case signs of procune
sensitivty should appear The procane njections may produce tem
porary or permancut ameliorition of symptoms If the relief 13 only
temporary duly mjections may be given

The stelung may be alleviated by loeal appheation of ealanmne totion
contaumng 1 per cent phenol and by baths in water contawung starch or
sodium bicarbonate  Arthralgia 13 often relieved by aspinin Tins drug
may also lower the fever somewhat and relieve the headache and the

other symptoms of maluse
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Local Serum Sichness In patients who have previously received
serum and are Inter given an injection of serum dernved from the <ame
ammAl a gangrenous reaction m1y develop at the site of the onginal
myection This resenibles the Arthus phenontenon It 1s thought to be
due to n local umon of antigen and antibody The tisstte destruction may
be extensne and the period of convalescence prolonged for weeks or
months In rare instances denth has occurred The treatment s entirely
symptomatic

Prerention of Serum Reactions—2leasures Adrocafed
Jor the Proper Admurusiralion of Serum
The dangers inherent 1n the use of serum may be mimmized and
deaths from serum accidents eliminated almost entirely 1f the proper
procedures are carnied out wheneyer serum 13 administered The steps
which should be followed arc shown i Figure §

THE ADMINISTRATION OF SPECIFIC ANTISERUM
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Fig 4 Procedures to be followed 10 admumstening antiscrums
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BEFORE ADMMISTRATION OF SERUM

1 Careful inquiry should be made for a hustory of allergic conditions
of all lands The patient should be speaifically quesuioned as to whether
he has had contact with Lorses (or with rabbits 1f 1t 1s proposed to use
serum from the latter ammals) If lhem has been contact a careful
mquery shonld be made ding th of asthma
allergic rhimtis urticana or angioneurotic edema The patient should
also be asked about previous injections of serum when and for what
purpose they were given and whether there were amy reactions after
the adnumstration of the serum
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persist for weeks or even for months The muscles atrophy 1 long
standing cases Most patients recover completely from the paralysis
within six months although about 20 per cent are left with some weak
ness and atrophy The nerves associated witl the brachial plevus are
much more frequently 1 olved than any others This 1s best explaned
by compression of these nerves by adjacent structures when edema 1s
present Involvement of these merves characteristically brings about
atrophy of the supraspinatus infraspinatus and deltord muscles
Other affections 1nvolving the neryous system are stupor convulstons
hall tion 1 1 and | Toe
Duration of Secrum Sichness and Recurrence hojs? found that
m 88 per cent of lus patients the symptoms lasted four days or less A
duration of more than eight days was rare although some patients had
the disense for periods up to erghteen days
In some instances the rash may return agaun after disappeanng
Repeated recurrences have heen observed one patient having had as
many as six altogether Recurrences result from the fact that antibodies
to the dilferent protein fractions of the serum appear at different time
wntervals alter the 1njection of the serum Thus an indrvidual may have
an attach of serum sichness when antibodies to one fraction appear
then after an mterval of several days another attack when antibodies
to a second fraction appear and so on
Treatment Urticaria will be relieved for short periods by the use
of 03 to 06 cc of a1 1000 solution of epnephrine Larger doses are
seldom required and only serve to mahe the patient uncomfortable from
the side effects Injectionsof 0 51010 cc of a1 500 solution of epineph
rine 1n oil may be effective for as long as eight to twelve hours Benadry!
or pyribenzamine 1a doses of 50 mg every two to three hours for adults
and m proportionate amounts for children may be used instead and
will often be effective Ve have not found ephedrme effective except o
mild urticaria
Statet observed that intravenous mjections of procame abolished or
greatly relieved the symptoms of serum sichness For this purpose he
recommended that 1 gm of procaine diluted 1n 500 cc of isotome
sodum chioride solution be given intravenously by the gravity method
over a period of two hours A syringe contaiming amytal should be hept
at the bedside for intravenous admmistration 1n case signs of procamne
sensitin ity should appear The procaine mjections may produce tem
porary or permanent amehoration of symptoms If the relief 1s only
temporary daily injections may be given
The itching may be alleviated by local applicatson of calammne lotion
. contamng 1 per cent phenol and by baths 1a water containing starch or
sodim bicarbonate Arthralgia 1s often relieved by aspinn This drug
may also lower the fever somewhat and relieve the headache and the

other symptoms of malaise
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appear within thirty minutes the dose my be doubled and tins pro-
cedure my b repcited at thicty nunute satervals watd 1 ce of the
undilated scrum a3 gaiven 10 there 18 still no reaction the physician
may go on to the noxt step 1n the procedure If a constitutional reaction
such as the devclopment of lives tightness m the chest asthma sneez
ng or thinorthay develops after any of the injections the atlempt to
ave serum derived from the same anum it <hould be abandoned In our
opimson 1t 1s impossible to «Mect ramd desensttization of such a patient
m order to mike 1t safe to admimster hirr doses of scrum

o I the conjuncinal and mtracutaneous tests have been negatne
or 1f subcutancous myections of the screm have produced no reactions
10cc of a1 10 dilution of the serum in sotonte sodium ehloride solution
should be given by vanat a rite not to exceed 1 ee perminute In order
to msure slow tyection a needle of small ¢ uliber should be used and a
watch should be pliced where it can be seen duning the pertod of admin
wiration The pul e eate and blood pressure should be determined beforc
the injection 1s started at ntervals dunng the mycction and for ten
munutes afternards A fall of twenty points m the systolic or ten points
n the diastolic blood pressure or the development of amphylactic
symptoms contrmmdicates the admmistrition of more serum dernved
from the syme ammnl

ADMINISTRATION OF SPRUM

1 The total amount of scrum required for the particular patient 1s
first determuined and the serum 1s warmed to body temperature by bemg
placed 1n a vessel contaring hot water The water should not be so hot
that the hand cannot 1n hept m 1t with comfort If 1t s too hot 1t will
congulate the serum and render it useless

Some tny estigitors recommend that epinephrine be added to the serum
in order to preent or mimimze an anaphylactic reaction In our opimon
this 13 an unwise procedure because 1t may mash an anaphylactic reac
tion by suppressing the symptoms for a while By the tume the effect of
the epinephnine ks worn off and symptoms do appear the vigilance of
the attendants may have been relaxed and the anaphylrctic reaction may
not be detected 1 time

2 Serum may be adrmutustered in several ways

{a) The most tonyement method 1s by syrimge We do not advise the
admimstration by this procedure of more than 20 cc at one time since
1t 15 difficult 1f not impossible to give a larger amount slowly enough
1f more than 20 cc are given one hour should elapse between mjec
tions or if a thermal reaction occurs the physiuan should wait until the
temperature hins fallen before giving the next mjection

(5) Another method of adrmmstration 1s to dilute the serum m 200 to
500 cc of 1sotome sodmm chlonde solution and admimister 1t slowly by
gravity Tlis method has the advantage that lar_e amounts of serum
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If the patient 1s defimtely allergic to the dander of the animal whose
serum 15 to be used or has responded to previous ad ration of seram
with an anaphylactic reaction serum should not be :dminstered nof
eten for purposes of fesling unless serum derned from a different ammal
can be procured In some hypirsensitive individuals even a small amount
of the diluted serum given intracutaneously cn cause a serious or even a
fatal reaction

If the patient gives a lustory of allergy but has never had symptoms
on contact with the 1immal from which the serum 13 derived testing and
serum admimstration may proceed cautiously

2 Before any testingrsdone 1cc of a1 1000 solution of epinephrine
should be placed 1n a syringe which should be kept alang with the bottle
of epmephrme at the bedside This should not be removed until the
testing and the admmustration of the serum have been completed and an
additional thirty minutes have passed without evidence of 1 reaction

3 A1 10 dilution of the serum to be adminstered 15 v ailable 1n most
commercial pachages of antiserum If not this dilution should be made
up One drop 1s then instilled 1nto the conjunctival sac of one eye Tiis
eye 1s observed for the next twenty to thirty rmnutes and the other eye
used as a control A positive reaction consists of injection of the conjunc
tival vessels usually accomparied by itchmg If the test 1s positive the
serum which produced 1t should not be admimistered under any eircum
stances since a positive conjunctrval reaction 1s evidence of a Ingh
degree of allergy The symptoms of a positive reaction can be reheved
by the mstillation of onc drop of a 1 1000 solution of epinephrine into
the conjunctival sac

t An mtracutaneous test with a 1 10 dilution of the serum should
be made on the volar surface of the forearm at the same time as the
conjunctival test Only an amount of serum sufficient to make a demon
strable wheal should be injected usually about 0 02 to 0 03 cc The same
amount of 1sotonic sodium chloride solution should be 1njected mto the
shin of the opposite forearm as a control A positive skin test will be
characterized by enlargement of the wheal usually up to 1 em or more
m diameter together with pseudopods surrounding erythema and
usually some degree of itclung These appear within five to thirty
mnnutes after the serum 1s injected The control test should show ne
enlargement or only a shight amount

If the shin test 1s markedly positnve with many pseudopods and con
siderable mncrease 1n size 1t 1s best not to admmuster more of that
ammal s serum Antiscrum obtained from another animal should be uscd
A 1t can be obtamed and 1f the patient 1s not hypersensitne toat I the
reaction to the intradermal test 1s doubtful with increase 1n size but no
defimte pseudopods further tests may be made to seef the patient can
take larger doses of serum with impunity For this purpose 01 ¢cc of a

1 10 dilution should be grven subeutancously If no untoward symptoms
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appear within therty mumttes the dose may ke doubled und this pro-
cedure may e repeated at tharty munute mtenvals untl T of the
undifuted scrum s given I there as stll no reschon the physicnn
m1y g on to the next stop i the procedure If a cote titutranal row tion
such as the dovdlopment of hives tightness in the chest a thma sne 7
mor rhunorther dovelops after any of the mgections the attampt to
eive serum derved from the <ame aminil should te abandoned In our
opmion 1t 13 unpossible to (Tect ripid desen ttization of such & pite nt
u order to mohe 1t safc to adnunitee Dieper do o~ of coum

s If the conyunctival and aintracut ineots tests hive been me b
or if subcutancous myecf1ons of the <crum huve produced no rerction
10¢c ofa 1 10 dilution of the scrumm m isotonk sadsum chloerd: <olation
should be gnvan by vannt neate not tocxeeed 1 ec porminute Inorder
t0 msure slow myection a newdle of small caliber should be used and ©
watch shoull be pliced where st ¢an be seen duning the perod of admin
wtration The pulse rate nnd blood pressure should be detcemimed b fore
the npection 18 started at mtervals dunng the myection and for ten
minutes afterwards A fll of twenty pomts i the systolic or ten pomnts
n the distohe blood pressarc or the devddopment of aniphylictic
symnptoms contrmadicates the admimstration of mory scrum doned
from the same animal

ADMINISTIATION OF Srruv

1 The total amount of <crum rerquired for the particular patient 1
fiest determined ond the serum 13 warmed to body temp raturd by being
pheed 1n o vessel contuning Lot water The water should not be <o hot
that the hind caunot b hept 1n 3t with comfort 1f 1t 15 too hot 1t will
congulate the serum and render it u «less

Some tm estigators recommend that epinephrine b added to the serum
torder (o prevent or mimmize an anaphylactie reaction In our opioton
s 13 an unwase procedure because st may mash an apaphybictic reae
ton by suppre~sing the svmptoms for a wlile By the time the «ffect of
the epinephinne has worn off and symptoms do apperr the vighinee of
the attendants my hnve buen redaved and the anaphyIactic rerction mny
ot be detected m time

2 Serum m1y be admianstered n sevarad wass

(a) The most comvenent method 15 by syrnge We do not advise the
admimstration by ths procedure of more than 20 cc at one time since
11s difficult 1f not impossible to gve a lrger amount slowly enough
¥ more than 20 ¢ are gnen one hour should elipse between ingec
bons or if a thermal reaction occurs the physiczan should wart nntul the
temperature has fallun be fore giving the nest myection.

(8) \nother method of admimstration 1s to dilute the serum 11 200 to
900 cc of 130tome sodium chlorid:, solution and admim fer it stowly by
franty This metliod has the advantage that large amounts of serum
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may be given but has also the disadvantages that it 1s difficult to carry
out at home, that the patient s arm must be hept immohile for a long
period of time and that must be in attend dunng
this pertod

(¢) When the immedrate action of serum 13 not so necessary 1n instances
where the serum 1s not well punified and concentrated or 1n patients
whose vems are maccessible the serum may be given mtramuscularly
The best site for such an 1njection 1s the posterior aspect of the thighs
although the buttocks or the muscles of the bach may be used

3 Whenever a patient receryes serum whether there 15 any reason to
suspect allergy or not a physteran or a nurse should be m constant
attend: during the ad; ration and for thirty mmutes afterwards
Epinephrine and a syringe should be kept on hand duning this time A
nurse to whom this duty 13 assigned should be mstructed to adnumster
05 cc of a1 1000 dilution of epinephrine at the slightest sign of an
anaphylactic reaction and at the same time to call a physician

If a patient receives serum for a disease which may require another
dose after a long mterval 1t 13 a common practice to give a small dose of
serum five days after the imtial injection followed by stmilar small doses
at five day ntervals as long as additional doses are lihely to be needed
These small doses are thought to heep the patient sufficiently desen
sttized to serum derived from that particular ammal so that further
doses of serun admimstered withm these five day periods are not likely
to be harmful
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{ Sulfonanude Therapm

The sulfonamides arc the first drugzs i all medical bastory which cn
be introduced mte the bods an suffictent coticentration to minbt the
gronth of bactenn wathoat injunn, the tsues of the host The simplest
of then o sulf imbumde AL the present ime four additionnl compounds
more complex deenatives of sullimbimde are waddy v ed and many
other rdated substances arc myahible commerently or arc in vanous
stages of investy, ation

The chetmenl structures are hown m Tiaures 5 and 6 Hhe parent
substinec at the top 1s sulfamlmmdc or para wino-be nzane sulfon
amule Some of the dimative compounds nre furmied by the replice
ment of a chemc ! proup for one of the hyvdrogen atoms in the S0, NIy
group the substitutian of o pyadine ning forning sulfipyndine a tha
zole group sulfathiizole orapyrimuline nng sulfydiazine Sulf imerazine
18 1he same as sull wdnzing execpt that it has 2 methy! proup attached to
the carbon atorn i the 1 posstian on the pyenmdie ning

Other less frequently v ed sulfonamides hive chemieal formuls as
follows sullimcthazine 15 semlir to sulfadinzime except that gt has
methyl groups attached to the carbon atoms in the 1 and 6 positions on
the pynmudine . In sulfapyrazine a pyrizine ring 1 substituted for
one of the hndrogen atoms in the $0; NI, group Sulfiectimide 1s an
acetrlnted dernvative of sulfambhmede i which acetylation 1s carnied
out at the 50, NH; group dullibenzamme (marfanil} 1s 1 ammo-
methy! bunzene sulfonamide 1t chffers from the other sulfonamides in
that the amino group 1s scparated from the bonzenc ring by a metin
group

Azo ulfamide (Neoprontosil) 1s shown i Fiure o because it 1s of
hustorical interest rathier than boeruse it s used froquently today Tt s
an 2zo dye m which the N i the para po tion on the henzene ring 1s
Jomed by a double bond to another mitrogun of a more tomplex com
pound The double bond 1s broken down in the body to form sulf vl
mde as one of ats derivatives 1t was an azo dye of thus bind which was
first found by Doma k! to be effective in bacteral infections Not until
later was it discovered that sulfamlamide w1s the active friction Sue
anylsulfatlnazole (sulfasuxiding) 15 sulfatinazole with a succinyl group
attached to the mtroen atom of the pir1 amuno radical replacing one
hydrogen atom Phthalylulfthinzole (sulfathalidine) has a phthalyl
group attached to sulfathiazole in the same way that the succinyl group

13 attached m sucemybsulfathrazole In sulfacarboxy thiazole a carhoxy

3¢
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THE
- ABSORBABLE SULFONAMIDES
n
M, c¢-2:’ c—g H
n cuC N
AR 0 "
SULFANILAMIDE
He [ H
=N -
€och, CemcC-s N:
’ HH © ~#
CONJUGATED{ACETYLATED) SULFANILAMIDE
H o
Han v ELY
gt
SULFAPYRIDINE
HH
E a H
» oite-d e
H H R 0 C”c H
SULFATHIAZOLE
H b ’C’ H
a H
W %.c“% n=cNCly
H L
SULFADIAZINE
go
-~ "
; "g-g‘?‘% wlon ot "
H R N=Cochy
SULFAMERAZINE
" G- A NcOB
n Femc® % % Fan

SULFAMETHAZINE

" d’c'_gc-g ”qf;:-n

W &8

SULFAPYRAZINE

H
LW 48 c-% H
- Kcocn,
o dﬁ W M
SULFACETIMIDE
H
WM ¢, 9 —H
N-C . - O
W H Qg : 3 hd
SULFABENZAMINE
I H
L N n
cocHy H
Na 503 SO3ha AZOSULFAMIOE

Fig 5 Chemcal structure of the absorbal le sulfonamide compounds

z of sulfithrazole In sulfa
oup 18 substituted on the thiazole ring of
g;an!:dme a guamdine group 1s attached to the SO; NIT; group of

sulfamlamide
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THE
POORLY ABSORBABLE SULFONAMIDES
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Move or Action

Within a few hours after onc of these compounds 13 introduced o
a culture medium winch contams ptible bactena 1l
of the organisms dimumshes and under certan circumstances the bae
tena die out altogether Within the tissues of the ammal host wfected
with certamn orgasms and treated with an effective sulfonimide there
1< hhewsse a slowing up of the multipheation of the bactenn 13 evidenced
by their scarcity in contrast to those in the tissues of an infected but
untreated ammal

How does this 1y group of c 1 d
winch are dissumiar to all the previously hnown antiscptics exert such
powerful effects upon bacteris? The evidence seems defimte that they
do nat damage the bacterst i the way a protoplasmic poison would hor
do they affect the capsules of the bacterin and thus weahen them Neither
do they act to stumulate the smmune mechamsm of the host The sulfon
amudes appatently act by mterfinng seriously with the metabolsm of
the bacterir—just how 1o otie knows for certun The most widely held
theory 13 that because of similanty of chemical structure they rompete
with para aminobenzore acid? for a place 1n the enzyme system of the
bacteria When the sul de1sin 1t displices
para wminobenzoic acid so that the bactera can no longer obtain nutn
tion and multiply Certain substances besides para aminobe nzoic acid
are hnown to inhibit the action of the sulfonimides Especially 18 thus
true of peplones and other products of tissue brcakdown Tt 13 possible
that these substances supply the bactenn with esseatial foods without
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the necessity of the usual enzyme reactions taking place thus allowing
them to multiply even though the enzyme system contaimng para
aminobenzoic 1cid 15 out of action Whatever the explanation may be
thus fact has 1ts practical application 1n explaiming why the sulfonamides
do not work well m the presence of pus or tissue products

RESISTANCE TO SULFONAMIDFS

When v stramn of bacteria 1s cultivated m successiyely increasing con
centrations of a sulfonamide its susceptibihity to that sulfonannde
diminishes by degrees until 1t 15 almost completely unaffected by the
drug When evperimental ammals nfected with sublethal doses of
an organism and given a sulfonamide arc sacrficed and the organ
1sm 15 1njected into other amumals along with a lugher dose of the sulfon
amide 1nd this process 1s repeated until extremely large amounts of the
drug are admimstered the sulfonammde will then fose 1ts power to save
the ammals from mfection by these bacterna When patients have been
given 1 sulfonamide over 1 period of time without recovery ensuing and
comparisons are made between the 1mtial culturcs and those obtamned
after prolonged treatment it has sometimes been found that the sulfon
amude has lost 1ts power to cause bactertostasts of the orgamsms This
pt on whether developing m vitro or 1n vivo 15 ealled  sulfon
amide fastness or sulfonamgde resistance

Smce these findings have important therapeutic applications certam
other observations should be stressed ° First the tendency to become
sulfonamide fast 1s proportional to the origmal resistance of the orgimsm
to the sulfonamde Second the prepouderance of evidence favors the
viewpolnt that a strain made resistant to one sulfonamide 1s resistant to
all the sulfonamudes cach drug retainmg 1ts ongimal position 1n the scale
of effectiveness Third when sulfonamide fastness has developed m 2
stram this charietenstic remains for some time perhaps indefinitely

ABSORPTION

Certan sulfonanmdes which are absorbed well from the gastrontes
tinal tract will be discussed as the absorbable sulfonamides This group
comprises sulfamlamde sulfapyndine sulfathiazole sulfadiazine sul
famerazine and four less frequently used compounds sullapyrazine
sulfamethazine sulfacetimde and azosulfarmde On the other hand sul
faguamdine succinylsulfathuiazole phthalylsulfathiazole and sulfacar
bovythiazole will be called the poorly absorbable sulfonamides since
they are usually absorbed ouly shghtly when admimstered by mouth

The Absorbable Sulfonamides The rate of absorption for the
drugs 1n the absorbable group 1 rapid the peak blood level from a single
dose being reached 1 most 1ustances within one to six hours Among the
rmore commonly used compounds absorption 1s most rapid for suffanid
armde (Table 7) followed by sulfathiazole and then sulfamerazine sulfa
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pyndine and sulfadinzine  1he differences bitween the drugs are negh
mble iowerer sinct they amount fo aniy a fuw hours at most and since
the dosage may be mereased or the dr,, given by anathier route when
extremely ripd Teas an dessred Ab orption takes place for the mast
part m the small miestine It can be acculerated by the simultaneous
adminsstration of sodhum Inearbonate and will be defayed 1f the drug s

given after a med ®
TABIY 7
Rerame Rate or Ansonrmian ANb Fxenrriox anp Deenre or losuzamiox
BINDInG Avp Conptiaamios of VArIoLs SLLrcNAvines (Coupitsb Frost
AR1OT S SouRCPe!

foer | et | g e ey | eatwe
Dray thewplion | (74 A Degreeof | Binfing | Degree of
rom P ‘k"“,' v | Jo1 ation faith I lasma ) Conjugation
Tntestines | 7Y R ey roleins
Sulfandamide 1 for2 4 ) 4
Sulfapyndire H 3 3 h 3
Qulfath arole ] Lorl . 2 3
Sulfadiazine 4 4 1 3 3
Sultamerazine 3 1 a

Azosulfamide 1s changed in the gastromntestinl traet to sulfambamide
and appears in the blood 1n about one ttnrd the concentration winch
would be exprcted from the same dose of sulfamiamide Since its actions
from that time on correspond to 1hose resulting from sumilar concen
trations of sulfamlamude and since st 13 seldom used nowndays 1t waill
not be considered separately

Sutfacetimade when given by mouth 1s absorbed with the same rapid
ity os culfambinude Sulfapyrazine 1s similar to sulfadiazine while
sulfamethazine lies butween sulfamerazine and suifadiazine 1n1ts absorb-
abality  Only sulfxmfamude among the absorbable sulfonwmides enters
the blond sn appreciable amounts when gwven by rectum

Sulfarilamide may be grven subcutaneously or intrasenously When
it 13 desired to give sulfapyndine sulfatinazole sulfydinzine sulfamera
zine sulfamethazine or sulfapyrazine by these routes the sodium salts
are used Intravenous ndminsstration resnlts in Ingh levels immediately
After subcutaneous mjection the concentration 1 the blood nses more
slowly Intrapentoneal admimstration (usually by sprinkling the crystal
tine form of the drug in the abd I cavity) and di nto
surpical wounds often result 1a lugh blood levels

The Poarly Ab nthable Sulfonamudes Marshall” wntroduced a
new concept in sulfonimide therapy with hiss discovery that sulfagunam
dme although water soluble and therapeutically active was not absorbed
apprectably from the mtestimal tract Because of the resuling high con
centration of the drug in the mtestines and low concentration 1n the
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the necessity of the usual enzvme reactions tahing place thus allowun,,
them to multiply even though the enzyme system contasming para
amunobenzore 1c1d 1 out of rwtron Whatever the explanation may be
tlus fact has its practical application 1 expluming why the sulfonmides
do not worh well m the prescnie of pus or tissue products

Rrsisrance 1o SULFONAMIDES

When 4 stram of bacterin 1s cultivated in successw ely mcreasin,, con
centrtions of a sulfonumde its susceptibiiity to that sulfonimule
duminushes by degrees until 1t 1s almost completely unaffected by the
drug When experimental amumals infected with sublethal doscs of
an orgamsm and given a sulfonamude are saenificed and the organ
1sm 18 1n)ccted into other ammls along wath 4 In,her dose of the sulfon
amide and thus process 1s repeated until extremelv Iarge amounts of the
drug are wminstered the sulfonamide will then lose its power to suve
the wumals from inlection by these bacterra When patients have been
given 1 sulfonamide over a period of time without secovery ensuing and
comparlsons are made between the 1mbial cultures and those obtaned
after prolonged treatment 1t has sometimes br en found that the sulfon
amide has lost 1ts power to equse bactenostass of the orgamsms This
phenomenon whether developmng 1 vitro or 11 vivo 1s eafled  sulfon
amde fastness or sulfonamide resistance

Since these findings hay o important therapeutic applications, ccetam
other observations should be stressed 2 First the tendency to become
sulfonamde-fast 15 proportional to the original reststance of the organism
to the sulfonumde Sccond the preponderance of evidence favors the
viewpomt that 1 strain made resistant to one sulfonumde 15 resistant to
all the culfopamdes each drug retamun,, 1ts onginal posttion in the scale
of effectiveness Third when sulfonamude fastness has developed mn a
strun ths eharactenstic rem uns for some ime  perhaps indefinstely

ABSORPTION

Certain sulfonamides winh are absorbed well {from the gastromtes
tinal tract will be discussed as the absorbable sulfonamdes This group
comprises sulfandanude sulfapyridue sulfatluazole sulfadiazine sul
famerazine and four less frequently uvsed compounds sulfapyrazne
sulfamethazine sulfacetumde and azosulfamide On the other hand sul
faguamdine  suceny bulfathiazole phithalylsulfathazole and sulfar
boxythrazole will be calied the poorly sbsorbable sulfonamides since
they are usuallv absorbed only slightly when adminstercd by month

The Absorbable Sulfonauudes The rate of absorpion for the
drugs i the absorbable group 15 Tipid the peak blood level from a single
dose bewng reached 1n most wmstances within one to six hours Among the
only used compounds absorption 15 most rapid for sulfand

oD
more Ct y followed by sulfuthrrzole and then sulf uncrazine sulfa

amade (Table 7
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Tomzation The amount of wmzation varies according to the drug *
Sulfantlamide 1s 1omzed only shightly whereas sulfathinzole and sulfads
azme are 1omzed almost completely (Table 7) Since the degree of bae
tenostasis achieved 1s proportional to the amount of omzation it
follows that the concentration of sulfamlamde 1 a particular solu
tion would have to be considerably Ingher than that of sulfathiazole or
sulfadiazine to produce ssimilr therapeutic effects

Binding to Plasina Protens VWhen a sulfonamide 1s present i
the blood stream a portion of 1t 1s bound to the plisma protems® A
much greater percentage of sulfamerazine 1s bound to the protens than
of sulfimlamude with the other sulfonamides falling 1n between n this
respect Smce certin membranes are relatively impermenble to the pro-
tews the bound portion of the drug daes not penetrate so eeadily This
18 especally true of punetration into the cerebrospinal flwd  Any sulfon
amide compound that may be present m this flud 15 for the most
part unbound

Binding 1o plasmn proteins 13 of considerable climeal significance since
the unbound portion 1s apparently nactive therapeutically

Conjugation A certan proportion of a sulfonamide when present
m the human body 13 conjugated by the addition of an acety! group
Para acetyl amino benzene-sulfonarmde for mnstance 1s derived n this
way from sulfimlamide (Fig 5) Tius conjugntion or acetylation prob-
ably takes place in the hiver The acetylated forms are wactive thera
peutically The relative amount of acetylation wlich occurs 1 the
varwous sulfonamides 1s shown m Table 7 Conjugntion 1s more pro-
nounced 1n sulfapyrdine and occurs only shghtly m sulfamlamde

Diffusion The absorbible sulfonamides are distributed throughout
the various organs and flmds of the body their penetration being influ
enced by the amount of 1omzation and the degree of combination with
blood protems Marshall * concluded that the amount present 11 each
tissue was proportional to its water content The sulfonamides diffuse
1nto the cerebrospinal Mud and into the body flurds mcluding the pleural
flmd the saliva pancreatic juce and bile Thev pass from the maternal
into the fetal circulation and are secreted i the mother s mulk although
no apparent harm results to the nurstng infant from the amounts present
1 the mitk

The ratio between the amount of the drug prescnt m the blood and
1n the cerebrospinal flud varies with the sulforamide admtnistered and
also from patient to patient when a particular sulfonamide 1s employed
The 1on of sulfaml 1f: d or sull: m
this flurd averages about 50 per cent of the concentration 1n the blood
the concentration of sulfathiazole about 30 per cent and of sulfadiazine
75 per cent Thus sullathiazole diffuses the least freely of all and sulfa
diazine the most freely with the other sulfonamides falling 1 between

an this respect
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blood and tissues he postulated that 1t might be of value in the treat
ment of 1nfections withm the mtestine Further experience has proved
Ins hypothesss to be correct and subsequently other compounds having
stmilr properties and named suceinylsulfatinazole phthalylsulfathiazole
and sulfacarboxythiazole have become avarable When sulfaguamdine
19 given to adults 1n doses of 0 05 gm per kg of body weight every four
hours blood levels of free sulfaguamdine are usually below 3 mg per
100 cc  although 1n an occasional patient the blood concentration will
be considerably gher

Because absorption of sulfaguamdine somefimes occurs and because
they consider this drug to be imeffectual in the presence of ulcerative
lesions of the bowel Poth and his asseciates®® have utilized succinylsul
fathiazole m 1ts place Succimylsulfathiazole when admnistered to
man 1 therapeutic doses 1s found n the blood 1n concentrations of
05 to 16 mg per 100 ce of snlfathazole and from 10 to 20 mg for
the conjugated sulfathiazoles—acetylsulfathiazole and sucanylsulfa
thiazole The greater part of the drug remams in the feces where 1t
apparently has no therapeutic effect until 1t 1s converted 1nto sulfathia
zole Phthalylsulfathmazole™ and sulfacarboxythiazole' behave simlarly
to succinylsulfathiazole

TxcrETION

Exeretion 1s for the most part through the hidneys and varies with
the drug used being fastest with sulfamlamide and slowest with sulfa
merazine Peterson and his associates” found that the excretion of sulfa
diazine 1n the urine vaned considerably from hour to hour on a constant
drug mtake and essentially constant fluid intahe They were able to
accelerate the excretion of sulfadazine to an appreaable extent by the
oral admimistration of sodium bicarbonate On the other hand a mark
edly increased output of urine ¢ a lower of the
drug was observed when 1500 cc of 5 or 10 per cent glucose n distilled
water was mnjected intravenously The concentration of the drug excreted
mn the unne 1» usually between five to thirty times the concentration
present 1z the blood at the same time For sulfaguantdine sucanylsulfa
thiazole and the other poorly absorbable comp ds the small
absorbed mto the blood are excreted by the hidneys

Patients with azotenma wiil excrete sulfonimudes more slowly than
normal persons so that high blood concentrations sometimes develop
Renal excretion also depends upon the reaction of the urine This 1s

chscussed on page 55

DISTRIBUTION

After the sulfonamdes are absorbed from the intestines or are intro-
duced 1 any other way several things happen to them Among these
are (1) 1omzation (2) hinding to plasma proteins and (3) comugation
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METHODS OF ADMINISTRATION AND DoSAGE

The various routes of admmistration used to obtan systemc eflects
are shown in Table 8

Oral Administration The sulfonanndes should be ,iven by mouth
whenever possihle In order to deselop a high concentration in the blood
rapidly the itial dose of the absorbable sulfonamtdes should be large—
usually ¥ to 6 gm for 1 severe infection i an adult followed by 1 gm
every four hours day and mght Sulfvmerazine has approximately the
same effectiy eness when given tn lower doses it less frequent intervals
such as 3 gm mially and 1 gm every six hours

In infants and cluldren the usunl dost 15 from 0 06 to 0 12 gm (1 to 2
grams) per pound of body weight for each twenty four hour period
divided mto six cqually «paced doses One half the caleulated twenty
four hour dose should be given imtally

Although 1t 1s seldom posaible to correlate the hught of the blood
sulfonamtde concentration with the pereentage of recoveries m a sertes
of cases there are frequent instances in which raising the concentration
m the blood 1s foliowed by 1 prompt fall in temperature and by recovery
Consequently arhitriry lovcds have been set which have been considered
as optimal These are for sulfamlamide and sulf: 10to 15 mg
per 100 cc  for sulfapyridine sulfadizine sullrpyrazine and sulfam
ethazine 810 10 mg per 100 cc  for sulfatlnazole }to 6 mg per 100 cc
Usually 1t suffices howcver to give the customary doses of the drug
and to disregard the blood sulfonamide level as Jong as the expected
chnical results are forthcoming If there 1s any doubt as to the outcome
however the blood level should be rased aither by increasing the ornl
dose or by giving a supplementary intravenous mjection

W htle some authors recommend tapering off the dosage of the sulfon
amdes gradually 1t s our practice to continue the full dosage unt:l the
drug 1> stopped

Suceimylsulfathiazole 15 given 1 doses of 02> gm per kg of body
werght for each twenty four hour period One half of the twenty four
hour dose 1s admuinistered at the start We have found 1t more convenient
to gve 10 gm (150 gruns) imtally to adults followed by 5 gm (75
grains) every six hours Chuldren should recerve doses it proportion to
their weight Doses of phthalylsulfathrazole and sulfacarboxysulfatht
azole are the same Sullguamdine 15 used 1n doses of 0 1 gm per kg of
body werght iitially followed by 005 gm per kg every four hours

With the use of sulfamiamude sulfadiazine sulfapyrazine and sul
fathiazole and the poorly absorbable sulfonarmdes 1t 1s usunlly not neces
sary to ascertmn the concentration of the drug 1n the blood because
the levels obtamned m most cascs are sullicient for therapeutic purposes
and do not fluctuate widely from day to day when the patient 15 on the
ry doses Determinations are usualfy necessiry wlhen sulfopyr
1sed because therr ahsorption 18 irreguiar and

customat
dine or sulfamethazine Is u
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rexsons the patient wall not toferate these omounts) so that the blood
concentration will remnin at sts peak fur a long time Tor prolonged
pirenternl admimstration the subcutaneous route should be used the
mtrenous route bemg reserved for the mitind dose and for instances
when it 13 desired to elevate the vusting blood concentration rapidly

Subeutancous Admimstration  Sulfamlanude 1s gnen subeuta
neausly 1n a1 per cent solution and the sodium safts of sulfatinazole
sulfadiazime sulfamerazine and the other alsorbable sulfonamidesin 05
to 08 per cent soluion 1n M/6 sodum lactate solution or sotome
sodm chlonde solution Since the blood concentration renchies 1ts peah
m from ino Lo 510 hours ofler subcntaneons pjections and descends
slowly dunng the next tnelve 1o forty exght hours these injections my
e sprced farther apant than theintravenous injections and the resulting
blood concentration curves are not soyrremulyr Sitisfartory hlood con
centrations are usuilly muntuned when 1 gm (1o grans) of a suffo-
namde 15 admimstered every six to eight hours Ly subeutaneous infu
sion In children one-sivth of the caleulated dady oral dose mav be mven
every sic hours Ttisbest however to make frequent determmntions of
the blood concentration as a gmde to theripy

Rectal Admustration Sulfamlamude may be given as a 2 per eunt
solution by rectum 1 the same doses employed in oral admimistration
The absorplion 1s sbmew hat slower and the peak levels reached are not
<0 ligh but otherwise the ({Tects are sumlar to those obtaned by the
oral route The other sulfonammdes are nol abeotbed 1n appreciable
amounts when given by this route

Adminsstration by Other Routes The sulfoninudes should never
be admumstered intratheenily since thus can produce senous injury to
the spiat cord

Sulfonamides are abso used by sprinkiin,, the powder into open wounds
and mto the abdominal cavity They hm e been instilled into the trachea
bronclu and simuses 1n 1 to 5 per cent sol Crystalhne preparat:
have been employed for inhalation Sul have also been incor
porated into ointments lozen.es and chowing gum and made into cones
Cor dental use

TurRAPEUTIC INDICATIONS FOR SuULFONAMIDLS

Although the sul des are not loyed so fly as they
were before the antibiotics became avalable they are <tll to be pre-
ferred for the treatment of certain conditions As shown in Table 19
(p 100) they are the drugs of first chowce 1 meningococeic memngihis
m shigella dysentery 1n certam unnary mfections and 1 plague They
are used 1 combmation with antibiotics 1 other hinds of bacteral
menngitis and m meningococcemia In certamn imfections where pemr
il or streptomyain 13 the therapiutic agent of chowce sulfonamides
may be used instead These include pneumococeie gonorocerc and hem
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when sulfamerazine 1s employed for any length of time because the slow
excretion often causes a lugh concentration to busld up n the blood
Admumistration by Stomach Tube All the absorbable sulfonamdes
are absorbed well from the intestinal tract and the nonabsorbable sul
fonamides are admimstered for the purpose of combating the bacteria
there Consequently when the patrent 15 unconscious or uncooperatne
rather than resort to parenteral therapy it i1s much better to insert 1
tube through the nose into the stomach and inject the erushed sulfo-
namide tablets suspended mn tap water or the sodum salt dissolved 1
water The doses and intervals are the sxme as n oral admimstra
tion
Intravenous Admmstration Sometimes the patient s 1llness 1s so
severe that the achievement of the highest concentration of the sulfo-
namude in the blood 1n the shortest possible time 15 imperative For this
purpose the intravenous method 1s especinlly smitable Sulfanilamide can
be used 1n 2 1 per cent solution while sulfapyrnidine sulfathiazole sal
fadiazine and sulfamerazine must be given as the sodium salts 1n any
strength up to a 5 per cent solution The 1deal solvent for the latter drugs
15 one srxth molar sodium lactate solution as shown by Gilligan * since
the pH of the urine 15 elevated by this solution thus increasmg the
solubility of the sulfonarmdes during excretion (see p 55) She has
shown that the following formula may be used to approvimate the
expected rise 1 blood concentration follovw ing the intrayenous admnts
tration of 2 5 gm of sodium sulfadazine 1n 0 5 per cent solution in M/6
sodium lactate solution 1ncrease in whole blood sulfadiazine concentra
tion (in rmilligrams per 100 cc ) = b__wy “El;’; o hg) When sodum
lactate solution 15 not available 1sotome sodium chlonde solution may
be used A 5 per cent solution of the drug in distilled water (which
makes an 1sotome solution) 1s sometimes employed but 1s not recom
mended because the volume of fluid used 1s low 1n companison with the
amount of sulfonamide admimstered The imtial mtravenous dose of a
sulfonamde 18 the same ns that employed when the compound 15 given
by mouth
When the sulfonamudes are admumistered intravenously the concen
tration tm the blood reaches its peak almost immediately remuns there
as long as the solution 1s berng admimistered and then falls rapudly to
zero over the course of the next few hours A subsequent intravenous
njection during the period of fall will raise the concentration n the blood
\mmedately to a new peab 1ts height depending upon the amount
imjected If repeated intravenous mjections are relied upon for continued
treatment the curve depicting the blood sulfonamude concentration will
resemble a pichet funce rather than a straight line Since the Intter 1s to
be desired 1t1s the best pohicy to give intray enous mnections of sulfonam
\des ns slowly as possible and 1n 500 or 1000 cc of flurd (unless for other
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rerons the patient will not tolerate these amounts) so that the blood
concentration will rumam at 118 peak for n fong time Tor prolonged
parenteral adminstration the subcutaneous route should be used  the
)ntravenous ronte bemng reserved for the smuial dose and for wnstances
when it 1s desiced to eluvate the existing blood coneentration rapidly

Subcutancous Admimstration  Solfamlamude 19 gnen subeuta
neously 1 a 1 per cunt sofution and the sodim salts of sulftinazole
sulfxazine sulfamerazine and the other absorb e sulfonamudes n 05
to 08 per cent solution 1n M/6 sodum Inctate solution or 1sotome
sodwm chlorde solution Sinee the blood concentration reaches is peah
i from two 1o six hours after subcutaneous njections and descends
dowly during the next twehve 1o forty aght hours these mpections may
b spaced farther apart than the imtravenous snyections and the resulting
blood concentration curves are not 50 wreulir Satisfactory blood con
centrations are wsully muntuned when 1 gm (1> grans) of a sulfo-
namude 13 admimistered every six to eight hours by subeutancous wnfu
sion In cluldren one-sixth of the ealeniated dasly oral dose may be gnen
every sixhours 1tas best however to make frequent delermin ations of
the blood concentration as a guide 1o therapy

Rectal Admimstration Sulfamiamde may be given as a 2 per cent
solution by rectum 1n 1he same doses employed an oral admmstration
The absorption 15 somewhat slower aud the peak ey ls reached are not
~o Ingh but otherwise the effccts are similar to those obtuned by the
oral toute The other sulfonamides are not absorbed in appreciable
amounts when given by this route

Admimstration by Other Routes Tlie sulfoninudes should never
be admimstered intrathecnlly since this can produce serous injury to
the spal cord

Sulfonamudes are also nsed by sprinkling the powder mto open wounds
and into the abdomiml envity  Fhey have beeninstilled into the trachea
bronch and sinuses 1n 1 to § per cent solutions Crystallie preparations
have been emplayed for inhal Sui des have also becn incor
porated into omntments lozenges and chewing gum and made snto cones
for dental ust

TierareuTic InDICATIONS FOR SUIFONAMIDES

Although the sulfonamdes are not employed so umvereilly as they
were before the antibiotics became avalable they are still to be pre
ferred for the treatment of certan conditions As shown in Table 19
(p 100) they are the drugs of first ehoice 1 menmgococa menmgitis
n shngella dysentery 1 certatn urninary wfections and in plague They
are used mn combination with antibiotics m ather hinds of bacterial

and in mia In certain 1nfe where penic
ilin or streptomyein 1s the therapeutic agent of chosce sulfonamides
mAy be used mstead These include pneumococaie gonococeic and hem
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olytic streptococcie mfections and anthrax In other diseases the sulfo-
namides are employed as adjuncts to the antibiotics

Torie Reaclions

It 15 an ymportant maxim for the phhsician to follow that if he docs
no good at least he should do no harm and that the hkehhood of benefit
from his treatment should more than balance the harm that right pos
sibly be done Since the sulfonamides are foreign substances 1 the host
1t 15 only to be expected that they will sometimes do wnjury to the host
A good climeian will be fimibar with these toxie manifestations will be
ever on the watch for the first evidences of them and will know what
to do to combat them Tible 9 gives the incidence of toxic rections as
we® 7 have observed them 1n 2151 patients treated with sullapyndine
sulfathiazole sulfad: and sulf: In the sul discus
sion we shall use these figures along with the reactions seen by Long
and Ins associates $ 1n 1000 patients treated with sulfamlamide

Table 10 Iists the commoner touc reactions from the standpomt of
their importance and the treatment to be used when they occur

Cyanosis

Among the least important towc effects 1s the cyanosts which occurs
n patients recening sulfamlamide It was oniginally attnibuted to the
formation of sulfhemoglobin but 15 now considered to be due to the
presence of methemoglobin and perhaps also of other pigments It should
not alarm the physician as 1t does the patients relatives and s no
reason for discontinumg the treatment If desired a shift may be made
to another sulfonamide since onlv sulfanilimde causes this phenomenon

Aciposis

The carbon diouide combining power of the blood 1s lowered 1n
patients recervmg sulfamlamde It 1s 1 disputed pont whether this s
duc to a primary alkalosis with hyperventilation and a fall in the carhon
dioxide content of the serum or whether 1t 15 a true acidosis due to
mereased sodium excretion a reduced output of ammoma and an ele
vation 1n the pH of the urine The preponderance of evidence seems to
favor the latter view It 1s probably best to give sodium brcarbonate
along with each dose of sulfantlamide and to ad ter this drug par
enterally 1n one sixth molar sedium lactale solution Since 1t does not
occur with the other sulfonamides this condition 1s of httle :mportance
nowadays
Dizziness Heapacne MENTAL CoNnrusion

Dizzmess and hcadache oceur farly often as an accompamment of
sulfamlamide therapy seldom with the other sulfonamides Roughton?®
showed that sulfamlamide reduced the capacity for exacting mental
while sulfathiazole and sulfadinzine caused no apprecrble changes

work
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These symp are of no q when they occur in severely ill
prtients but ambulatory patients recening sulfamlammde should be
warned not to drive aut biles or otherwise end their own lives
or the Iives of others while taking the drug  Whenever possible they
should be given one of the other sulfe des Mental confi ocecurs

lly duning the ad ration of any of the sulfonamdes
although 1t 1s rarely pronounced Except under special circumstances
therapy does not have to be discontinued because of any of the nervous
or mental symptoms mentioned for these invanably subside when the
sulfonamide 1s stopped

TABLE 10
‘Toxrc REACTIONS TO THE SULFON AMIDES GROUPED ACCORDING TO THEIR SEVFRITY
Symptoms and Laborafory
Reaclion Signs Tesis Treatment
Cyanosis Blue colnr of mu | Spectroscopicex [ Continue ame
cou: of dy
nnd nallbedsand | blood — used| or if distress-
i severe of skin | only for mves | ing to the pa
tigative work | tient change
Group I to  another
Mild Acdosis Usually none—hy [ CO, combining sulfonamrde
reactions perpnea if severe | power of the
lood
Dizziness Dizziness hight [ None
headache headedness head
mental con | ache (usually con
fuston stant) mentalcon
fusion or delir
nm
Leukocytosis | None Leukocyte count
Fever Fuver usually None Change to an
reaching hel "ht of other  sulfo-
102 to 104 namide 1
t]
Dermatitis Erythematous |None stll  needed
and/or con | morbilliform but continue
Junctivitis urticanial  nodu to _olserve
lar or purpuric closely
rash Injection of
bulbar  conjunc
tiva and sclera
Group 11
Moderately [ uine | Patient may vomit | None
severe 1mncessantly or.
reactions nn{\y nfler drug
Duarrhen May beshghtorse | None
vere and contiu
ous
Microscopic | Tvone Unnalysis
‘hematuna
[Leqkopeoia | None Leukocyte count
| LeutopB? |
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TABIT 10—Continued

to
Renction Srmiglomas and Laboralory Treatrment
epatats Jaun lice toxiety | Van den Burgh | Stop sulfonom
e immedy
Croes hma [Urine may be|Unnaly s (rlr force
tura _spu [ tlood tlngnl or] NUN or flufs and
nannd/or | grosly BUN
roabeohie | Suppresa ooy Frearbonate
be partial or com by mouth to
Tete bain may speed  ehm
Lo ehtor severt nation of the
drug  except
§ niyteral tain or paresthes ) Ncne when  there
nruntsy aat al e cource are rennl
of any puriph ral complica
Grmp“l nerve tions an
wiich  event

S s | Come Loy [T ploptf 7 con | Blood slfonm | fne o per

1de concentra cent glucose
tion m o diultd
water 1ntra
Acute hemo-| Pallor weakness, |RBC count venou Iy and
htican mia| e hunger and h mo- force flur 1
fotm Vand n
4 Sergh

Apranulcy | Wenkness progr <] Leu e count
tos 3 sion of m{‘ l'h:)rn nmlbqﬂ'erﬂ\\ml

Thrombocy | 1 urpunc areas on | Platel t count
topenic skin
purpura |

Leunocyrosis

1In an occasional patient recerving sulfonamudes the wlate blood cells
my be ncreased up to 30000 or even 50 000 per cu mmn There
18 a concomitant increase 1n band forms and young forms and a few
myelocytes may appear This condition may occur mdependently of
other touic reactions or it may be associated with acute homaly tic
anemia The leuhocytosis 1s bemgn does not rall for discontinuance of
the drug nd disappears promptly when the sulfonamide 13 stopped

Fevrr Deruarmis anp Conauerivims

These three toic mamfestations are grouped together because two
of them often and sometimes all three occur together and because
lhe) are apparently due to the same underlymg mechamsm Fever

g as a result of sul therapy was first describid by
mean 1 1 usually occurs from the fifth to the tenth day alter the
sulfonarmdes are started but may appcar at any time In most mstances
when 1t begins on the first or second day of treatment the patient has
recaved the same sulfonamde previously although we have seen drug
fever and dermatitis appear on the first day of therapy 1n patients from
whom we could not ehicit any lustory of previous treatment with these
drugs Although the temperature graph may assume any form in these
cases thereis a tendency towards nremittent tvpe of curve rather thana
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continuous elevation Thiere 1s often 1 stephhe ascent of the temperature
over the course of the first day ot two
Drug fever 1s sometimes nshered i with a chill If sulfonamtde admin
Istration 1s not stopped the fever usually continues unabated although
1t may stop even under treatment It 15 often impossible to tell whether
a patient 15 suflering from fever due to a sulfonamde or from an exacer
bation of his oniginal diseasc Leftwich  has descoibed an mtradermal
test using serum obtuned from patients while they were recenving 4
sulfonimide A positive test shows scnsitivity to the sulfonamide
question If tius test ts confirmed 1t may be of help 1 the dragnosis of
doubtful cases
Sulforamide dermatitis 13 most frequently ¢rythematous or maculo
papular although 1t may be nodular bullous urticanal or hemorrhagic
The ervthematous or scarltimform type 1s usunlly distributed all over
the body mn such 4 way that 1t can be dilfercntinted from the rash of
scarlet fever only with great difficulty and somctimes not at all Cir
cumora! pallor and accentuation of the rash i the antecubital areas are
not likely to occur however 1n the drug rash The maculopapular rash
closely resembles that of measles nd often has the same distribution
In many cases espeerally duning sulfamlamide admimstration a rash
may occur only on the face and hands and other portions of the body
exposed to sunhght There may be rtclung with amy of the rashes
occasionally intense but usually not very severe
Sulfathiazole often causes a nodular rash which 15 red or dull red in
color and sinul ites that of crvthema nodosum It may consist of only a
few nodules on the antenor aspects of the ankles and legs More com
monly there are a number of nodules on the upper and lower extremities
and sometimes also the face Occasionally such a rash 1s distnibuted Al
over the body In contrast to other sulfonamide rashes these nodules
mry be pamnful We have noticed occastonally 1 pernphigus Ithe rash
following the use of sullxdiazine tn wluch the ship shdes off 1n sheets at
the shightest touch All these rashes disappeir within a few days after sul
fonamides re stopped unless they havcreached the stage of an exfolintie
dermatitis n which event they may Inst for months or may be fatal
Injection of the bulbar conjunctina and of the episclera 1s found most
frequently after the usc of sulfatliazole It may occur alone but 1s more
commonly 1ssoctated with dermatitis Pamful joints may also accompany
fever and dermatitis
Fffcet of Rey 1 Courses of
that fover and rash were more frequent after the sccond course, of sul
f1thiazole than 1n patients who hnd never recenved the drug previously
Vet found that the medence of sulfonam de fever and dermatitis
depended upon (1) whethier the patient had previously dcvclopcdﬂu
symular reaction to an earlier course of sulfonamide theripy and (2)
whether the same or a different drug kad been admimstered i the first

1 les Lyons® showed
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cousse This 13 shown 1n Tablu 11 When no reachion developed to the
first course of sulfonamdes only 36 per cent of pitients had fuver or
dermatitis from a second course il 2 different sulfonumde compound
wos admmistered and 11 1 per cent of patients if the same sulfonamide
was gven Ou the other hand 1f feyer or dermatites bad appeared during
the first course a reaction developed in 16 7 par cent of patients who
received a different sulfonmude the second hme while 68 8 per cent of
the patients who recenved the same sulfonamide 1 the two courses
exlubited a renction  These findings demonstrate that sensitivity to the
sulfonamides 1s usually specific for the individual drug although in some
coses a group sensitivty deve ops which meludes some or all of the
sulfonamide drugs Fever has been observed with the readmuinestration
of a sulforamide many months after the ongmal course

TABIT 11

FreQuF~eY oF Davc Fryven Drnvarirts avp/or CoNauncrivims purina Finst
or SFconp Coun F3 oF SULPONAWIDFS

1 atients Develo ing
Torie Neactt ns during

Reactn to | Sulforamides Adminustered Total of Second Caurse
Ferst Course durtng Second Courge Patienfs
Numl r | Per Cent
No Dufferent drug 169 6 36
No am  drug 1 16 11
Yes | Diffurent drug 30 5 167
Yes  |Samedrug 48 33 688
(Control sers s of persons recervin “34 3 >0

one course only)

1t 13 our opmon that a physician who contemplates pre cribing sulfo-
namuides should mquire whether the patient has proyiously recened any
of these drugs and 1f so which compound he received and whether he
developed any touc reactions If fever or dermatiti> occurred durmg a
previous course a different sulfonamide should be admimstered If the
first course was uneventful 1t1s still a good practice to employ a different
sulfonamde during the succeeding course provided another drug s
available which 1 as active therapeutically as the first

Sensitization to sulfonamedes is espeerally Iikely to occur as a result
aof the local use of these compounds on the shan or mucous membranes
It 15 advisable therefore to use other substances for topreal appheation
1n the treatment of local infections whenever possible The frequency of
drug fever and dermatitis can also be dumimshed 1f the physicrin uses
a sulfonamde only as long 1s needed discontinuing the diug promptly
when 1t has had the desired effect

Treatment When fever occurs alone 1t 1s not necessary to stop the
sulfonamnde although 1t 1s best to chinge to anotlier drug of equal
potency A rash that has developd wall usually disappear if a change 13
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made to another sullonamde but 1f these drugs can be dispensed wath
altogcther 1t 1s best to do so In most wstances = shift may be made to
pemscillin or streptomyem  Large amounts of sodwm bicarbonate by
mouth will ud in the dimination of the drug

GASTROINTFSTINAL RPACTIONS

How the sulfonamides cwse nausen and vomitin, has not been deter
mmed It 1s thought that the action 1s on the ceniral nervous system
smee 1t occurs even though the drug 1s «dmimstered parenteraily Vom
1ting 1s more frequent 10 winte than i Negro patients and in women
than mmen As shown in Table 9 1t 15 most frequent with sulfapyridine
therapy 2nd lenst frequent with sulfadrzine or sulfumernzine Conse-
quently f this symptom males 1ts apperance an immedite shift
should be made to one of the sulfonamides which seldom cause it 1f 1t
persists m spite of the drug used and if further therapy 1s Justified the
sulfonamide may be given parenterally to ensure absorption Diarrhen
occurs only oceastonally and may be corrected by changing to another
sulfonamide or by parcnteral admimstration

The toxic manfestations in the thrrd group tn Table 10 are much more
severe and usually ol for immediate cessation of all sulfonamide
therapy

HepaTic DAMacP

That the sulfonamides sometimes cxert a tovic cffect on the hver cells
has been defimtely demonstrated by Watson®® and Andersch! by mens
of liver function tests This 1s substantiated by numerous case reports
demonstrating scrious and sometimes fatnl hver damage following the
use of the sulfonamdes especially sulfambimde On the other hand
Peterson® hns shown that sulfrdiazine sulfatlnazole and sulfipyndine
can be used wn patients with chronie hepatic dymage with httle foar of
aggr tion of the condition In an acute hepatitis associated with bac
terjal mnfictions he obsers ed impros ement in hepati function paralichng
the improvement in the underlying infection He concluded that the pres
ence of damage to the iver should not be considercd a contrmndication
to therapy with sulfathiazole or sulfadiazine

When Inver damage has developed as a result of sulfonamde therapy
the drug should be stopped immedintely flurds should be forced and Iarge
doses of sodium bicarbonate gnen by mouth to accelerate excretion of
the sulfonamde A dret bigh tn carbohydrate and protein and low in fat

should be given

Renat COMPLICATIONS

Suce 11l the absorbable sulfonmides arc exercted for the most part

through the hidneys 1t 19 important that they should get through the
g

urmars traet sathout mishap Sulfamlamide does so but the other
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soluble sulfonanudes often cause trouble These diffcrences are due to
variations in solubility of the drugs and thewr acetyldernvatives Figure T
shows the solubilities of these substances as they vary in the pH ranges

30 7 —-—
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Fie 7 Solubilities of the various sulfonamides and of therr N acetyl den at s
at different pH levels (Courtesy of Eli Lilly and Company )

usually found 1 unnes In general soluhxhty 13 less 1n the acid ranges
Among the yl 15 the least soluble
at pH of 55 while acetylsulfathiazole has the lowest solubthty of any
of the compounds tested at this pH By contrast the greatest solubihty
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among the nonacetylated compounds 1s that of sulfathazole at a pH of
75 while ncetylated sulfadiazine has the greatest solubility of alf at thus
pH Sulf and ~cetylsulf: wine fafl 1 between the other
two drugs with respect to solubihity With sulfapynidine and acetylsulfa
pyndine athalinization has no appreciable effect on the solubility
The sulfonarmdes nre excreted 1 both free and acetylated forms As
the drug passes through the hdney tubules its concentration may nise
{rom 10 rag per 100 ¢c of blood to 200 or 300 mg per 100 ce of urine
due to reabsorption of water by the tubules Sulfamiwmide 15 so soluble
that st will remam i solution but 1l msuflierent Busds are left to mantain
any of the other sulfopamdes 1n sofution the drug precipitates out m
the form of crystals These crystals will adhere to sach other and may
form a concretion large enough to block a tubule the pelvis of the hdney
or the ureter If the concretion 1s smaller 1t may still ease symploms of
renal colic or prc or e b 10 I the pH of the
urine is high enough or if the output of flud 1s large and consequently
the water remaining 1n the tubules after absorption 15 10 suffiesent quan
uty then the sulfonamde and 1ts acetyl dersvative will reman m solution
and no concretion watl be formed
Chnmeal observation bears out these facts Instances of renal comph
cations—hematuria  pam i the region of the hidneys ohguna and
anuna-~~have been reported following the use of sulfpynidine sulfatin
arole sulfadinzie sulfamorwine and even of the pootly absorbed drugs
sulfaguamdine and sucanylmlfathiazole In a few ceses death has
resulted We? have shown that the frequency of rensl caleult 15 greater
the higher the maxamum blood sulfonamude fevel achieved Gulfigin®
and Fov® found more sulfonamide crystals i the vrine of patients
recerving these drugs the lover the pif of the urtne Peterson® reported
the dovel of 2 renal ealculus in a patient 1o sprte of a hugh unmary
pi1 shen fuds were considerably restricted
Prevention The fesson to be lewrned from these observations i
obvious In order to prevent sullk de caleuh the of
the drugs 1 the blood should be Lept as low as s consistent with the
best therapy alhahs should be grven along with the sulfonamdes and
flusds should b forerd dunng thew adrumstration An ideal plm for
any of the 1bsorbable sulfonamides exeept sulfuniamde s to mve at
least 3000 cc of flnds a dav to an duit {(and comparable amounts to
chntdren) to gne 6 gm of sodium bicarbonate with the imtsal dose nd
3 gm with each subsequent dose When it g wadvisable to give huge
amounts of sodwum te a patust because of congestive heart falure or
for pther Teasons potassum bicarbonate may be g en wstead n doses
of § gn (120 growns) smtiatly and 2 gm (30 gruns) with each subsequent
dose of sufonumide # Fhppin * Lowever states that this adyuvant 18
ot so effective 1w tedueing the madence of crystatiura as sodam
errbonate when gnenm the same doses
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Oral admimsteation 1s preferable wlhicneser 1t 15 possible sinee calcul
are far more frequent when the intrayenous and subeutaneous routes are
used 1 11 13 necessary to give the sulfonamides parenterally each 25
gm of the sodium salt should be dissoly ed 1n 500 or 550 cc of one-sixth
molar soditm lactate solution

Lehe? introduced a new principie into sulfonnm de therapy by dem
onstrating that when two or more of these compounds are present simul
taneously 1n the same solution they are soluble to the extent of thewr
separate solubilities In other words an almost completely saturated
solution of sulf\dizine can be almost completely =aturated with sul
fathiazole without precipitation occurnng The incidence of intrarenal
drug preaapitation when Lahr used a nuxture of these two drugs was
ower than when the same total dose of esther drug alone was emploved
Flippin® found that a combinition of sulfadiazine and sulf imerazine pro-
duced 1 considerable deerease 1 the ineidence of crystalluria compared
with that observed when either compound ws admmstered simngly
FriskM recommiended a combination of 37 per eent sullthinzole 37 per
cent sullidinzine and 26 per cent sulfamerazine as the most effectne
mixture Vve'® treated 130 patients with a combination of equal parts
of sulfadiazine and sulfimerazine The maidence of runal complications
was lower than that obmerved with shightly smaller doses of sulfadia
zine or sulfamerazine alone but the dilferences were not stabs tieally
sigmlicant

On the other hand the merdence of fever rash and conjunctivitis
attnibuted to the use of the sulfadinzine-sullimernzine micture was
sigmificantly tugher than that due to the u e of aither drug alone The
chances of & patient s dexeloping hy tivity ph are there
fore greater i he 1s given more than one compound Because these sen
sitivity reactions mav be scrious and even fatal and because it 1s tmpor
tant not to sensitize large numbers of persons to several sulfonamides
at one time we believe that combinations of sulfonamides should not
be admimstered as a routine procedure Their use should be reserved
for the occastonal patient i whom renal eomplications must be avorded
atall costs and for patients who cannot take sodium bicarbonate because
the sodium intake must be restricted

Management of Renal Complications Sh.ht irntatwn from a
sulfonamude concretion may cause mucroscopie hematuria If thus s
observed and 1t 1s desired to continue the drug 1t 1s safe to do so if the
flud and alkali intake 1s sncreased and the unine 15 observed carefully
Grayer symptoms are gross hematuna pam n the region of the hidneys
or ureters and a dimunution or complele suppression of the urine out
put When these occur during sulfonamide therapy a concretion 15 the
most likelv cause Unfortunately the x ray 1s of no help m diagnosis
since these calculi are not radiopaque While microscoptc hematurta 1s
an amber light advising only caution any of the graver symptoms flash
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the red light of danger and call for immedinte eussation of sulfonimde
therapy Fluids should be forced and 5 or 10 per cent glucose solution
should be given mntravenously If anuma 1s present and 1s not relieved
by these measures the ureter should be catheterized and Invaged with
warm sodium bicarbonate solution This 1s successful 1n the majority of
cases where 1t 13 needed but if 1t 15 not an operation for removal of the
calculus 1s warranted Decapsulation of the kidney 1nd spinal anesthesia
have also been used m such cases w1th success

CovpLicaTions INvoLVING TiF NERvOUS SysThM

Peripheral neuritis occasionally and central neurrtis rarely oceur after
the ad ration of the sulf des Neurttss 1s most frequent follow
ng sulfamlamide therapy although 1t has been observed after treatment
with all the absorbable sulfonamtdes which have been tested n a suffi
aently lar,e number of patients Usually only one perrpheral nerve 1s
mvolved Paresis or paralysis occurs 1 qbout one half the cases Neu
riis has occurred 1mvolving the optic nerve and we have encountered
yellow vision tn patientsrecen ing sulfathiazole and sulfadinzine Although
the neunitides usually disappcar soon after discontinuance of sulfonamide
therapy patients may fail to rccover completely Consequently all pa
tients recuving sulfonamides should be questioned and observed daily
for evidences of neurtis and the drug should be stopped on the first
sign of therr appearance

When the sulfonamdes are injected into ammals 1n sufficient amounts
to cause Ingh concentrations in the blood signs of wnitability of the
central nervous system appear including convulsions In the usual con
centrations achieved 1 humans nothing of the sort has been observed
but if the concentrations of the sulfonamides reach high levels—above
10 mg per 100 cc for mstance—they may occur This phenomenon
1s probably related to the comulsions which occur n patients when
sulfathiazole 1s placed near the cortex

Since Brenner? has shown that sulfathiazole and sulfapynidine both
disturb the electrical activity of the cortex wlule sulfadiazine does so
to a lesser extent and sulfamlamide not at all 1t 1s pnportant in bramn
surgery that only sulfamilamde should be applied locally It 13 Likely
that higher concentrations of sulfamlamide in the blood stream could
be tolerated without the occurrence of convulsions than would be true
of the other drugs Although we have never observed fatal convulsions
from tlns source the possibility of death 1s certanly present

It 15 1mportant thercfore that the concentration of the drug be deter
mined at intervals 1n patients who have been recerving the drug for long
periods of time or 1n azotemic patients since these latter will excrete
the sulfonimides more slowly than normal persons When high concen
trations lead to cony ubvions the drug should be stopped flusds forced

and hypertome glucose solution grven mtrivenously IT the concentra
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tion of the drug decreases to reasonable therapeutic levels the swme or
another sulfonamide may be started agun in Jower doses than before

Hrvarorocie CowpLicamions

Ancmia Shght anemins due to a small amount of gradual hemolysis
occur 1 many patients recen ing the sulfonmmides ¥ Sudden acute hem
alytic anemin which was first reported by Harvey 18 relatively rare
especally among the more recently mtroduced compounds sulfatina
zole sulfadizine and sulfimernzine When 1t occurs however it may
be extremdly dangerous with pallor wehness and signs of collapse
oceurring over a pertod of a few hours Jaundiee yomiting and fever
may alvo appear Autohemagglutinms have been found 1n some of these
eases We fect that determination of the hemoglobin or red blood cells
every other day 1s the only certain way 1o prevent this reaction from
occurring and cateling the physicin off guard Wiale the severe anemins
usually appear during the first few dnys of therapy they may occur at
any time When a mild anenua 13 observed the sulfonwde may be
continued 1f dmly red blood ecll counts are done but a sudden decided
drop 1n the hanoglobin concentration ealks for immedinte cessation of
drug therapy and the prompt use of transfusions if necessary

\ serious complication of these acute anemas 15 the plugging of kidney
tubules with hemoglobin We have sten anurn and death follow To
prevent tlus the urine should be kept alkaline Another nteresting
phenomenon which occurs 1n many patients with acute hemolytic anerma
15 leuhocytosis The white blood cell count may rise as Ingh as 60 000
per cu mm Theress a marked shift to the left  of the granulocytes at
the same time The leukocytes rcturn to normal within a week or two

Leukopemia and Agranuloeytomis Like many drugs contaiming the
benzene ning the sulfonamides sometimes ¢wusc leukopema and agran
ulocytosss The white blood cell count may be depressed only shightly
below 4000 per cu mm without any change 1n the percentages of the
component cells or there may be a pronounced drop 1n the leuhocyte
count accomparied by diminution or complete absunce of the granulo-
cytes Repeated blood counts at lest every other day are the only
way to detect this phenomenon early 1t 1s our policy when the white
blood cell count goes below 4000 per cu mm to discontimue the
sulfonamide

Althouﬂh 1t 18 admtted that this condition does not always go on to

locytosis in the face of d therapy there have
been nstances 1 which the count has marched relentlessly downwards
even after the sulfonarmde was discontinued If the leukocyte count 1s
extremely low pemcillin should be given and repeated transfusions
liver extract and leotide may be Sub: t doses of
the offending sulfonanmde have been obsened to cause a repetition of
this phenomenon Tt may be well to state parenthetically that 1f leuko-
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pema or agranuloc) tosis 1s present as a result of a severe infection before
the beginnmg of sulfonamde treatment the sulfonamides are not
contramdicated and may be life saving at such a juncture

Purpura  Thrombocvtopenic purpura 15 another disorder of the
blood caused by sulfonamdes which though rare may be quite senous
This 1s shown by kracke s ! report of three fatalities among twelve cases
reviewed When this plication occurs sulfc des should be dis-
continued 1mmediately and measures taken to hasten therr excretion

Orner Toxic REsctions

French® reported pathologic lesions 1n the heart 1n patients dying
during the administration of sulfonarmdes This condrtion 18 an nter
stitial myocarditis contaiming & number of eosinophilic cells m the
exudate Similar lesions were also found™? in the Iiver kidney spleen
lymph nodes bone marrow and other organs Fibrmod necross of the
blood vessels and hemorrhages were also ohserved Other pathologists
have reported smulwr findings Death has been atinbuted to these
reactions 1n several mstances

Rich® considered these pathologie changes to be the result of hyper
sensitivity to the sulfonamides Most of the patients had recerved large
doses of the drug for several days and some patients had more than one
course of the drug Even though these reactions ave relatively nfre
quent they serve to warn us that 1t 15 best not to prolong sulfonamde
treatment and that we should beware of second courses of the same
drug whenever possible

IncipEncr oF Toxic Rrscrions v CHILDREN

There 15 some evidence that children do not develop toxic reactions
to sulfonimides so frequently as do ndults Fink # for instance found
that 1n a series of 2000 children who recerved sulfonamides renal and
hematologic comphcations were rare while only 14 per cent of his
patients developed fever W iile these results are encouraging we believe
that the same precautions should be followtd in the admumstration of
sulfonamides to children as m adults

RELATIVE ToniciTy of e DIFFERENT SULFONAMIDES

An over all evaluation of the toxic reactions occurring from the use
of the sulfonamides should include an opimon as to the relative tovicity
of the various compounds Although such judgments must necessarily
assume 1 degree of wbitrarmess we are nevertheless hizarding ours
because we realize that such 2 crystallization of present ideas 1s of great
practical value The relative frequenctes of the different complicitions
s shown in Table 9 offer an excellent guide

Sulfapyndine The vomitin, wlnch oceurs tn many of the patients
recersing tins drug 15 not a serious complication but 13 an important
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one smee 1t often wmakes proper triatment wposable  Furthyrmore
wlule none of the serious tovic reactions such as ren il ealculus acute hem
olylic ancaua or depression of the white blood ¢l count are extremddy
frequent they all occur w apprecable numines: These fictars together
wilh the observation that there 1s great arregulanty o absorption and
thus great difficulty i predicting the blood concentration which will be
acluered make sulfapynding one of the least desirable of the sulfon mide
drugs

Sulfathiazole The wiodance of drus fover und ra hois hagher than
with any of the other drugs ¢« xeepl perhps sullimlumde Ronal ealeul
are frequent and focnl necroses huve bien reported a1 few cses
1 xcept where sulfathinzole s de fimtely superior theropcutically we prefer
1o use other less tovie sulfonamides snstend

Sulfamlanude The areatest vistue of s compound 15 that it
never enuses renal eafeult Tt has however certain disadvantages The
cyanoss alarms the patient and the fwmuly even of 1t daes no harm
Hemolytic anernn and ver damage probably occur tore (requuntly
than with any of the othur drugs Dermatstis and fever are frequent
Consequently we do not use sulfambimude except occasionilly when
damge to the hidneys 1s especrally to be feared

Sulfaditzine Tius drug rites with the bost whan vonmting, dover
dermatitis liver damage and hematologic complicntions are considered
[enal enlealy are as nfrequent followin,, 1ts use as with any of the other
drugs except sulfanslmde The extremely Tugh solubility of acetylul
fadiazane 1n the alhaline ranges of urine g es assurance that renal caleult
ean be prevented altogether if sufficient alhal: and fluds are adnums
tered Sulfadiazine diffuses into the cerebrospral Mud more freely than
any other sulfonammde W e conmider thns compound to be the sulfonamide
of choice tody unless there 13 a specinl revson for emploving another
m a particular patient

Sulfamerazine While this 1s a newer and less tned drug at has
caused few touc reactions <o fir We have found 1t to be of the sune
order of toucity as sulfwdizine evcept that it causes fever and der
matitis slightly more often Rennl complications have been more frequent
following sulfamerazine therapy but these have heen due apparenthy to
the lugh concentrations of the drug renched i the blood If it 1s subse
quently established that the same therapentic effects 1re achieved when
the concentration of sulfamerazine 1s held 1t the swe level as that
abtamed with the usunl dose of sulfadsazane then sulfamerazine and

Ifad should be i ble as the drugs of choice

Seconp COURSES OF SULFONAMIDES

As we have pomnted out when discussing the complications of fever
and dermatits a second course of the sme drug 13 more likely to be
fallowed by fever with or without dermatitis than if another sulfonam
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pema ot a ranulocy tosts 1s present as a result of a severe infection before
the beginming of sulfonanude treitment the sulfonimides are not
contrawndic tted and may be life saving 2t such ~ juncture

Purpura  Thrombocytopeme purpurn 1s another disorder of the
blood caused by salfonamudes wihich though rare may be quite sunous
This 1s shown by Krache s ! report of thre e fatalities among twelve cascs
reviened When this complication occurs sullt les should be dis
continued 1mmediately and measures tahen to hasten therr excretion

OtiER Toxic RercTions

French® reported pathologic lestons in the heart o patients dying
durmg the admimstration of sulfonamides This condition 1s an inter
stitral myocarditis contumng a number of ecostnophilic cells n the
exudite Simlar lesions were 1o found™ i the liver hidney splecn
tymph nodes bone marrow and other organs Fibrmond necrosis of the
blood vessels and hemorrha,es were abo observed Other pathologists
have reported simiar findings Denth bns been attnibuted to these
reactons wn several mnstances

Rich® considered these pathologte changes to be the result of hyper
sensitivity to the sulfonimides Most of the patients had recetved hrge
doses of the drug for seyveral days and some patients had more than one
course of the druz Lven though these reachions are relatnely infre
quent they serve to warn us that it 1s best not to prolong sulforamide
treatment and that we should huware of second courses of the swme
drug whenever possible

IncipEnck or Toxic Rracrions in ChiLpnry

There 1s some evidence that (luldren do not develop touc roctions
to sulfonamdes so frequently as do adults Fink ® for mstance found
that 1n a series of 5000 chrldren who recerved sulfonamides renal and
hemntologic complications were rare while only 1} per cent of lus
pattents developed fover YWhile these results are encournging we beheve
that the same precantions should be foltowed i the administration of
sulfonumdes to chuldren as w adults

Rriativg Toxicrry or Tue DEFERENT SULEONAMIDES

An over 2l evaluation of the tovc reactions occurfing from the usc
of the sulfonamides shonld include an opimon as to the rdative toviaty
of the vartous componnds Althoun.h such judaments must necessarly
assume 1 dearee of arbitranuess we are nevertheless hazarding ours
beeause we realze that such a crystallization of present idc s 1s of great
practual value The relative frequenaes of the dilfirent compheations
as shown n Table 9 offr an excellent guide

Sulfapvridine The vomiting winch oceurs in many of the patients
recenving thns drug 1s not a seriaus complication but 13 an important
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for the presence of red blood cells The fluid intake and output should
be measured for ench twenty four hour period wlule the patient 1s recerv

MANAGEMENT  OF PATIENTS DURING
SULFONAMIDE THERAPY
Gt re Ther 44 Fherans Dot g Thergy

& HISTORY AND ) CRALLY| ) FLUIDS
PHYSICAL :xmm@? g BT e
" £) BY STOMACH
Sod\un h!n
Pl e QRN
. & HEMATOLOGY
L) | Rarry vty
el | 'za""v o
 URINATISIS ’\\ NAL I
bd pe K000 3 Tor ksl
PRI Sitron
SIBLOGD SULFONANIDE
ADIINISTRATICN AN con
REACTIONS 10 It 0 ¢ SNGEATRATIOH
Fig 8 Procedures 1o be followed in the management of pﬂllrnu male«l vnlh ml
fonamud s

g sulfonimides and for forty-cight hours afternard If these precau

tions are tahen we believe that a fatal compheation of sulfonamide
therapy should nescr occur
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e 15 employed for the second course Leuhopenia and acute hemolytic
anemia sometines occur when a sulfonamde 13 goven again after it bas
once cwsed one of these reactions Accordimgly 3% 18 clear that if 2
patient has expenenced one of these towic reactions and needs sulfo-
namide thetapy amother sulfonamsde should be given for subsequent
courses This 2 true after months or years have toters ened If the patient,
has had a course of « sulfonamide without 2 tovic reaction 1t 18 stilf
best to use another aulfonmde for a second course if 1t 13 1s eflectine
therapeutienth

Deams rnov Surronavis Toxom

1t 13 yportant 1o stress agan that dealh may occur as a result of
several of these tovie reactions exfohative dermntstis hepatitis renal
caleuh ~cute hemolytic anerma agranulocylosss thromboeytopenic pur
pura and foeal necroses 1 vanous organs Suthff™ estimated that m
New York City tn 1941 there was one death due to sulfonamide tovieity
out of every 68> pnenmoma deaths In the trentment of over 4000
pattents with vanous sulfonamides we have observed only one case 1p
which death may hme possibly been due to sulfonamide therapy a
patient with prenmoria in whom acute hemoly tic anemia des eloped and
who died apparently as a result of the two condstons Ve are even more
hopeful of the future of sulfonamsde therapy since 1t appears that the
percentage of patients recewving these drugs who develop sertous or fatal
comphications 13 decreasing year by year There are many factors to
aecount {or this (1) an mereasing anwreness on the part of physicrans
of the nature and mnportance of tovic reictions (2) improyement it
methods of admumstration and (3) the discorery of newer sulfontmdes
whuch cruse fewer tovie reactions than their predecessors

Procepure For tHE ManacedeERT oF A PaTiFnt By Surrovawer
Tuenary

Before treatment with sulfonarmdes 1s begun as shown mn Figure 8
an etsologie diagnoss of the disease should be made if possible and the
matenals should be obtamed for a hactenolope diagoosis If cultures
are needed after sulfonimude therapy has been started the cufture
medium should contaun para aminobenzose reid for the purpose of ishib-
sting the action of the sulfonanude thus «Howing the growth of any
organisms which mught be present If posuble a complete blood count
and unnalyss should be done beforchand After the admmstration of
sulfonamdes has been started the patient should be questioned daly
for the presence of werhness pasns oltguria or hematuria and watched
cavefully for the appearince of ptlor dysprea jaundsee enlargernent
of the hver or the disappeatance of tendon refleves A Jeukocy te count
and hemoglobm estumate or & red bload el count should be obtasned
every other dw and the ursae examined nl the same nteryals espeeially
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In addition to the varctics of pentailin which have been identified
and studied there are certain unknown substances which are obtained
the impure. preparations T vidence 18 accumulating to show that some of
these substances have an antthicterial action independent of the action
of the pemaillin 1tsdi The chineal stgmficance of these findings cannot
be determined until more nformation has been accumulated

s
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Fig 9 Proballe structural formula for pemein

Nine different salts of perucillin haye been prepared (sodm calcum
potassium banum magnesiem  strontiem hiloum  silver and ammo

mum) Only the sodum potassium and caleim salts have heen widely
used

Propucrion

All the pemaillin used commercially up to the present time has been
obtained by culturing certain struns of the mold Penzerlltum and then
extracting the active substance from the culture medum Although
many wnvestg; have d to synthesize lhin these efforts
were not ful until duVig d* recently syntl d small
amounts of the drug C 1 production by synth at some time
m the future now scems hikely

Porrney

Commercial preparations contam mostly benzylpemailin (pemcillin
G) plus small amounts of the other pemallins The preparations labeled
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TN COLLABORATION WITH
HAROLD L HIRSH

Antibiotics 1re chemical substances of microbinl orgin which hve the
ability erther to mhibit or to destroy other micro-orgamsms including
many of the bacterza that cause human 'nd amimal discases Almost from
the dawn of bacterology attempts were made to develop antibiotic
substances which would be effective agamst human infections All the
substances used for this purpose proved to be too unstable or too toxic
for systemic admrmstration until Florey and his associates'® succeeded
n punifying pemailhn a substance discovered by Fleming? in cultures
of the mold Penicillium nolalum Ixtensive trials have demonstrated
that pemeilhinis strihangly effective against infections caused by a vanety
of micro orgamsms It 1s not a panacca however and in order to use 1t
wisely the clinician should know certan important facts about 1t which
we shall discuss 1n this chapter

CHFMISTRY AND PROPERTIFS

Actually there 1s not one pemcilin but scveral The basic formula for
them 1s CsHyuO SN:R The structure 1s thought to be either of the
formulas shown in Figure 9 The five varieties winch hay e been 1dentified
are shownn Table 12 Tt will be seen that the radical R pemailhn G

[ABLE 12
Vasierirs or I eNteiun

Former Desynation  Former Designafion

Chemical Name 1n Creat Brilain

B Ipemallin G II

p—?‘l;mwlxnz)lpcmcllhn Y Hit
n lleplylpc{\mﬂlm" Il-\ 1 l‘
tPenfenylpemcithin

A mslpembriin Dihydro-F

1s benzyl m pemallin X p-hydroxybenzyl and so on Pemallns G
and X are the varieties which have been studied morc extensively
chmeal work Imvestigations made upon pemerlin I show that i gencral
1t behaves smilarly to pemcillin C Comparison of the pharmacologieal
and clinteal properties of these vaneties will be discussed under the
approprite Tieadings later in tlus chapter References to penscillin mean

pemaillin G unless othersise indicated
66
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wwused or for tssa by ymonths of the ponyodin san the amorphous form
“The tablets may be hept Tor ughteen months st room tamparatore and
should be protected agminst mossture

Pomalhn that hag Ieen placed m ony salution which contwins water
s an mpredient and that 1s hept at room temperature begms te lose
poteney after three dovs Thahier tomporatures will inactivate the ants
biotse much more quekly «o that solutions of penteidlin which Hecome
contarmmited should ot be sienheed by boling or autocknang bat
rothet by passage through Berhifeld Stz or sindar filters

Inactvation of Lematim Lnhhe the sulfonsmides pemaathin ss
not mactivated By pus by the broakdawn products of body tissues by
bloed serum or para ammebonzoie acd {ts action 18 sphibited by an
enzyme cotled pomostlinise which Abrhom! first prepared from Escher
wht colt and which hw since been nolted from s vumber of other
hactens and has been unstathized Pamedhuorse s of great peactical
unportance sinee 1t ean be employed to ncutedize the effict of the pemic
hn present when attempts nre beng mde to enlture bactens from the
blood body flmds or wound «cudates m patients who are under treat
ment withpenrcithn Jtsoffec Lissumbr tathat obtaned by the use of para
annnobe nzowe soid 1 eulfuring material which cont uns sulfonunudes

¥eB have shown that when propor amounts of peatcathinse arc used
the enzyme lms an anmedinte effect aud retains is aeatribzng power
when 13 added to a tulture medim and hept at meubator temper
ature We have recommended that 1 st of pemathnie be addded for
c1ch cubte centimeter of blood or other body fhnd which 53 to be cul
tured exeept urine 1 which 100 umts of pemathinase should be uved
for exch cubie ¢outuneler of urine

Cysterne, aithough st can be wsed to imetsy e pomasfin in testing
preparations of the antibotic for sterdity fr1s been shown by Hirsh
10 be without effect 10 the presence of protern and therefore unsuitable
for yee w eultonng body fwds

Tae Action oF Peniciitan

Action upon Yacro-Organsems Une of the muost remithable
qualities of pemesiiin g the fact thatat 13 effechive against a wide vanety
of mucro-orgamams  \s 1 generat ride ot mhibits the gronth of gram
potive kacterts regardiuss of mhether they are erobic or anacrobic
the sieissersn group smong the gram neatine bietent and m addion
certamn spirochetes fungy and posably certaw visuses and Ruckellscae
Fagure 10 and Table 13 show the senwitivaty of v inous organisms to
pemctfn

Morpholopic changes seeur n some baetent on exposure 1o pemalhin
while some osgamsms undergo Iysi

Action on Bacterinl Toxns Does pensaillin bave the same effect
upon bactersal toxyns that 3t has upon many bactena? In general the
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pemailin X contan mostly that particular pemailhin (p hydroxybenzyl
pemcilhn) together with small amounts of the other pemeilling Purified
crystalline pemcillin 1s winte while the amorphous products vary from
hight brown to buff depending upon the amount and nature of the
impurities prescnt

Penicillin 13 measured 1 umts The present umt as established by
wternational agreement s the specific pemieillin activity contaned 1
0 6 microgram of 2 primary standaid of crystalline sodwm benzylpeme
thn (pemallin € or II) In other words 1 mg of the mternational
standard penscillin 1s equivalent to 1667 units The working standard
penicilhn established by the United States Food and Drug Admnts
tration 1s of such 2 potency that I mg contuns 370 umts of pemaillin
and thus 1 umt of pemeilhin 1s cquivalent 1o 2 7 micrograms of the

worhing standard

VMethods of Assay  All the methods of assav i eneral use are
biological tests which depend upon the inhibation of growth of a micro-
orgamsm n a culture mediim contuning the material to be tested
compared with the mlubition obtaned by 1 known quantity of a stand
ard preparation The two methods most commonly uscd tn climceal work
are the scrial dilution and the cup plate methods The latter 15 based on
the principle that when peniullin 1s allowed to diffuse through an agar
plate which has previously been seeded with the test orgamsm < zone
of 1nlubition appears The larger this zone the greater the potency of
the penicillin tested

The serial dilution method consists m settin, up a series of dilutions
of a pemallin solution of unknown strength and 1 sumilar scries from 1
standard pemtctllin solution adding to both a culture of a pemallm
sensttive orgamsm and comparing the ability of the two solutions to
nhibit growth of the orgnisms

The senal dilution method which we have found most satisfactory
for routine use 1 the determination of the pemaillin content 1 serum
cerebrospinal pleural synovil and other flurds 1s a modification of the
Rammelkamp®® techmque It 1s given in the Appendix (p 142)

SOLUBILITY AND STABILITY

The salts of pemallin e extremely soluble n water whether they
are m crystallme form or are present along with impurities 2s m the
amorphous preparations They arc stable provided that the pH of the
medium 1s between 3 and 7 They are imctnated by acds alkahs
primary aleohols and yvarious heavy metals ind oudizing agents

Noncrystalline penscillin my be hept 1 ats sohd form for eighteen
months without loss of patency if 1t 1s stored at 10 € or fower Crystal
arations may be kept 1 the sohd furm at room temperature
years without deterioration Pemenllin i beeswnx and o1l may
for exghteen months if erystalline pemerthn

line prep
for three
be hept at room temperature
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Dick tests i human subgects Biur® ohscrved that pemailln did not
destroy staphylococeal alpha toin On the other hand  Boor and
Ahller” # have reported that pemelin protected 1 large proportion of
mice and rabbits agunst the lethal action of memngococcie and gono-
coceic endotouins It secms apparent therefore that penctlhin has no
effect ngmnst cxotouns but may be effectn e agunst endotouns Further
imvestigation 1s needed to venify the latter pont
VMechanism of Action  Agamst susceptible mucro-organsms penie
1l 1s bacteniaidal i used in sufficiently high concentrattons When lower
concentrations are used the antibiotic has 2 bactenostatie effect All the
evidence at present fayors the viewpont that only actively growng nd
multiplying micro-orgamsms are susceptible to the action of pematlin
Exaetly how the antibiotic works 1s unknown It may black an enzyme
system needed m or interfere with the utilization of some substance
essential for ,rowth or multiplication On the basis of various studies
on the wactnation of pemeillin with eystetne and relited compounds
1t has been postulated that pemeidlin combines wath the sulilny drvd group
and thus prevents the bacteria from utilizing this substance * This cannot
explan however the speafiaty of its effects upon a fimited range of
hactenal types
Hobby #* working with staphylococu pueumococet and hemolytie
streptococet found that the aetion of pemcillin upon these orgnmsms
wny such that the numnber of orgamisins sury v ing deereased by geometric
units as time increased by anthmetic units until 99 per cent of the organ
1sms were hilled From this pont on the results with different stramns
varied greatly Sometimes the last 1 per cent were killed rapidly some-
times more slowly and sometimes they survived and multiphed f
removed from the pemallin Bigoer® has called the orgamsms which
survive longer than the others perststers  and has evolved the theory
that penicillin should be raised intermittently to high concentrations m
infected parts of the body He fecls that duning the periods when the
concentrations decrease the persisters will have an opportunty to
multiply and will thus be growing actnely and will be vulnerable to
the peak concentration which will result after the next dose Ammal
experiments'* and observations n patients receiving pemeilin on the
ather hand favor the viewpomt that the best therapeutic results are
obtained when the concuntration of pemallin 1s mantained at 2 constant
bactericida) level for the duration of the course of treatment In our
opimon the latter method 1s to be followed at least until further evidence
15 adduced 1 favor of Bizzer s theory
The antibactenal activity of pemieithn 1s increased as the medmm
becomes more aad and 1s decreased as 1t becomes alkaline
The Devel of Resist: by Bacteria When strans of
bacterra which are naturally susceptible to pemcillin are exposed to
progressively increasing concentrations of the antibiotic they may adapt
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answer 1s no Neter* demonstrated that this antibiotic would not coun
teract the effects of tetanus toxin 1n miuce and Freoli? showed that
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Fig 10 Sensitivity of certain common pathogemc bacteria to pemteilhn

TABLE 13
SeN miviTY oF Micro-OrGANIsMS To PENICILLIN

All or Most Strans Sensi [Partislly  Sensitive  or) Most or All Strains Resis-
tive (Usually below 02| Some Strams Sensitive | tant (Usually more than
umts per cc ) and Others Rewstant{ 5§ umts per cc)

(Usnally between 02
and 5 units per ec )

Staphyl - bacler aerogenes

Py i hilus ducreyt Esehericha colt

Beta hemolytic streptococ /Ithmaplulu: pertussis h;rlhel{ln {yphosa
cus clinomyces Salmonellae

Most strams of alpha and | Corynebaclerum  diphthe | Streplococcus facalis
gamma streptococ riae hugellae

€ onococcus 8rmumsxs virus I\ZJI;? l,zle

A f siella p

Bacillus an{,hl;ﬂm l":;udm;onkm aerugine sa

Bactllus sublits thrio cholerae

Clostridium perfringens Dasleurella lularensis

Closirdam seplicum Pasleurella pesits

Clostridium lelan | Profeus vuljaris

Streplobacillas mondlsforms Vondia

Frynpelothriz rinsopatiae Blastomyces

Treponema palludum Tozoplagma

Treponema perfenve Plasmoduum

Leplospira welerohemorrhaq “l: ‘::;pt:m“mumn ™
tcae

oo, (ST

Spertiam minus Lymphogeanuloma virus
-

ere not protected agmnst diphthena toun by panalhin
nd that pemalhn when mixed with diphtherinand carlet
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2 The employment of doses of pemcdhn winch are too small to be
completely effective s likely to produce = shift 1n the bacteral population
1 the direction of the morc resistant orgimsms

3 Any [etor which prevents access of pemaillin to the bietera will
Lave the same effect as the admimstration of small doses

Lffect of Coml 10 of P Iin and Sulf les or
Serum In view of the universal use of sulfonamides and pemeillin it
1s unportant to know whetlicr the antibacterial action of the combt
nation 18 superior to that of pemallin alone Some vestigators have
stated that the sulfonarmdes potentiate the action of pemalhin winle
others hayve felt that they have no effcet upon the action of pumeillin or
may even reduce its anbibactersal actinsty A report by Hobby® appar
ently reconcilis these diserepincies She dumonstrated that sullfonamides
enhance the action of concentrations of purucillin shghtly below the
effectise level while they decrense the effectiveness of bactenicidal con
centrations of Ihn Tlus Iatter ph 15 thought to be due
1o the fact that sulfonamides slow up the rate of multiplication of bac
teria and thus render them less vulnerable to the lethal power of the
pemelhin Buck?® has found that doses of antipneumococeic serum and
doses of penserllin which were meflective when admimstered separatcly

d mice agunst 1¢1nfection when the two agents were
combined

Chnical experiunce ts in accord with the findings of these mvest
gators If large doses of pemalhn are administered there 1~ no evidence
that sulfonamides improve the therapeutic results Since the amount of
pemciihin employed can be mcreased almost indefimtely because of 1ts
low toxicity an unsatisfactory therapeutic response 1s best combated by

wncreasing the dose of pumallin rather than by giving sulfonamdes 1n
addition (A possible exception to this might occur 1n cases m wiich the
mflammatory process was situated 1n an area wnere pemaillin would not
penetrate well and sulfonarmides would such as in the central nem ous
system and memnges )

On the other hand 1f the therapeutic respunse 13 umsatisfactory m a
patient who 18 recerving sulfonarmdes alone the increase which can be
made in the dose 15 s0 small because of the possitbility of tovic reactions
that the obvious solution 1s to 2dd penscillin to the therapeutic regrmen
That this procedure will decrease the case fatality rte n many infections
has been demonstrated to the satifaction of all of us

Comb of specific b: 1al serums and pentcdhin have re
cerved little clinzcal trral From the present evidence 1t would seem that
m a patient who was infected with a pemcillin sensitive orgamsm  but
who was recesving doses which were inadequate to effect a cure the best
results could be obtamed by mcreasing the dose of pemcilin rather than
by gving serum 1 addition to the inadequate dose of pemcilin In
diseases ck 1zed by the fi of however such as
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themselves to grow 1n the presence of high concentrations Such resist
ance of bactena to pemailln can be induced m \mmals by treating them
with madequate doses The same phenomenon has been observed at
times 1n human mfections Blair® reported the devclopment of resistance
by staphylococc: 1n osteomyehtis and we have observed it devel
oping 1n nonhemolytic streptococer and staphylococut 1n patients with
endocarditis
Some mvestigators believe that resistance to pemcilhn 1s acquired as
a result of changes which occur m the orgamism following repeated
exposures to pemchn The bulk of the evidence however favors the
viewpomnt that resistance to pemeillin appears as the result of the sur
wival of a few natuwally resistant orgamsms 1n sublethal concentrations
of pemeilm These organisms then multiply and predommnate Accord
ing to this explanation pemallin acts as 1 selecting agent on a popu
lation of bactenia allowing only the more resistant ones to live and
multiply
Although certain morphological and brological changes occur i strains
with the devel of r 1t 15 1mportant from a
chineal standpoint that strains which dev elop resistance 1n vavo are still
pathogenie Furthermore they usually perhaps invamably retain ther
resistance for many generations even though they are no longer n
contact with p lin Thus 1l strnns of bacterra may
appear 1 persons treated for therapeutic or prophylictic reasons and
theoretically may be transmitted to other persons while they rctain the
property of being resistant to the antibiotic It has been repcatedly dem
onstrated that resistance to sulf des and to thn are md d
ent of exch other We® have shown that when the resistance of a stramn
to benzylpemallin (pemailln G) 15 increased the resistance of tins stran
aganst p-hydroxybenzylpemerllin (pemcilhin X} 1s increased at the same
tume and vice yersa
The circumstances affecting the appearance of resistant strains mn a
patient under treatment with penteilhn are not merely a matter for
academic discusston This 1s o practical problem which 1s inseparable
from the question of obtaiming the best possible therapeutic results 1n a
guven case For this reason 1t 1s 1mportant that we eyanmne some of the
factors which apparently contribute to the development of resistance
1 Assumung that a certain proportion of the orgamsms 1n any given
bacteral population 1s relatnvely resistant to pemaillin then the greater
{he totnl number of organisms the greater will be the number of resistant
nisms present Several factors may contribute to the development
mantenance of a large bactcrinl population in a given nrea

orgal
and
of the infecting dose
(e BT
) anythiry which obstructs drsinage of purulent matenial
f&; o mourrent infection caused by other ! actena
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1

2 The employ of doses of which are too small to he
completely effective 1s lihely to produce a shift i the bacterial population
n the divection of the more resistant orgamsms

3 Any Ictor which prevents access of pemailhin to the batena will
have the same effect as the admimsteation of small doses

Tffect of Coml 1ons of P Ihn and Sulf des or
Serum In view of the universal use of sulfoninudes and pemeihn 1t
15 important to know whether the antibacternl actron of the comb
nation 13 superior to that of pecillin alone Some nvestigators have
stated that the sulfonanudes potentiate the action of pemallkn while
others have felt that they have no effcet upon the action of pemeithn or
may cven reduce 1ts antibiclenal activity A report by Ilobby® appar
ently rcconetles these discrepanens She demoustrated that sulforamtdes
enhance the action of concentrations of pumalhin shghtly below the
effective level while they decrense the effectiveness of bactencidal con
centrations of pemalhin This Iatter phenomenon 1s thought to be due
to the fact that sulfonmides slow up the rate of multiphication of bace
tera and thus render them less vulnerable to the lethal power of the
pemcilhn Buck® hias found that doses of antipneumococeic serum and
doses of pemathn winch were ineffective whon adminstered separately
protected mice agunst preumococeic infection when the two agents were
combmed

Chinical experience 15 1 accord with the findings of thes: investi
gators If large doses of pemeillin are admumistered there 1s no evidence
that sulfonamides improve the ther'\peuhc results dinee the amount of

d can he d almost indefinitely because of 1ts
low ouety an unsatisfactory therape utic response 1s best combated by
mereasing the dose of pemallin rather than by giving sulfonamides 1o
addition (A possible exception to this might occur i cases in which the
mflammatory process was sitnated 1n an area wnere penicaillin would not
penetrate well and sulfonimides would such as m the central nervous
system and menmges )

On the other hand if the therapeutic respouse 1s unsatisfactory i a
patient who 18 recerving sullonanmudes alone the increase which can be
made 1n the dose 13 s0 small because of the possibility of towuc reactions
that the obvious solution 15 to add pemeilin to the therapeutic regimen
That ths procedure will decrease the case fatality rate in many infections
has been demonstrated to the satisfaction of all of us

C of specific ) 1al serums and pemcilln have re
cerved little clinical trial From the present evidence 1t would seem that
m a patient who was mfected with a pemcilln sensitive organism but
who was recerving doses which were 1nadequate to effect a cure the best
results could be obtamed by mncreasing the dose of pemcillin rather than
by giving serum 1 addstion to the madequate dose of pemallin In
diseases characterized by the formation of exotoxins however such as
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themselves to grow m the presence of high concentrations Such resist
ance of bacterna to pemseilin can be induced 1n ammals by treating them
with inadequate doses The same phenomenon has been observed at
times m human imfections Blarr® reported the development of rusistance
by staphylococet in osteomyelitis and we have ebserved it devel
opig n nonhemolytic streptococe and staphylococer 1n patients with
endocarditis

Some 1nvestigators believe that r top lhin 18 acquired as
a result of changes which occur n the organism following repcated
exposures 1o pemeithin The bulh of the evidence however favors the
viewpoint that rewstance to penicillin appears as the result of the sur
vival of a few naturally resistant orgamsms in sublethal concentrations
of penmedhin These orgamsms then multiply and predommate Accord
1ng to this explanation pemeillin acts as a selecting agent on n popu
lation of bacteria allowing only the more resistant ones to live and
multiply

Although certun morphological and biological changes occur in struns

with the development of resistance 1t 1s important from a

chmeal standpoint that struns which develop resistance i vivo are still
pathogeruc Furthermore they usunlly perhaps mvanably retam ther
resistance for many generations even though they are no longer i
contact with penteithin: Thus pemietllin resistant stramns of bacteria may
apper m persons treated for therapeutic or prophylactic reasons and
theoretically may be transmutted to other persons winle they retam the
property of being resistant to the antibiotic It hag been repcatedly dem
onstrated that reswstance to sullt des and to llin are 1ad |
ent of each other We's have shown that when the resistance of a strmn
to bensylpemeithin (pemailtm G 1s inerensed . the resistance of this stram
aganst p-hy droxybenzylpemedhn (pemailln \) 13 increased at the same
time and vice verst

The eircumstances affecting the eppearance of resistant strawns 1 a
patient under treatment with pemcilhin are not merely a matter for
academic discussion This 13 a practical problem wiich 18 mseparable
from the question of obtaimng the best possible theripeutic results in a
prven case For thns reason 1t 16 important that we examine some of the
factors which spprently contribute to the development of resistance

1 Assuming that a certain proportion of the orgamsms 1 any given
al population 13 relatn ely resistant 1o pemothn then the grester
orgnmsms the greater will be the number of resistant
Several factors may contribute to the development
« large bacten1l population i a given area
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diphtheria and gas gangrene nhitouic serums are necessary to com
bat the touns wiile pemailin may be useful to combat the bactena
themselves

Action upon the Host The action and nugration of leukocytcs
macrophages or fibroblasts are not affected by pemalbn at least not
by any concentrations which 1re hikely to he attaimed i patients  Pens
ctllint has no direct 1nfh upon thedevelop of antibodies altbough
it may sonmetimes abort a disease so swiftly 1f treatment 1s carly that
the bacterts (1e  the antizenic stunulus) are quichly eradicated and a
maumal antibody response s not elieited Other effects of peniciilin upon
the host wiil be discussed under Tovic Reactions (p 83}

ABSORPTION OF PEMCILLIN

Absorption after Imjcetion When pemeilhin 13 mjected mira
venously the concentration i the blood serum mnses to a peak 1mme
diately and then falls rapidly over the course of the next few hours
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Fig 11 Absorption of mngle doses of pemicillin admumstercd by \anous routes

(lag 11) After a single mtramuscular injection the serum concentra
tion of the antibiotic mses to its peak (wlsch 13 lower tha the penk
which follows the mjection of the same amount mmtray cnously} 1n about
tiurty munutes and then falls more slowly \bsorption from a subcu

us site 15 much slower so that the peak of the serum concentration
oo ¢ about sixty munutes and is relatively low A small
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diphthern and gas gangrene antitovic serums are necessary fo com
bat the touns wlile pemallin may be useful to combat the bactena
themselves

Action upon the Host The action and migration of leukocytes
macrophages or fibroblasts are not aflected by pemaillin at least not
by any concentrations which are lthely 1o be attamed m patients Pemy
cillin has no direct influence upon the dev el of antibodies althougt
1t may sometimes abort 1 disease so swiftly 1if treatment 1s early that
the bactena (te  the antigenic sumulus) are quickly eradicated and a
maximal antibody response 1s not clicited Other effects of peniciliin upon
the host will be discussed under Toxic Renctions (p 83)

AmrsorpTioN oF PENICILLIN

Absorption after Injection When pemcillin 15 mjected 1ntia
venously the concentration in the blood serum mises to a peak imme-
diately and then falls rapidly over the course of the next few hours
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Fig 11 Absorption of single doses of pentcillin admuinistered by various routes

(Fig 11) After a single intramuscular mnjection the serum concentra
tion of the anttbiotic nses 1o 1ts peak (which 1s Tower than the peak
which follows the ijection of the sxme amount intravenously) in about
Turty minutes and then fils more slowly Absorption from a subcu
th 1te 1s much slower so that the peak of the serum concentration
taneous * hed for about sixty minutes and 1s relatvely low A small
- m:xln:ex‘ the drug can he detected m the serum for several hours
amo!
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diphthena and gas gangrene antitoxic serums are necessary to com
bat the toxins while penicilin may be useful to combat the bacteria
themselves

Action upon the Host The action und migration of leukocytes
macrophages or fibroblasts are not affected by pemeilin at least not
by any concentrations which are likely to be attamned 1n patients Pem
cillin has no direct influence upon the dev elopment of antibodies although
1t may sometimes abort a disease so swiftly of trentment 1s carly that
the bacteria (1e the anti,enic stimulus) are quickly eradicated and a
maximal antibody response 1s not elicited Other effects of penicillin upon
the host will be discussed under Toxic Reactions (p 83)

ABSORPTION oF PENICILLIN
Absorption after Injection When pemcillin 1s mjected ntra

venously the concentration 1n the blood serum nses to a peak 1mme
diately and then falls rapidly over the course of the next few hours
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Fig 11 Absorption of sgle doses of penicilln admimstered by varous routes

(Fig 11) After a sin le mtramuscular injection the serum concentra
tion of the antibiotic mises to its peak (which 1s lower than the peah
which follows the mjection of the same amount intravenously) m 1bout
thurty minutes and then falls more slowly Absorption from a subcu

cous site 1 much slowcr so that the peah of the serum concentration
g t reached for about snty ymnutes and 1s relatively low A small

19 110 ug can be detected m the scrum for seyeral hours
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diphthena and gas gangrene antitowic serums are necessary to com
bat the touins while pemcillin may be useful to combat the bacteria
themselves

Action upon the Host The action and migration of leukocytes
macrophages or fibroblasts are not affected by pemcillin at least not
by any concentrations which are likely to be attaned in patients Pem
cillin has no direct mil upon the devel of antibodes although
1t may sometimes 1bort a disease so swiftly 1f treatment 1s early that
the bacteria (1e  the antigenic stimulus) are quickly eradicated and a
maximal antibody response 1s not elicited Other effects of perueithin upon
the host will be discussed under Tovic Reactions (p 83)

ABsoreTION OF PENICILLIN

Absorpuion after Injectron When pemcillin 1s ingected intra
venously the concentration n the blood serum rises to a peah 1mme
diately and then falls rapidly over the course of the next few hours
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Fig 11 Absorption of single doses of pemeillin admimtered by yvanous routes

(Fig 11) After a single intramuscular njection the serum concentra
tion of the antibiotic nises to 1ts peak (which 1s lower than the penk
whach follows the 1jection of the stme amount trivenously) m ahout
thurty minutes and then falls more slowly Absorption from a subcu

s site 1s much slower so that the peak of the serum concentration
mne:t reached for about sixty minutes and 13 reltively low A small

i drug can be detected m the serum for several hours
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lumen three hours later There 1s no known method of increasing the
proportion of the drug which is 1bsorbed nor of holding the pemeillin
longer 1n the small mtestme The amount 1bsorbed can be dimumshed
on the other hand by the presence of food which apparently intcrferes
mechamically with absorption Consequently the hughest concentr itions
of pemeilhn are obtamed when 1t 1s ingestcd on an empty stomach or
one and one half or more hours after a meal

The pemcillin which passes buyond the duodenum s cither destroyed
m the intestines (presumably by the action of bactena) or excreted in the
stools Although absorption from the jejunum and ilcum can take place
as readily as from the duodenum a considcrable amount of destruction
of pemeillin takes place in the two distal se ments of the small intestine
There 18 httle absorption and a large amount of destruction of the antt
brotic 1n the large mtcstine Absorption from the rectum is undependable
and usually neghigible 1n amount

Pemcillin X when admunsstercd orally 18 not absorbed so readily and
results in Jower blood concentrations than sumlar doses of pemcilin C
or of commercial peucilhn

Absorption from Other Routes W hen pemailin i doses of 10 000
te 100 000 umts 1s injectled into the pleural pericardial or peritoneal and
synovial cavities 1t will be absorbed into the errculation irregularly and
n small amounts If doses of 150 000 to 200 000 units are wstilled 1to
the pleural cavity therapeutically adequate blood pemicillin concentra
tions are reached and mamtaned for twelve to twenty four hours Dt
fusion from the cerebrospinal fluid into the blood probably docs not
occur except 1n the presence of nflammation of the meninges and then
only n small amounts

DisTRIBUTION OF PLNICILLIN

When penicillin cnters the blood about 10 per cent punctrates the
red blood cells and a small part of 1t 1s bound to plasma protems \With
pemcillin k. however 1t has been found that a large proportion becomes
bound to the plasma protuns Thus phenomenon accounts in partf not
entirely for the rapid diminution of detectable penteillm m the serum
after this variety 1s admimstered  Anumal experuments indicate further
more that the bound portion 13 not theripeutically active Pemcillin
passes readily mnto all the tissues of the body except the nerves hone
marrow lens and bram

Diffusion mto the Cerebrospinal Fluid  1he first i ostigators to
study the subject found no evidence of the diffusion of pumallin from
the blood mto the cerebrospinl fluid while Iiter workers found low
concentrations of pentedlin i the spunl flnd alter systenue admims
tration These dillerences of epion were reconalud to 1 farge extent
Jons ** We found that 1t was necessary for the concen

observat
by oot ilin m the serum to be both rehitively il and mm

tration of pemcil
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tamed for s¢serl hours before apprccinble amounts of pusailhn would
appear i1 the lumbar subarachnowd fhud Ta further confirmation of this
18 the work of Schwemlein 3 who his shown that when tweaty mllion
or more umts of pereitim wire adnnmistered by eontinuous ntrnvenous
wfusion dunng a twenty four hour pertod the concentration of penteilhin
10 the spinal fluid at the end of that time was always 0025 units or
tigher

Percillin dalfuses readidy from the lumbar wea o the cercbral portion
of the central netyous svstem after lumbar intrathecal injection of the
drug whercas passage 15 less regular from the cerebral to the lumbar
area after ventncular instilation

Diffusion mte Other Body Fluids Hepatic bile has been found to
conlam a concentration of pemallin which cveeeds that present i the
blood s rum Al the same time In patients with an obstructed cystic
duct loworver pemalhin does not enter the gallbladder 4 Pemicillin
passes readily 1nto most of tie other body fluids the saliva tears edema
flwd and breast milh It enters the fetal arculation and ammotic flud
after passage through the placenta

Destrucuion  \ sinall proportion of the peweillin which s njected
wio the body or absorbed from the gut 13 destroyed within the body
It has been ~pecifically shown that 1813 not destroyed by the liver There
15 some debate at present as to whether s Jarge part of pemeillin b 1s
destroved soon fter it 1s absorbed

FacreTION

Practically all the peruaithn which enters the airculation 1s excreted
through the hiduey mamnly tbrough the tubules Excretion 1s directly
proportional to the blood concentration and unfortunately for thera
peutic purposes 1s very rapid For this reason numerous attempts have
been made fo find a substance which would bloch the Lidney tubules so
as to prevent the egress of Jif the ¢ 1 the
blood for a longer penod of time and thus chmmate the need for repeated
admutustration of the autibiotic Such a sequence of events has been
observed 1o renal failure and alvo when diodrast phenol red hippuran
para aminoluppuric aud or benzeie acid 18 admimstered The last two
of these have been used chuically

Para aminohippuri. ad* 13 given ntravenously firsl a priming dose
of 50 cc 1 a 6 per cent dilution 13 warmed to body temperature and
jected at the rate of @ cc per minute followed by a continuous infusion
at the rate of about 80 mg per hilogram of body weight per hour These
amounts usually result in a para amnolippuric acid plasma concentra
tion of 10 mg per 100 cc The penicilhn 13 giv ent by constant intravenous
nfuston along with the para aminolppunc acid It1s necessary that the
renal function be determined beforehand since dumnished function might
result i hugh concentrations of the acid m the bloud
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At the present time another compound caronmude ? 1s bemg mves
tigated to see whether 1t will block the tubular excretion of pemeillin
Our mvestigations thus far have shown that doses of 2 to 4 gm every
four hours will usually mcrease the concuntration of pemeillin m the
blood from twofold to el htfold

Pemciilin 15 excreted more slowly than pemeallin G and the total
amount of peniertlin X recovered 18 less Pemcillin ke 1s excreted more
rapudly than pemaillin G and the amount recovered 1n the urne 1s less
than that of erther penserllin C or peniellin \

ADMINISTRATION

Admimstration by Internnttent Ingections The tramuscular
route 1s used almost entirely for intcramttent mjections designed 10 pro

CABIE 14

AMinnan Senum Penicinan ConcoNThaTIoN Ostavasne Fortowine Intaa
ups ULAR InsEcTIONS OF DiFFLAENT AMOUNTS oF | EniciLuiv
(4} Penicilin in Aqueous Solution

]
Serum Penscillin Concentration and Tune after Injechion
Amount of Pemcillin

2 Hours 3 Hours J 4 Hours
(Umts) (Units per cc ) (Unats perec) (Units per ec)
12 000 [ 0 [
20 000 002 0 ¢
25 000 004 0 0
30000 008 002 0
10 000 02 003 [
40000 | 02 006 002
100 000 032 016 a0t
200000 063 032 ’ 008
1000 000 12> 063 016
2000 000 24 12, 063
(B} Lencilln 10 Beeswax and Oil
1
! Serum Pencillin Concentratton and Tune after Injelton
Amount ¢f Penic

Win Injected

4 Toues | 8 Hours | 12 Hours | 16 Hours | 20 Hours | 24 Hours
Units | (Umts | (Units | (Unis | (Umts | (Umts
(Uont) p(cr cc ) pree) | pree) | peree) | peree)
100 000 008 [ [ 0 0
| e dn e
600 000 |

duce clective serum pemcilin concentrations When agucous solutions
ed njections should be given cvery two or three hours
1 and boesw 1x 1s employed  the mjections may be
ddve or twenty four hiours Table T4 <hows the

are admmsier
When pemeillin 1 ot
spaced as far 1part >
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TABLL 1>
Data ov 1k Most Iuportant ROUTES OF ApsinisTRATION oF IEntCILLIN

79

ot dranta Dusac Recommended
Route tdwantages drantages JRecompended
Intermuttent (1) Stmplest paren [ (1) Large number of [ General use in hospt
ntramascular teral method ingections  re | tal when hgh ses
wjections ( ) Allows for great quire: rum concentrations
fleibility of | (2) 1 encilln concen | are not required
dose trations vary
from hour to
our
(3) Wasteful of pen
scalhin
Continuous (1) Saving of pemc | (1) Sometumes pan | In howe or hospital
ntramuscular allin ful when pemalio
» (2) Contant pemc }{.) Stenle abscesses | must gnen o\u
allin concentea Sotelimes a lon,
tons  mamn formatate | severalweeks
tane (3) Requures con Under any conds
(3) Easter to adoun slant attend { tions where it 1s
aster oon ance desirable to save
tinuous 1ntra pemai
enous U
sion
Continuous (1) Sa 1ng of penie- | (1} I hlebothrombo- | When high serum
ntravengus alin sometimes §  concentrations are
wfusion {<) Constant penic- desired and purs-
i concentra | (2} R ng attention s ade-
uon:cd man bl&nl nlknd quate
(3) Less panful ) an | (3) fost duffcult
con! n method to ad
tramuscular mm tr
mfusion
[€Y) 0nl¥l ‘method by
which haghest
concentrations
can be mun
taned
Injections of pen | (1) Fewer njections | (1) Somewhat dufli | Routine oflice and
lall il | (2) Blood concentra enlt 10 adoun | home use Can be
and beeswax tions  more 1ster used also for rou
constant than [( }To lc reactions| fine treatment n
with mterant more frequent | hospt
tent 1ntramns than with
~ular atqucous pentc
tions of aq e dhin
ous pemclln
solut on
Oral (1) Sumplest method

_— ]

(') No attendants

() Blocd concentza
tons wrerular
(2) Mimmal concen

tnfections oaly

Office home or hosp
tal use 1t 1nfections
which re_pond well
to pemsciliin
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doses necded at the vanious wntervals to produce certun desired mimmal
blood concentrations
Admuustration by Continuous Infusion When high blood con

centrations of pemallin are needed the most satisfactory mcthod of
admustration 1s by continuous mtramuscular or wtravenous mfusion
(Fig 12) Inintramuscular infusions the amount of pemallin desircd for
each twelve hour penod 1s caleulated and that amount 1s dissolvcd 1
500 or 1000 cc of 1sotome sodmum chloride solution * If 1t 15 desirable
to umit the quantity of sodium dmistered § per cent dextrose solu

tion may be used instead The solution 1s placed 1n a flash and connected
with a Murphy drip ipparatus to which a 2 inch 18 or 20 gauge needle
15 attached The necdle 1s mserted nto the lateral aspect of the tinh
or mto the gluteal muscles the solution flows at a constant rate over

LTI
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Fig 12 Abcorption of pumallin duning a twenty four hour period when it is ad
ministered by various methods

the course of twelve fiours When 1000 ce of solution are used for a
twelve hour period the proper rate of flow 1s usually thirty to forty
drops a mumte If the patient complans of pam at the site of mnjection
25 ce of 1 per cent procaine may be added to each 200 or 1000 cc of
solution
For continuous 1ntrayenous wfustons the Murphy dnp 13 used Iike
wise and the solution 1s made up as for the continuous mtramuscular
infusion A 20 gauge ncedle 1s imserted into a ven preferably one well
below the clbow so that the patient will have more freedom of movement
The needle should be ::lnchul;ltd firmly n phee with adhesnve Vems
used 1f desire
mfl':lefz::l:):’lehe myection should be inspeeted at frequent intery llls [;)l;
dences of wnitation As soon 4s these are obscrved  the needle shoul

;:recmo\ml immediately to another site In this way thrombophlchitis
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can be prevented almost eutirely  Another method of proyentmg it s to
add 1 umt of hepann to each cubic centumeter of the solulion
When persaillin 1s wdmnustorcd by erther the continuous mtramus-
culir or the continuous ntravenous mcthod the serum pemallin con
«ntration rises rapidly 1o a plateau and thus level1s mantamed as long
as the mfusion 15 bang given (Fig 12) Althou,h there 1s considerable
vanation from patient to patient and in the samu patient from time to
tune a rough estimate can be made of the serum pemcillin coneentration
on the basis of the peniciilin dosage I or every 100 000 units given over a
tnenty four hour period the serum ¢ 100 will nise
01 umt pcrce
For moderately severy infictions twenly four hour doses of 500 000 to
one mullion units will often be suffiuent For more severely all patients
or for nfections caused by relatively rusistint organtsms doses up to
forty million unmts or more have been employed For these largur doses
the continuous ntravenous infuston 18 preferable
my also be ad tercd mto the bone marrow
1he most commonly used sile 1s the sternum Recourse to this route
may be nccessary in cases where the vans are thrombosed or mac
cessible
Oral Admunistration The serum pemallin concentrations obtamed
after admimstration of the drug by mouth are so vanable that one can
not predict with certainty the concentration wluch can be obtained after
a particular dose Pemaillin has been used successfully 1n several discases
by admnstening at three hour intervals doscs five times as great as
would be employed intramuscularly for the same conditions The drug
15 admumstered most conveently 1n the form of tablets in which the
pemecilhin s usually combined with 1n alkaline buffer but if tablets are
not available pemeillin powder may be diluted with water and given
this way
More constant and predictable blood concentrations are obt uned
when the doses are spiced so as to fall at least one half hour before and
one and one half hours or more after meals
Intratheeal Adnunistration In all the diseases of the nervous
system which are benefited by pemeillin \ulh the exception of neuro-
syphibs lin has been ad hecally The lumbar
subarachnoid space 13 most commonly used sice ijections there are
more convetuent and less dangerous although the injections may also
be made nto the latcral ventricles or intracisternally Doses of 10 000
1o 20 000 ututs dissolved 1n 2 to 10 cc of 1sotome salt solution should
be admunsstercd by slow injection or by gravity after a shghtly greater
volume of spinal flud has first been removed Larger doses should not
be used since symptoms of irritalion and shock have been observed as
a result of the mtraventncular mjection of 15000 to 50 000 units of
pemaillin and permanent cerebral and cramal nenve damage arachnoid

1
tely
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ihis transverse myelopathy and peripheral neuritis have followed ntra
thecal myections of simlar doses Simular injurious effects which have
occasionally resulted from mnjections of 10 000 umts 1 the lumbar sub-
arachnoid space are probably due to the building up of ligh spmnal flud
concentrations of pemtcillin 1s the cumulatrve result of duly myections
for ten or more days For ths reason 1t 1s good practice to deiermme
the concentration 1n the spinal fluid at least ¢very second or third day
when 1ntrathecal therapy 1s being contiued over a long period Intra
thecal mjections of pemeithn which are not sufficiently diluted or which
are given too rapidly may also produce damage to the spmal cord

Injections into the Pleural, Peritoneal ind Pericardial Spaces
Although pemcillin sdmimstercd systemicaily 1s absorbed nto the scrous
cavities 1t cannot be, depended upon to rcach and remain at a desired
concentration in a given case Infections of these serous membranes must
therefore be treated by the local injection of pemeiliin Doscs of 30 000
to 200 00¢ umits of pemeillin 1n a dilution of 1000 to 10 000 umts per ce
of 1sotomnre salt solution should be mjected daily or on lternate days
When underlying pulmonary disease 1s present pemcilbn should also
be admmstered systenueally

Intra-Articular Injections Most bactenal infections of the jomts
should be treated by the intra articular injection of pemetllin Doses of
20 000 units ench day or 100 000 units on alternate days 1n dilutions of
1000 to 20 000 umts per c¢  should be injected As much synovial flud
as can be oblamned 1s first removed An exception to ths 1s gonococeic
arthritis which often responds to systemic therapy alone

Inhalauon Pemalhn admmstered by mbhalation 1s an effcctive
form of therapy for certain diseases of the respiratory system Doses of
20 000 to 200 000 units of pemetlhin dissolved 1n 1 to 15 ce of 1sotome
slt are admimstered by havin, the patient mhale the nebulized solu
tion delivered through a special apparatus The readcr 1s referrd to the
work of Barach? who has poneered n this field for further par
ticulars

Other ‘Methods of Admumstration Pumcllin can be apphed
Jocally as a spray by means of saturated dressings or through tubes inte
decper wounds Concentrations of 200 to 5000 units per cc are used
frngations with pemcillin solution should not be employed suice this
method docs not heep the antibiotic n contrct with the wound for a
Tong enough period Pemeillin 13 also applied Jocally as a powdes ot
ment or cream Troches for dissolving 1n the mouth are avarlable com
mercially although their value 1 the treatment of wfcchions of the
mouth has not been defimtely cstablished at the present tune

Serum Concentrations Obtamed n Chaldren While 1t 15 quite
lihely that \dentical doscs of pemcillin will produce lugher serum con
han mn adults, the dilfcrences are certamly not

1n cluldren 1
centrabions rence n body weight Until more studies have

proportional to the duffe
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been done w thus comtection 1t 18 best Lo give most children the same
doses as 1re recommended for adults In infints 1 dose of one hall the
size of 1 adult dose should be sufficient

Tozxic Reachions

Although pumeilin g the least tovic of all known antibactanal agents
nevertheless its admimstration 1s somelunes accompanied by untoward
reactions which arc usually merely uncomfortable occasionally serious
and rirely fainl In the carly days of punaliin therapy many reachions
were obseryod which were due to impunities which had not been remos ed
Among these were chills fevar headache flushing of the face and shin
rashes As tlie preparations of pemaitlin have become progressively purer
and especially since erystalline prep irations have been available 1t hias
been possible to distinguish those reac lions from the ones due to pemaillin
atself

InniTant REscTions

Reactions to Injection When njecled intramuscularly pure
preparations of pemeillin seldom produce any more dicomfort than a
shight burning or stinging scnsation which passes away after a few min
utes If this bothers the patient unduly 1 ce of 1 per cent procame
solution may be added to the pemallin solution before mjection The
less pure preparations somclimes produce more pain and dicomfort
Subcutaneous mjections re gencrally more pamful than those p1ven into
the muscles

Pain at the site of continuous mtramuscular infusions may occur if the
needle 15 mnserted n a place where the amount of flud which can be
wscrted 1s himited for instance between the shin and a fascial plane
Aseptic necrosis has been observed m rare instances as a result of con
tinuous lar anfi C mt some-
times result 1 thrombophlebitis at the site of the ipection Throm
bophlebitis 1s appeaning less frequently as the preparations of pencillin
are becomm, purer The incidence can be decreased still further by
adding heparin in quantities of L unit per cc of fld Thes reduces sightly
the speed of coagulation at the aite of njection without affecting the
coagulation time  enerally When thrombophlebitis does occur 1t sub-
sides within a short time after the nuedle has been moved to another
vein

Oral Admimstration Oral adimmstrition 1s wsually not attended
by symptoms of gastromtestinal irntation We have observed nausea
rarely mld diarrhe twice and vomting only once among more than
300 patients who recens ed the antibiotic by this route These symptoms
were more likely due to the mechamcal writation caused by several
tablets than to the action of the antibiotic itself

Serous and Synoual Cavities Pemcillin 1s somewhat irntating
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when 1t 1s 1njected mto serous cavities Some of our patints have com
pluned of pan of the pleuritic type at the time when the drug was
being injected intrapleurally and some have developed lymphocytoss
of the pleural fluid after the injections When pencilhn was myected into
normal jownts we noted shight redness swelling tenderness and pam on
motion of the jont followed by lymphocytoss of the synovial flud
These phenomena mvanably disappeared entirely within forty eight to
seventy two hours

Central Nervous System Pemcillin has shown the greatest irntant
effect mn the central nervous systun Damage to the spinal cord from
doses of peaaillin whnch are too large or too concentrated or from the
building up of hugh concentrations of pemeillin in the cerebrosprnal fluid
has already been discussed (p 81) Large doses of pemeillin admines
tered intraventricularly or mtracisternally will cause ¢y wnosis symptoms
of shock convulsions and death '# 4 These reactions cnot be attuib
uted solely to the impurities in commercial pemcillin smce they hwe
also followed the employment of the erystalline product The admms
tration of pemalln directly into the cercbrospmal fluid 1s followed by
an inerease 1 Lthe number of lymphocytes in the flid This phenomenon
has no particular sigmficance except that 1t 1s an vvidence of wrritation
and may confuse the diignosis or prognosis unlcss 1t 15 borne m mmd

Uterus  Although 1t has been stated that pemalhn admimstered
systemically has a toue effect upon the uterus winch may result m abor
tion carcful studies of the cases of a large number of pregnant women
treated with pemcillin have faled to substantate this contention # We
do not bcheve there 1s any reason for withholding pentaillin treatment
from a woman because she 1s pregnnt

RractioNs Apparentiy Dui to HypERsinsITIVIEY

Local Reactions Contact by pemerllin solution spray or ontiment
with the shin my produce a local reaction which 1s apparently duc to
hypersensitivaty  sinee the antibiotic 1s not a primary wntant when
applied to the shin The resulting dermatitis may be erythanatous vesic
ular bullous or exfolitting wnd will be accompanied by varym, degrees
of edema weeping and itchin, Contact with the cyes may produce con
junctivitis blepharttis wnd sclentis 1ven the shght amount of powder
which 1s carried to the eyes of 2 person opcnn,, an mmpule niay be sufli
cient to produce a conjunctivitis kortumtcly this condition 13 cucoun
tord infrequently

When penoillin 1s apphed to the mambrines of the mouth nos. or
throat by means of mouth washes jargles sprays trochies or tablets
the membrancs may become swollun red and v¢ icular and my exfol
ate Subscquent admimstration of pumalhin locally or systumically 13
Likely to caust wother attack 1 the arex previously mvohved
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General Reactions The chinieal mamfestations of these (kg 13) we
1 Skin rashes motlalhform  erythematous purpunc veswular or
wlolintnve erythuna moltforme and erythema nodosum
\n loncurotic eduma
Maluse general achin, and fover
Generlized Iymphadenopathy
Pain and swelling of the joints
Dyspnea pulmonary edema
Nausca vomuting abdommal eramps
Syneope and shock
Penphoral neuntis
It 1s wadent that many of these mamfestations are charactenstic of
serum sickness (shin rashes arthralpa lymphadenopathy) while others
are typical featurts of immediate serum reactions or nccelerated scrum
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Fig 13 Irocedures to Le followed in therspy with pentcillic

sichness (angioneurotic edema vomiting abdominal cramps dyspnea
and syncope) Others such as erythema nodesum and exfohative der
matitis are frequently seen 1n patients who are hy persensitive to certain
drugs

Penpheral neuritis which is included m the st ments special discus
ston Kolb ® has reported se»en cases which had their onset from ten to
twenty-one days after the imtial injection of pemcilin The common
peroneal nerve was affected 1n three cases the sciatic mn one and the
lateral femoral cutaneous 1n another the remamming two patients had
involvement of nerves which arose from the brachial plexus The motor
disability was much more pronounced than the sensory changes 1 each
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when 1t 15 injected 1nto serous cavitics Some of our patients have com
plamed of pain of the pleunitic type at the tune when the drug was
being injected witrapleurally and some have developed lymphocytoss
of the plcural fluid after the injcctions When pemailhin was injected wito
normal joints we noted shight redncss swelling tenderness and pun on
motion of the jomt followed by lymphocytosis of the synovial flud
These phenomena i artably disppeared entircly withun forty eight to
seventy two hours

Central Nervous System  Pemicsllin has shown the gieatest untant
effect 1n the central nervous system Damage to the spmnal cord from
doses of pemcillin wiich are too large or tov concentrated or from the
building up of high concentrations of pemierllin in the cerebrospinal flud
has alrcady becn discussed (p 81) Large doses of pentcillin adminis
tered ntraventricularly or intracisternally will cause cyanosis symptoms
of shoch convulsions and death ' # These reactions cannot be attnb-
uted solely te the impunties in commercial pemaillm smee they hwe
also followed the employment of the crystallne product The admums
tration of pemadliu directly mto the cerebrospinal fluid 15 followed by
an merease 1n the number of Iy mphocytes in the flud This phenomenon
has no partlcular blanlﬁcallce eacepl that 1t 13 an ¢vidence of irritation
and may confuse the dia,nosis or prognosis unless 1t 1s borne 1 mind

Uterus Althou.h 1t has been stated that pemalin admmstercd
systemcally has a toue cffect upon the uterus whicli may result m abor
tion carcful studies of the cascs of a large number of pregnant women
trcated with pemeillin have fulcd to substantite this contention @ We
do not believe there 1s any reason for withholding puaillin treatment
from a woman beeause she 13 pregnant

Ruacrions AppanenTiY Dut 1o HyieRSEASITIVITY

Local Reactions Contact by pamallin solution spray or owtment
with the shin may produce a local reaction which 1s apparcntly due to
hypersensitivty smce the antibiotic 15 not a primary wntant when
apphied to the shin The resultin, dermtiis may be erythematous vesie
ular bullous or exfoliating and will be accomp wned by varymn, degrers
of edemn weeping aud ilchin, Contact with the cyes may produce con
jqunctivstis blephanitis and sclentis T yven the shhit amount of powder
which 1s carried to the eycs of 1 person opemng an ampule may be sufl
cient to produce 1 conjunctivitis Fortunately thus condilion 18 encoun
tered infrequently

Vhen pemeiin 1s applied 1o the membranes of the mouth nose or
at by means of mouth washes ,ir.les sprays troches or tabiuls
the membranes m1y become swollen red and e rculwr and may exfols
ate Subscquent adminstration of pemcitli locally or systumically as
lihely to cause another attack m the e previously insolied

thro:
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percilin admistration 1t has been suggested that these may be due
to scositization to the anlibiotic rt ielero or a3 a result of previous contact
with the mold Pentcillium

Scnsitization of the shin and mucous membranes by direct contact is
the most frequent form of ~sensitization holodny * observed that imme-
diate reactions developcd in 2o pur cent of dermatologic patients and 1
6 per cent of nondcrmiatologie patients while delayed reactions were
present 1 8 per cent of the former and 10 pur cent of the latter

Tests for Hvpersensitiaty The Nict that hyperscnsitivity to penie
Mo dovs st 15 strengthened by the demonstmtion m some pitients
who have shown reactions of positiy e intracutaneous patch and passive
transfer tests and rarddy of po itive preapitin rexctions Wso The first
three of these have been chiated with erystallne as wedl as commercinl
pemcilin: The itrpretation of these reactions is complicated however
by the fact that positiv ¢ tests do not occur 1 all individuals who mam
fest the symptoms charactenstic of hypersensitivty to pamallin wlule
on the othcr hiand a number of normal persons react positively Rosten
berg ** for wstance obscryved positive shin tests of the tuberculin type
1n 5 per cent of 144 per~ons who had had no prior contact with pemcilin

TREATMENT

None of the tests whreh hayve been utihzed up to the present time can
be depended upon to detect persons who are hy prsensitive to pemallin
This must be accomphished therefore by inquinng for the occurrence
of reactions te a previous course of pumallin and by obserying carefully
all patients who are recenving this anbiotic Fortunately the reactions
indicative of hvpersensitivity usually disappear within a few days if
pementhn therapy 1s discontinued and v ai in some snstances winle peme
ilkn 15 still being adiministered  Lxfohative dermatitis however may
progress even though pemiallin 1s no longer beng given and at least one
death has occurred 1n tlis way Another death attributed to pemallin
oceurred 10 a patent with a scarlatmform and urticanal rash Other
patients have exhibited «erious and sometunes alarming reactions

Pemctllin therapy should accordingly be discontinued 1n all patients
with a vesicular bullous or exfoliative rash and 1 instances where the
rash 13 accompamied by a considerable amount of edema or a marhed
degree of urticaria  Angioneurotic edema mmvohving the ar passages
dyspnea pulmonary edema syncope or incipient shock are also 1ndica
tions for cessation of penicillin treatment The drug <hould also be dis-
continued 1f peripheral neuntis appears unless the disease from which
the patient 1s suffering 15 likely to termunate 1n death if more pemcilin
13 not given As far as can be determined pemallin need not be stopped
if the following reactions are present fever and malaise nausea and
vomiting lymphadenopathy or urticanal erythematous or maculopap-
ular rashes provided they are not extensive If pemcilin therapy 1s
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cas¢ Muscular atrophy appeared 1n two patients with lesions of the
brachial plexus Complcte recovery accarred within four months i five
of the patients while the other two had miproved considerably when the
report was mide
Because of the tume nterval which elapscd before the apptarance of
the neuntis and because the chnical features of this condition resembled
the neuntis which often occurs as a part of serum sichness we have
wicluded this syndrome among the reactions of hypersensitivity rather
than attnbuted 1t to the dircet action of pemeilhn upon the nerves It
15 important to note however that most i cstigators haye encountered
penipheral neuritis rarely or not at all It 1s possible that many of Kolb s
cases may have been caused by something other than the pemaillin
Dermatophytide Keactions Ceneralized eruptions followmg the
admuustration of pansaillin have appeared 1 patients with chronic
mycotic fcctions of the feet or hands These rashes are sumilar to the
dermatophy tides frequently obseryed m patients with dermatophy toses
Heraheimer Reactions Patients with syphilis especially those n
the primary or secondary stages often exlubit Herxhemmer reactions
when pentaillin 1s administered These are charactenzed by fever clulls
edemn and pain at the site of the syphilitic lesion nausea malaise head
ache or joint pams or a combination of thuse symptoms 2 In most cases
they appear from two to erght hours after the beginn, of perualim
treatment and last for twedve to twenty four hours They are thought to
be a reaction to the products of destruction of the spirochetes Olanshy®
has shown that they cannot be preyvented by givmng, small doses of peme
ilhat at the start of trcatment as has been advoeated by some worhers
Other Reactions Pemetlin acedertes the coa,ulabion of ammal
and human blood One case of agranulocy toss has been reported as being
probably duc to pemeilbn Nicotime acid dcficiency lias been observed
i a patient who was given pemailin orally Althou,ls there hnve been
occasional cascs in wluch azotems 1 developed whilé patients were recen
ing pemalln the scaraity of such occurrcnces mahes it unlikcly that
pencllin itself was responsible Sonse nvestigators have claimed that
penteillin potentiates the mticoagulant action of hepann winle severa)
otherworkershay ¢ beenunable toconfirm this Therescemstobenoreason
thercfore why hepann ind penciilin cannot be gy un concomutantly
Relation to Previous Pemeilhin Therapy Paticnts recenving pome
dhu mav become sensitized to 1t i the same way that people become
sensitized 1o scrum or drugs with the result that any of the reactiony
listed on page 8> may take place These reactions are usu ly of the
dclayed type since they oceur 1 most instances from five to twenty
five days after the start of pemeillin therapy On the other hand they
may ppear ediatdly after the ad trition of the fint dose of
pentgalhn if & course of the antibiotic bas recently been given Sometuncs
ymmedinte seactions occur when there has Leen no lustory of provious
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continued under these eircumstances the patient should be observed
carefully and at {requent mtervals

The treatment of the rcactions once they have devcloped 1s stlar
to that employed for reactions following the admmstration of scrum
Urticaria wall be relicved for short periods by the use of 03 to 06 cc
of a 1 1000 solution of epincphnne (Larger doses are seldom required
and only serve to mahe the partient uncomfortable from the side effccts )
Injections of 05 to 1 0 cc of a 1 500 solution of cpinephrine 1 o1l may
be effective for as long as eight to twelve hours Benadryl or pynben
zamune 1 doses of 50 mg every two to three hours for adults and 1n
proportionate amounts for cluldren may be used nstead and will often
be efftctine We have not found ephedrine uilectiv e exeept in vory nuld
urticaria

The itchung may be alleviated by local application of calamme lotion
contaimng 1 per cent phenol and by baths in water containng starch
or sodium bicarbonate Arthralga is often relieved by aspinn This drug
may also heep down the fever somewhat and relieve the headache

In the event of an d reaction the ad ration of p
should be promptly discontinued Lptnephrine hydrochlonde solution
1 1000 should be admimstered mtramuscularly in doses of 05 to 10 cc
aud the site mssaged vigorously mn order to speed entry of the drug into
the arculation If the patient s condrtion 1equires more urgent aclion
03 cc of this solution should be given slowly mnto a vem If the vens
are collapsed and death appears immment the epincphrine may be given
durectly mto the heart Injections of cpmephnne should be repeated at
mtervals as required untl the patient 1s completely free from danger or
relapse This means that he must not be unattended for a moment dunng
this tume The xanthine diusctics and oxygun under positive pressure
may be used to combat pulmonary cdema Shock and syncope should be
treated by the usnal methods

Subscquent Pemalhn Therapy Patients who have reactions due
to sensitization of the shin or mucous membranes to penscillin should be
given pumcillin a second time whether 1t be locally or systemcally only
if the antibiotic 18 urgently necded and then cautiously and i small doses
At first

Undcr what areumst wices pemallin can be readimmstered with i
pumty to a persan who has uipenienced a reaction of the serum sichnuss
type 1s not settled at the present time I ven though pemcillin does not
scem to be so dangerous m this respcct as serum st would be well to
withhold 1t unless the patient 1s suffurmg from 1 scvere liness and then
to gve 1t only with the utmost caution

11
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6 Streptomyesn Therapy

I COLLABORATION WITH
HARCLD L. WIRs1E

Ater the discovery of pumadin many attaupts were tade to find
awotber snbbiote wlisch would whibnt the grow th of organisis that are
uniffected by pomething espeeridly the gram negatoe bactenia 11 was
necessary that th antibiotic shuuld not be wnactinated by body ftuds
and that 1t would be niunvidy nontovie to humans The substance which
Bas been most successful w fulfiling these critesta 15 streptomyan
obtamned from cultures of several steuay of Yclinamyces griseus Subme-
«quent studies 1 ammols and i human patients fiw o demonstrated the
effectiveness of s subist we m many dis ises

Cuestistay A PROIERTIES

The chemstry of streptomycmn 1s not completady hnown at the preseot
time 1t bas been shown 1o b an orgame base with the probable formula
of Caflin30i0yy {815 <ofuble i water aud 1usatuble 1 « ther acetane
aud chioroform 1t 18 avastible as a wiate powdee i the form of strep-

tomyam hydrochlonde syl phosphate or the double salt of enlewum
chlende

Propuerion

Tht crude antibiotic 13 obtuned from the culture of lefuomyces
grueus by adsorption upon charwoal After Juton 1t 1> punfied con
cantrated and «rvstalhized md comvaried 1nto oue of the soluble salts

Porency

Formerly streptomycm was toasured o teris of umls an > umt
beng that amount of matenal whieh when present m 1 mi of nutrient
medinn wall just inlubit the growih of a gven stram of £ colt Other
uiuts were designated an L unit wluch was 1000 tunes an S umt and a
G umt which was approximately 1000 660 tunes an & wmt or 1066 tunes
an Lunit These units have no retation to unsts of pemcidlin: Since erys-
talline streptomycin has become av stlable the standard bas been Lased
upon the weight Lf the dry matenal as follows

Weight «f Streplon yesn Baze Appmxm ale Equiealent in Unuts
1 microgram. 1% uml
1 rodl gram lLumt(lOooSun()
1 grom 1 G ot (2000 Loun ts)

91
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Mechanmsm of Action The mechism m of whon of streptomsom
L umot be deternuned 2t the present ime Bondd® has made the sug.es
fion thit ats antthacterial action mway be due to its ability to Block @
oxdutive engyme substancy which s caentind to the grosth of wrobes
i the enzymy blocked by streptomyan were vne which s not neeessary
for the metabolic processes of anwrobes this woukd explam the fudure
of stauptomyemn to affect wserobes 1 gener

The Develoapment of Rewistance i Bacteria One strhing ghar
acterstic of streptomycttt 1 the ease with which bacterin whieh were
orignally suserptible can D adiplud so that thiey wall become resistant
to hugh concentrrtions of the antibiotie Resistanee to streptomyem
acquired with much greater Fiabty than reastance o pemathn both

TABLE 16
Suscreniaury or Vasious Micka-Oacant us to Stuneremnary

Yoy Voderalely tshylllyor J

Geacerally less than 1 G nirally batween Y and 20
MIcrogram pes oc. 0 CTograms pe ¢

Genorally o (r 20
nucrogras fxr oo

Uerbacter aurogenes | Brieella abutus mekdensis and t Closlriduan seplocum
Bocillus anthsacs s Gl sirudiurn telons
\lyeol Tuberen 0 diphith | Elostridun welehis

u plocecrus prews miae | Stupt stococeus sureus
Parteurells pestis terihels Iyt hosa Gorne steairs)
Pasteurelia fularensis | F scherichua ole Steeplococens faccalie

femoph lus tnfluct ae Vs adomonat gervgenns

Iomophalics peringsts (50 ne steasms)
Alebuella paewmonase
Rrusseria gonarrhise
Teaseria tntsacelludacss
Proteus sulgares
§ peudomanas errgeost
Saimoneliae 7

Strepioocus srdans

|

w vitro and m patients under treatment s independent of and not
related 1o reswtance 1o pemerdin or the sulfonnides

The orgin of ressstant orgamsms 15 not known They may be dernved
from ongimally sensitive strawns the growth requirements of wiuch sre
changed after expusure to streptomyem or they may have been present
m small numbers m the bactunal population before the first contact
with the antibiotic In the Iatter event they would have become the
predonunant orgamsms by surviving the destruction of the more suscep-
tible ones The lattor theory best explans the facts which are hnown at
the present, tune

The acqusition of resistanes to streptomyom 1s of tremendous chn
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Methods of Assay Streptomyem can be assayed only by biological
methods which depend upon the inlubition of the growth of a susceptible
micro-organism m a culture medium contuning the matenial to be tested
compared with the inhibition obtaned by a hnown quantity of a stand
ard preparation \ssays are frequently done by determining the area of
diffusion through an agar plate secded with mucro-organisms The strep-
tomyem may be placed 1n glass cups or on filter paper discs We have
used a sernal dilution method devised by the Food and Drug Adnums
tration which 1> similar to that used for pemeillin except that the test
orgamsin 18 1 strun of Bacilus circulans The tcchmque 13 given on
page H2

STABILITY

The salts of streptomyein i powder form can be stored for es,htecn
months 1n the refrigerator without apprcaable loss of polency Dilute
sterile solutions are best stored in the refrigerator although these have
been shown to maintan therr potency for at least sixty days at room
temperature When the antibiotic 1s heated at 100° C  its mactiy ation
proceeds rapidly  Contaminated streptomycin therefore should not be
sterthzed by heat but by passage throuyh a Berhefeld Sutz or similr
filter

Inactnation Streptomycn 1s not destroyed by micro-orgatusms s
far as 18 known nor 1s 1t destroyed by bady fluids pus or Lissue juices
It 15 not appreciably afftcted when subjected to 2 pH range of 2 to 9
but 18 decomposed by excessive acidity (such as I ™ HCI) or excessine
alkalmty (such as 81 N NaOI)

Its action npon bactcria 1s neutralized by cysteme cevitamic 1aid and
several ketone reagents by substances contumng a carbonyl group by
weah acids and by 1ncubation wn an anacrobic environment Certain
sugars such s dextrose Ievulase and sucrose also anlubit the action of
streptomycin presumnably by the production of acids

Action upos Bacteria

Streptomycin 15 active 1gamst vamous gram postve and gram
negative aerobic bictenia as shown m Table 16 Itis relatively meffeetne
agamst anacsobie bacteria Pcrhaps the most strihang effect of strep-
tomycin as contrasted 1o pemetlhnr 18 1ts action upon acid st bactern
particularly W cobaclertum tuberculosts

From the standpomt of practical theripeutics one feature 1s of con
siderable 1mportance The concentration of streptomyern required to
hibit the orpamsms of a given speases wall vary widely from stram to
stran For wstance. Buggs* found that some stramns of Escherichia cols
were sensitin e to as Ittle as 1 mcrogram of streptomyen while othurs
were not nlubited by 206 mucrograms
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wise yrregul w and uncertam . [t passes vadidy imto the immoue flud and
wto the fetal arcultion where the concuntrations are pproxmtedy
fiall 23 great as those 1 tlie maternal blood

Exeretion  Most of the streptomnan which rowhes the blood 1s
excreted 1 the unne The wnount (wrcted by tis route v anes from
2010 96 per cent of 4 parenterad dose Aecording, to Adeock T cwrctivn
occurs through the glamerubt Unniry exerction of strcplomscn is con
sidirably slower than that of puncillin Asa result stecptontycn rematis
1 Ahe blood at farely Ingh Jisals for 23 Jong ss twidve Dours or more
depending upon the dose

S per cent or Juss of the streplomsan which reackics the blood 1s
excreted by way of the feces and the portion not viercted via the unne
or the feces 15 apparently destroyed 1 the body

\punisTRATION

Adnunistration by Tugection Tutermttont itounusculannjctions
an. used most frequently for the systumie admuustration of steepto-
wyain Table 17 shiows the bloud concuntr ions which mry be expected

TABLE 1~
CONCENTRATION OF ST EPTOMYUN TN THE Broob srten INtrauusiLtan
InsFcmens

Dase | Mean Concentration onfor | Range J Gonventration
(Grams) | Thge lour Per (Micrograins)
it
01 | 23 B
02 ey 3-10
03 68 i
05 | 910 6-20
06 1z 16 i 10-76

\ e
ua&fd 1pon the report of the Comnuttee ¢n Therapeutics NVational Restorch
unalt

after mtramuscular mjections of vanous doses Smce 1lus anhbiobe 1s
nat excreted so rapidly as pemaillin Al interyal betw cen wmpections may
be longer An inten il of thece or four hours between mjections s em
ployed when the dose 15 01 to 025 g ond an wterval of s hours
whet the dose 1s 05 gm or more If 1t 18 deswred to maintam contin
vously kugh blood concentrations however the mjections should be
given evry three hours no matter how high the dose

Streplomycin can be dissohved 111 1 10 5 ce of distilled wats 5 or sodium
chlonde solution Thi¢ smaller the volume the less the discomfort
Sodsum chlonde solution 1s less pamful than distilled water On the
other hand 1n vitro studies have shown partial neutrafization of strep-
tomyetn by sodum chlonde solution Accordingly 1t 15 best to adimmster
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1cal 1mportance smnce bactena often develop a tolerance for high con
centrations of the antibiotic withm a short period of time retaimng at
the same time all thew former patho,enicity and virulence ® Youmans'
observed a thousandfold increase m resistance of tubercle bacilh in
patients treated with streptomyemn while Finland® reported that gram
negative bacterra which were responsible for urinary tract infections
developed a resistance more than four thousand times as reat s that
present before streptomycin therapy

ApsorpTION DisTRIBUTION AND ExCRETION

Absorption Streptomyacin 1s readily absorbed nto the general circu
lation after travenous ntramuscular or subcutaneous admunistration
After an intray enous mjection the peak serum concentration 1s reached
immediately and 1s followed by a progressive fall over the course of the
next fen hours After an intramuscular injection the peak concentration
18 not attaned for an hour or longer and although ths level 1s not so
high as after an mtravenous mjection 1t 1s sustamned longer Alter a
subcutaneous mjection the maxunum concentration of streptomycin in
the serum 1s achieved in two or three hours after which 1t falls gradually
i the same way 1t does after an mtramuscular injection

Up to the present writing no substance has been found which will
delay the absorption of streptomycin after auection Oil and beeswax
will not perform this function as they do for pemcilin Fortunately 1s
will be seen later streptomycin 1s excreted more slowly than pemailin
so that the necd for reposttory mijections is not so great

After oral administration streptomyein 18 not absorbed mto the blood
1 appreciable quantitics It 1s not destroyed by the digestive juices but
15 cacreted 1n the stools from wlich recovery of amounts as ugh as 98
per cent of the dose adminstered has been reported

Inhalation of nebulized streptomyem results 1 the absorption of only
negligible amounts mto the blood

Diffusion  Streptomyun diffuses readily 1nto many of the oryins
and tissues of the body It has been found 1n apprectable concentrations
1n the kiducys lungs and heart musclt whereas 1t was present wn only
small amounts in the bramn and Iner Ihgh blood concentrations arv
necessary to msure the passage of the antibiotic mto the aqueous wd
‘itreous humors of the eye Streptomycin 1s found m hepatic bile and
1n bile from the gallbladder when there 1s no obstruction m the cystic
duct #

Some duffusion oceurs 1ato il the scrous cavities In patients with
pentonutis or ascites therapeutic concentrations of streptomyan have
been obtamned ordnanly after mtravenous and intramuscular mjee
tions The levels attamned m the pleural and penicardial cavities have
not been 50 consistent \bsorption 1to the cerebro pinal fluid 15 ke
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wise wrregular and uncertaan 1L sses roadily into the ammotie flud and
mte the fital arculition whre the concentrations are approvmatedy
half a3 great ns thost an the maternal blood

Lacrction Most of the steeplonnan wlich roawches the blood 1
excreted 1 the unne The amount cvercted by this route vanes from
20 10 90 pur cant of w parcoteral dose \ccording 1o Mdeock * uxerelion
oceurs through the glomerub Lrnwry oxerction of streptomyan is con
siderably <lower than that of pomciihn \s 1 result streplomyenn run s
n the blood at fairly Tugh levdls fur as lona s twedve hours or more
depending upon the dose

Six pur cent or liss of the streptomyan wlich reaches the blood 18
excreted by way of the feces and the portion not ¢xereted i1 the unne
or the feccs 15 apparently destroyed n the body

AputnistraATION

Admuustration by Ingection Internuttont sntrunuscular injections
are used most frequently for the systame dnumstration of strepto-
myein Table 17 shows the blood concentritions which my be uapeeted

TARLL 1

CONCFNTRATION OF STREFTOMIGIN 31N TUF H100D APTER INTRAMUSCLIAR
(35 CTIONS

Dose Mean Concentralton for | Range f Concenlration
(Grams) Three Hour I ery (Micrograms)
j (Micrc rams)

01 a3 {

H e i 3-10
03 I 6-8 1.
05 9-10 ! 6-20
06 1--16 10-26

Bastd upon the teport [ the Comemutiee un Th rapeutics Nation | Research
Councal

after mtramuscular injections of vanous dowes Sy thas antibiotic 1s
not excreted so rapidly as panalln the suterval betwcen inyections may
be longer An interval of three or four hours between mjections 13 em
ployed when the dose 1s 01 to 025 gm  and an nterval of six hours
when the dosc 1305 ;m or more If 1t 13 desired to mawntan contin
uously bigh bloud concentrations howerer the mjections should be
given every three liours no matter how lugh the dose

Streptomyain can be dissolved 1n 1 to o e of distilled water or sodwsm
chlonde solution The smaller the volume the less the discomfort
Sodwm chlonde solution 1s less panful than distilled watcr On the
other hand W witro studies have shown partial neutralization of strep-
tomycn by sodwm chlonde solution Accordingly it 18 best to adminuster
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the antibtotic n distilled water unless this 1s too pamful m which case
1sotome sodium chloride solution may be used or 1 ce of I per cent
procaine solution can be added to the streptomycin solution Thus anes-
thetic will dimimsh the pamn without affecting the action of the ants
biotic Intermittent intrasenous myjections are not used because the
streptomycn 1s excreted rapidly and the method 1s wasteful Subcu
tancous mjections are not generally employed because of the pam which
accompanies them Continuous mtravenous infusions are seldom neces-
sary because of the prolonged blood concentrations which are present
after intramuscular mjections When tlis route 1s umployed 1 or 2 gm
of streptomycin are dis-olved 1 1000 cc of isotome sodum chlonde
solution and given slowly over the course of several hours
Oral Ad ration Only Ligibl of trcptomyem are
absorbed 1nto the circulation when the drug 1s given by mouth Since
practically no destruction of the antibtotic occurs within the gastro
ntestinal tract 1t has been suggested that 1t may be employed to reduce
the number of bactersa 1n the intestines before surgical operations and
to combat intestinal infections Whether 1t will prove to be superior to
the sulfonanudes for these purposes remains to be determmned Rutstemn!®
found only a transitory reduction i the number of typhod bacilli in
the stools of carriers who were given streptomycin
Intrathecal Adnumistration For the treatment of muungitis
streptomycin should be given intrathecally as well as systemucally Doses
of 25 to 100 mg are employed dissobved 1 5 to 10 cc of 1sotome salt
solution and injected 1t twenty four hour tutersals after the wathdrawal
of a slightly greater amount of spuial flud  Injections may be made into
the lateral ventricles or the cisterna magna s well as into the lumbar
intrathecal space
Adnunistration into Scrous Cavities In order to insure adequale
concentrations of streptomyein the antibjotic should be mjected directly
mto the pleural peritoneal or puricardial eavities 1n cases where these
cavities are wmfected with organmsms which arc streptomycin sensitive
For tins purpose the stieptomycin 1s dissolved in 1sotonic salt solutson
1n concentrations of 1 to 10 mg per cc, and injected 1n doses of 5 1o 200
mg depending upon the scositiaty of the wnfectin, orgwsm
Inhalation Nebulized streptomycn my be adminstered by b
lation for bronclual and related mfections Doses of 50 to 100 mg are
dissolved 1n 1 10 2 ec of sotonsc salt solution and inhaled at stervals
of two to four hours The techmque 1s smular to that employed for the
whalation of penucithn Since only negligible wnounts of streptomyain
are absorbed 1nto the blood after mhalation we fecl that the antibiotic
should be given by injection for nfections within the lun, parcnchyma
or 1n the pleura
Admunistration by Other Routes Streptomyein in concentrations
of 10 mg pirec may be used as nose drops or instilled into the conjunc
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¥a The concentrtion used for nstilation iuto the titernal auditory
canal 13 10 to 20 my perce ond for Joc 1l ppherion m wounds 1302
02 myg rec
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Fig 1% Procedures ta be followed n th ¢ adimnistration of strej kmyain,

Toxic Reactions

Local Reactions Pun sorcness and induration at the site of wjection
were ohseryed more often with the ¢arly mupure preparations than they
are loday Scvere lueal pam may be sehiaved by the additon of Tee of
1 per cent procune <olution

Wlien doses of 20 to 100 mg of streptumyan are wjected wtrathecatly
Licadache and vormilin, or paun over the sacrum and the posterior parts
of the thighs occasionally deyelopin some patients If the purir prepara
lions are used reactions are encountered less frequently Doses above
100, produce soverer reactions and should not be cmployed Repeated
trathecal mstllations of streptomyan are usually accompamed by a
pleocyions up to 900 cells per cu mm ®

Toxic Effects upon Cells or Organs In witro wd m ammals the
direct toaic effects upon cells hve been fuw and usually shght As a
result of experiments upou tissue cultures Helan® concluded that  the
cytotoxicaly of sireplomycmn 1s of about the same order as that of faurly
pure pemalin tested by the same methiod  Fatty changes i the haer
and Jadneys have been observed in amimnls alter streptomyan dmims-
tration but not in humans

Renal Damage \lbunun and easts are frequently present n the
urine of patients receiving strcptomyan The casts are usually hyaline
or granular occastonally cellulir They are absent or nummal in neutral
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or lhaline unines and frequent m acid urines Nitrogen retention and
reduced renal function (as measured by the urea elewrnce test) an
observed m 1 small percenta, e of individuals Renal irntation 1s usually
of no importance and 1 the majonty of cases the abnormal findings
disappear soon after therapy 1s discontinucd At least one wstance hns
been reported  howerer 1 winch fatal nephrosis was apparently pro-
duced by streptomyem

Streptomycin has been found to accelerate the coagulation of the
blood of ammals 7

TABLL 18
Toxic Reactions Frow StreEPTovycin THruaPy 1N 1000 Patients
Number of Palienis
Local reactions
Localirntation 1>
Tingling 2
Paresthesias 3
Cytatoxiaty
buminuna and casts 2
Neurologic disturbances
Vertigo a3
Tiomtus 13
Deafness 6
Sensitization phenomena
Rashes 19
kever 13
algin 1
Hi tamme hike effects
che »
Flushing of skin 13
ausea and \omiling 1
Fall 1n blood pressure 1
\Miseellancous.
Diarrhea 1
Purpura hunorrhagica 1

Modsfied from the report of the Commuttes on Therapiutics and Other Agtats
National Research Council

\eurologie Disturbances Streptomyaim frequently cruses vestib
ular dysfunction When 1to 2 gm a day are given the reaction gendr
ally ppears® 1t the end of the fourth weeh at the end of the third weck
ou a duly dose of 3 gm  and dunng the second wech on Jarger dosts
Labynnthine dysfunction 1s mamfested by verti,0 a sensation of over
shooting the mark when a sudden moy ement 1s made and ataxia all of
which vary consideribly m scventy Nausca wd vomiting may be pres
ent \ystagmus is mfreq ‘The more. p «d symptoms usually
dimminush after a week to ten diys even of streptomyain therapy 1s con
timued  Milder symptoms will persist however for two to three months
or ma) be purmanent

Deafness 1ppears m pitients who ire piven unusually hirge doses 1t
those who reeve streptomycin mtratheenlly or m those w ho have pro-
nounced remal msufficiency  Strficant unprovamnont eceurs went
patients after therapy 18 discontinued
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Parestlisias of the faee nd of the Kvtrennties and diplopit have been
obscryed occastonally

In order to prevent irreversible damige i the structures of the ner
vous system streptomyeun should not be admumstered i doscs exceeding
1 gm 1 day except for a short penod of time or when larer doscs are
necessary to save Ife Whenever unparment of heanin, or vestibulae
dysfunction occurs sireptomyemn therapy should be discontinued unless
further trealment i3 imperaln &

Sensitization Phenomena 1 vidences of hyposensitivity to strcpto
mycin have been observed m the form of fever shan eruptions arthral
ga and eosinoplulia Rashes and fover were observed in forty mne of
the first 1000 patients treated (Table 18) These phenomena usually
appear several days aftcr the start of streptomyan therapy or on the
(irst. d’l) of a second course. Rashes miay be urticarial erythematous or

or may ble wrythema nod: Many of these phe-
nomena are due to impunties present atong with the streptomy cin rather
than to the antibiotic atself The disturbances of the eighth nerve de
scribed 1n the previous secion may possibly be the result of sensitization
ta streptomycin

Ihstamine lihe Filects Impurities which affected patients n the
same way as lustamne were present in sotne of the carly batches of
streptomycin These produced headache ushing of the shin of the face
and of the body nausea and vomiting These were usually transitory
Under the control of the vanous manufacturers and of the Food and
Dru, Administration these have been almost entirely ehmmated although
slight reactions of this hind may still be cncountered occasionally

‘Miscellancous Reactions Diarther and parpura hemorrhagica
were each observed in one out of 1000 patients Lcuhopema has also
been encountered It remains to be determmed whether these reactions
are related to streptomycn therapy or whether they merely oceurred
madentally durmg the course of treatment

Inducations for the Use of Anlihiotics Sulfonanudes and
Specific Serums

Table 19 hsts the therape utic agents of choice for each of the bacteria)
mfections Pemeillin 1s preferred 1n pneumococeic streptococerc staphy!
ococcic and gonococere wnfections 1 anthrax and i Sireplobactllus
montliformis infections It 1s used 1 conjunction with sulfonamides n
pneumococeic and streptococeic meningitss and 1n memn,ococcemia and
as a0 adjunct to specific serum i diphthena and »2s gangrene

Streptomyawn 18 preferred 1 severe bacteremia or meningitis due to
orgamisms of the coli aerogenes group n hlebsiella (Friedlander) infec
tions H tnfluen ae wfections tularemya and tuberculosis It 13 effective
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i urinary mfections caused by gram negative bacith although we have
suggested that sulfonamides be used first because they are cheaper nd

TABLF 19

ReEcoMvEADED CHOICE AMONG THE DIFFERENT THERAPEUTIC AGENTS FOR THE
TREATMENT 0F Various Bacteria, InFECTIONS

Pentcillin

Streplomyewn | Sulfonanudes

e

Pncumococcic infections
Poeumoma
Empyema
Mentngius
Streptococcic infections
Beta hemolytic (except scarlet
fever and menngitis)
Scarlet fuver
Meningitis
Nomhemolytic (alpha and
Famma)
Staphylococeic infections
Memingococeic infections
Meningitis
Meningococcema
Gonococcic infections
Anthrax
Rat bite fever caused by
Streplobacillus moraltformis
[yphoud fever
Salmonella infections
hugella dysentery
ruccllosis
Infections with organisms of the
coli aerogenes group
Penitomtis
Bacteremma
Meningitis
Urinary wfections
Rlebsiella pneumoniac infections
Hemoplulus wnfluen ae infecuions
Pseudomonas “aerusinosa mfie-
tions
Tularemia
Plague
Clanders
Tuberculosis
Tetanus
Diphthena
Cas gangrene
Botulism

~
"

o

e e
R =1
- Pompes wemv N

-

Rey
1 o 15t choice
2 = {ad choice

1C = 1st choice combined with the other drug shown
A = recommended as an adjusant 1n certmn ca 4

= not recommended
3 = 10lue questional le

caster to admunster Streptomyein is iso ulietive e gonorrhea wnd

1n some ca:

ses of Streplobacillus mondiformus infection
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Sulfonamides are prefurred in memingococaic memmgites shigelladysen
tery plague and glanders They should be used 1n conjunction with
pemallin n pneumococac and streptococeic memngihis and 1n menin
gococcem s and 1s adjuncls to streptomycin 1n colt rerogenes hlebsiella
and I influen ae mfections They may be used wstcad of pemeilhin i
pheuniococue pneumoma in wany mmfections caused by buta hemolytic
streptococar and gonococa and m anthrax

The use of specific scrums 1s vow lumted almost entircly to the diseases
1 which bactenal cxotouns play a mnjor part tetanus diphthena gas
gangrene and botulism Scrums are stilf wdicated as i 1djunct to petue
allin m certain cascs of scarlet fover s an adjunct to streptomyainn If
influen ae memngitis 1nd perliaps m certain cases of shigella dysentery

‘The optunal method of treatment for penitomtis following perfuration
in the gastrowntestinal tract has not been determined Combinations of
penicilhn plus sulfonamdes or streptomyetn scem to be best

For the three remumng diseases in the table—tvphod salmonella
fevers and brucello 1>—noue of the currcntly avuhble therapeutic agents
15 of proved value
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Part II
DISEASES CAUSED BY COCCI

7 Pneumococcic Infections

The oceus (Diplococeus )15 a lancet shaped gram
positive coccus usually occurring n purs and sometimes 1n short chans
1t 15 a normal mhabitant of the nose nd throat of humans and 15 also 1
{requent matant of the followng diseases pneumoma nemny s otitis
media and empyema It may also cause pericarditis endocardiis pent
omtis arthntis conjunctivitis pyditis localized abscesses of the shin
and other rarcr mfections

The most umportant pneumococcicinfection s pncumonia winch will be
considered 1n detail The other pneumococeic nfections will be discussed
either as complications of pnecumonia or as scparate discases

Preumonia

The pneumomas e a group of acute discases mvolving, the alveol or
the interstitind tissue of the lungs and are caused by a vanety of wfectious
agents most frequently by one of the pneumococer \mong 2500 casis
of prumary bacterinl pneumonii observed by us the causative agents
were

Duplococcus pneumoniae 98 1p roent
Streplococcus hemoly licus 09
Rlebstella pneumoniae (Fredlander s bacaflus) 06
Hemophilus influen ae 03
Staphylococcus aureus 01

Inaddition to the pneumontas causcd by 1 spearfic inicro-organisi an
indetcrnunate number are the result of a mived mfection by scveri
bacteria Other varictics of pneumonta are ¢ wsed by viruses wnd by
nchettsial orgamsins

Pathologiclly there are thiree i saricties of pueumontia lobar
Jobulir or bronchinl and mtcrstitial In fobar and bronclual puiumont
there 15 an outpounng of red blood cells and loukocy tes nto the alveols
making the afected portion of the lungs urless and firm In the lobar
vanety this process usually atends thraughout an entire lobe or seversl
lobes or 1t may extend part of the way across a Jobe, with a sharp fairly
oht hine of dumarcation betwewn the comolidnted (e arless)

straig
and the normal lung tisue In the bronchial vanty there ore one or
10.
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many patches of consohd 1tion usually around the bronchn a patch some-
times im olving a lobule or seyeral lobules The distinction between lobar
and branchial gncumoma 15 not alnays defimte however 23t 13 nol
uncommon to find 1he lobar form of consold stion 1y olving one lobe and
patches of bronchopneumoma elscwhere In Jobar pneumoma the lower
Iobes are most frequently aflceted although any lobe or combination of
lobes may be mnvolved Tn the mterstitinl form the consohdation 1s
patchy and under the microscope the micas around the bronel and the
alveolar walls are scen to by wfiltrated with leukocytes often mono-
nuclear 1 type Preumocoeat eiuse prachicilly all eass of lobar pneu

moma Most of the casts of bronchopneumonia are hikewise cused by
preumocecct and the emunder by otlier bictena Intersitial preumoma
usaally results from wfections with the viruscs

Preumococcic Preunonia

Prneumococesc pneumonta s reality a group of diseases caused by
vanous types of pneumococer about seventy five minumber Only thirty
one of these types (I through \AXIIT excluding NXNVIand \A\) are
regularly 1dentified by typing in the avirage ho pital or public health
laboratory and only about e1,ht or ten types are encountered with any
degree of fruquency Table 20 gives the distbution of types amon,
patients with preumonia Types I 111 VI VI and IT predomunate in
adults 1o that order while types \IV I VI and \I'\. are most frequent
m children

IABLL .0

Cyec Distnisution oF Pnzuvococcic I NEUMONIAS 1N AbuLTs AnD CHILDREN
(CoLLrcTen FRroM ¥ARIOUS SOURCES)

Incdence (Per cent)

Type —, Adults | Chldren Iype Adults l Children
1 220 11 Ay 1. | 1t
bid 4 . A 25 9
1 128 39 AIX 23 82
v 7 16 | Y lo 14
\! 66 19 \\I 96 16
) 28 123 A\ 09 la
VI 93 10 A 07 30
vII 80 14 ATV 06 07
n lo 11 | o0
A 11 03 ANVIT 03 0003
Y 11 16 | NXMII 04 09
NI 16 04 AL 08 13
Al 11 09 AN Y 03 07
N F R I BNV . o
VI 08 14 ¢ o8
Total Number of Cases l 1499 l 865
{

Most frequent types shown m bold face type
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Pneumnococaic pneumonia 1s encountered more frequently in males
than 1 females Sixty three per cent of our patients were males The
disease affects persons n 1ll age groups but 13 particularly prevalent
during the prime of Iife Among our adult patients 68 per cent were
between the ages of twenty and forty nine years

Syvuprovs anNp Siens

About 60 per cent of patients with pneumococeic pneumonta have
symptoms of a cold preceding the onset of the pneumoma The disease
ttself usually begins abruptly often with a shaking chill followed by
fever or with pleural pain or both Chill and chest pain are called cardt
nal symptoms Another cardinal symptom 1s cough with expectoration
of blood stamned sputum

Among 1000 patients with pneumococcre pneumoma obsersed by us
635 experienced a clull 863 had pleural pain and 521 expectorated
sputum which contaimned blood 1n some form Occasionally the patient
gives no indication of the cardinal symptoms but there 1s lmost imvan
ably a point 1 the history of an upper respiratory mfection when the
patient defintely became worse Eathier chully sensations or fever began
at that tume or dyspnea and cough became pronounced Thus the time
of the onset can practically always be learned with certamnty

‘The ehill occurning at the onset of pneumonia 1s usually & severe ngor
There 1s ordinanly onh one seldom more than two Clully sensations
may be present mstead of a shahing chill The pleural pain 1s charac
teristically sharp and stabbing or cutting in character worse on breath
g or coughing If pamn 1s induced or aggravated by respiration there
may or may not be pain when the patient moves about 1n bed but pain
on movement 1s not present unless there 1s pan on breathing also The
pain 1s more {requently felt over the lower back or mn the amlla but may
be present anywhere over the chest Pleural pamn myy be referred from
the diaphragm to the abdomen to the flanh or to the arcas above either
clavicle along the side of the neck or on the ndge of the trapezus
Pleural pain when present usually staris at or soon after the inception
of the pncumoma and disappears soon alter the patient hegins to 1m
prore Sometimes 1t appears during the course of resolution 1z which
event 1t 15 usually transitory and less scycre

The spafum typical of pneumonia s pinh mucoid and tenacious carly
1o the disease becoming rust-colored within a day or two and Iater
green or yellow und purulent There are howeser many vamtions
blood may be streahed 1 the sputum and be thoroughly mived with 1t

crmay Givelta prunejuice color In some cascs the putum slhows no
trace of blood at any tme Occasionally the sputum may be yellow
because of jaundice or because small amounts of bluod are changed to

acid hematin

The temperalure usually mses to between 103 and 105° ¢ withw a
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fuw Lours aftur the onset and remains high 1 untreated cases until the
fever terminates by cnsis or rapid lysis The diurnal vanation m the
temperature during the fastigium 1s seldom more thin 2 degrees F The
beginmng of enisis or ly~s may occur at any time up through the four
teenth day or even later butis most common between the fifth and mnth
days after the onset Since the sulfonamides and pemrcillin have been
used urnersally one practically never secs a spontaneous cfiug

Dyspnea 1s usually present at the height of the disease When much
pleural pain 1s present respirations may become still more rapid and
also shallow An expiratory grunt s frequently audible and when pres
ent 1s helpful 1 the diagnosis Vomiting may occur especially in chil
dren  Abdommal distention 1 a [requent nccompaniment of severe
poeumonua  Daarrhea 1s rire Delinum 1s seen in a great many cases
and may be due to the toxcnua of the disease to anoxermia to alcoliolism
(d hrum tremens) to memngitis or to sulfonanudes admimstered for
treatment  Convulsions occur frequently in cluldren but seldom 1
adults unless they are alcoliolics or epileptics

The fypiwal preumonwt palien breathes rapidly and distressfully with
an cxpiratory grunt Ihs nostnls dilate with cach wspiration s lips
are dry and covered with herpes Ifis Iips ear lobes and nailbeds are
cyanotic His face ts flushed Ius shin bot and dry Ixamination of the
chest aflter the disease 18 well under way reveals 1 most instances
the signs given in Table 21 In some cases the typical signs of consolida
tion may be present only for a day or two In rare stances they do not
appear at any tume Instead of the typical signs of consolidation any
of the followng features may be ehcited breath sounds absent or tubu
lar but distant yoice sounds dimumshed or absent altogether or coarse
and sibilant rales present throughout the disease Resolution usually
begins around or soon after the drop of temperature which heralds the
beginng of the crisis or lysis and 1s usually complete waithin two or
three weeks although in an occasional patient 1t may take several weeks
or even months for the consolidation to disappear entirely

Cardiovascular System There 13 se[dom any perceptible change m
the heart size although some observers claim that careful roentgeno-
graphic studies will demonstrate a shght increase in the magonty of
wstances The first sound often approaches the second i quahty and
the second pulmomse saund s usually 1ncreased 1n mtensity The polse
rate 15 1ncreased althongh not out of proportion to the temperature
except i the most toxic cases After the temperature falls the pulse rate
1 an occasional patient may drop imto the fifties or even lower Prema
ture systoles are occasionally present during the disease Other wregu
lanties such as aumcular fibnllation and flutter are encountered less
often The blood pressure remas at its usual level or drops shghtly o
the average patient although 1t may fall considerably 1n the severely

patient
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Gastromntestinal System  Abdominal distention due to tympanites
1s always present to some degree It usually disappears soon after the
temperature fall> Jaundice 1s evident 1 an occasional patient but 13

more frequent 1n Negroes
TABLE 21

S1GNS OBTAINED oN PrysicaL Exasinarion oF e Luncs IN THE DIFFERENT
StaGEs OF PNEUMOCOCCIC PNEUMONIA

Auscullation
Slage of | percussion | Breath Sounds | Voice Sounds Adgentiious
Whispered | Spoken
Farly Nochange | Dinimshed [ May be n | Usually Often a few fine
or shght| sometimes creased normal rales_occa
dullness | fant tubular sionally a
pleunaly rub
Height of | Dullness | Tubular Increased | Increased | Fine and medi
of diseave | or flat with um rales
ness chan,e 1n| sometimes a
quelity | pleural rub
Reolution {Dalloess | Tubular be | Normal | Normal | Medm and
f:mdual coming bron large mucous
y de chovesicalar aibilant  and
crea g | and  then onorous rales
’ normal

Ianorarory anp X Ray Eaanvinations

The leukocyte count 1s usually elevated to between 12 000 and 30 000
per cu mm  but 1t may remam witlun pormal hmils or may rise to
50 000 or more The count cannot be correlated closely with the severity
of the disease except that 1 the mildest cases there 1s only <l ht eleva
tion winle a wlite blood cell count below 5000 or aboyve 10 000 means a
poorer prognosis thnn the average The granulocytes usually comprise
from 80 to 95 per cent or more of the leuhocylts Thereisa sluft to the
Jeft an the granulocytic cells with m mcrease in the band forms and
metamyelocytes and sometimes the appearance of a few myelocytes
This 1s usually true even when the total lcuhocyte count docs not rise
above normal hnuts In most cases the granulogytes contain numerous

toare granules

The sputum should be typed whenever possible A specunen which
Iias just been coughed up 15 prefcrable When the paticnt 1s not coughing
or 15 swallowing sputum 13 15 often the case with cnldren 1nd comatase
men may be obtained by mscrting a rubber tube att iched
the pharynx as far as the (piglottis and applying suc
atives are (1) tahing a culture from the nasopharynx
1 glucose-blood broth medium or (2) a pirating

patients 2 spect
to a synnge 1nto
tion Other altern
and plaaing 1t in 1 speaiy
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the gastnie <ontents und typing one of the ficcks of ~putum which are
usually found fleatng on top
‘Typing of pueumococct 1s done by the Meufeld method whichis based
on the punaple that swelling of the capsular substance occurs when
pacumococet are placed m the ribbit wtserum of the corresponding
type but not in the presence of surums of other types 1€ 1 type 1s not
found oraf confirmation is desired sputum s inyeeted into the peritoncal
cavity of a mouse aud the puntoneal exudaie or a culture of the bran
or of the heart s blood 1s typed by the Neufeld or by an agglutination
mcthod
Pleural crebro pmal prricardial and other huds obt uned (rom pocy
momt 1 patients should 1lways be cultured and typed These fuds e
often the moest unportant means of identifying the sigmficant pneumo-
coccus type or they may rovaal vdifferent micro-ory st as the cause
of the cotplication
A blood cullure 1 a procedure of groat importance in evaluating the
soventy of pueumonta The percentage of patints sufferin,, from pieu
mococaic phcumoma found 1o hive positine blood cultures varies from
1a 1o o0 per cent depending upon the tchmgues used the number of
cultures tahen and the suventy of the discase As will be shown n the
scction on Prognosis under all forms of treatment the fatahty rate s
tugher 1 patients from whose bloud peumococer can be cultured
Fnsch® has devised a sunple test wluch ments more attention thin
ithasrecenved It consists in counting the number of extracellular pucu
mococar per ol unmersion fidd in 1 staned smear of sputum The organ
1sms w len widely s¢par ated fields are counted The redation of the num
ber of pneunocotct 1o the progno 1s 15 as follows 10 or less per field
prognosis exccllent 11 to 3o good 36 to 62 fawr more than 62 poor
\ ray clianges in the lungs may appe ir as carly as four or five hours
after the on et and almost alwys within the first twenty four hours In
lobar pucumoma an aren of wcrcased density may appear first at the
futum or at the penphery spreading progressiely from either place to
occupy oue or more lobes The time required for maxunal iy ol ement as
shown by x ray 1s more than three days m the majonity of cases and may
be as Jong as six days * Sormettnacs roentgenograms do not show complete
consohid stion at any tune dunng the course of tht disease but reveal
only a famt graying or ground glass appearance of the mvolved area
N\ ray evidence of consohdation usually appears at the same tune as the
carhiest physical signs If one appears ahead of the other the roent
genograms are Dikely to be abnormal first Occasionally the converse
18 true
"\ ray wnidence of resolution first becomes app irent anywlere from
the sccond to the thurteenth day of the disease or Jater In about half
of the cases the physical s1,ns and the x ray enidence of consohdation
distppear W the same hime In one fourth of the paticnts the physical
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Gastromtestuinal System Abd 14d due to ty
1s always present to some degree It usually disappears soon after the
temperature falls Jaundice 13 evident in an occasional patient but 13
more frequent 1n Negroes
FABLL 21
$167s OBTAINED 0N PmisicaL LXAMINATION of THE LUNGS In THE DIFFERENT
TAGES oF Prrusococcic PYEuvonia

T
‘r Auscullation
Sage o | Percussion| Breath Sourds | Voroe Sounds Adenlilious
{
) \Whi pered | Spoken
Early Nochange | Dumnished | May be sn | Usually Often afew fine
or shght| sometimes creased normal rales occa
ullness § fuint tubular sionally a
pleural rub
Height of | Dullness | Tubular Increased | Increased | Fine and medi
of disease | or flat with um rales
ness chan.e in| somelimes a
| quality pleural rub
Resolution | Dullness { Tubular be  |Normal  [Normal | Medwm and
gradual comung bron lar e mucous
ly de chovesicular sibalant  and
| creasing | and then sonporous rales
normal
[

Lasoratomy anp X Ray Laavivations

The leukocyte count 1s usually elevated to between 12 000 and 30 000
per cu mm but it m1y rcmain withn normal hinuts or may nse to
50 000 or more The counl cannot be correl icd closely with the seventy
of the disease except that 1n the mnldest cases there 1s only shght eleva
tion wiule a white blood cell count below 5000 or above 10 000 means a
poorer prognosis than the average The granulocytes usually comprive
from 80 10 95 per cent or more of the leukocytes Thereis a sluft to the
left 1 the granulocytic cells with w ncrease  the band forms and
metamyelocytes and sometumes the appuarance of a fuw myelocyles
Tlns 15 usually true exen when the total leuhoeyte count docs not st
above normal himits In most cases the grinulocytes contamn numerous

tosic granules

The spufum should be typed whenover possible A speamen which
has just been coughed up1s preferable When the pitient 1s not coughing
or 15 swallowing sputum as s often the ese with cluldren ind comatose
patients a specumen may be obtained by uscrting a rubber tube attached
to a synnge nto the pharynx as far as the (prolottis and applymng suc
tion Other altermatives are (1) taking a culture from the nasopharynx

and plcingatna specit] glucose-blood broth medwim or (2) aspurating
4
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Aspiration Preumoma  In debulitated or stuporous patients and
1 patients during operation or dulivery food vormitus or other matertal
may be asprated mto the broncn The resulting irnitation often allows
the carnier type pneumococcr or olhcr orgamsms which accompany this
matenal to set up an mflammation A speaial vanicty of this condition
Lonown as oil aspirition prewnonia may follow the use of oily nose
drops or the dnnking of nuncral o1l by debilitatad persons

Postoperatine Preumonta  Afler suracal operitions  espectally
thosc 1 the upper abdomen  eleyation of the diaphragm oecurs resulting
m dimimished re piratory (vursions and dumimshed wital copacity
Furtherniore mucus or vemitus may by aspirated nto the bronch
where the diminishud cough reflex allows 1t 1o runam and become
viseid Any of these conditions may result i are s of atclectasis varying
m size from tiny lobular patches to entire lobes Such atclectatic areas
Torm cxcellent locations for bactena (usually carrier type  pnctumo-
coca or the mned florn of the respiratory tract) 1o prohiferate and cause
plicumona

Post-Traumatic Pneumonia \ nonp netratin, injury of the chest
18 followed by directly beneath the site of the
trauma or at the site of contrecoup pulmonary mjury This subject
has been excellently reviewed by Phillips ™ 10 whose article the interested
reader 1s referred

Discrosis

The diaguosis of pncumonia i typical cases 1s usually easy Much
unportance should be attached to the history If two or all three of the
cardinal symptoms (clull followed by fever pain in the chest and cough
with the expectoration of blood tinged sputum) are present pneumoma
may be considered hkely even if abnormal physical signs are not found
at first In such an event a rocntgenogram of the chest will usually
reveal the mfiltration or the sputum may be typed immediately by the
“eufeld method The finding of a type I 11 'V or VII pneumococcus
mahes the diagnosis almost completely certain since these types are
seldom found 1 carriers The presence of one of the other types of pneu
mococct 13 not diagnostic of pneuniomsa although this finding contributes
evidence 1n fayor of 1ts presence 1f the leuhocyte count is clevated with
a shuft 1o the left of the cells of the granulocytic series the diagnosis
1s further strengthened

In the bronchopheumonias one sces the most vared pictures and
consequently has the most difficulty with the diagnosis In many cases
the insidious approach of the discase espeaially durimg the course of some
other 1llness such as congestive heart failure bronchicctasis asthma or
during convalescence frum an operation the paucity of symptoms of the
pneumona and the frequent lack of any signs other than scattered rales
all combine to defy an accurate diagnosis If there 1s no change n the
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signs are the last to leave and in the other one fourth the roentgenogram
remains abnormal longer

Seeciar Forus oF Peuvonia

Preumonia i Chuldren In addition to the fact that it 1s often
caused by types of pneumococer which are not the most frequent etio-
logic agents i adults pneumoma in childhood differs in other important
respects In children up to and mcluding two years of age broncho-
pneumonia 1s relatn ely more frequent than i adults Comulsions and
vomiting may be early symptoms Sputum 1s usually swallowed The
case fatality rate 15 lower than 1 adults although not so low as m older
cluldren

In cluldren aged three to twelve years the lobar form 1s about as
frequent as in adults Convulsions vomuting diwrrhea delinum and
meningismus are more commen than in adults The fatahty rate s low
being about 2 per cent even without specific treatment

Pneumoma in the A ed By the time they have reached the age
of fifty years many people have developed certamn irreversible changes
m the respiratory oruans such as emphysema and bronchiectasis and
1 the airculatory system such as artenosclerosis of the aorta the cor
onary arteries and the artenies to other vital organs All these factors
combine to make older people less resihent The difficulty which the
elderly patient experiences in adjustment to a sesere fectious disease 15
especially evident 1 pncumonra I urthermore 1 cMderly patients those
m chanisms by which the host fights discase sucl as elevation of tem
perature and leubocytosis may be dummnished or absent These and other
factors cause the case fatality rate i adults to rise progressively with
age as shown in Table 26 (p 121) regardless of the hand of treatment
given

Bronchopneumonia is relatiy ely more frequent in older than in younger
ndividuals and more older paticats have bacterenma The types of pneu
mococet considered to be carrier types  (III IV VI and those above
VIII) cause a proportionately higher percentige of cases

An sidious onset often characterizes pneumonit m the aged Chills
en the other cardinal signs 1re less frequent than m young people
Fever may be low grade or may be absunt altogether These and other
features of pneumoma m patints past sicty have been wdll reviewed
by Zeman ¥
ypostatic Pacumonta Tlig 1s 1 forin of pnamonia winch 1s par
bcularly Likely to occur 1 older patients espesally those who have
been lying 1n bed for some time with 1 mummum of moyvunent Slowing
of the pulmonary cureulation i these people results i exudation of flud
into the alveols 1n the bases of the lungs and conscquently the carrier
type pneumococct and other carrier org imsms multiply and produce

patches of pncumonta
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the patient 13 sufferng from a condition which mught be a prediposing
cause for infarction of the lung (congestive heart failure peripheral or
pelvic venous thrombosis or n operation) this diagnosts should be
suspected In general i pulmonary mfarction the temperature and
leuhocyte counts are lower and the patient after the first penod of
shock of thus pecurs 18 not so tove as in pneumonin Fyen the roent
genogram may fal to diffrentiate thest two conditions In such cases
1t 1s wisest for the plnsician to treat the patient for pncumonia being
prepared meanwhile to re-evaluate the <ifuation at any moment 1f
further mformation becomes available

Aeule bronchulis or tracheobronchilis 18 characterized by cough with no
sputum or with the expectoration of muco d or mucopurulent sputum
winch may occasionally be blood tinged (although we have never ob-
served a rusty or prune-jusce color) The temperature scldom rises above
1025 F but may occasionally be lugher The same 1s true of a leuho-
cyte count above 11 000 or 12 000 per cu mm Substernal tightness and
pan often appear but pleural pain 15 rarely present without some preu
moma Yucous and sibilant rales compnse the mavmal physical signs
Toxicaty and cyanosis are not present

Pulmonary fuberculosis may sunulate pneuwrnoma c<pecially when it 1»
fulmmating Chulls are nfrequent s tuberculosis the sputum may be
bloody but not rusty the lesion 1s scldom unilateral if 1t 1s large enough
to cause much toxiaity the fuver 13 usually uregular and leuhocytoss
18 1nfrequent \ ray evidence of cavities may be present in tuberculosis
Whenever the discase 1s su_pected frequent examinations of the sputum
for tubercle bacill should be made

Acule miliary tuberculosis 1> another form of the disease which may
be mustahen for pneumonia The fever 15 usually sustained at a bigh
level although 1t may be irregular The lcuhocyte count may be mod
erately elevated within normal lumts or shghtly lower Defimte sign.
of consolidation are not present although diffusely scattered rales are
often heard \ roentgenogram of the lungs which shows the mihary
lesions or the finding of tubercle bacilh 1n the sputum 13 necessary for a
defimste dragnosis

Congestire hearl failure 1s confused with bronchopheumona because
cyanosts dyspnea and rales may be present w erther disease The low
grade fever which sometunes occurs 1o patients with heart fallure 15
considered to be due to pulmonary infarctions The decision as to whether
a small patch of pueumonia 1s present n the congested lungs of a patient
with heart disease 1s dufficult and at times impossible to make The
presence of high fever of leuhocytosis (above 12000 per cu mm ) or
of pneunococer belonging to types I I 'V or VI m the sputum would
powt to poeumoma If none of these 13 present treatment should be
directed toward umprovement of the cardiac status If a small patch of
preumonia does happen to be present 1t 1s of mnor importance 1if 1t
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underlying disease to account for the change i its course 1f thure 1s
persistent fever 1f the leuhocyte count 1s mcreased above 15000 per
cu mm orif thereisa shift to the left 1 the granulocytes the dug
nosis may be tentatively made Areas of consolidation should be scarched
for diligently They may be obscured by rales oniginating 1 the bronchs
The x ray finding of consohidation will be helpful although patches of
consolidation sumlar to those appearing i bronchopneumoma may occur
m other pathological conditions particularly when scattered pulmonary
mfarcts or small reas of atelectasis are present When there 1s good
reason for the physicran to suspect bronchopneumoma e should pro-
cecd with specific treatment since he may never obtun the complete
evidence upon which to make a diagnosis

Dufferential Diagnosis In considerin,, the diaghosss 1t 1s necessary
to learn first whether pneumoma of any kind 1s present and second

TABLE 22

Frvar Dischosts ov 200 Pamients 1v Waouw IvEumonia Was Erroseot LY
Duacrosep Wik Tuey Were First Seex

Number] Number
Funal Diagnosts o Funal Dwgnosis 7

Palients| Palienis
Pulmonary infarction 36 [Io topcratine or  postdelnery
Acute bronchutis 29 attleclasis 12
Pulmonary tuberculosis 2 Acute miliary tuberculosis n
Congestive heart falure 18 ] Bronchial asthma 10
Tung alscess 1> [ Bronchiccta 1 »
Pluensy (dry or with cffusion) 1 Myocardsal infarction 3
Influenza 13 \cute puncarditts 3

lenal caleulus Fyphoid fescr Fever of uadetunmindd ctiology 2 each
Acute chelecyvstil Lewh

whether the pneumomia 1s pncumococeic m ongin or due to other
orgnmsms

Table 22 shows the final diynosis m 200 patiunts whose illness sun
ulated pneumonia when first scenr Other respiratory diseases such 1s
pulmonary infarction acute bronchitis pulmonary nd mhary tuber
culosis and lun, abscess were frequently confuscd with pneumonn
Among the nonrwspiratory discases congestive heart fulurce led the
hst although acute puncarditis and myvocrding infretion frequontly
exlnbited confusing furlures

Pulmonary nfarclion 1s most commonly mstihin for pneumonia
Although the onsct has long been descnibed as sudden wath sharp pain
1n the chest cough and the cxpectoration of blood streaked or bloody
sputum  the discase often mkes its 1nmdious applarance 1s l'u\cr wlich
may or 11y not be accompamed by chest pan wid cough Whenever
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becomes larger one should find evidence of 1ts presence in time to 1mtiate
treatment

Solitary abscess of the lung sometimes 1esembles pncumona m that
1t may start suddenly with fever pain mn the chest and cough and may
be accompanied by the expectoration of blood tinged sputum More
often however there 1s a history of a tonsilectomy or of foreign body
aspiration precedmg the disease and the onset 13 gradual The sputum
18 purulent and contams only streaks of blood if any The physical signs
in the chest while they may occasionally be the typical signs of con
solidation are usually characterized by large mucous rales The lenho-
cyte count1s usually elevated 1n both conditions although 1t seldom rises
above 15000 1n lung abscess In many cases one must rely upon the
x ray picture to show the typical excavation of lung abscess

When there 1s a dry pleurisy without any signs of consohdation the
chmcian cannot be sure that he 1s not histemng to a pneumonia 1 1t
early stages The presence of a defintte chull of lngh fever of leuhocytosis
or of the typical pneumococcic sputum would be 1n favor of pneumonz
When pleunsy with effusion 13 present dullness and the absence of
breath and vorce sounds oy er the involved area are of course the charae
teristic physical signs but confusion anises because of the fact that they
may also be found over an area of prieumonia either when 1t 1s accom
panted by effusion or even 1 the absence of flud High fever tomaty
leubocytosis and sputum espceally 1f charactenstic would favor the
diagnosis of pneumoma

Influen @ or grip 1s seldom accompanted by chill pleural pam or the
sputum charactenstic of pneumoma Rales when present are of the
kund found 1 bronchitis A leukocyte count above 11 000 or 12000 3s
rare in uncomplicated mfluenza while there 1s often a leukopema

Aleleclasis winch occurs after an operation or after delivery usually
takhes place wathun the first few hours The patient may be quite dyspnewx
and cyanotic but seldom has much fever or leukocytosis A roentgeno-
gram often shows narrowing of the interspaces and elevation of the
diaphragm on the affected side sometimes accompamed by 1 shift of
the mediastinum to that side

Other cond such as broncl pul ¥ neopl myo-
cardial mnfarction acute pericarditis renal and gallbladder colic scute
licitis (especially in chuldren) sp horax and the

p
f;brnle diseases such as typhod and typhus fevers and malana usually
can be readily dilferentiated 1f roentgcnograms and proper laboratory

di are utibzed as ind |
v If pneumonia 1s present the etiologic varety should be determned
Primary atypical pneumona of unknown etiology (so-called virus pneu
moma) 1s more frequently encountered than ay of the other nonpneu
The chief ch tics which differentiate it
pnen;nococuc pneumontia are given 1 Table 23 The onsctas abrupt

from
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1075 per cent of the cases of pneumococcie as compared with 30 per cent
of primary atypical pneumomas Chulls occur n nearly two-thirds of
the patients with pncumococeic pneumotia and most of the remainder

PNEUMOCOCCIC INFPCTIONS

TADLE 23
D: Dtacnosis oF 1 AnD Prnuany ATYPICAL PrEumoNTas
Preum xoceic Primary Aypucal
Onset U ually sud len U ually gradual
Chall Usually one oocasionally twol U ually ¢hill ness  occasion
ally a o ilb
Ch st pan Pleural Retrosternal on cov hing
Cough Usually loose Usually dry and_paroxysmal
m first part of illness
Sputum Usually rusty mrune fulc/: Usually mucoid  Occasion
may. be bloody  blood | ally Llood-stresked
steeaked o purwlent
Malaise headache | Rare Frequent
and general aches
Labusl herpes Frequent Rare
Fever {Ssually conttnuous Remttent or averular
Pulse rate Consistent with degree of  [Often slower than expected

fever

accordtog to amount of
Teser

Physical examination)
of Tuars

Sins of consolidation usually
appear early

Rales early sometimes si°ns
of consolidation later

X ray of luags

Usually consolidation of one
or more Lol

Infiltration may be hular or
extend from {ulum m a
base or paichy 1 se eral
Tobes

Leukocyte count

10 000 to 40 000 1a most cases

Usually below 10000 Oc-
cas onally as high as 15000
late 1o disease

Cold ® glutinins

Rarcly posttive

Often positive 1n moderately
or severely 1ll patients

Sputum typing Preumococct can yped | Oceas onally  preum:
from 98 per cent If pnenmo-| Type 1LI or higher types
cocar I an I
present they are usually the
cause

Blood cultare

Faeumococss 1n 1> to 50 per
cent

Stenle

have a chilly sensation at the onset followed by a feehng of warmth

while most of the patients with primary atypical pneumoma have inter

mittent

1
of but f:

ly an actual clull Chest
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pain oceurs 1 86 per cent of the patients with pneumococeic pucumonta
and has the charactenstic location of pleural pan while the pleura 1s
rarely imvolved 1 prunary atvpical pneumonta Chiwractersstie pink or
rusty sputum is present in over half of the cases of pneumococcic preu
moma but 1f bloed 1s present at all m primary atypical pueumonin 1t
consists of streaks mn the sputum Malaise headache general achin, and
sore throat are frequent 1n primary atypical and rare m pneumococcic
pneumoma On the other hand herpes labials 1s charactenistic of the
latter disease Fever m pncumococeic preumonia usually reachies 2 Ingh
level and remams there while m primary atypical pneumoma it 1s
wregular or renmttent The pulse rate which usually nises concormtantly
with the temperature i pneumococcic pneumonia 1s likely in the pn
mary atypical variety to be slower than the height of the temperature
would lead one to expect
The physical signs of p cie 1 have becn d
m dctail on page 102 In the early stages of prunary atypreal pncumonia,
or throughout the entire course m muld cases physical signs may be
absent or may cousist of a few mucous rales Rales usually become more
abundant later and definute signs of consolidation may appear Through
out the course the physical signs usually remain less extensive than
the roentgenographic filtration The latter 15 charactenstic in most
istances usually starting at the hilum and extending into the periphery
most often i the lower lobes Somctimes there are soft mottled areas of
wfiltration 1n several lobes Only occasionally 1s there 1 densc infiltration
sumilar to that found 1n lobar pneumoma
In pneumococcie pneumonia the total leuhocey te count 1s below 10 000
1 about 6 per cent of the patients and aboye 20 000 1n nearly two-thirds
of all cases In primary atypical pneumoma on the other hand the
leuhouy tu count rarely exceeds 10 000 per cu mm durning the first Tew
days of the disease Later 1t may reach 11000 to 15 000 in about one-
fourth of the patients The cold agglufination test may be helpful in
ciagnosis since cold agglutimus are usually present 1 patients with
moderate or more sescre pnmary atypical pncumonia and rardy pres
ent 1n pneumococcic pneumonta Sputum should be obtaincd for typing
whenever the etiology of the pneumoma 13 1n doubt and 1 <everely sl
paticnts the blood should be cultured The presence of pneumococct n
the blood or of types I II V or VII 1 the sputum 18 almost certun
evidence of pneumococcic pneunonia
Preumoma due to the ormthosss virus 18 simlar n its chmeal charac
teristics to a severe case of prupary atypical poneumoma Diagnosis 1
made on the basis of the chimcal fentures the lustory of a recent contact
with sich parrots or other sich birds and the 1dentification of the virug
by woculation of mice with the palient 3 sputum
other than 1¢ are usually diagnosed
Bactenal 7 d blood cult There are al
by examnation of the sputum and by culture so

Jd
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certain distinguishing clinieal characteristics Pacumonia caused by hem
olytic streptococet 13 accompanied by marked prostration toueity and
cyano 13 and sometimes by prestarmal pan and hoarscness

Pncumona ctused by hlebsiella preumontae (kriedl mder s bacitlus)
oceurs especsally 1n older people 13 often gridual in onset 1nd 15 usually
sevre and prolonged Leukocytoss 1 not so frequent as 1 preumococeic
pucumoma 1nd the count suldom gocs above 20 000 per cu mm when
1t oceurs The sputum is unusinlly mucoid and temaous

Staphiylococcie preumominis often sccond iry to i nfection caused by
these orgnmusms Usewlhire 1 the body In other cascs it 1s 1 sequel to
wfluenza The sputum is blood tinged or bull salmon puk or chocolate
colurbd The mhuu: are tovic and prostrated Roentgenograms reveal
2 bron ypeof lidation often with abscess formation

llemaplulu: mﬂum ae pncumonia 1y 1ot easily distinguished except
y sdentification of the orgamsms w the sputum or blood It occurs
espeuially an nfants and children Comsohidation 1s more likely 10 be
patchy than lobar The leuhocyte count 1s bedow or wathun normal humits
or shightly elevated

PrEVENTION

Although preumococee pnrumoma 15 not 2 lnghly contagious disewse
1t 15 sometumes tran mutted to an attendant or ta another member of
the famuly Accordingly the ssolation precautrons outlmed on page 23
should be followed The use of sulfonarudes or pemenliin for prophnlans
13 not recommended since there 1s no definite Lvadence that these proce-
dures will prevent the development of pneumoma Furthermore the
admimstration of these drugs may result m the appearance of sulfonam
de-resistant® or pemalhn resistant strains of pneumococe 10 the re. p1
ratory passages of normal individuals Vacemes made from whole
pueumococat and the specific carbohydrates of pneumococer will produce
inmumty but their prophylactic value 1s hmited because the immunity
15 specific for only a single type of pneumococcus

TREATMENT

General Treatment [he patient with pneumona should be put to
bed and kept there He should be recumbent or propped up 10 a partial
sittin,, position whicheyer allows hum to breathe more easily He should
be Lept warm whil being allowed a reasonable quantity of fresh air
Care must be taken during feeding bathing and other procedures to see
that he 1s not exposed to the cold or allowed to exert himself Sleep and
rest should not be disturbed except when absolutely necessary When the

pulse and resp: y rates have fallen to normal levels
erther as a part of the natural course of the disease or after specific
therapy and all physical and genologie signs of are
gone the patient may start to get up
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pamn occurs i 86 per cent of the patients with pneumococeic pneumona
and has the charactenistic location of pleural pamn while the pleura 13
rarely mvolved m primary atypical pneumoma Characteristic puk or
rusty sputum 1s present m over half of the cases of pneumococcic pneu
monia but 1f blood 1s present at all in primary atypical pneumonia 1t
consists of streaks 1n the sputum Malaise headache gencral aching and
sore throat are frequent n primary atyprcal and rare 1n pneumococcic
pneumoma  On the other hand herpes labialis 1s charactenstic of the
latter disease Fever i pneumococcic pneumona usually reaches a lugh
level and remamns there while m primary atypical pneumonia 1t 1s
wrregular or rennttent The pulse rate which usually nises concomutantly
with the temperature 1 pneumococcic pneumomna 1s likely 1 the pn
mar) atypical varety to be sloner than the height of the temperature
would lead one to expect

The physical signs of pneumococcic pncumonia have been discussed

m detail on page 105 In the early stoges of primary atypical pneumonia
or throughout the entire course 1n mld cases physical signs may be
absent or may consist of a few mucous rales Rales usually become more
abundant later and defimite signs of consolidation may appear Through

out the course the physical signs usually remain less extensnve than
the roentgenographic mnfiltration The Iatter 1s characteristic 1n most
mstances usually starting at the hllum and extending into the penphery

most often 1 the lower lobes Sometines there are soft mottled arcas of
nfiltration 1n several lobes Only occasionally 1s there 2 densc infiltration
sumilar to that found 1 lobar pneumoma

In pneumococcic pneumomnia the total leukocy te count is below 10 000
1n about 6 per cent of the patients and abovc 20 600 :n nearly two thirds
of all cases In prunmary atypical pneumoma on the othar hand the
leukocy te count rarcly excecds 10 000 per cu mm during the first few
days of the disease Later 1t may reach 11 000 to 15 000 n about one-
fourth of the patients The cold agglutination test may be helpful 1n
diagnosis since cold agglutuuns are usually present i patients with
moderate or more severe primary atypical pneumoma and rarely pres-
ent 1n pneumococcic pueumnoma Sputum should be obtamed for typing
whenever the etiology of the pneumonia 1s 1 doubt and mn severely il
patients the blood should be cultured The presence of pneumococer 19
the blood or of types I II ¥ or VII 1n the sputum 15 almost ccrtan
evidence of pneumococeic preumors &

Ppeumoma due to the ormthosis virus 1s smular mts ehncal charac
teristics to a severe ¢ase of prunary atypteal pncumoma Diagnosis 13
made on the basis of the chnical fatures  the lustory of a recent contact
with sich parrots or other sich birds and the dentification of the virus
by moculation of mice with the patient s sputum

Bactenal p other than p are usually di
by examunation of the sputum and by blood culture There arc also
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Heart (ailure occurs rarely i paticnts with pneumomia and then only
\f they have had preexisiing heart discase If true congestive heart
failure or aunicular fibnilntion 18 present 1t should be treated just asat
would be under any other crrcumstances but the routine admimstration
of digitahis 1o all paticnls wath pncumonia s (o by condemned as a prac
uce wlhich does no good nd may do harm  [he vascular falure which
occurs 1n paticnts with severe pncumomn 15 considered to be peripheral
Mcthods of combating tus state are discussed on page 17

Diarrhea should be cheched by means of opiates Hiccup usually stops
if a carbon dioxide-oxy gen nuxture 18 admmstered 1 a closed system
(Breatlung 1 and out of a paper bag mahes a satisfactory improvisation
for home use )

Peniaitin Therapy The pneumococcus 18 amon,, the orgamsms
susceptible to perucilin When tlus antibotic 1s given to patients with
poeumococcic pneumonia morpholomc changes 1 the orgamsms ob
tained 1n the sputum are often apparent within the first twelve or twenty
four hours after the imtiation of treatment Ory*® found that pneu
mococer disappeared from the spulum of 87 per cent of lus patients while
they were under treatment with pemeillin

Pemcillin has now been used i a sufficient number of patients to
establish the fact that 1t 1s the drug of choice for the treatment of pneu
mococeic pneumoma Its admumistration should be started as soon as
the physician 1s bly sure of the d of and after
sputum and blood hav e been collected for typing and culture It may be
gnven orally 1n doses of 7> 000 to 100 000 units every three hours ntra
muscularly 1n o1l and beeswax in doses of 300 000 unuts every twelve
hours or intramuscularly m aqueous solution 15 000 units every three
hours When doses every three hours are being given we feel that they
should be continued throughout the twenty four hour period even
though Tillett!* obtamed good results by giving only four 1njections
duning the day and ormtting those at might

Among 262 cases m which we calculated the time required for the
temperature to drop it fell and remained below 101 F 1n 52 per cent
within twenty four hours after pemcillin therapy was started Forty
eight hours after the imitial dose the temperature had fallen below 101 F
n 77 per cent of the patients Such a ngh frequency of cnsis or rapd
lysis 1s the common of ¢l treating with

lin although inan 1 patient the e tahes sev
eral days to fall Temperature charts showing the typical response of
patients to treatment with pemallin are shown in Figures 15 and 16
The pulse and respiratory rates may be expected to fall and the other
evidences of toxaty to recede along with the drop in temperature

Pencllin should be ad d until the e has
below 100 F for three days It may then be stopped provided that the
signs of tomeity have disappeared and there are no purulent comph
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The diet should be easily digestible but Ingh in calorics and composed
of bland mostly carbohydrate foods \ lar,¢ part of the dict mny be in
flud form smnce the flwd mtake should be hept up to 3000 cc 1 day

Symptomatic Treatment Cough s rardy distressing, i atsedl but
may need to be suppressed because 1t disturbs rest or agoravates the
pleural pan Codeine 1n doses of 0 03 ta 0 06 o (& to 1 graw) w adults
and proportional amounts m cluldren 15 usually sufficicnt

Pleural pam frequently gives trouble and mas be vierueiatin, If the
paun 1s in the region of the nibs the intercostal neryves affected may be
blocked between the arca of the pam and the vertebral colums by the
subcutancous mycchion of 1 stall amount of 1 or 2 per cent procune
solution The paun will disipporr within 1 fow minutes after the mjec
tion and remam absent for scveral hours or may not return at Al If
the pun reappears the procedure may be repeated

The pam can often be decreased by strapping the chest with whesive
or by the appheation of a bindur In our expencnce this methed is
mfenor to the employvment of procane since 1t seldom gives complete
rehf and 1s at the same time bothersome to the patient Furthcrmore
if the pawn 1s veferred to the abdomen ar above the elwicle wmdieting
that the dinphragmatic pleurn s affected strapping or binding will do
no good and may wdeed wake the condition worse by merensing the
actsvity of the diaphragm

I the procune block cannot be used or 15 unsuccessful codene
doses of 003 to 006 gin (5 to 1 grain) or morplune 0 008 to 001 ,m
(4 to § grun) may be gnen Large doscs of morphine are not advised
becausc they may depress the respiration too much If 1t 1s used wisely
at strategic moments morphine may give nnmeasurable comfort to the
patient 1l with pncumonia If 1t 18 given 1 too lar,e doses it )y be
the factor precipitating death A routine order for morplune at regulir
mtervals should never be wnitten

\bdomnnal distuntion should be detected when the first evidences
appear ud steps sfiould be tihen immedintcdy to combat 1t If relief 1s
not complete a rectal tube may be inserted and at the same tune n
electric pad or turpentne stupes placed on the abdomen When disten
tion 18 persistent  these measurs should be combined with the subeut
neous wyection of 03101 0 ce (74 to 1o mmms) of pitressin The mhala
tion of 9o per cent oxygen often brings about rchief of ths symptom

Anoua manfists wsell most commonly by cyanosts Other evidences
of 1ts presence arc rapid tespration a rind pulse rate without any
other cause or marhed restlessuess When there is the shihtest su maon
of ovypen deficrency 1t1s best to bigin oxyvpen adnumstration The only
disady antoge of Uns typeof therpy 1s the fact that confinmn, the patient
within v tent often frightens him while a catheter or face mash may
annoy Inm and disturh hum The methods of adaumste dion are giveon

pages 18 to 21
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units every two hours should be gnven or 600 000 umits i o1l and bees-
waxmay be admunstered at twelye-hour inters ils Oral treatment should
not be. depended upon under thoe arcumstances We might add how
ever that m our expericnce it 1s sdddom necessary to diange from the
oral to the mtramuscular route or 10 mcrease the doses recommended
for routne use The majority of patients will recover promptly when
given these doses In rare instances a <uft to sulfonamdes may be
ndiated boeause of pronounced resstance of the nfecting pnoumo-
coceus to penralhin

Sulfonamtde Therapy The £ill i tanparilure when sulfon mndes
are unployed 1s aimlar to that resulting from pemallin therapy Ve
studied 370 cases from thus standpoint and found that the tanperature
fell and remamed bdow 101 F within twenty four hours after the
mtial dose of sulfadiazine in a1 per cent of the patients and wathin
forty-cight hours i 72 per cent

TABLE 24

Restirs or Taearment 1N PrEUMOOOCCIC EaetMONIA

7
| Died
Number f
Ruad f Treatment [ S
| Patents | Sumber T Per cent
No specilic treatment a1 | .33 | 300
Specilic uplipnesmocoo: ¢ _scrum 023 i3t5 149
Sulfonamudes (with r withot U serum) AT 208 | 102
Femcsllin (with or it ut sulfonamudes) 80 § -

| [

From Finland.

As shown n Table 24 among the patients with pneumococeic pneu
moma who did not recenve spearfic treatment 30 » per cent died When
type speaific antipneumococeic serum was given the case fatality rate
was 14 9 per cent With the use of sulfonamudes plus specific serum 10
some cases where 1t was needed the case fatality rate was reduced to
105 per cent Pemcllin alone or in combimation with sulfonatnides
brought the fatality rate down to > 7 per cent Table 25 demonstrates
that the percentage of serous complications was sigmificantly 'ess among
our patients treated with pemalhn than among those treated with
sulfonamides

Obviousty pemeilhin 1s the drug of choice since 1t gives hetter results
and has the added advantage of causing fewer toaic reactions On the
other hand most patients will do just as well on sulfonarmde treatment
and at the present time the sulfonamides are much cheaper than peme
illn If the latter drug continues to be costly sulfonamides may be given
routinely where expense 1s an important factor with the understanding
that perucillin will be substituted if the patient does not improve within
twenty four to forty-eight hours or develops a serious toxic reaction at
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eations When pemailiin therapy 15 discontinued too scon the tempera
ture may 1ise ag un and all the symptoms of the dise ise return In such
wstances amother complete course of the drug will be needed
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fig 1o Cemperature chasts of three patients with pneumotorae pnevmona treated
with mtramuseular pencallin (15 000 umis every three hours)
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Fig 16 Temperature charts of three palicnts with preymococeic pficumonia treatcd
with oral perciffin (73 000 units ¢very three hours)

If the patient docs not unprove within forty-erght hours 1f the pncu
moma spreads to another lobe or if purulent complications appear the
dose of pemallm should be increased  Tntrimuscular doses of 100 000



PNEUMOCOCCIC IN11CTIOND 121
of the disease or lowers the fatality rate They are accordingly not
recommendcd

Resuets of TruamienT Anp PriochosTic kactons

The prognosis in a gnen case can by cstimated most accurately by
considering the effect of certain factors upon the ¢ise fatality rate One

TABLE 26
RESULTS OF SULFONAMIDE OR } EnICILLIN TRFATMENT 0F ApuLT PATIENTS WiTH
PrEuNoc0caic PNEUMOVIA ACCORDING To AGE
Sulfonamudes ‘ Pentcillin
Age Group Number Dud Nutmber Dred
of v o Ter
Ca s | Numbe] P | Cases |Numbri o
1.0 u7 N 9 q )
21-30 31 0 32 88 o [
3140 329 3 | wo | 10 3 29
41-50 08 b 12 0 90 6 67
21-60 136 3y 27 3 6 171
61-" 82 24 293 30 5 16
aver @ 31 1 40 5 3 3 1
All cases L 170 | 48 | 1B | 400 61
i

of these 13 the age of the patient (Table 26) Among our patients who
were treated with sulfonanudes the fatality rate rose for cach decade
from a low of 27 per cent for patients twelve to twenty years of age

TABLE 2
Resurrs or SulroammoE on PENICLIN TREATMENT OF ADULT PATIENTS witn
DNOtOCUIC } NEUMONIA AccOnDInG To TYPE or PrEunocowLus

Sulfonamides Penuctllin
Type of Priewnococcus Numw Died

Per

Cones Number|  Pet

1 31 18 78

i 89 3 34

i 140 3 28

1y 76 13 171
v 1, 1 2. ]
VI 41 4 51 33
Vi 144 L. 83 21
i 68 103 80
mﬁm types. 513 8 | 110 26
10 148 1 8 400 63

to a ligh of 105 per cent for patients over seventy With the employ
ment, of pemicidim the fatality rate wos lowered all along the line It was
zeTo 1n patients from twelve to thirty years of age Whle 1t rose progres-
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any time We do not belicve that therapy which combines pemcillin
and sulfonamides has any advantage over the employment of penicillin
alone

If sulfonamides are preferred to pemicillin for any reason sulfadiazine
sulfamerazine or sulfathiazole may be started after sputum and blood
p have been ok 1 Sulfad should be admunistered to
adult patients 1 doses of | to 6 gm (60 to 90 grans) immediately
followed by 1 gm (15 grawns) every four hours day and night Children
should recerve 0 03 gm (3 gram) per pound of body werght as the first
dose and 0 06 gm (1 gram) per pound of body weight diided 1nto six
doses and admimstered at four hour ntervals Sulfathiazole should be
given 1 the same doses as sulfadiazine Sulfamerazine can be used in

TABLE 25

Coxprications OsservED 1N 1250 Aburts wiTr Trpen PyEUMOcoccic PREuNONIA
TREATED WiTi SULFONAMIDES AnD 400 TREATED witn Penioiais

Treated with Sulfonamides | Trealed with Penscillin
Inct  |Fatality Ina | Fatality
‘g‘; d(ki;lcc 1('(It’xte P‘{? d(;,nce 1(‘]')1::
‘er er er

Cases | cent) | ocont) [ €% cent) | cent)

Deluyed resolution 26 0 19 18 0

leural effusion 16 2 3 08 0

Empyema 19 21 3 08 33

elapse 18 14 5 13 0
Lung abscess o8 10 0

Meningitis 06 88 2 05 20
Endocarditis 06 100 0

Pencarditis 2 04 20 1 03 100

Otitis media 2 01 0 2 05 0

Arthnitis and/or bursilis 1] 03 50 1 03 0

All bactersal complications 8 68 31 14 3. 21

Lxcluding delayed resolution and pleural effusion

somewhat smaller doses such as 3 gm (1o grans) mmtially followed by
1gm (1o grams) every six hours Sulfonamudes should be discontinued
ding to the rulesr ded for p 1
Speaific Antrpneumococeus Serums  Tormerly 1 specific ant
serum was available for pneumococcic pneumoma caused by each of the
types from I through XXX Its use was followed by a raptd drop 1
perat pul-¢ and resp y rates in most patients Since the
adyent of the sulfonamides and particularly of pemailhn specific scrums
are falling into disuse
Other Measures of Doubtful Value These meclude artificial
pncumothorax to collapse the afected lobe x ray therapy and diathermy
Although adyocated at tumes 1 the past these methods are rarely used
today Thereisnoev 1dence that any of them fay orably affects the course
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Wt have found that in patints treated with sulfonnmdes who expe-
neuce a rdapse the outcome depends upon the concentration of the
drug 1 the blood at the time when the rddapse occurs If the concen
tration of {ree sulfonannde 1 bdow 2 or 3 mg per 100 ce at the time
of the tumpcrature nse vigorous sulfonanude therpy by means of an
ntravenous dose and wn anerese m the oral dose thercalter will often
cause a prompl recession of fover and toueity If the relapse occurs
spite, of the fact that the concentration has been hept at 1 hugh level
then the prognosts 1s bad In such ciss pumailin should be given
Among the twenly two patients who had a relapse i spite of adequate
sulfonumide thorapy  death oecurred in three cases (14 per cent)

We have encountered only five mstinees of relapst amon,, the 100
patients whom we have tre wted wath pemeilln (Table 25} Fhese occurred
within a fuw days after pemicilhn therapy was discontinued but all the
paticnts recos ered promptly when pueillin was given a,,1n i the same
doses that were used for the onginal illness

Recurrence 1s the term used 1o describe pncumomn developing m o
patient who has had 1 previous attach of the discise front which be has
completely recovered The pniumococcus causing the retnfection may
belong to the same or to a different type although the shorter the uiter
val between the onginnl and recurrent attacks the gre ater the ihelihood
that the same tvpe will cause both attachs The sccond attach may occur
at any site 1n the lungs irrespeetive of the location of the onginal dis
ease ¥ When chromc pulmonary disease 1s present recurrent attachs of
pneumonia tend to be more frequent and to oceur at shorter intervals
than in patients wilh normal lungs Recurrent attacks should be treated
n exactly the same manner as ongmal attacks of pneumoma

Local Complications

The complications which we observed 10 our patients with pieumo-
coceic pneumoma treated with sulfonanudes or with penieiflin are listed
tn Table 25

Dersxep ResoLurion

The time required for removal of the debns within the alveoh and
the return of the lung to its normally functionin,, state after the active
pneumonia 1s oy er vanes from a few days to several months Considering
delayed resolution to be present 1n cases where physical or roentgeno-
graphic signs of pulmonary mfiltration remained for more than three
weeks after the temperature had fallen 1o normal levels we found that
thus complication occurred 1n 2 6 per cent of our patients treated with
sulfonamudes and in 4 8 per cent of our patients treated with pemalln
The occurrence of delayed resolution has no relation to the sev enty of
the origmal illness or to the type of therapy employed It 1s encountered
n a ngher percentage of persons m the older age groups Duning the
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sively as the patient s ages increased 1t was lower 1n each age group
than the corresponding fatality rate for the sulfonamde treated patients

The type of the infecting pneumococcus 1s also a prognostc factor
Pneumomas caused by the Type IIT pneumococeus have always been
accompanmied by a igh case fatality rate Tius 15 true m our seres
(Table 27) Among the patients with this type of pncumowa who were
treated with sulfonamides 22 8 per cent died Although the fatality rate
was reduced to 11 9 per cent among the pemcillin treated patients this
15 still lugh 1 companson with the fatality rate of 6 3 per cent for the
entire group of patients who recerved pemaillin

It has long been known that the prognosts 1s worse when the pncumo-
cocc can be cultured from the blood stream Table 28 shows that the
case {atahity rate was about three times as Ingh among our paticnts with
bacteremia as among the nonbacteremuc patients whether the patients
were treated with sulfe des or with Ihn The fatality rate was
lower however for the patients treated with pemcillin both among
those with positive and those with negative blood cultures

TABLE 28

ResuLTs OF SULFONAMIDE OR PeniciiiiN TREATMENT oF ADULT PATIENTS wWiTH
Pnevvococcic PNEUMONIA ACCORDING To PRESENCE oF PNCusococet N

e Broop
‘ Sulfonamudes Pentcilin
Nurber | Died Nusaber| Died
of ol
Cases ’Number( Per | Cows [Namber| Lt
With positne blood
culture 191 18 | 21 13 7 16 3
Without po stne blood
ture 10,9 | 100 94 | 37 13 2l
All cases 1250 148 18 100 > 63

RELAISE AnD RECURNENCE

Relapse of 1 pneumoma means an exacerbation of the distase 1 a
patient who 18 apparently improving It may be causcd by the same
orgamsm by 1 different type of pneumococcus or by another cwsative
agent such as the hemoly tie strptococeus or the hlebsiclla (Enedlander)
bacllus The evidences of thuis phenomenon are usully 2 sudden nise
temperature and increase in toxicity sometimes accompamed by pleural
pamn and the reappearance of puih or rusty sputum \Althou,h the fresh
infection may be m the same Jobe nore often the rclapse denotes a
spread of the pueumona to a lobe adjacent to the onginil one or to a
site i the opposite lung When the latter occurs 1t 1s considured to be
caused by coughng of the sputum nto the trichea nd a pirating 1t
1nto the brouchi of the opposite lung
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Symptoms amd Signs  In oceasional cases the temperature drops
to normal or nearly normal levels as 1 result of serum sulfonanmde or
pemathn treatment only to nise agam aftar a day or two Vore com
monly the temperature dous not fall to any extent but continues to
reach a daily peak wlich may vary m ndividual cases anywhere from
100 1010, F with renussions ench day of 2 or 3 degrees The pulse
rate 13 correspondingly accilerated When a Jarge amount of flud 1s
present  the patient may be quite dyspneic If the condition contin
ues without any trealment for some time the patient becomes weah
exhausted and emaciated

Physical cxaminition of the chist reveals the typical signs of flud or
less often the <igns of consolidation with distant breath sounds and
voice sounds

Laboratory and Speeial I samimnations Ong mportant differential
point 1s that the total leukocyte count and the purcentage of granulo-
cytes remain abos ¢ normal lumits Roentgenograms and fluoroscop)y help
in diagnosing an effusion but chief rchiance should be placed on aspirated
Guwd Usually the luid 15 1n the lower part of esther pleural cavity rarely
m both Sometimes 1t 1s terlobar and sometimes pocheted elsew here
Witen effusion 1s suspected i other places a needle should be wserted
directly over the arca When fluid 1s i the base of a lung aspiration 13
best attempted 1n the seventh mitercostal space near the angle of the
scapula  Fluid removed from the chest of a patient with pneumonia
should always be cultured even though it looks clear A smear stamed
by the gram method and a leuhocyte count should nlso be done Some-
times orgamsms are seen on smear but are not found on culture or no
orgamsms may be detected by either means and yet many lenkocytes
may be present Such efli are classified as empy since the
only hving orgatusms may be in the pleura while tho e the flud may
all be dead

Treatment Although we have seen empycmas disappear i rare
wmstances under sulfonarmde therapy alone 1n the mayonity of cases
sulfonamides haye no effect upon the pleural infection once 1t has begun
Some observers even feel that the continued use of these drugs after
empyema has developed causes more loculation of the flud than would
otherwise occur and thus makes surgical drainage more dufficult

The use of perucilin on the other hand has resulted n complete
recovery 1n many cases without the necessity of surgical treatment 3 1*
At the present tume there 15 considerable controversy regarding the pro-
portion of empyema patients who ultimately require surgical drainage
It 13 our opimuon that if patients with pneumococcic empyema are treated
early o the course of the disease with adequate amounts of pemcilin
for sufficiently long periods of time from 50 to 75 per cent of them will
be cured by thus procedure alone The presence of other orgamsms (espe
cally those which produce a putnid empyema or are insensitive to penic
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course of resolution sputum may plug a small bronchus or bronchiole
giving nise to atelectams Tins phenomenon serves 1o delay resolution n
many patients

McGibbon? has stressed the fact that so-called unresolved pueumoma
may actually be due to some other intrathoracic lesion He recommends
that bronchoscopy be performed if roentgenograms do not show any
mmprovenent It is also advisable to examine the sputum of such patients
for tubercle bacilli since we have scen several patients with lower lobe
tuberculosts who were erroneously thought te have an unresohed
pneurnonia

There 15 no treatment which has been proved to hasten resolution
although 1t has been clmed that x ray therapy will accelerate the
process Occasionally fibrosis may supervene so that complete cleanng
never occurs

Preurisy witit Errusion

The pleura 1s affected 1 nearly every case of pneumoma and undoubt
edly a small amount of flud exudes mto the pleural space m all such
cases Large amounts of flwd were found 1 1 6 per cent of our patients
who received sulfonamides and 1n 08 per cent of those who recened
penicillin (Table 25) Inasmuch as a degree or two of fever often accom
paes a stenle pleural effusion 1t 1s important to differentiate this con
dition from empyema Tlus can only be done by withdrawing some flud
and culturing 1t If the flurd proves to be stenle 1t should be left alonc
and allowed to reabsorb unless embarrassment of respiration requires
1ts removal

We do not subscribe to the opmion held by some climenans that
pemcillin should be injected intrapleurally as a prophylactic agamnst
wnfection when the pleural fluid 1s stenile If empyema 1s actually devel
oping i such flmd one myection of pentcilhn 18 not hkely to sterihze
the area Instead 1t will merely suppress the nfection for a winle wnd
thus delay the ultimate diagnosis and treatment

EMPYENA

The pathological condition 1 which bactena can be culturdd fiom
the pleural flud 13 called empyemna or more properly empyema thoracts
Before the advent of the sulfonamides 1bout > per cent of patieats with
p pocumonia developed empyana Chemotherapy has pro-
duced a remarhable deerease in the medence of tlis comphcation It
was observed 19 per cent and 08 per cent of our patients treated
with sul dcsand with 1l T Iy (Table 25) Lmpyema
13 more lihely to occur in the most severcly 1ll patients and in those wath
pacteremia although other patients are by no me s excipt It expe-
cally common when the pncumomit s caused by type I or type V

PREUOCOcc!
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Symptotus and Signs In occasional cases (he temperature drops
to normal or nearly norm luvels as a result of serum sulfonannde or
pemalhin treatment only 1o rise 8gain after 1 day or two More com
monly the temperature dots not fall to any extent but continues to
reach a daly peak wiich may vary i individual cases anywhere from
100° 10 10° with ramssions cach day of 2 or 3 degrees The pulse
cate 13 correspondingly aceclerated When a large amount of fuid 18
present the patient may be quite dyspneic If the condition contin
ues wilhout any treatment for come time the patient becomes wcah
exhausted and emaciited

Physical examination of the chest reveals the typical signs of flud or
less often the <igns of consolidalion with distant breath sounds and
voice sounds

Laboratory and Speesal Laanunations One important differential
pownt 18 that the total leukocyte count and the percentage of granulo-
cyles remai aboy e normal lunits Roentgenograms and fluoroscopy help
n dingnosing an effusion but chief reliance should be plced on aspirated
flud Usually the flwd 1s 1n the lower part of either pleural cavity rarely
in both Sometimes 1t 1s mterlobar and sometimes pocheted clsewhere
When eflusion 18 suspected in other places a nedle should be mserted
direelly over the area When flwmd 18 1n the base of a lung aspiration 18
best attempted 1n the seventh imtercostal space near the angle of the
scapula Fld removed from the chest of a patient with pneymonia
should always be culturcd even though it looks clear A smear stamned
by the gram method and a leukocy Le count should also be done Some
tunes organisms are seen on smear but are not found on culture or no
orgamisms may be detected by eitlier means and yet many leukacy tes
may be present Such «{flusions are classified as empyemas since the
only ks ing organusms may be m the pleura whie those 1a the fluid may
all be dead

Treatment \lthouh we have seen empyemas disappear 13 iare
mstances under sulfonamide therapy alone in the majonty of cases
sulfonamides hay ¢ no effect upon the pleural infection once it has begun
Some observers even feel that the continned use of these drugs after
empyema has developed causes more loculation of the flud than would
otherwise oceur and thus makes surgical drainage more difficult

The use of peucillin on the other hand has resulted 1 complete
recovery n many cases without the necessity of surgical treatment >
At the present tume there 15 considerable controversy regarding the pro-
portion of empyema patients who ultimately requre surgical dramage
It 13 our opimon that 1f patients with pneumococcic emp) ema are treated
early n the course of the disease with adequate amounts of pemecilin
for suffictently long periods of time from 50 to 75 per cent of them will
be cured by this procedure alone The presence of other orgamisms (espe
cially those which produce a putnd empyema or are sensitive to penic
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course of resolution sputum may plug a small bronchus or bronchiole
grang nise to atelectasis Tius phenomenon serves to delay resolution
many patienis

McGibbon? has stressed the fact that so-called unresolved pneumoma
may actually be due to some other mtrathoracic lesion e recommends
that bronchoscopy be performed )f roentgenograms do not show any
mmprovement It 18 also advisable to examme the sputum of such patients
for tubercle bacill: since we have scen sevcral patients with lower lobe
tuberculosis who were crroncously thought to have an unresohed
pneumona

There 13 no treatment which has been proved to hasten resolution
although 1t has been elumed that x ray therapy will accelerate the
process Qccasionally fibrosis may superyenc so that complete cleaning
neyvcr oceurs

Prrumisy witn Errusion

The pleura s afected 1 nearly overy casc of pucumona and undoubt
edly a small amount of flud exudes into the plcural space i all such
cases Large amounts of flud were found 1n 1 6 per cent of our patients
who recerved sulfonamides and 11 08 per cent of those who recenved
pemcillin (Table 25) Inasmuch as a degree or two of fexer often accom
panies a stenle pleural effusion 1t 1s important to differentiate tins con
dition from empyema This can only be done by withdrawing some flud
and culturing 1t If the fluid proves to be stenle 1t should be left alone
and allowed Lo reabsorb unless embarrassient of respiration requires
its removal

We do not subscribe to the opimon held by some chmcans that
pemallin should be njected intrapleurally as a prophylactic against
mfection when the pleural fluid 1s sterile If empyema 1s actually devel
opwg 1 such flud one njection of pemailhn 18 not Likely to sterihize
the arca Instead 1t will merely suppress the mfection for a while and
thus delay the uliimate dingnosts and treatment

EMpiEMA

The pathological condition 1w which bactena can be cultured from
the pleural fluid 1s called empycma or more properly empyema thoracts
Before the advent of the sulfonamides about - per cent of patients with
pneumocaccic pneumona developed cmpyema Chemotherapy has pro-
duced a remarkable decrease 1n the madence of this complication 1t
was observed tn 19 per cent and 0 8 per cent of our patients treated
wath sulfonamides and with pemeillin respectively (Table 25) Empyema
13 more likely to occur n the most severely 1l patients and 1n those with
bacterenia although other patients are by no means exempt It 1s espe-
cally common when the pneumomna 18 caused by type I or type v

pneumococct
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Lune Anscrss

Solitary lung abscuss 18 an safrequent complication hving been
observed 1n 0 8 per cent of our patients treated with sulfon imides (Table
2a) This s approximatcdy the samc imadence as W 1s reported before the
sulfonumde er1 Noue of our 100 patints who recaved ponallin have
developed 1 lun,, Wbscess Usunlly the tumperature and Icuhocy te count
continue moderately ddovated and nfiltration runams m the affceted
areas where 1t 15 wecompamed by niany large moist rles The sputum
wereasts 0 unount and sooner or Jaler the roentgenograms show the
presence of cnvitics  Mthough vecasional eases of lu, abscess heal on
bed test and postural dramae lone the myorty must be dramed
surgically Some surgeons prefer to do this immedistedy after the ding
nosis 1s made but the consensus at present s that one may wut for
spontancous rcovery ne longer than three weeks after the onset of the
abseess In competent hands dramnage nearly always resulls 1n recovery

Compl. of P cte P and Ducases Cuused by the
Preumococcus tn Other Organs

Prarcanorre

This complieation w1s present m 1 to 2 pur cent of patients with
pneumonnt bfore sulfontmides were used We have found 1t i 0 ¢ and
03 per cent of the patients treated wath sulfonamides and ponediin
respectivay (Table 25) It my follow extension of 4 ner hiboring ampy
ema or it may be blood borne A friction rub synchronous with the heart
beat should make the cliucian suspect thus cotplication althouyh the
same plienomenon mav ocwur when here s U dry pleunsy near enough
to the heart so that the pleural Jayers will rub togother with cach heart
beat Uremia must 1bo be ruled out s the cause of 1 pencardanl friction
rub Fuoroscopy and roentgenograms are of the greatest value in the
diagnosis A diagnostie penicardial tap may be tried but the advantages
to be gained should be weighed against the not inconsiderable nsk  \n
effusion large enough to cause cardiac tamponade must be removed Sur
gical dramnage may be necessary 1n spite of the nish which attends it

Fnpocarprris

Pruumococeic endocarditis is an infrequent complication hay ng been
found 1n 03 10 3 per cent of patients with preumococeic pneumoma
treated without sulfonamides It was present 1 0 > per cent of our
sulfonamide treated patients and m none of those who recerved pemc
hin (Table 25) Lndocarditis may begin during any stage of the p ieu
moma or may even appear after a seemingly normal comalescence In
about one fourth of the cases 1t develops from a condition other than a
pneumonia such as mastoiditis or memingitis Patients 1n middle and
late Iife are usually affected
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lin) or the presence of thich pus of multiple pockets of infection of a
thickened pleura or of bronchopleural fistula s responsible for many of
the failures of paneillin treatment although even these patients will
sometines get well with the use of pemicilhn alone

We recominend the following procedure As much flud as can be
removcd convemently and without embarrassment of respiration should
be aspirated If the fluid 1s thick or contuns large preces of fibrn 1so0-
tonic salt solution may be injccted into the pleural cavity and removed
long with the flud  After this 200 000 umts of pemaillin dissolved 10 a
volume of isotomie salt solution which equals about one fourth to one
hlf of the amount of fluid rumoved should be injected through the same
necdle This procedurc should be repcated every twenty four hours or
if the patient 1s very toxie every twelve hours until defimte mnprove
ment 1s mimlest Then the injections may be spaced at forty exght hour
mtervals

In favorable cases the organisms disappenr from the stamed smear and
can 1o lon,er be eultured after the first one to three mjections Soon
after the first injection there 1s almost always a drop in the temperature
and a pronounced dumnution 1n the patients touiaity These are no
doubt due partly to the remoyval of 1 large quantity of pus but arc also
parth an early cffcet from the penailin atself The temperature reaches
normal or nearly normal lcyvels within a few days and m favorable cases
remms or becomes entircly normal within three or four weeks at the
most A fall in the pulse rate follows several davs behind the mitial drop
m temperature The leukocyte count descends progressively and the
patient regamns Ins appetite and with 1t his werght and strength The
pleural fluid although it gets thicker for a while later becomes serous
again When these results have been obtamed and the temperature has
been practically normal for a week or more the intrapleural 1njections
may be discontinued If fever toueity and leuhocytoss return and
above all if the organtsias reappear pemeillin therapy should be started
agan and kept up for a lon,cr period of time Adjuvant systcmic penc
ilhin therapy 1s not necessary unless there are other foar of mfection
present such as pncumonia arthritis meningitis and so forth

If positave cultures persist if the favorable clinical symptoms described
above do not appear within two ot three weehs or if the patient becomes
worse 1n spite of the puuallin treatment 1t 1s best to resort to surgical
dramage This usually consist 1n the resection of one or more nbs and
the mnsertion of a tube

1t the empyema s found to be pocketed 1n two or more areas attempts
nay be made to aspirate pus from and mpect pemcilln mto each of
thest If this 15 not successful surgical dranage will be required The
ndications for surgical treatment m patients recening pemalln have
been discussed by Blades !
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As showa i Table 25 1t was noted i 8 7 per cent of our patients treated
with these drugs and i 0 o per cent of those treated with pumalhn

Prcumococeic menmngitis may occur following conditions other than
pucumonta Table 29 shows the source of infuction m fifty flve cases
observed by us

When symploms or siphs of mcningitis are present i conjunction with
pneurnoma  the pucumococcus 18 the most hkely causc The dragnosis
can be made with ccrtamty only by exanunation of the cerebrospinal
fluid Ths shiould be done in every patient with preumoma wlio is stupor-
ous or comatose who exlubits continued dehirinmn . or who has neurologic
signs suggestive of menngitis

The ecrebro pinal fluid should be examncd according to the directions
on page 208 When mengitis s present this fud usually contamns from

CABLE .9

Qurwout oF I aEuvococcic MenineiTis 1N RELatioy To mie }amsany Sounce
or Inercriov

Died
DNumber
Source f Infection Treated | Number | Per ccot

Pneumoma -1 14 67
Outis mcdm and/or mastaidiis 10 2 0
Fndocar. 2 2 100
Head uuury (fractured skull) 0

wmary focus not known (msmn wacbtamable)) 11 11 100
No primary focus found 10 3 30
Total 5 3. 58

100 to 5000 cells per cu mm  most or all of winch are granulocytes In
most cases the dextrose content 13 decreased or absent and the proten
increased The pneumococer are often seen on direct smear of the centr
fuged sediment and may be typud directly by the capsular swellng
method When thus 1s not successful the orgamsms are almost inyarably
obtained by culture

Prognosis Only an occasional patient recovered from preumocoicic
memingitis 1n the presulfonarmide days Wath the use of the sulfonamides
the prognosis lias inproved although we' have ob erved only three (8
per cent) recoveries among forty patients treated with full doses of sul
fonamudes 1n conyunction with speaific serum Among fifty five patients
whom we treated with pemcilln n conjunction with sulfonamides
thirty two (58 per cent) recoveted (Table 30) The best results were
obtained in patients in whom there was no discermuble primary focus of
wnfection or 1t whom the discase followed otitis medra or a head jury
The poorest results occurred in patients 1 whom memngitis developed
following pneumonia and 1n tho e with an associated endocarditis Age
18 an mmportant factor in recovery The best results are obtained 1n
patients n the second third and fourth decades



128 DISEASFS CAUSED B COCCI

The vegetation may be on a previously damaged valve although m
most mstances a preexisting leston s notb present Tinsley' found that
the following valves were affected m ninety collected cases

Aortic 3. cases
Mitral 30 cases
Trcuspnd 11 cases
\ortic and mitral 7 cases
ortic and tncu pid 6 cases
Mitral sortic and tncuspud 1 case
Alitral tncuspul and pulmome 1 case
Alitral aortic tricuspid and pulmonie 2 cases

In rare mmstances vegetations may be present on the endocardm
without involvang the valves and occasionally prieumococeic endarteritis
of a patent ductus arteriosus has been obseryed

Symptoms and Si_ns The tunperature 1 usually dlevated to a
daily peah between 103° or 103° " and may be continuous or remittent
Frequent clulls are often present Murmurs mdicative of valvular lesions
appear When aortic lesions are present a fall in the diastolic blood
pressure with consequent incrense in the pulse pressure may be the first
clew to the presence of a valvular lesion Petechiae are present 1n less
than half of the cases Purulent foc elsew here 1n the body often occur
Arthnitis and pericarditis are among these wlile menmgitis 1s especially
common When pneumon:a 1s not the primary lesion 1t may appear
during the course of the endocarditis as a result of pulmonary 1
farction

Diagnosis The diagi rests upon Hy positive blood cul
tures 1n a patient with pneumonia 1n whom signs of endocarditis also
appear A positive blood culture comnadental with agglutimns aganst
the 1dentical type of pneumococcus 1s practically pathognomonic

Prognosss Only a rare patient with pneumococcic endocarditis ever
recoyered with the use of antip serum or sulft Jes Most
patieats mn the pre perucillin era died within a month of the onset

Treatment Since pemeillin has been available several cases have
been reported 1 which recovery has occurred although this type of
therapy has not been imvanably successful It 1s important that the
condition be recogmized early before destruction of the valves has tahen
place and that large doses of pemcillin be given The regumen of treat

ment given in the section on Strepl wridans endocarditis (p 178)
should be followed
MENINGITIS

M occurs Iy during the course of pneumonia 1n

adults and 1n about 10 per cent of children This symptom 1s of no con
sequence and does not necessarily mean that a memngitis will occur
later True purulent memngitis occurred m 1 to 2 per cenat of patients
with preumococeic pneumonia before the advent of the sulfonamides
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possible 1n doses of 1 gm (1a gruns) eviry four hours for adults or 0 06
to 01 gm (1 to 1} graws) for cach nventy four hour period divided
wito six four honrly doses If 3t 15 necessary to gnve these drugs paren
terally one-sinth of the twenty four hour dose should bu given subeutane
ously as the sodwm salt i a 1 pee cont solution every six hours Clase
chech upon the concentration of the drug 1 the blood is required when
parenteral dnunstration 1 employed

\nTnnITs

The prcumococcus may cause 2 purulent rthntis as an mfrequent
complication of preumoit wd imore rarely followin,, some other focal
pricumococcic mfcetion or without any ntecedent nfection In older
series arthnitis was reported i from 0 1 to 0 6 per cent of cases of pueu
mocoecie pncumonin We have seen 1t 1n 03 per cent of our paticnts
whether treated with sulfonanndes or with penseillin

Tlus condition usually attachs only one jont sometunes two The
hnee and the anihle arc most frequently mvolved Cluncally the dise se
rescmbles other purulent arthntides with heat and swelling of the yoint
the Iatter often to a considerable degree Sometimcs there 1s an associated
bursitis while oceastonally tlis comphication may occur mdependently
of arthritis

Arthritis caused by the preumococcus must be differentiated from the
arthropathy which occurs durin, serum sichness and the arthralgias
wlich occasionally oceur as a mawfestation of seusitivaty to the sulfo-
nanudes or punicillin: Furthermore rheumated or other types of arthry
t1s may occur duning the course of pneumoma as well s at amy other
tme Primary pneumococae arthritis must be differentiated from other
kands of purulent arthntis In any case the diagnosis depends upon
aspiration and bacteriological exanunation of the fluid n the joint
Whether he disease was primary or followed another pneumococeie
mfection treatment by means of general admumstration of the sulfo-
namudes and repeated aspirations was often successful ? Sometimes e
sion and often dramnage were necessary Since the introduction of peme
lin the treatment of chaice 1s the intra articular njection of 50 000
umts of tlus antibiofic on alternate days until local and general signs of
wflammation have disappeared If infection 13 present elsewliere in the
bedy pemcillin should be ,iven systemically 1 addition m the same
doses as for pneumonia or 1n Ingher doses

Otiris MEDIA AnD Mastoipims

Otitis media 1s a frequent complication of pneumoma and was present
11 12 to 40 per cent of chuldren and 1 to 3 per cent of adults with pneu
monia before the advent of the sulfonamides Since that time the me
dence 1n children has apparently been reduced although defimte figures
are not available As shown in Table 20 we have encountered otitis
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Warin,'® found that among sixty cluldren treated wath sulfonamides
with or without specific serum 1n addition 22 per cent of those under
two years of 1ge recovered as compared with 61 per cent of those over
two years of age Among twelve patients (mostly chuldren) triated with
pemeilin and sulfonanndes only one died Thus 1t 1s apparent that the
prognosis 1s best 1n the 1,0 groups between two and forty years and that
at all a,es the results are better when pemnllin ts used in iddition to
sulfontmdes

It has been our expunence that paticnts do poorly when many pneumo-
coccr (more than four per high power field) are present 1 the centrifuged
sediment from the imtial specimen of spinal flud

Treatment 1 \s soon as the diagnosts lias been estabhished 20 000
unts of punetllin dissolved i 10 ce or Iess of rsotome salt solution should
be myected mtrathecally at 1 slow rate aftcr the removal of a shghtly
greater quantity of spmal flrd This should be followcd by 20 000 units
each d1y In infants thesce doses may be halved

PABLL 30
OQutcostk. oF PyeEumococese MEnIvGITIS 1N RELATION To THE AGE oF Tik L ATIENT
tge Dumber Dued
Trealed | Sumber | Per oent

0-9 2 2 10
10-39 8 2 2
40 and over 42 -8 67

- 28

Total ’ 29

If signs of subarachnoid block develop 1t may be neccssary to inject
the pemerlln anto the lateral ventncles or wnto the cisterna magna In
our experience the former route 1s to be preferred as cisternal injections
are attended by considerable hazard

2 Pemcillin should also be given systumeally in doses of 200 000 to
one million umits for cach twenty four hour pertod admimstered cither
by continuous intramuscular or intravenous infusion or by intramuscular
mjections at intersals of two hours

Recovery should be judged by a drop m the tupperature and pulse
rate by the disappearance of signs of mumngitis especially by the
patient s progress m reorientation by the disappearance of organisms
from smear and culture and the return of the dextrose values to normal
levels Treatment should not be discontinued until these mamfestations
have been normal for one w eeh

3 Sulfonamides should be given1n animualntravenous dose of 6 gin
(90 grains) of sodium sulfadia or sodium sull: 1n adults
and 003 100 0> gm (} to & gramn) per pound of body w eight in cluldren
Mantenance doses should be given orally or by stomach tube where
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or

hematurin occurs sulfonamudes should be discontnued until the

physicrin s sure that they are not the ¢ wsc of the trouble

Rarcr comphications of pneumococcie pncumoma include hemorrhn,e
from the stomch or the intestines abscesses of the shin perspheral
neanttis pyelitis parolitis orclutis and thrombosis of the yemns of the
fegs and thighs
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media 1 only 03 per cent of sulfonammde treatcd and 05 per cent of
pemcillin treated adults with pneumoma

Otitis media 18 often present before the onset of the pneumonia When
1t first occurs during the discise 1t may not be recognized In children
with preumonia 1t 1 unportant that the ¢ us be examned daly while
mn an adult patient any complaint of pain n the region of the ears should
be mnvestigated The disc 1se may catend into the mastond cells and from
there mnto the memnges

Under sulfonanude and picticularly under pemeilln treatment the
condition often clears up without surgery The treatment of chorce at
the present time 1s penteilin in doses of 1o 000 unts every three hours
or 300 000 umts of pemallin 1 beeswax and ol every twelve hours by
mtramuscular mjection or 75 000 to 100 600 umits orally every three
hours Surgical drunage should be cnploycd promptly when the infection
docs not respond to sulfonamides and pemeillin

SiNusITIS

Inflammation of the paranasal smuscs 1s prescat in an undetermined
number of cascs of pneumonta Prcumococar of the same type as those
found 1n the sputum have been demonstrated 1n the infected siuses
In the absence of pneumonta simusitis 1s seldom caused by pneumococc
The main significance of sinusitis 1s that 1t may act as a pathway of
infection to the meninges

PERITONITIS

Inl; 1ou of the per 18 a rare lication of p

n cluldren and 1s rare mdecd m adults It 1s more frequently primary
than secondary to pneumoma The prmary form occurs m cluldren
especially as a complication of nephrosis and 1n girls as an extension of
vulvovagimtis It responds favorably to treatment with sulfonamudes or
penicillin

OtnER COMPLICATIONS

Conjunclivifis 18 also a rare complication of pneumoma It occurs more
often as a prnimary discase m wluch mstance 1t responds well to local
treatment with sulfonamudes or pemciliin

Acute nephrifis occurs occastonally during the course of or conva
lescence from pneumococcic pneumoma Whether 1t 13 ever due to the
prieumococcus or whether 1t 13 dependent upon infection by the Sirep
tococcus hemoly rcus 18 a disputed question Certainly 1t follows pneumo
coceic pneumonta far less frequently than st follows diseases caused by
the hemolytic streptococcus Crystals and calculi formed from the sul
fonamide drugs cause a picture which may be confused with that of acute
nephritis but thewr presence i3 not associated with casts or changes in
the blood pressure Whenever pain in the region of the hidneys oliguria
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cause 1 struptococeic sore throat in one patient streplococeie sore throat
with rash (scarlet fever) m mother and otitis media pneumoma puer
peral sepsis or crysipelas i stll other patients Almost all the types
which cause infections in humans belong to Group A Hemoly tic strep-
tococer belonuny, to Groups B C and € are responsible for a few human
wfections while streptococer of the olher groups cause discase in man
only rarely

Hemolytic streptococcr are usually mtroduced 1ato the human body
by w v of the upper respiratory tract causing disease ¢specnally mn the

TABLI 3t
Siwe or arseriors Cat b »y HEwonmic Stwerrocucct 1 Rewmo o mue
T1ENT 8 AcE
1g¢ Group
Sile of Infection Disease Par 5,7whr1y

A Upper respiratory tract | (1) Childhood type of strep-| Under 3 years

(scarlet fever)
3) Sore throat without rash { Over 10 years
All ares

c fever
(€ Sore throat with ra h]3 to 10 yeara
{4) Nasopharyngeal carriers

B Asocated with upper (l; Qutis media ma toichtis | All ages ospeclal.ly

respiratory tract Smusitis under 14 years

@) lenwnsn].lar and retro-
haryngeal abscess

& Conial sdemtis

C Skin and asocated areas | {1) Lry ipelas Under 5 years and
Pyod ria over 40'years
3) Cullabus
D Other mtes (usually by|(1) Va s Under 10 years
extension or metastass | () Iuerperal sep s In child Lcaxmﬂ aes
from Croups A B and C)
Es) Lympl ademtis All aes especially
(1) Bacter mia un ler 14 years

(2) Memngitis

(6) Purulent artlrstis
(7} Osteomyehitis

(8) Pentomtis

(9) Poeumom

pharym or in areas adjacent to or connccted with 1t (Table 31 A and B)
The less common avenue of mnfection 1s by way of contaminated hands
or objects to the shin itself (usually where 1t has alrcady been abraded)
or to adjacent 1reas For mstance the orgamsms may be mtroduced into
the openings of the breast glands causing mastitis or mto the vagma
with resulting vagimstis or puerperal sepsis {Table 31 C) Sometimes the
streptococer advance beyond the area of pnmary mvasion and reach
other organs of the body (Table 31 D)

It s also evident from Table 31 that the hind of disease which results
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Infections with Beta Hemolytic Streptococa
Introduction

The streptococer are gram positive cocar which grow charactenstically
n chains The most widely used classification 1s bascd upon the appear
ance of the colomes on a blood agar plate When the individual colones
are surrounded by a zone of greenish discoloration the organism i3 called
an alpha streptococcus or Streplococcus viridans When there 1s a clear
zone around cach colony the or,amsm 13 a bcta hemoly tic streptococcus
or Streplococcus haemolylicus If there 13 neither a greemsh zone nor a
clear zone the or,ansm s callud a gamma streptococcus or Streplococcus
nonhaemoly ficus L he beta hemoly tic streptococer can be scparated mto
groups A through N based on preapitin reactions performed by the

field® techmque Group A str are further dnided mito
forty six serological types by the anti M precipitin method of Lancefield
or the agglutination method of Grffith ?

This b logie classification of the strep 1s unportant for
two reasons First the streptococar winch are pathogeme for man are
usually beta hemolytic and most of them fall within Group A Secondly
when nonhemoly tic streptococeus 1nfections (1 ¢ those caused by alpha
and gamma streptococa) oceur in bumans they duffer widcly from those
caused by beta hemolytic streptococer The latter act rapidly mvade
tissues extensively and produce a numnber of toxins As a result beta
hemolytic streptococcus infections have a short mcubation pertod a
sudden often overwhelming onsct frequently cause profound toxemia
and may be fatal within a few hours or days

Infections caused by nonhemolytic streptococar on the other hand
seldom v ade normal tissues They seem inclined to engraft themselves
and to multiply only upen physiologically or anatomcally altered organs
Dhen then the disease 1s often mild and 1ts progress slow unless hastened
by other factors

Infections with Bela-Hemolylic Streplococet

With the multiplicity of groups and types of beta hemolytic strepto-
coca one mught expect a particular type to cause a speafic disease but
thus 1s not so Any one of several different types may cause one of the
streptococeic diseases Lhkewise an]lar:dmdual type of streptococcus may
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Suscepubility to thus toxn e be mewurud by myecting a known
amount of the toun mtiadermally (the Dick test for details se. page
145) In gencral 1f the mdiadual has a positive Dich test (1s susccptible
to the toxn) before he becomes mifceted with hemolylie streptococer
which produce the erythrogeme toan he will develop scarlet fever
whereas of he lins a negahive Dick test (15 not susceptible to the toxin)
he will suifer from the Jocal mamfest 1ions of the streptococese nfcction
only without the accomp wnying rash of scarlet fever Accordgly we
have chiosen to discuss streptococcic sore throat as an entity including
the rash of scarlet fever as an incidental eircumstance

Cuintcarn Crianacrenistics of Streprococcic Sore Tinoar

Symploms and Signs The onset 15 usually sudden with chlly
sensations or chills fever headache malanse 1nd n the severe cases
prostration Vomiting may be present from the start especially 1 el
dren Pharyngeal symptoms vary from a shight sorencss all the way to
constant pain so severe that the patient fecls that 1t will be impossible
to take the next swallow

In a severe case the postertor pharyngeal wall s fiery red and edem
tous and presents a ghstening glairy appearance 1n 1ts entire extent
except when there are grayish white patches of exudate The exudate
resembles that seen in diphtheria but 1t 1s easily wiped off and does not
leave a bleeding surface The uvula is red and frequently edematous
The antenior pillars are injected The tonsils when present are mvar
ably enlarged and are usually covercd with patches of exudate In milder
cases the injection of the mcmbranes will be less intense and there will
be Ltk or no exudate and no edema Unless the rash of scarlet fever
15 present these cases will often be indistingwshable climceally from cases
of nonspeafic pharyngitis

Course The temperature may be only sightly elevated or may be
as lugh as 10> F In the average case 1ts mavimum 1s 102 to 103 F
It remamns at tlus level amywhere from twenty four hours to five days
unless specific treatment 13 gnven and usually subsides by Iysis

CriNicAL CHARACTERISTICS OF SCARLET FEVER
{StrePTococcic Sort THROAT Wit Rasm)

Symptoms and Signs These are the same as m streptococeic sore
throat without rash eacept that vomiting s more frequent 1n scarlet
fever and a lugher proportion of the patients may show evidences of
general toxicity

The rash produced by the erythrogemc toxn appears within two to
three hours of the itial symptoms or may be delayed up to twenty
four hours The rash comprses an crythematous blush as a background
on top of which are tiny punctate spots umiformly spread and close
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from nfcction wath hemoly tic streptococer depends upon the age of the
patient ** In cluldren undcr three years of nge mfection of the upper
respiratory tract usully takes the form of a mild rhinophary ngitis (Table
31 ) m children between the ages of three and ten years the same
orgamsm localizing i the same place 13 hhcly to produce a more severe
wifection of the throat accompanied by 4 tovic rash (scarlet fever) Ater
the age of ten years most individuals have acquired mmmumity to the
toun causing the rash so tht they arc likely to des clop the acute pharvn
gitis without the rash The arcas which are wyaded dircetly from the
upper respiratory tract can be affected at all ages although they are
more frequently unvolved in children since upper respiratory nfections
with hemolytic streptococct are i general more frequent m this age
group

Because the shins powers of resistance are at their Jowest m very
yaung and very old patients fuctions of the shin are found espeenlly
1n these 1,¢ groups Puerperal scpsis of course 1s found i women of the
child bearing ages Involyement of other parts of the body can occur m
prlients of all ages although the memmnges bones andjomlsareﬂpi‘(‘n"\
Likely 10 be affected m childhood

Childhood T+ pe of Streplococcic Ferer

In children under the age of six months hemolytic streptococc often
cause a mild nasopharyngitis'® with irregular fow grade fever 1 serous
or muced nasal discharge and perhaps some vomting and diarihea The
acute discase scldom lasts more than a weeh Sometimes st 1s attended
by even nulder symptoms In children between six months and thiee
years of ge the infection 15 Iihely to be more scvere \fter w untial
short pertod of nasal dischirge the pharyny will beconie diffusely 1ed
and soon afterward the cervical lymph nodes will swell and become
tender Irregular fever up to 103 F and oceasionally higher anorcva
and yomitin, will be present duning the haght of the local inflammation
Complications such as otiis media or suppurative fvmphademiis
develop The course cxtends over ten days to six weehs and comvals
cence 1s often prolongud A defimte diagnosis can usually be made only
by culturing group A hemolytic streptococet from the nose or throit
Treatment which 1s the same as for streptococcie sore throat m older
patients 1s outhned on page 118

Streplococetc Sore Throal (Seplic Sore Throal) Including Scarlel Feter

Hemolytic streptococet produce several tosms one of which s called
the erythrogenie toxin When these organisms multiply withm the body
(usually 1 the pharynx) of a susceptible individual so as to hberate 2
suflicient amount of ths toxin or1f this quantity of ton 1 mjected into
2 nommmune subject such 1 person will dev lop the charactenistic rash
of scarlet fever together with general symptoms of taxicity



STRLPTOCOCCIC INI ! CTIONS 139

the form of small flakes le s often i lar, ¢ shieels or 1 the shape of casts
of a finger toe hand or foot

An cnanthem usually occurs m scarlet fever m the form of small
bright red hemorrhagie spots on the soft palate wd anterror pillars Its
onset may precede or follow that of the shin rash by a day or ino

The tougue at first 15 usually heavily coated with a thuck cream
colored fur  After this its appearance 1s charactenstic of searlet fever
The papillac swell and push thar way through to appear as scattcred
bright red hnobs—the so called striwberry tongue Later the coaling
peels beguming at the tip and edges then over the anterior half of the
dorsum and finally the entire tongue leasing a surface wlich looks likhe
raw beel After several more d1ys the normal coating returns so that
by the thied weeh the tongue has resurned 1ts usual appearance

Clutical Pvpes Scarlct fuser wmay be divided mto four types ac
cording 1o the stventy of the yanous mamfestations s shown m
Table 32

1 The unld type In thus form of the discase the onset 15 usually
ndefimite  the temperature remams below 101+ the rash 1s often
shght and evanescent involvement of the pharynx 1s munmal compl
cations are mfrequent wnd recovery often begins within twenty four to
forty aht hours

~ The moderately severe type Here the onset 13 u ually abrupt and
15 rcompanied by vomiting  the maxmum temperature rnges between
101 and 103 F the rashis usually exteusive and bright red and redness
15 present all over the pharynx and 1s often accompamed by edema
Complications oceur frequently although they are seldom severe and
defervescence u vally begins on the swcond to the fifth day

3 The touc or fulinating type Symptoms of eneral tovicaty are
gleal m tlis type i proportion to the amount of pharyngeal unvolve-
ment The onset 1s ripid vonuting persistent  headache mtense and
prostration severe The rash may be a bright red or it may take on a
dushy mottled purplish hue due to associated peripheral airculatory
Talure  Sometunes the rash 1s hemorthagic 1 character Hemorrhages
m the mucous membraues may result in epistaxis hematemesis and
hematunia Death may occur within a few hours or a few days

4 The septic type This is charactenzed by extensie 1 oly ement of
the pharyny and nearby stiuctures The cervical lymph nodes are swollen
and the ding tissues ed There 1s a derable degree
of edem and exudate m the tlroat along with evidences of paranasal
sinusitis Otitis media 1s common Abscesoes around the tonsils belund
the pharvnx or 1n the nech may occur The temperature remains high
and other symptoms of general toxicity are present The rash on the
other hand may be 1o more marked than 1n moderately severe cases
The prognosis n the septic type d('peuds upon the extension of the local
process and the seventy of the ns [t must be h d
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together so as to ,nve an apperance of bnght umform redness In the
Negro the crythema may not be evident Instead the shin may give the
appear e of goose prmples with a blachemng of the tips The eruption
begns on the upper part of the trunk and extends upward onto the neck
and down over the atrenmties Usually there 1s no eruption on the face
orscalp but the chechs are flushed le1ving a relatiyvely hght area around
the mouth known s cireumoral pallor Herpes often appears on the hps
The rash 1s accentuated in the il grans and popliteal spaces The

- ——r

(Fig 17 Farly eruption of scarlet fever (Courtewy of Parke Davis and Company

folds of the shin sn these areas take on a deeper red color which does
not fade on compression These are ealled Pastias bnes Shight rashes
may fade within twenty four bours the more intense ones usually begin
1o disappear within two to five days

At some tune between the fifth day and the fifth week  the shin begins
to peel m the arcas where the rash was present DPeeling begins most
often on the tips of the fingess or toes under the distal end of the nail

but may begin csewhcre on the neck chest or bick Pocling may be n
g
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the form of small flahes less often i large sheets or m the shape of casts
of 4 finger tot hand or foot

An coanthem usually occurs m scarlet fover m the form of smali
bright red hanorrlingie pots on the soft palate and antersor pillars Its
onset may precede or follow that of the shii rish by a day or two

The tongue at first 1s usually heavily coated with 2 thuch  cream
colored fur After this )ts appearance 1s charactenstic of scarlet fever
The pipllae swell and push thar way through ta appear as scattered
brght red hnobs—the so-called striwborry tongue Lator the coating
pecls begnnung at the tp and «dges thun over the antersor half of the
dorsum and finally the entire tongue lewing a surface wlich looks like
raw beef Aftee several more duys the normal coating returns so that
by the third woek the tongue has resumed its usual appearance

Chimeal Types Scarlet fover may be divided into four types ¢
coding to the sovenity of the yvanous munfestations as shown n
Table 32

1 The nuld typc In tlus form of the discase the onset 15 usually
wddfimte  the temperature rumams below 101 F  the rash 13 olten
shght i evanescent mvolycment of the pharynx 18 minmal comph
cattons are mlrequent and recovery often begins withun twenty four to
fortv-e1,ht hours

2 The modertely severe type Here the onset 1s usually abrupt and
1s weompansed by vonuting the maxmum temperature ranges betwien
101 and 103 F therashisusually exten nve andbright red and redness
18 present all over the pharynx and 1s often accomparued by edema
Comphications occur frequently although they are scldom scvere and
defervescence usually begins on the second to the fifth day

3 The touc or fulnunating type Symploms of general toxcity are
great w this type 1 proportion to the amount of pharyngeal mvolve
ment The onset 15 rapid vomiting persistent headnche mntense and
prostrition sevarc The rash mav be a bright red or 1t may take on a
dushy mottled purplsh hue due to associated peripheral cireulatory
farlure Sometimes the rash 1> hemorrhagic i charcler Hemorrhages
m the mucous membranes may result 10 ¢pistanis hematemess and
hematursa Death may occur wathi a few hours or a fen days

t The septic type Thisis charactenzed by extensive involvement of
the pharvnx and ncarby structures The cervical lymph nodes are swollen
and the surrounding tissues edcmatous There 13 2 considerable degree
of edema and exudate 1n the throat along with evidences of paranasal
simusifis Oits media 13 common  Abscesses around the tonsis belund
the pharvns or 1n the neck may occur The temperature remans high
and other symptoms of general toviuty are present The rash on the
other hand may be no more marked than 1 moderately severe cases
The progno 15 1n the septic type depends upon the extension of the local
process and the seventy of the complications It must be emphasized
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that the septic and toxic ypea may vueasonally coctest i which cases
the outlook 1 prrticully grave

Wound or * Sargeeal  Scarlet Ferer When hemolytic streptococct
enter a break in the shn or mucous membr imes ind madtiply they may
hberate erythirogeme toxin If thas tohes place 1n an indisidual suscep~
tible to the toxm the typue il rash of sowht ferer will deselop The portal
of entry m1y be a wound a bum a surgicdd e won the umbilical cord
of the nuwbort wfaut or the postp artum ulerus Smee W these condstions
we obviously niot surgicil we prefor 1o use the form sound  scaclct
feser to distinguish thas v inely froms the scarlet fuser wluch occurs as
a result of pharysattis Othier than the portal of entsy there 18 no &if
ference w1 the twa conditions The prognoms m each ¢ 18 dependent
upon the severity of the disemse at the pnimary site phis the degree of
guncral toseaty

CowiLICATIONS

Table 33 <hiows the wordenee of the more common complieations
31 6as cases of searlet lever collected from the kterature These patients
were treated before the advent of pemcithn and the sulfonanndes A
though na sumlar figures can be compled for streptocoenie sore throat
without Fish it hus becn observed that when the tw 6 conditions extsted
sde by side as tn food borne epdennes the compheationa were stmlar #
1t 13 our optmon that the comphieations of streplococese sore throat are
essentially the same as those occurnng msearlet foves wath the exception
of thome foutd ar the sk s sequels of the rish

TABLE 22
YnapEncE 13 1 Monk, F»w»z\EnCoxyuc\no\s oF SespsxT Feven 11 316 >
LLE:

Incudenee.

Complicatiun {pee cend)
Cervt 4l lymphademns s
Rlumts and siaustis 40
Otiis media 167
Anbnty 28
Acute n asto d iy 23
Acute nephntis 13

B fore penie ten and suifonamides became ava Il le

Cerrecal lympladerulis was noted it 235 per cent of all cases All
degrees of tenderness and swelling may occur on one or usually on both
sides of the nech Occastonally one of the lymph podes may suppurate

Riunalis and snustlis were absery ed 1 25 6 per cent of patients Sunple
clumbis 18 found more often espectally i chuldren The maxffary sinuses
are usually mvolved the frontal and etbmordal ssnuses less often and
the spi ! simuses Jeast y of all Sinusits 1s aften severe 1
young clnldren and may be falal Memngttis may follow especyally
when the {rontal or sphenmsdal siuses are nffected
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Oltlis Media T xtension alon, the eustacluan tube to the nuddle ear
occurs 0 ensily i youn,, culdren that otitis medsa 1s encountercd fre
quently in pitients under five years of age and nearly as often i children
betwean the ages of five nd fifteen It 1s also obsersed occasionally 1
adults Tt was present i 16 7 per cent of patints of all ages m the
collectcd series Once the mfection his reached this pomt st may proceed
fartha and Cuse acute mastoidibs (in 2 ¢ per cent of All patients)
Rardy 1t my oven cnuse menngitis

Paw 1s the domnant symptom m otitis media It may be a dull ache
or sharp and wacrueriting It 1s often accentuated with each heart beat
Partil deafness and fever of from 1 to 5 degrecs e also present On
examination wnceular tendurness may be found The eardrum shows
congestion ¢speaally around the «dges and along the malleus i the
carly stage wd later shows mflammation throughout is extent along
with partial or complcte obhiteration of the landmarks A horizontal line
across the tymp e membrane denotes flud 1 the nuddle ear Drops
of exudate or hemorrhagic blchs may appear on the drum If there s
sufficient exudate the membrane will bulge outward

Vastowdilrs should be suspected 1f the temperature 1s lugh or signs
of general toueity are pronouncud or 1f there 1s a persistent putulent
discharge ftom the nuddle car Older cluldren wall report pam and tender
ness over the mastoid process Swelling of the soft tissues belund the earss
usually prescut A toent,enogrun will show congestion or decalaification
of the mastond cells

Othicr less frequent complications by exlension arc pertlonsillar bscess
(quinsy) retropharyngeal abscess and cellulitis of the nech

Among the structures affecled elsewhere n the body the jouts arc
most frequently mvolved  1rthridts was noted 1n 28 per cent of the
collected cases Sometimes there are only fleeing igratory joint pamns
Less frcquently there s an cffusion mnto a joint space and rarely suppu
ration This complication will be discussed more fully under Rheumatic
Fever (pp 103 to 172)

Nephritis Lavidences of renal irritation ate present in most palients
with streptococese sote throat and scarlet fuver Usually these comprse
no mote than albumimnuria with a fow hyalne casts Such abnormnlities
are presumably d with alb leg 10n (cloudy swell
ing) of the hidney tubules and may be classificd as a  toic nephrosts
Tlns syndrome begins early m the course of the infection and clenrs up
as the other mamfestations of the disease disppear

Tiue glomeruloncphntis on the other hand although 1t may begin
whale the rash s stall present usually starts after the tenth day of the dis
ease The onsct may be acute wath scant urme smoky or red in color

contammng hyaline and granular casts and red and winte blood cells
Ldema may be gencralized convulsions may occur and even death
few days Vany cases are mulder with symp-

may supervenc within a
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toms appenug gridually Oliguria may be noted first or 1 httle edema
of the fice accompund by the eharietenstic unnary abnornnhitics
The divease may progiess unlil it becomes suvere or it may remam
mild and improve within a few diys or wechs A relatively small pro-
portion of patients with acute nephiritis continue to have chrome neph
mtis Whether the Iatter form will oceur or not canmot be predicted
from the sevirsty of the imuial phase Conscquently even the shghtest
mamfestations of nephritis should be considered potentially serious

A number of cses li somewhere between the syndrome of tovie
nephrosis and defimte glomcruloneplintis The urine of these patients
contarns 1 addibion to alburmn red blood cclls hyalne and granular
casts and perhaps an abnormal number of leuhocytes On the other hand
the patients ealubit none of the systumic mamifistations of nephnbis
This condition bas been called  focal neplintis — but with Iittle reason
It may represent an exaggerated plise of renal rntation or  toue
nephrosis  orit may be a nuld or subchnical phase of glomerulonephintis

Other complicahons »luch may vewur as a result of {ransimssion of
streptococet to 3artous parts of the body are pneumoma erysipelas
memingitis ustcomyehtis pyelitis and peritonitss Scrous memngitis and
encephaliis are infrequently scen Paronyclun sometimes results from
an mfection mtroduced duning the process of puhng Purpura 1s a rare
complication with 1 lugh fatality rate Rheumatic fuver will be discussud
1 a separate sccion beginming on page 163
Recurrence anD RrinrecTioN

Since there are numerous types of hemely tic streptococer 1t 1s obvious
that many mdivduals develop several streptococei infcetions durning a
Ifetime If the orgarusm re.ponsible for any one of these infections
generates erythrogeme toxin and the individual 18 susceptible to the
toain he may develop scarlet fever 1f the orgamsnt does not develop a
sufficient amount of the toxin or if the wdsvidual 1s not susceptible to
1t a streptococcic sore throat will result It has long been noted that
during convalescence from scarlet fever patients on open wards often
develop pharyngitis Allison and Brown! and others have shown that
this 15 usually an tnfection with a different type of streptococcus (ob-
tained through contact with another patient on the ward) rather than a
recurrence of the patients ongnal infection If the patient has not
developed a sufficient unmumity to the erythrogemc toxin he may
develop the scarlatmal rash also although m most nstances a sore
throat alone develops Many other late complications mstead of being
dug to the ongmal type of streptococcus undoubted!y result from contact
infections
Lanoratory anp Sercian Examinations

The leukocyle count 1s usually elevated to levels as hugh as 20 000 per
cu mm Rarely higher counts up to 50 000 per cu mm have been
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seen In milder cases the leuhocyte count may be within normal imuts
There 1s a relative increase 1n the granulocytes with a  shuft to the lcft
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Nedative Igs}sjos than 20 mm.
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trve and negative reactions to the Dick test (From Dick and Dick
fg 18 P“‘So;rlet Fever Year Book Publishers Inc Chcago II1)

of the Schillng index When a scarlatinal rash 1s present cosmophiha

ur during defer escence
mngu?(c:rcs tal\cnn from the pharynx will show the Sfreplococcus haemo-
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Iylicus almost narably a stram belongin,, to Group A These orgw
1sms will usually be present 1o pure culture 1n the severely 1l patients
but may comprisc only onc-third to three-fourths of the colonies on the
blood agar plate i patients with mild and moderately severe tilnesses

The Dick lest consists in the intracutancous injection of 0 1 cc of Dick
toxin contamning one shin test dose of the toxm The test should be
read 1 twenty four hours at which tune a positive test (indicating that
the individual s susceptible) should show an area of redness at least
1 em 1 diameter When the st 13 negatine (indicating an nnmune

-
vy

Fi, 19 A positive Schultz-Charlton reaction showwg banching of the rash
at the site where antitonn has been myected (From Dick snd Dick Scarlet Fever
Year Book Publshers Inc. Chicago 1I)

mdividual) there 1s a smaller area of redness or none at all (Fig 18)
Thus test 15 usually positni e before an mdividual develops scarlet fever
and becomes negative durmg the course of the disease within & weeh or
ten days as a rule While this sequence of ¢vents generally takes place
1t1s by no means infalhble Dick negativendivadunls have been known to
develop scarlet fever and on the other hand patients have gone through
an attack of scarlet fever and remained Dich positive throughout

The Schull Charlton reaction 18 performed by wmyjecting 01 cc of
scarlet fever antitoxin or comralescent serum intracutaneously in the
middle of an area where the rash which is suspected of bemng scarlatinal
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seen In mider cases the leuhocyte count may be withm normal bats
There 1s a relative increase i the granulocytes with 4 shift to the left

- .
Famtl 1tive
Necatwe Igsgotshan 20 mm.
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¢ yt;x)nder 280 mm bet&eg\%owornm
.
«
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Fig 18 Posibive snd negative reactions o the Dick test (From Dick and Dick
Scarlet Fever Year Book Publishers Inc Chicago INl)

of the Sclulling index When a scarlaumal rash 1s present cosinoplulia

may oceur dunng defervescence
Cultures taken from the pharyns will show the Streplococcus hacmo-
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Iylicas almost mvamably a straw belongmg to Group A These organ
1sms will usually be present in pure culture in the severely il patients
but may comprise only one thurd to three fourths of the colonies on the
blood agar plate i patients with mild and moderately severe tlinesses

The Dick est conststs i the intracutancous mjection of 0 1 ce of Dick
toun contumng one shin test dose of the toxn The test should be
read 1n twenty four hours at which time a posiive test (ndicating that
the individual 1s susceptible) should show an area of rcdness at feast
1 em 1 diameter When the test 18 negalive (indicating an rmmune

Fig 19 A positive Schultz Charlton reaction showing blanching of the rash
at the site where antitoxn bas been jected (From Dick and Dick Scarlet Fever
Year Book Publiters Inc Chica o IN)

individual) there 15 a smaller arca of redness or none at all (Fig 18)
This test 1s usually pasitive before an wdividual den elops scarlet, fever
and becomes negative dunn, the course of the disease within a weeh or
ten days as a rule While this sequence of events generally takes place
it13 by no means mfallible Dick negatiy e individuals have been known to
develop scarlet fever and on the other hand patients have ,one through
an attack of scarlet fever and remamed Dick positive throughout

The Schull Charlion reaclton 18 performed by njecting 01 cc of
scarlet fever antioxmn or convalescent serum i the
mddle of an arca where the rash which 1s suspected of bemng scarlatina]
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18 henviest Wathia four to eight hours an area of blanchng of the rash
should vppe i around the stte of the mycction if the rash is due to scarlet
fever (Tig 19) Thus test 1s not wfalhible since blanching docs not occur
i 2l cases of scarlet fover especilly if the rash 1s several d1ysold

Diacaosrs

Chimenl features helpful i the diagnosss are the Tistory of contact
with indivaduals hasing streptococeic sore throat, scarlet fover or other
wifections caused by Streplococeus haemolylicus sore throat especially
if cdema and cyudalc are present fover (sometumes with chills) vomiting
and headache Duffusc ficry redness of the throat marhed swelling of the
tonsils and uvuly and the presence of large patches of exudate are much
more common I streptococcte than i any other mfections of th
pharym

The 11sh of scarlet fover 15 charactersstically more mtense 10 the
groms axillac and the antecubital and pophteal spaces and crewnoral
pllor 1s usually prestnt Peehing 19 a late phenomenon of considerabte
value 1n confirming a questionable diagnosis 1t should not be relied upon
entirely however smce many patients wath muld scirlct fover do not
show any peeling and an occasional patient will extubit this phenomenon
after some other febnle or eruptn e discase

Differential Diagnosis  CONDITIONS SIMULATING STREPTOCOCCIC
soRrk THROAT The most common of these 1s a simple upper respiratory
mfection the commmon cold grip influenza nonspecific pharyngitis and
tonsillitis In general i these conditions the throat 1s not very sore i
comparson with the other symptoms inflammation of the pharyny 18
not so diffust  cdema 1s less frequent and less marked when present
exudate 1f 1t occurs at all 1s usually scant and m small patches and
cervieal lymphadcmtis is seldom present The mulder cases of streptococ
cic sore throat however are indistinguishable 1n appearance from those
found i other mfections so that when no rash 1s present 1t 1s imposstble
to dingnose them defimtely without resorbing to throat cultures §

The throat m a patient with diphthersa may be confused with that
found 1 a patient with streptococcic pharyngiis In diphthena the
onsct 15 usually msidious the temperature 1s relatrvely low an propor
lion to the elevation of the pulse rate and the evidences of toxaity the
pharynx 1s purphsh rather than fiery red the tongue does not have
enlarged papillac The membrane of diphthenia 1s tenacious while the
exudate m the streptococerc infection can be wiped off without difhculty
Culture of the pharynx for virulent diphthena bacillz 1s the only certam
confirmation of the presence of this disease and should always be done
if there 15 any doubt

In Vincent s angma there are patches of grayish white p eudomem
brane each with a border of red inflamed mucous membranc but
separated from other patches by lealthy tissue Removal of a patch
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Jeaves an uleerated area which blouds freely In most mstances uleers
are also present on the ums or on the buceal mucosa The diagnosis s
confirmed by finding the typeal Yincents sporochcles and fu iform
bacillt m a stamed “near

CONDITIONS SIMULATING SCARLATINAL st Dru,, 2 hes are often
wndistinguishable from that of searlet fever Fhey may follow admims-
tration of the sulfonumdes spinm quinme atropme and other drugs
VWhen the drug Iis been given for the treatment of a sore throat the
diagnosis 1s doubly difficult  \ hastory of the medication recend and of
previous dru, sensibinities 15 most valuable The abstnce of ennthem
strawberry tongue  arcumoril pallor and of Py tias liges 1s hepful
though not conclusne \ posilive chuliz Charlion reaction (1o blanch
mg) will venfy the diagno s of scarlet fever although a negative te t
will not rule 1t out

Guman measles may be dificult 1o distin uish from scarlt fover on
the first day of the discase but Iater the rash fades in one part of the
body while appeaning mn another The macules n Gurman measles are
usuilly more discrete than i scarlet fever the pharyngeal signs less
marhed and postauncular and oceipital lymph nodes are patpable When
the chimetan 15 1 doubt 1t 15 best 1o 1solate the patient as if he had
scarlet fever for a day or 1no by winch time the diagnosis will bue
become more ccrtain

In mensles the papules are discrete they may become confluent in
some arcas but thns1s ney er true over the entire body The rash is found
on the face and scalp and 15 not accentuated 1 the aullae gromns pop-
hteal and antecubital <paces though conjunctivitis and riumhs are
present pharyngeal signs are mimimal hoplik s <pots present it a patient
establish the dingnosis of measles

PrevexTION

fetivg Immumzation The rash of scarlct fever and some of the
foue symptoms an be prevented m a fair proportion of susceptible
persons (persons with a positive Dich test) by active inmunization with
erythrogeme toxin Subeutancous imjections of 620 2500 10 000 30 000
and 100 000 shin test doses at wechly mters ds are recommended Two
weeks after the last dose the Dich test should be performed agam If
it 1s still positive the fifth dose should be repeated These injcctions are
often followed by local or eneral reactions Since they do not produce
immumty 1.amnst nfections by the streptococer themselves but ouly
against the effects of the erythrogeme toun and wnce this hmited
amount of inmumty 1s not obtamed in il subjecls active unmumza
tion 1s imted to cluldren and to hosputal personne] comung into frequent
contact with streptococeic mfections

Sulfonamides In ¢pidemics all the mdividuals m a group may be
given sulfonamides such as sulfadiazine in doses of 05 gm (75 grains)



118 DISLASLS CAUSED BY coccl

twice a day 1lus will deercase the number of carricrs although the
number will nse agam when the ad ration of sull des 13
stopped Because of the danger of cstablishing sulfonamide resistant
strams of streptococer this method of prophylaus should be used only
undcr special crcumstances m a hmited group of persons and for a
penod of not more than three or four weehs

Pemadlin Although the admimstration of suffiucntly large doses
of penioitln will cause the disappeirance of hemolytie streptococe: from
the throats of most individuals (see below) tlus antibiotic 1s not recom
mended for prophylaxis beciuse of the possibility of the production and
dissemination of peruaillin resistant strams

Procnosts

The prognosis 1 streplococcic sore throat is difficult to determine
sice an msufliaent number of cases has been studied 1n wlich the
etiologie agent has been positively identificd The largest groups have
been observed in milk borne epidermes  Here the case fatality rates have
averaged shghtly over 2 percent Amongth d of strep 10
pharyngitis most of whuch are much nulder than those 1 epidemics
deaths are rare although they do oceur as a result of complcations

The case fatality rates m scarlet fever have been more extensively
studied They depend 1n the main upon two factors the seventy of the
disease and 1ts compheations and the age of the patient As i other
wnfectious diseases the death rate 1s lugher in mfants and very young
chuldren than 1n older children and adults For some unknown reason the
fatality rate from this disease has decrcased considerably since the begin
ning of ths century It now avcrages somewhere between 1 and 2 pef
cent

TrEATMENT

Hospitalization and Isolation In a mild or moderately severe case
the paticnt 1s usually as well off at home as 1 a hospital where he runs
the chance of secandary infection with other orgausms If complications
appear wluch may require surgical attention the patient 1s better off 1n
the hospital

Patients with streptococuc sorc throat whether accompanied by a
rash or not should be solated until the climeal mamfestations of the
acute pharyngitis have disappeared and as long therealter as Jocal health
department rules require

Pemethn Treatment of Scarlet Iever Pemicillin has shown a
powerful antibactersal effect on the hemolylic streptococcus 1n vitro and
m patients wfected by this orgamism We? found that when pemcilhn
was admunstered to patients with scarlet fever 1t resulted 1n (1) a
furly rapsd fall 1n the temperature (ligs 20 and 21) with concomitant
dimunution 1 toxeity and other gencral symptoms (2) disappcarance of
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the hemolyhic streptococct from the throat of ucarly every patient and
(3) a dizunution m the number of pyogeni complications

As shown 1n Table 31 the duration of ferer aviriged fifty two hours
after pemaillin therapy was started compared with twenty seven hours
i patients given antitoun mnety-one m those who recanved sulfonun
ides and ninety mne hours (after adimssion to the hospital) m patients
treated symptomatically Tlis 1s what would be expected 1n view of the

fact that tin docs not lize the erythirog toun (seep ~0)
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Fig 20 Temperature chari of a patient with scarlet fever showwn, rapud subsid
ence of fever and rash after pemaillin therapy

E. H 8 “egro child aged three years had abdomun 1 pamn three lays befure
admission followed by listlessness, anorema fe er and yvomting Physical ex
ammation showed a typical scarfatinal rash and strawberry tongue Both ton.ls
were enlarged infl. med and coverd with a follicular exudate The pharynx was
sntensely red The Jeukocyte cuunt was 0 000 per cu mm. Pemalln \ was admn
astered o doses of 0000 umits every 1x bours. The rash receded and the tempera
ture dropped wthin twenty four hours, an 1 hemoly lic streptococes could no longer
be cultured on the thurd day of hospitalization Th re were no furth r symploms
except a few days of low grade fever

as does antitoxin but reduces the number of or elimnates entirely the
hemolytic streptococet in the pharynx thus causing the toxn production
to stop The time required for this process would obsviously be longer
than the time necessary to neutralize the toxn directly In view of thus
fact we recommend (Table 32) that patients with severe touic 5ymptoms
be given full doses of antitoxin or convalescent serum 1n addition to
pencillin: Faslure of a patient to improve witlun twenty four to forty
eight hours of the start of pemtciilin therapy 1s most likely due to the
fact that the streptococeus 1n hus throat 1s relatny ely resistant to pemc
ikn Such a situation should be met by doubling or triphng the dose of
pemallin At the same time if the patient 1s very 1ll he should alse be
gven comvalescent serum or antitoxin
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We have confirmed 1 scarlet fever patients the observation of Plum
mer'® that 1 patients with sorc throat due to hemoly tic streptococet

DAY OF TREATMENT 1{2i3]4]5l6(718
o [
o3 \/] N
0zl |/
101 /1
100 | |
929, L
98551 ]
TOXICITY thperd et | & [ = [ =
HEMOLYTIC STREPTOCOCCUS 4| =] === -
CULTURED FROM THROAT

DOSE OF PENICILLIN
{UNITS X 1000) 50‘40‘:14 |ool 25

Fig 21 Temperature chart of a patient with scarlet fever showing moderately
rapid subsidence of fever rash and tomcity after pemalln therapy

I D a Negro girl aged eight years had feser sore throat tash and st neck
twenty four hours before admission I hysical examination showed the typical rash
of scarlet fever with a fiery red throat and follicular tonsihtis Lumbar puncture
revealed no abnormalities Pemallin G was given i doses of 50 000 unils every
four hours for five doses When there was no improvement this was increased to
<0000 umts every two hours Fourtcen hours after the dose was increased the
temperature began to full Later the dose was decreascd and then stopped alto-
gether on the fifth day of treatment Toxicity and rash had disappeared by the
fifth day Hemolvtic streptococcr could not be cultured from the pharynx after
the second day

TABLE 34

CoupARisoN oF THE RLsuLTs oF THE TREATMENT oF Scaker FEvorowie
Peniciius ANTITOXIN SULFONAMIDES AND SyMPTOMATIC MEASURES

| Ineudence of
Incudence of | Throat Cultures
Durationof | Complcations | Posttiue for Hemo-
Vethod of | No of | Feoer afier | Deoeloping after | e Sirepiococes

Trealment Palients | Admussion Admussion di jonta
(hours) {rer cent) lescence (per cent)
Pemcillin 1,0 2 4 6
\;‘:wnn 25 27 41 8
Sulfonamdes 2o 91 1s 42
Symplomatict 13 99 28 8.

Patients treated 1n this manner had temperatures below 101 F mild toucity
and no complications

these orgamisms reappear and are accompaied by a return of the sore

throat fever and general symptoms 1f llin therapy 1s d d
too soon (Fig 22) Accordingly we recommend that patients be treated
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for at least five days or untl the temperature has been normal for forty
eight hours and purulent complications have been eradicated

Our patients have recenved 25 000 umits of pemeilln ntramuscularly
or 100 000 to 125 000 umts by mouth every three hours Smaller doses
of 15 000 umnits every three hours mtramuscularly would probably be
sufficient 1n all mild or moderately severe illnesscs In the present state
of knowledge of oral therapy we would not recommend doses less than
100 000 umits every three hours by mouth Pemallin in oil and beeswax
300 000 umts once or twice a day should also be satisfactory

Pemaihin lozenges have been advocated for the treatment of strepto-
coceie sore throat We have observed that if one lozenge of 5000 umts
strength 1s dissoly ed 1n the mouth ¢very hour while the patient 1s avake
recovery will occur but 1t will take twenty four hours longer on the
average than with systemic pemaillin therapy Another disdavantage of
using lozenges 1s the possibility of producing a hy persensitivity reaction
of the mucous membrancs of the mouth

Peniarilhn Treatment of Pharyngitis Without Rash Peciliin
should be ,iven 1n doses of 15000 to 25 000 umts every three hours
wntramuscularly or 100 000 umits orally every three hours or 300 000
units 1n oil and beeswax once or twice a day The larger doses should be
used for patints with extensive pharyngitis purulent complications o
considerable general toxicity

Treatment with Serum Two hinds of serum are cffuctive in over
conung the touic symptoms of scarlet fever (1) serum from patients
comalescent from the disease (preferably pooled from several patients)
and (2) antitoxin developed by immunizing horses As far as ability to
neutralize skin test doses of erythrogenic toxm 1s concerned antitoun
18 far supenor to convalescent scrum The titer of the latter averages
500 neutralizing umits per cc  while antitoxin contans at least 1o 000
neutrahzing umts 1 the same volume Convalescent serum however
contans other substances of a protective nature probably antibactenal
antibodes and antitoxins agamnst the hemolytic leukocidic and fibrno-
Iytic toxs of the streptococcus Furthermore 1t perasts m the body
longer than any foresgn serum Most of the evidence shows that either
agent will give excellent results in most cases wherc serum Is mndicated
The admimstrahon of exther one 1s usually followed by a fall 1n temper
ture and a dimnution of the toxic symptoms within twenty four to forty
eight hours (Fig 23) The case fatahty rate although not lugh in un
treated cases 1s apparently lowercd still further by serum treatment
Antitoxin 18 used almost exclusively 1n patients treated at home since
com alescent serum 13 available only m large hospitals recerving many
patients with the discase or i the vicimty of a few cities where serum
centers are mantaned

As shown in Table 32 we d that the ad! 1ation of con
yvalescent serum or antitoxin be confined to patients who are toxic or
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who do not respond to pencillin withm twenty four to forty eight
hours

Sulfonanudes These drugs are not so yiluable i wfections of the
pharynx as mn other discases caused by beta streptococar They do not
affect the toxic symptoms and opimon 1s divided as to whether or not
they dimimsh the complications Before pemcillin was av ulable we

DAY OF TREATMENT 1]2]3]4]5]/6]7]8
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Fig 23 Temperature chart of a patient with scarlet fever showin, lack of response
to peruaillin and prompt recovery afler antitoxin therapy

Hemolylic streptococcus «en. U1 e to 0 6.2 umits of pencallin Highest blood
concentr tion-01 6 units of penicillin

A D a woman aged twenty mune years hud a sore throat six days before ad
musson and ra h and yomutng three days before There was no umprovement on
sulfadiazine On admission the patient appeared quite toxic There were present a
generalized brght red ra b general lymphadenopathy injection of the conjunc
Inae moderate myection of both ear drums a strawberry tongue and a o nsiderable
amount of reddening of the lon s and pharynx

In sp\le of intramuscular anjections of 50 000 umts of pemalln X at s hour

the patient remamned toxc and pausealed und the temperature did not

rsu On the fourth day of Lo p tahzat un 18 000 wmts of scarlet fever antitoxin
were wjected ntravenously Tle temperature dropped to normal in tw nty fou
hours ‘The tomaity sutwded and the ra b disappeared at the same tine

Subsequent studics rhowed that the streptococcu 1solated frcm the patients
throat was sen itive o 0 6.0 ults of pemcilln per ¢ whe eas the lighest blood
pemallin concentrat ons that had been obtaned were 01 6 umts of peraciln per
cc It s likely that ncreasing the dose of penicilin may ha ¢ g1 en as good estlts
s the administration of antitoxan

employed them only 1n the presence of streptococcic cumphications such
as moderate or severe cerv lcal adenitis otitis medla mastoldltxs pur
ulent arthntis f:

was preferred although sulfamlamxdc was used when nephnus was pres-
ent smce this drug does not precipitate m the urinary tract At present
these have been displaced by i
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Svmptomatie Freatment Inaddition to the measures which should
be <airied out for any patient with an acute mfectsous disease (sce p
15) Jocal tre tment of the sore throat will mcrease the patient s com
fort matenally Adults will feel better after garghng every two to four
hours with a solution of 085 ;m cach of sodium chlonde and of sodim
bicarbonate per 100 ce In the home one half teaspoonful of each to one
plass of water may be used Older children may be given throat wnga
tions of the same solution Fhey should not be given to cluldren under
five vears of age since they may be foreed mto the eustachian tubes
These solutions should always be as hot as it 15 possible (o make them
without burning the patient Continuous sips of hot water broth tea
or ik will also dumuush the soreness of the throat Painting the theoat
with various lughly colored solutions 1s of little value and may actually
do harm by spreading, the mfection An ice collar will lessen the pam of
the swollen cervical lymph nodes When a node enlarges sufficiently to
sug.cst suppuration hot compresses should be apphed The associated
rlumtis should be trcated by shrinhing the nasal membranes with § per
cent neosvuephrin or 1 per cent, ¢phedrine solution used as a spray or
nose drops In voung children gentle nasal suction may be needed in
addition

The patient may be allowcd out of bed when lus temperature has been
nounal for two days after a moderately severe illucss or 1n asevere il
ness after three to seven afebrle days Since hemolylic streptococeic
wnfcctions are contagious 1solation of the patient should be observed until
the signs of pharyngitis have disappeared and all discharging focs have
cleared up Isolation beyond this period will sometimes be necessary
because of local health regulations

TI'rcatment of Complications OTITIs uEDIA The ear drums should
be exammned daily n every cluld with streptococaie sore throat and he
should be questioned and watched for evidcnces of pan m an ear An
wnevplaned devation of temperatury, should make the physician susps
cious of otitis whetber pain 1n the car 1s prescnt or not If signs of ottus
meds are present penieilln therapy should be started prompthy or the
dose uicreased 1f 1t 1s already bung given When indicated the membrane
should be maised to allow free drainage

aastotortis This should be carcfully watched for whenever the ears
are imvolved Signs of 1ts presence are pamn tenderness and swelling over
the mastoid process Sometines the swelling 1s suflicient to push the
postenor part of the car forward and outward The » ray picture will
chow destruction of mastord cells Since admmstration of pemcilin and
the sulfonanndes often masks the symptoms of mastoiditis the adwvice of
a surgeon should be sought early when thus comphcation 1s suspected If
1t 15 felt that the condition 1s progressin, m spite of pemallin treat-

ment ncision and dramage of the mastowd process should be purformed

promptiv
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~Linmrrts heeprog the patient warm ind at complete bed rest until
all evidenccs of the condition have disappeared 13 the most important
factor in the treatment of tis condition X well balanced dit and a
moderate amount of luids aic usually all that are nceded inaddition No
drugs weof any value cxeepl thay there 1s some evidence that the patient
may 1ceover svoner il puneilhin or sulfonamides are given presumibly
because these drugs gt nd of the Tast vestiges of the streptococac focus
sooner than 1t would otharwise disappewr Among the sulfonamudes
sulfamlanude 13 the drug of choice because it doces not produce urinary
caleuls

anturitis ‘Tihis should be treated by smmobihization and rest of the
Jouts Flud of present should be withdrawn and if pus 1s present or
hemolytic strcptococet are cultured from the flurd peniciiin should be
wtreduced 1nto the jont space (see p 131)

Erysipelas
When hemolytic streptococes ¢ wse an nfl of the superficial
layers of a limied area of shin the process is called erysipelas It s
caused by 1 number of differunt types of hemoly tic streptococu usually
belonging to Group A occ wionally to Group C rarely to other groups

Simprous Anp SiGns

The onset 15 sudden with a chill or clully sensations followed by a
rapid nise of temperature up to 101 or 10 F sometimes as lugh as
106 Vomuting may be present 1t the onset Soon thereafter a sunging
burning or ilching sensation develops m the mvolved areas along with
a feelng of tensencss and heat \ sustuned or remuttent hugh fever 1s
present 1o the typrcal case mx which speaific treatment 1s not given
for about onc weeh when it fills by erisis or raped lysis In muld cases
the tempcrature may not go higher than 100 to 102 F and may
reach normal 4t some time each day Headache 1s frequent Delinum
15 rare except m alcoholics

Table 35 shows that 8o per cent of dl erysipelas involves the head
Tiie face 1s more frequently affected neat the ear then the back of
the nech and finally the scalp least often When the face 1s the sile
of the rash the lesion usually appears first on the bridge of the nose
and spreads rapdly over both cheehs usually stopping—this 15 a
peenhar charactensstic of the disease—where the skin 1s stretched
tightly across a bony pronunence Thus facial erysipelas seldom ex
tends beyond the hawr e above the malar emunences laterally and
the mandibles below The affceled ares as rased red hot and shiny
(Fig 24) On it there may be blebs contaimn,, yellow flud or occasion
ally pus After the blebs rupture crusts are formed An irregular
rawsed ndge separates 1t from the surrounding normal shin Where 1t
18 advanang  small arregular finger like projections teach out and
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Symiptomatic Ircatment Inaddition to the measures which should
be carncd out for any patient with an scute infectious disease (see p
15) local trertment of the sore throat will inercase the patient s com
fort matennlly  Adults will feel better after garghng every twa to four
houts with a solution of 085 gm cach of sodium chloride and of sodum
bicabonate per 100 ce In the home one half teaspoonful of each to one
glss of water may be used Older cluldren may be given throat imga
tions of the same solution They should not be given to children under
five veus of ¢ since they may be foreed mto the eustachian tubes
Thest solutions should always be as hot as 1t 15 possible to make them
without burning the patient Continuous sips of hot water broth tea
or nulk will 2lso dunymsh the sorencss of the throat Pamting the throat
with various lu hly colored solutions 1s of little value and may actually
do harm b spreading the wfection An ice coltar will lessen the pam of
the swollen cervieal lymph nodes When 1 node enlarges suficently to
sug,tst suppuration hot compiesscs should be applied The associated
rlunitis should be trcated by shrnking the nasal membranes with § per
cent neossiephirmy or 1 per cent ¢phednng solution used as a spray of
nose drops Tn young children gentle nasal suction may be necded
addition

The patient may be allow ed out of bed when his temperature has been
noumal for two days after a moderately seyure illness o aseverell
ness after three 1o seven afebnle days Since hemolylic streptococcie
mfcctions are conta,ous 1solation of the patient should be obseryed until
the signs of pharyngitis have disappeared and all discharging foct have
cleared up Isolation beyond thus persod will sometimes be necessary
because of local health rejulations

Treatment of Complications 0Tis MEpIA The ear drums should
be (x immed daily m every cluld with streptococeic sore throat and he
should be questioncd and watehed for evidences of pam 1 an cat AR
uneapluned elevation of temperature should make the physician suspt
cious of otitss whether pamn i the car is present or not If signs of otitis
media ar¢ present poncitlin therapy should be started promptly or the
dose wercased 1f 1t 1s already bewng gven When indicated the membrane
should be mased to allow free drainage

aastopiTis Tlus should be carcfully watched for whenever the ears
are inolved Signs of ifs presence are pain tenderness and swelling over
the mastod plocess Somelimes the swellg 18 sufficient to push the
posterior part of the ear forward and outward The x ray picture will
show destruction of mastad cells Siice admmstration of pamallin and
the sulfonamides often masks the symptoms of mastoiditts the advice of
a surgeon should be sought early when this compheation 1s suspeeted If
1t 1s filt that the condition 15 progressing 1n spite of pemalbn treat
ment mcrsion and dramage of the mastoid process should be performed

prompth
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In patints who do not recune pemeillin or sulfonumdes  the rsh
13 uually at sts haght nywhere from the third to the seventh day
Thereafter s the tanperature subsides the Jocal lesion loses ats fiery
redness and gradually heals the doad arcas slough off and normal
shin rem uns

A primary lesson wound the car sometumes extends mto the external
auditory canal 1f the back of the neck 15 the smtial sile the radi does
not usuilly advance bovond the ocapital protubcrance but may
volve aither ear or both Imvohvement of the extrumties ob erved

TABLE 3

LRincipat ARESS OF INVOLVE 18T 1N iy IPELAS
(CoLLeeTep Fro € THE LiTERaTt nE)

Deaths
Per cent
Cases Jtdal
cases Numlxe Yercrt
]
- | —
Head (including face car| 2650 81 -2 1
and pech)
Extremities 31 nwo 8 90
Trunk 1,3 19 2 19
Total 3105 100 0 302 98

10 per cent of all patients 1s hikely 10 follow an abrasion or 1 suatch
aburn a wound whether traumatic or surpacal 1t may  pread from
a localized sfection already present  Erysipelas s lewt frequently
found on the trunk (a per cent of all patients) although 4 severe form
may sprend from the umbibical cord i the newborn In an vecasional
paticat several different areas may be involved Rarely the mucous
membranes of the nose mouth or throat may be imvolved ether w a
pnimary site or by extension from the shin The gencral svinploms ate
unusually sesere 1 these patients and the prognows « pectaly grave

Lasoratomy Fxavmations

The leukocyte count 15 elevated anywhere from a shight amuunt up
to 20 000 or —2 000 per cu mm Blood culturcs are positine for hemo-
Iytic streptococer m only a small proportion of all patents but are
frequently positive n fatl cases Hemolytic streptococer may be ob-
taned from e lesion by filling a small svrnge with stenle 1sotome
salt solution mjecting the solution slowly just below the surface of the
fesion near 1ts edge allowing 1t to reman there for 1 muute aud then
drawing 1t back into the sy nnge for culture Flud from a bleb 1s usually

stenle Hemolytic streptococas may sometimes be present m the pa
tient s throat
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finally jown toocther to form a new arca of wflammation A varymg
amount of edema 18 present m the arcas immediately adjacent to the
leston The area m the center may dry and heal while the perpliery

S

Enyapelas 1 Third day of illness Note that dufimite borders are cut
hnkc:f ::d ll?e g\;ected portion 13 visibly higher than the surrounding sk arca
B Gixth day of sliness (Courtesy of Parke Davis and Company )

s still advancing The process may extend into the nostnls Ldema
of the eyelids 15 prescut and may be 50 extreme as to close the eyes
Injection of the conjunictivae and somctumes conjunctivills occur
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Erysipeloid 15 nfection caused by Ervsipelothriz rhusiopathiae the
orgarusm of swine erysipelas It occurs at the site of njury usually
the hand 1n persons handhng fish or ammals The Iesion differs from
that of erysipelas in that 1t 1s purphish red 1 color and adyances more
dowly Also constitutional symptoms are scen only 1n the most severe
mfections  Erysipelas Iihe eruptions have been observed on the legs
and occasionally on the upper exiramities as a result of scnsitivity to
dermatophytosis This condition 1s usually found near the fungus 1
fection causing the seositivity It does not have a sharp raised margin
and a glzed appearance and does not spread progressively as does
erysipelas Furthermore 1t 1s often present on two catremibics 1t the
same {ime Swice thse erysipelas hike eruptions often recur many tines
1t 13 more than hikely that many of the patients mn wlhom seyeral attachs
of erysipelas were reported to have occurred were really suffermg
from these semsitization ph due to d hytosis Other
conditions wluch may be confused with erysipelas are gns gangrene
(see p 121} dermatiis venenat1 acute eczema and urticara

Procnosts

Anlong 6743 cases collected from the hterature the case fatality
rate was 129 per cent These patients were treated before the advent
of the sulfonamides Among 1396 patints trcated wilh these com
pounds by others and by us there have been only thirty two or 24
per cent deaths Tlus docs not tell the whole story The Iughe.t death
rates were always m children under one year and in patients over
sixty years of age When patients with erysuipelas are treated with the
sulfonamudes  practically no deaths occur except w the very young
and very old and even 1 these groups the fatal outcome 1s usually
due 1 large part to preeusting diseases or comphicating conditions
Pemallin ss at Jeast as eflective as the sulfonamides and 1 view of
the results obtamed 11 other streptococeic mfections 1s probably more
effective Sufficient data are not yet available however toshow whether
peniallin will lower the fatality rate below that obtamned with the use
of the sulfonamides

TREATMENT

Symptomatic In addition to the general measures 1o be used n
any severe infection (see p 15) local applications are helpful For
this purpose many solutions have been advocated An iced saturated
solution of magnesium sulfate or of boric acid 1s most commonly used
Tt 18 probably the temperature of the solution that provides the relief
As Osler smd  Perhaps as good an application as any 1s cold water
which was hughly recommended by Hippocrates

Sulfonanudes Tu one way we can do more than Ilippocrates did
however for n no disease do the sulfonamides or pemeilin produce
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RELAPSE AND RECURRENCE

Relapse occurred m about 5 per cent of patients 1n the presulfonamide
era Since then 1t has been much less common The general symptoms
are sumilar to those accompanying the imiial course The local lesion
may begm 1n the ongmal area or in the normal skin The prognosis
15 shightly better and the course often shorter than in the original attack

Recurrence 18 more frequent mn crysipelas than 1n most nfectious
diseases Three or four attacks are not uncommon and some indi
viduals have had many more Often the same areas are mvolved m
each attacl The seventy of a second or subscquent attach 13 not re
lated to the seriousness of previous aitnchs

CoxrpLicaTIONS

These may be divided mto three catcgories (1) local and (2) systemic
comphcations of the disease and (3) complications or associated con
ditions likely to occur in elderly patients who he in bed with any severe
febnle 1llness

In the first group come subeutancous abscesses the most frequent
of all complications Cellulitis occurs less often and gangrene of the
mvolved area rarely Other local hcation: q tered
are suppuratne ademtis herpes labialis conjunctivitis and Leratitis
The systemic compheations re the infections which the hemolytic
streptococcus characteristically produces 1 varous parts of the body
Pneumonia 1s observed farly often copecially m older patients and
carnes a poor prognosis It may be caused by the streptococcus of by
some other orgamsin such as the pncumococcus Mild transient arthn
tis 15 not uncommon Actual suppuration of a jomnt from which
the hemolytic streptococcus can be cultured 1s occasionally observed
Osteomyelitis menmmgitis pleunsy pericarditis and endocarditts are
seen less often Although albuminuna 1s wsually present during the
height of the Wlness true nephritis occurs 1n less than 1 per cent of
all cases

The 1mpact of an acute ifection such as crysipelas upon the cardio-
vascular system of an older person may result mn congestive heart
faslure Other complications which may occur from the enforced bed
rest are decubitus ulcer phlebothrombosis and hypostatic pneumom

DI1AGNOSIS

The distmctne appearance of the rash makes crysipelas one of the
eamest diseases to diagnose The raised well defined «dges the red
shiny surface and the formation of vesicles are typical charactenstics
not usually seen m other conditions

Differential Diagnosis Celiultis may sometimes be nustahen for
erysipelas In celluliis a nearby pyogemc focus 1s often found there

1s more induration of the lesion and the raised border 1s not present
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merazine  Sulfonamde therapy should be continued for about three
days after the temperituie becomes normal provided there are no
complications which would require its continuance [lie temperature
usually begns to fnll soon after the first dose 1s admimstered nd
reaches normnal within seventy two hours 1 about three fourths of the
patients (g 29) The rash fades as the fover recudes so that the
patients are well about threc days sooner than those treated without
benefit of chemothcrapy as shown by Foley and Yasuna ¢
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(N W jﬁk

7,
¢ 77
A 00
Fig 6 Temperature chart of 5 patient with erysipelas treated wath pemcll »
with recovery

H N a Negro aged thirty five yeurs bad one week before admision a cold
accompamed by rodness of the skin around the external nares Three days before
admission thus area became tunder and the next day the erythicma spread over
the cheeks the upper Lip and the dersum of the nose On ad nision there was a
red leson with rased shargly lemareated borders ol ing the nose upper bip
end cheeks 1 a butterlly pattern The nasa! mucous membranes were swollen and
the pharynx was moder tely mflamed The kukocyte count was 18 000 Pemeillia
¥as gnen intramuscularly 1 doses of 15000 umts every two hours for three days
and then 15 000 umits every four hours for the followsng three days The temperatare
fell and reached normal on the second ho pital day There was slight progression
of the [ cial les on for the fint twenty four ho rs after whch it healed apidly
Connalescence was une entful

Pemcilin Simular results are obiamed when pemeithin 1s adnumstered
(Fig 26) It1s the drug of choice because of the low inadence of toxe
reactions which accompany 1ts use The dose 15 10 000 to 25 000 umts
every three hours mtramusevlarly 300 000 umis ntramuscularly
ol and beeswax once or twice a day or 50 000 to 125 000 umts orally
every three hours

Other DM A spealic made by horses
with several strams of hemolytic streptococa obtaned from patients
with erysipelas was formerly used with questionable success It has
uow been entirely displaced by the sulfonanudes and pemallm Ultra
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more dramatic 1esults Sulfadiazine should be given 1 doses of 6 gm
(90 grains) immediately followed by 1 gm (15 grams) every four
hours Sulfamernzine may be given 1 smaller doses such as 3 ym
(15 gramns) umtially followed by 1 gm (15 grams) every sin hours

DAY OF ILLNESS 213 14(5({6(7]8|910/

—
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Fig 25 Lemperature chart of a patient with toxic scarlet fever with recorery
after antitoxin and sulfadiazine therapy followed by erysipelas with recovery

L Q a woman aged forty five vears hod a sore throat and a lght fever cven
days before adumus 1on Two days later a rash appeared The patient became it
rational on the day before admis.10n On phy 1cal examnation he was  tuporous
acutely 11l and breatlung rapidly The left ear druty was inflamed and the throat
red There was a gencralized crythematous rash with circumoral pallor The leuko-
¥te count was 23 8.0 Therapy conststed of 18 000 units of scarlet forer antitoxn
immediately by vein Since the patient had been treated with ulfonarudes befure
admission  mamntenance doses of 12 gm of sodwm sulfadiazine every 1x hours
were gnen mt Iy The tes ture and other ) ubs ided over
the cour e of the next four days

Sulfadiazine therapy was stopped on the eighth day of ho putalization aml on
the mnth day the fever ro e 10 1038 F  and an erythematous area appcared over
the bndge of the nose This spread bilaterally over the checks dulfadiazne was
agun admunstered and the temperature toxiaity and local lesion  ub ided over
the course of the next four days

Hemoly tic streptococar were cultured from the throat at tlus time and did not
disag pear on sulfadiazine theropy On do es of 200000 umts of pemalln orally
every four hours the pharyngel cultures became negalive after forty eight heurs
Pencallin therapy was discontinued aftcr four days anl the cuitures dil not again

become po 1ve

Children should rcceive 603 gm (3 graw) per pound of body weiht
a8 the first dose followed by 006 gm (1 gram) per pound of body
weight dnided mto six doses and admmistered at four hour ntervals
1 the case of sulfadiazine and at six hour wtervals m the case of sulfa
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sixty six collcted Cases treated with sulfominudes thue wae only
wght deaths (12 per centd Pemcathn wall undoubtodly Jower the fatnidy
rate still wiors

TREAPENT

The trestment 38 by the dmiustration of sull iz sulfuners
s or pemuatha prfnbly the bt as gnun m detwl wuder povuime-
voccie pramonn {pp Ha to 124) Hecorery from the anpvenn cavsed
by this orgnsm could only occsendly be efferted by multiple wpr
ritions without surmil dramage before the days of the sulfonamides
and penalhin S these drugs e bean w nwe the prscentage of
patints requin,, surgient dr . hns decrcased considerably Aath
the local adnumstition of pemctthn (we p 122) nd wath the use of
mulpl aspirations alons most patients will probably recover of they
arc treated ealy

Rheumalic Feter

Rhcumatic fuver o ¢ diseasy chwradanzd by a vanety of dincal
manfestations the most common of which we arthritss endocarditis
myncarditis and chorea Tt b buent mcluded an tns chapter because
aecordmy, to the evidence awvasdable at the present time 1t 18 esther
caused by 2 Croup A bets humolytie stroplococds or it 1 closcly rlated
to nfection with thee orgumsms The ovidence upon which this rela
tionship 18 based has been well summmarized by Rantz 1 as follows

1 Rhesmatie fever has been obsenned to follow hemoly bie strepto-
coceus sofections  particularly these sn the respiratory tract

2 I pudenncs of rheutnatic fever oftan follow ontbreaks of sirepio-
uxae sore throat

3 Recrudesiences of rheumntic actnaty frequently comade with
ranfection with hemoly tic streptocacur

§ High titers of :t 1€ bodivs and eut: 1eactions
to products of hemolytic streptococa wre usually demonstrable w
pursons with sheamatie fever

1t 8 the generally aceepted opmwson thk an mtenval of several days
commonly elipses between the onset of the sirplococaic respiratory
snfection and the e of the festations of rf fever
huttnes ™ for exunple found that poharthutis cwdits or erythema
or some combmation of thim appeared from nwe to twenty twe days
®ter the respiratory infeetson began  [he mecharusm whereby the
hemoly tie streptococens produces the mamfestations of sheumatie feser
is generally suppozed to be the deovclopment 1n susceptble mdividuals
of allergy 1o products of the streplococer The Latent peniod 15 generally
thought to represent the tume necessary for the production of anty
bodies to these orgamsms Recently Rantz!® has detected evadence
of contmued nfection (ncressed sidimentation rotes and elcctroe
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violet hght x ray therapy tincture of 10dine or silver mtrate are among
the measures formerly used Most of them have proved to be useless
and all have been discarded m favor of chemotherapy

Verungitts Caused by Hemolyhc Streptococct

Meningitis caused by beta hemolytic streptococes 1s due to an ex
tension of otitis media and mastorditis 1n about three fourths of all
cases Less often it follows acute sinusitis or infections elsew here in the
body $igns and symptoms of memngitis are present with the charac
teristic cerebrospinal flwd findings of a pyogenic wfection

The differential diagnosts depends upon the identification of the
causative agent m the cerebrospmal flnd as outhned on page 208

Treatmeni 15 with sulfadiazine or sulfamerazine and pemcilln and
15 given 1 detul under pneumococcic memngitis (p 130) The results
of treatment with the sulfonamudes are very favorable Before these
drugs were available the fatality rate among 274 collected (1ses was
95 per cent whereas ouly 31 per cent of fifty four patients treated with
the sulfonamdes died It 15 too early to assess the valuc of pemalim
but 1t will undoubtedly cause further lowering of the case fatalty rate

Pneumonia Caused by Hemolhylic Sireptococct

About 1 to 2 per cent of all cases of bacterial pneumoma are caused
by the hemolytic streptococcus While 1t may occur as a primary
disease tlus type of pneumonta most frequently follows a streptococcic
mfection elsewhete 1s a scquela of pneumococeic pncitmonia or occurs
as a complication 1 a patient with an entircly unrelated disease It
15 usually a bronchopneumoma which may nvolve one or more entire
lobes by confluence

Climcally  streptococcic pncumonia 1s sumilar 1n the main to pneu
mococcic pneumonia  Frankly bloody sputum 1s more frequently seen
1n the streptococcic varety and there 1s more tendency to prostration
and cyanosts One charactenistic feature 1s the frequent occurrence of
empyema as shown by Keefer? The flmd appears earlier 1s more
often bloody and tends to remamn thinmer than win pneumococae ¢m
pyema

Draenosts

Culturning hemolytic streptococer from sputum or blood 1s the only
way to make a defimte d The diffe 1al d 18 given
on pages 110 to 115

ProGNosIS
The prognosis has mmproved greatly with sulfonamide and pemcillin
therapy Formerly about half of the patients dicd whercas among
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and subtropial weas thn n colder climates Tiws 13 probably related
to the lessened mewdence of o atory discase 14 warmer chmates

Poly arthntss 1s more frequent in males than 1w females whil chores
and probably valvular damige ane more comaion g femalea

Symprous anp S16%s

A maonty of patients pue a fustory of an upper respiratory mfec
nion one to four weeks before the onset of shewpatie fever Jones®
found thit ameng 160 patients the first 541 sk was preceded by a sore
throat m sixty-ont cases avdd by 1 cold w tharly.one The onset of
symptems s usully acute with chally sensations fser and ot puns
although occastondlly the patsent wxpensenices malaise wwd v ygue pams
w the muscles and Joats which Jradually warease 10 seventy and
extent

Fever The tempernture 1s usually lugh at the start of the abtack
often reachung 103 or 104° F wach day and tends to fall ag the other
chmeal mamfcstations dummsh i severrty 16 may remun at lower
levels or be absent Hogether for wads or months wile the disease
1s stll burmng on at a low rate of actissty

Arthntis A ;i ratn, polyarthnts w o charsctenstic feature of
theumatie fever The larger joints are involved especsally In desconding
onder of frequency they are the hnee anhle shoulder wnst clbow and
tup Liss often the swaller jomis of the hand and foot e affected
Oxe or two jomts may be smolved at the onset froms which the process
may spread to other jonts often unprosmng first 1 the jonts onginaily
affected "The typrcal signs of mflammatian are present swelling red
tess et pan and tenderucss Synovial Burd may be sufficienth
wcreased 50 that 1t can be easly aspirated When the evwdences of
wflommation disappear the jomt 18 restored o normal function al
though 1 older ndividuals there may be paitr and stillness for ses erat
weehs more Jomts whith bave recovered are often affccted agatn
especsally of there 1s a fresh woe of fever and arthots Other Jouts
may unprove partally wud then become warse a,aun In same wnstances
on the other hand especially 1n younger chuldren the arthntic man
fustations are much Jess severe and vecasionally only one jount may
be mvoh ed

Carditas \lore important than the wholvement of the jomnts are the
cardiac manifestations of the discase sike tle eventual progooms
depends vpor ther extent and seventy and the degree of residual
demage The pencardum wmyocardiom and endocardum may be of
fected wdrvidually or collectivily Usundly 1t 1s impossible to distingush
the degree to which each 1 anohved Pencardial discase may be de-
tected by the characlenstie rub or by electracardiographue changes
(sce p 167) Myocarditis may eahibit physical and reentgenographse
sigus of enlargement of the heart a change in quality of the first beart
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cardiographic abnormalities) duning the so-called latent pemod He
suggests that when these mamufestations of rheumatic activity appear
sooner after a streptococcic respiratory infection than would otherwise
have been expected they may be due to the development of hyper
sensitivity to products of hemolytic streptococel occurnng dunng a
previous infection

On the other hand Rantzs findings can perhaps be explamed as
the results of pathol I chang ly present n the myo-
cardium duning the course of many acute infectious diseases Until
further evidence 13 forthcoming 1t seems best to hold to the concept
that a latent period following an infection with hemolytic streptococet
15 'y for the devel of rheumntic fever
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Fig 27 Rheumatic cardiac disease age distribution of first mamifestations (Courtesy
of Cohn and Lingg JAMA, 1°1)

Certamn other characteristics of rheumatic fever have an ndirect
bearing on the relationship of this disease with hemolytic streptococc:
One of these 1s the age of the patient at the onset of rheumatic fever
The disease usually begins during the ages when streptococcic resp
ratory disease 13 most prevalent As shown in Fig 27 the greatest
number of 1mtial attacks of rheumatic fever take place between the
ages of five and ten years The discase 1s rare n nfants although 1t
may begin at any age even occastonally in the sixth decade ¢

The disease 15 more prevalent 1n the months from January through
May or June reaching its peak madence usually 1 Apnil thus cor
responding to or lagging a few weeks belund the season of the greatest
pumber of respiratory 1nfections It bas also been observed that the
disease at least m 1ts severer forms 13 much less common 1n tropical
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frequently enough 1 f1tal c1ses of rheumatie fever 1o mahe 1t evident
that lesions in the lungs are somctimes present i patients suffening
from the suverer form of the discase Signs of consohidation can oflen
be detected by physical exammation and bloody or blood streahed
sputum may be prescnt Bland? states that he his never encountered
rheumatic pulmonary consohidation as an 1solated phenomenon  but
only as a complication 1 patients otherwise all with 1 severe type of
rheumatic fever

Other Mamfestations These mnclude abdominil pun cpistanis
torticollis aud so-called growing pains The latter are located in the
tendons behind the hnce and may be accompamed by tenderness and
swelling of the tendons

Recurrence Recurrences are so common i rheumnntic fever s to
constitute 1 characlenstic feature of the disease Wilson® found that
among 199 patients between the ages of four and silcen years only 31
per cent did not expenence a recurrent magor attack She also observed
that the longer the penod of freedom from rheumatic fever after the
ongiml attack the less hhelihoud of 1 recurrence

Laponatom Exavinations

Leuhocvte Count In nulder cases this 15 within nornal hnnts
although m most mstances 1t 13 shghtly or moderately elevated Scldom
18 1t above 25 000 per cu mm In patents with chorea alone 1t usually
does not .o above 1o 000 per cu mm

Red Bload Cells Most patients have a muld or moderatedy severe
hypochromic anenua It 15 more pronounced in the more severe and
long-standing cases

Sedimentation Rate [his 1est 15 most yaluable for the determma
tion of the activity of rheumnatic fever It 1s usunlly elevated dumng
the active stages of the discase and may remamn above normal values
for some time alter fever leuhocytosis and other evidences of infection
have subsided On the other hand 1n some instances fever leukocytosis
or both may be present for a period of tume after the sedunentation
rate has returned 1o normal levels In mild cases the sedimentation
rate may not be elevated at any time

Electracardiographic Changes Abnounalities wiich may be found
i the electrocardiograms when active rheumatic carditis 1s present
are prolongation of the PR or QT nternals imversion of the T waves
ST deviation broademmg of the P waves or of the QRS group pre
mature tontractions ectepic tachycardia auncular fibrillation Pert
carditis may be manifested by low voltage mn all the standard leads
Lengthemng of the PR interval broademng of the QRS group or
wversion of the T waves are most commonly observed None of these
abnormahities however 1s diagnostic aud all therefore must be con
sidered 1n conjunction with the other manifestations of the dicease
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sound tachycardia gallop rhythm and a systolic apical murmur due
to dilatation of the left ventricle of the mitral valve nings or of both
Less frequently auricular fibrillation or complete heart block 1s preseat
Depending upon the degree to which cardiac function 13 disturbed
signs of congestive fulure may be present dyspnea orthopnea cy
anosis edema rales at the lung bases cnlargement of the hver and
penipheral edema These mamfestations may all appear within twenty
four hours n fulmmating cases or may bwld up gradually over the
course of several weehs

Endocarditis Although mural endocarditis occurs the most common
rheumatic lesions are on the valves themselves The mutral vabe 15
almost 1vamably affected the aortic approumately one hall of the
cases the tricuspid m one-third and the pubinonary valve rarely The
charactenstic murmurs indicating mvolvement of these valves will be
heard Systole murmurs however cannot be considercd diagnostic
of vahuhtis until they have been observed to remam after the active
wfection subsides Lven soft blowwn, diistolie murmurs sometines
disappear when the active phase 1s past

Chorea Chorc 1s motc clostly restueted to children between the
ages of five and fourteen years than are the other manestations of
theumatic fever It 1 wmfrequent i patienis 1bove the age of mneteen
years except in pregnanl women It may be present alone or may be
pamed by other festations of theumatic fever When other
manfestations were not present chore was accompamed by signs of
rheumatic hearl disease m 28 8 per cent of 526 cases * whereas when
other signs of rheumatie fever were present along with the chorea
71 6 per cent of 836 cases had manifestations of rheumatic involy ement
of the heart Chorea 1s rarely fatal and although i may last for months
appears 1o be self liumted

Subcutaneous Nodules These are flat nodules 1 to 10 mm 1w
diameter which are connceted with the fibrous tissue below the shin
and are found over bony prominences espeaally those of the hands
wrists and fingers but also the clbows hnees ankles vertebrae the
spine of the scapula and the olecranon process They are hard non
tender and can be moved indupendently of the skin They may appear
in successnve crops and persist for varying periods of time

Dermatoses Several types of cutaneous mamfestations form a part
of the 1} 1c state luding erythema \! erythana margi
nalum ¢rythema nedosum and purpunc rashes All except perhaps
erythema marginatum may occur under other circumstances m the
absence of rheumatic fever so that their prescnce 18 not certan eva
dence of the disease

Pulmonary and Pleural Manifestations Pleunisy 1s present in 2
to 10 per cent of patients 1t may be dry or less frequently may be
accompanied by m effusion Pulmonary consohdation has been found

ac
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frequenthy ¢nough m futal cises of rheumatie fuver o maheat o dent
that lesions n the hangs ire somctinies present s patients suffering
from the scverer form of the distase Signs of consohdion can often
be detected by pliysical cvanunation and bleody or blood stre shed
sputum m1y be present Blwnd? states that he his nuver encountered
theumitie pulmonary consolidation o8 an wolited phenomenon but
only as a complication i patients otherwise 1l wilth a severe type of
thewmatic fever

Other Mumfestations  Jhise mcfude bdonusial gt ¢pist tus
torticollis and <o alled growwn,, puns The hitter are lcated i the
tendons bohund the hnev wd may e accompuned by tondorness and
swilhing of the tandons

Recurrence Recurtunes are wo common m shuamatie fover s to
constitute a chiractustic frature of the diserse Wilon® found that
among 199 patints bulween the ages of four and sixtun ycars only 31
per cent did not expenence a recurrent mjor attach She abo obseeved
that the longer the penod of freedom from theumatic fuver after the
ongimi) attack the luss bhelhood of 1 recurrence

« Lanoratory Lxaumations

Leukoeyte Count In mlder cases this s within poraal umts
alihough 1n most imslances it 13 shghtly or moderately elevated Scldom
1 1t above 25000 per cu mm [n patients with chorea alone st usually
does hot go tbove 1 000 per cu mm

Red Blood Cells VMost patients have 2 mild or moderately severe
hypochromic anemiy §t 1s more pronounced wn the more sesere and
lung-st mnding cascs

Sedimentation Rate Tlus test 13 most valuable for the ddormma
non of the acthvatv of theumtic fever It 58 usually elevated dunng
the sctine stages of the diseise and may remun aboyve normal values
for some tune after fever leuhoeytosis and other evidences of nfuction
have subsided Oun the other hand 1n some nstances fover leukocytosis
or both mav be present for a pentod of tune after the seduncutation
rate b returned 1o normal lesels In mild cises the sedunentation
rate may not be clevated at any time

Electrocardiograpluc Changes Abnormahtics which may be found
m the electrocardiograms when active theumatio carditss 15 present
are prolongation of the PR or QT mtervals amversion of the T waves
ST devivion hroademng of the P waves or of the QRS group pre-
malure contractions ectopie tachyewrdia auncular fibnllation Pen
cardits may be mawfested by low voltage in alt the standard leads
Lengilenmg of the PR interval broademng of the QRS group or
niversion of the T waves are most commonty ubserved None of these
abuormalities howeser 13 diagnostie and all thercfore must be con
sidered 10 conjunction with the other mamfestations of the disease
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Draanosis

Since no feature of the diseasc 15 pathognomome the diagnosis rests
upon the proper interpretation of the various mamfestations present
m a patient The problem has been well discussed by Jones !® who has
divided the mamfestations of the disease into mayor and mumor as

follows
Major Vanifeslations

Cardiis Subcutaneous nodules
Arthralgia Recurrences of rheumatic fever
Chorea

Munor Vanifestations
Fever Epitaus
bdomnal pan Pulmonary findiogs
Precordial pain Laboratary findiogs
Rashes

He felt that a combmation of the major findings made the dia,nosis
of rheumatic fever reasonably certain wlule even a combination of
the mmor findin,s without the presence of at least one of the major
mamnfestations 1s no more than suggestive of the disease

Mild forms of the disease occur which cannot be diagnosed by these
cntena While 1t 1s important that the physican should not pin a label
of rheumatic fever upon a patient without sufficient evidence it 18
also necessary for lum to realize that patients with thus disease may

exlubit no more than malaise lassitude anorewia and shght fuver
‘0

Rheumatic fever must be susp d and 1ts ch 1stic
tions searched for repeatedly 1 any child or young adult with such a
picture

Differential Diagnosis Other discases which may be confused with
rheumatic fever because of jont mamfestations include gonococcie
arthntis acute rheumatoid arthntis Sull's discase sichle cell anema
brucellosts shigella dysentery serum sichness and less frequently
hemoplha scurvy and gout The diagnosis of gonococcic arthnitis
will be greatly arded by culturing the orgamsms from urethral or
cervical discharges from the blood or synovial fluid or by obtaining a
posttny e complement fixation test

Acute cheumatoid arthntis more often mvolves the vertebrae and
the small juints such as those of the hands and fcel and may exhibit
climcal or a ray evidence of bony changes as a result of previous attachs

The arthntis of brucelloss or dysentery must be diagnosed by cul
ture of the orgamisms from the blood lymph nodes or stools m the
first discase and from the stools in the sccond In addition agglutina
tion tests and intracutaneous tests are most helpful i diagnosing
brucellosis The other condiions mentioned should offer no trouble if
they are borne w mnd and approprate studics carnied out

Systolic murmurs are often erroncously considered to be evidences

of rheumatic fexer Most diastohc murmurs and loud long apical
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systolic murmurs which are transmitted over a wide arca are hhely
to be rheumatic 1 ongin if they occur i conjunction with other
evidences of theumatic fever 1t 1s best however to obtam electro-
cardiographic evidence of active myocarditis whenever possible

Procnosis

As far as immediate recovery 1s concerned the prognosis 1s good
since only about 1 to 4 per cent of the patents die dunng the acute
mfection The eventual prognosis on the other hand 13 poor Vilson#
found that among cluldren who had evidences of active carditis 36 per
cent died dunng clnldhood and one-half although they survived dunng
tlus age peniod developed matral stenosis often with aortic nsufficiency
apd with moderately to marhedlv enlirged hearts The picture was
somewhat more encouraging 1n the patients who did not have recog
mzable active carditis since only 05 per cent of these died during
cluldhood less than one third developed mutral stenosis and onhy 4
per cent developed markedly enlarged hearts

TREATMENT

Salicylates No therapeutic ageut 18 avarlable which will alter the
fundamental course of the disease Salicylates given as acetylsalicylic
acid or sodium salicylate will usually bring about duninution 10 pain
and swelling of the joints and subsidence of the fever There 15 no
defimte evidence that they préevent or amneliorate the cardiac complica
tions Large doses of these drugs are usually well tolerated by cluldren
In the majonty of cases they can be admimstered orally in doses of 1
to 15 gm (15 to 22§ gramns) every four hours In order to dimunish
gastric umtation 1 gm (15 gramns) of sodium bicarbonate should be
given with each dose or else food should be given before each dose
If the sahcylates cannot be given orally they may be adminstered by
rectuin 1n doses of 4 to 6 gm (60 to 90 grams) 1n 200 cc of water at
eight hour mntervals

The ntravenous route has been recommended by several worbers
espectally with the employment of massne doses of salicylates It
seems to us that the danger from toxc reactions far outweighs any
possible advantages of such a method

Anunopyrine Although this drug 13 effective i smaller doses 03
t0 05 gm (S5 to 7} grams) every four hours 1t 1s not recommended for
routine use because of 1ts tendency to cause agranulocytosis It may
be reserved for the occasional case i which the response to sahcylates
1< not sahisfactory

Rest Durmng the active stage of theumatic fever the patient should
be kept 1 bed When the fever has subsided completely and the signs
and symptoms of the disease are gone the physician should make sure
that the sedimentation rate and the leukocyte count have returned to
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normal levels before he allows the patient fo start getting up It 1s
mmportant that the admimstration of salicylates be discontinued for
some time before the decision 1s made to allow the patient to et out
of bed since the disease may merely be quicscent 1n the presence of
salicylates and will become active agan when they are not being ad
mmistered If congestive heart failure 1s present the amount of actvity
allowed must be determined by the cardiac condition In any case the
patient s return Lo normal Ife should be gradual and contiwal chechs
should be made for evidences of actin e rheumatic fever or of congestine
heart failure

Diet and Vitamins During the periods when high fever 15 present
the diet should be composed mostly of hquds including mulk frmt
Juices and creamed soups When the patient can tolerate a sohd diet
1t should contamn adequate amounts of protemn and an abundance of
carbohydrates It 1s best to supplement this with vitamms  Although
there 1s no evidence that vitamin C deficiencies are etiologically re
lated to rheumatic fever nevertheless the vitamin C content of the
tissues may be lowered 1n this disease as 1t 1s 1n many acute infectious
diseases It 1s accordingly advisable to admimster 100 mg of ths
vitamin a day to rheumatic fever patients

Digitalis As m other diseases digitabs should be gnen only for
congestive heart failure or for auncular fibrillation The methods of
admimstration are the same as those used under other circumstances

Other Vleasures The use of streplococuc vaccines or serums or of
nonspeafic fever therapy has been abandoned as worthless 1n all phases
of rheumatic fever with the exception of chorea Likewnse the sul
fonamides and pemeilin do not exert any benefical effect upon the
disease 1tself In fact therc 1s some question as to whether the sul
fonamides may not actually increase the stventy of the symptoms

Treatment of Chorea In mild and moderately seiere cases ol
churea'. bed rest 1n a quiet emvironment 1s often followed by 1mprove-
ment If necessary to obtan rest sedatnes such as phenobarbital or
bromdes should be given in small doses throughout the day In severe
cascs barhiturates may be needed Even morplune or mhalation anes
thetics may be required to dummsh the excessive motion

Fever therapy mduced either by mtravenous myections of typhod
vacane or by a fever cabinet has been used with success in mtractable
cases High temperatures from 104° to 106° F  apparently gne the
best results

The diet should be nutritious and should contain adequate amounts
of vitarmns In severe cases the paticnts may have to be fed

PREVENTION OF FURTHER ATTACKS
Since rheumatic fever 1s characterized by recurrences and since each

successive attach mereases the possibility of severe cardiac damage 1t
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15 of the ulinost waportatice that recusrences be proseated i possthle
Severa] s asures Bave Been toed

Tonulitetomy Bumoral of the tomsds was rdvoc tud Frequently m
the pist but the presunt consatstis s that the tonvls shioald nover by
romned dirm, the sente stage of the thee e and oftar ricovery only
of they e dhocased I othier words they should by remored of they
Ar Thedy to be wgunous 1o the gaerd dicalth of the patiet whether
Y, g thusmatic fever or not

Change of Climate Romoy i 1o 8 wang durate wilh dinsh
possthility of asgunn, sreplococac wlections and may thus prevant
recurtences of themnrin fover Lo srdur 1o bnve iy chan of suisos
however suelt v procuduns would requre that the cluld reman con
tmuoushy away from B formier home fur many yuas Since espense
nd other considorations wudly make tis mpossible 1he physicia
woukl do well 1o try all other flasble methods for prevantion of v
currences bifore advisig amyilnng so drastie

Sulfonanudes The most promsmg outhod for the provention of
subseqquent it scha is the anployment of small dons of sulfonamdes
These diugs dumnnh the frequency of upper respur ory tret wfce-
tions with umolyhe streptocouct as shown by the cuponcces w the
armed forews durm, World War 112 Winke it 1s toue that sulfonanude
prophiyinas whoy used on 8 luge sialt Gantually neaulied mo the
propagation of selfonumdy reastand strams of humoly tie stoeplocer ey
such strasns are hos bhddy to spperr md would cestauly b spread
fess readily when ondy n relatnvely fow mdwadunds w1 commumty
wire recenving the deags

Nithough sulfambwude was first used for tus purpos ® ¢ sulfs
diazine 18 more, effechine agunst the humolylie streptococcus ang 1
tess tove 3 thercfore the drog of chiose Sulfondapnde sulfathirzole
or sulfamerazine may be used bowerer \ dowe of 05 gm “hould be
goeq twece a day for the months fromt Septeuthier through fune
clustve witil Ui clnld has hoen free of etinve wfection for three vears
or ot feast untd Bre reaches the nge when the widence of Teruriences
beans to dimash (usually aroond the age of deven of tache years)
Sone wvestigators beheve that the drug should be miven throubout
the year

The patents should be sean st weckly mtervaly 1t fint ad hiter
at et overy wonth The parents should be mstructed 1o by on the
Ioohant for rash or fover or for the devdopmunt of wadite weakness
If rash or fever appoars the sulfonammde should be stopped until it 1s
ore at whach time avethor sull de should be substiluted (see
p 5% Bince weshness may adicate anemix or agrsnulocytoss a
teukacyte count and hemoglolan estunnte shauld be made when 1t
appears I enther 18 present the diug should be stopped aud proper
mezsures tahen 1o vestore the blood to sts noow it state 1€ sullonmsde
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N} e 1 Yoy od

prophylaxs 1s stll d another may be employ
although repeated blood counts should be taken for the first few months
of admimstration If these details are attended to there should be hitle
danger of scrious consequences from the long-contmued admimistration
of these drugs

Other Measurcs The clamm has been made occastonally that the
administration of sahcylates will prevent recurrences of rheumatic
fever but there 13 no convincing proof that this 1s true

The patient s general health should be brought up to and kept at
the lughest peak possible This requires suflictent amounts of protens
and vitamins

(References will be found on page 183 )




9 Streptococcic Infections
Infections with Nonhemolytic Streptococct

(Alpha and Gamma Streptococcy)

The alpha and gamma streplococct by themselves seldom cause
fections 1 human beings When the local or general resistance of
the host has been lowered then these orgamsins jon wilh others
the mmed infections which supervene as 1 the hypostatic pneu
momas which occur m bedndden patients or the pneumonas complt
cating the postoperative atelectases These nonhemolytic streplococct
may sometiunes fasten themselves onto an aren of damaged tissue and
start there a slow lip) which gradually wears out
the reparative processes of the host and causes death This 1s what
happens 1n most cases of bucterial endocarditis

Endocardits Caused by the Nonhemolytic Sireptococet
(Subacute Baclerial Lndocardilis)

The endocardium 1s ordinanly not attached by bactena even though
milhons of them are sloshed across the valves durning a bactererma
Occastonally however bactena with highly invasive properties or
{when the valves have been previously damaged or are congemtally
abnormal) the less virulent ones may attach themselves to a valve
and multiply Such a process 1s called endocarditis When 1t occurs
within a patent ductus arteriosus 1t is called endartentis When the
orgamsms prohferate slowly and the disease 1s prolonged over weeks or
months 1t 1s called subacute bactenal endocarditis {or endarteritis)
In most instances the subacute vanety 1s caused by nonhemolytic
streptococe: and attacks only previously damaged or abnormal valves
These principles do not always hold true however Nonhemolytic
streptococes sometnnes attack yalves which are apparently normal
A slowly progressne endocarditis may occasionally be caused by a
gonococeus a staphylococeus or other orgamsms while a nonhemolytic

may be ble for a fuk mfec-

tion Furthermore 1n a patient who seems destined to suffer from the

disease for many months death may occur suddenly within a few days

from an emholus lodgmg at a vital pomnt Consequently 1t 1s best 1o

d the end: 15 ding to the nfecting orgamsm 1nstead
173
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prophylaxis 18 still desirable another sulfonamide may be employed
although repeated blood counts should be taken for the first few months
of admimstration If these details are attended to there should be Little
danger of serious consequences from the long continued admimstration
of these drugs

Other Measures The claim has been made occasionally that the
adminustration of salicylates will prevent recurrences of rheumabic
fever but there 18 no comincing proof that this 1s true

The patient s general health should be brought up to and kept at
the highest peak possible Tlus requires sufficient amounts of protems
and vitaming

(References will be found on page 183 )
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and fort and ¢ peemlly m the pup of the fingurs ond tos 1 mbohsms
1o the bran sy cause monoplegit or hemplegin 1 an embolus lodges
1 the spieen there 13 sharp pamn over that urgan and tenderess on
pilpition sometsmes rccompanted by a fuction rub When an cmbolus
lodgesmalodney the pamn the region of the flank may be accompatid
by hematuna \ cgetatious on the night side of the heawrt may throw off
embols winch wil} cause pulmonary snfarction Lasbol may 1bo lodge
w the mesentery or elsewhere i the abdomen 1n the arienes to avy
of the extrenutses or elsewhere

Other Mamfostations The spleen was enlarged m 29 pur cont of
hddsons cwses Lalugemant usually begins early and wreases s the
disese progresses The splecn 1s sometimes tender spearilly after 1
embolus s fodged there and occasionally a frchon yob may be
present

Generilized enlar,ement of the ymph nudes s occasiomtly found
In tong<antinged snfections the shin often takes on v hight brown
color resewmbhing colfee nmuxed with 2n abundance of eream {cafe au
lau! color) Clubbimg of the fiugers appeared 1 16 7 pur cont of hebans
pitients Clublang of the foes was uko seen 13 patssts before the
davs of pemaiilin

Counse

There may be oie or more spontaticous renussions dunng which
the patient 13 afebnle “nd asymplomatic but before tie modosn
of antibiotic therapy the disease 2hmost wn wnbly returned and slowly
and relentlessly marched the patient 1o Ins grave The vietun beeame
thinser paler and weohir showers of emboh were reliscd from fime
to tune 1 cercbral ncadent memngts wptic pulmonary wifarctions
or congestive heart fulure supersened i some ustnces untd death s
meraful infervention put an <nd to the uneven struggle Among hel
son < 220 patients wha were all treated before the wdvent of pemcrlim
87 pur cent died within wne months of the onsct 1ad the longest
duration was mnetecn months

Liporaromi Exaunarions

DBlood euliures are the most umportant laboratory ad Swce i s
spportunt to confirm a ungle posttive blood culture {which might be
due to a contaminant) it is whvisable to tahe ot Jeast three successive
rullums 2t mtervals of one hour These will usunlly provide both a

and a by the following day 0 that treatment
may then he started Sevestd blood cultures should be taken each day
it the presence or absence of bacteremia 15 estabhshed

1 15 best 1o make pour plates m addition to broth cultures With
the ud of the former the dinssty of the bacterenua can be determned
and contaminants con be recogmzcd The cultures should be meubated
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of using the terms acute and subacute Under the heading of non
hemolytic streptococcic endocarditis however we shall describe the
typieal picture of what 1s often called subacute bactenal endocarditis

Sy:pTOMS AND SIGNS

If careful inquiry 13 made a lustory can often be obtamed of the
removal of teeth or tonsils or of an upper respiratory infection a few
days to a few weehs before the actual onset Fatigue lassitude loss of
appetite and weight and transient pains m the muscles and joints are
the complants which frequently bring the patunt to the phystcian
On the other hand the first wariung of the presence of the disease may
be a sudden pain 1n the region of the spleen or hidney a cerebral ac
cident or some other evidence of embolization

Sweatng 1s common and clulls may occur There 1s srregular fever
m some cases only 1 or 2 degrees above normal and i other instances
nsing as hugh as 104° and 10o° 1 Sometumes the fever 1s mternultent
m character but more often 1t 1s rcmttent or wregular It may dis
appear without specaific trcatment of the discase for days or weehs
only to return agamn later

Cardiac Manifestations Drvidonce of underlyving rheomatic con
gemtal or occasionally syphilitic heart disease 1s nsually present Vege-
tations occur most commonly on the mutral or aortic valve or on both
The pulmonary and tricuspid valves are less frequently wmvolved Usual
Iy the murmurs present are of a blowing quality and mdistingushable
from those of the underlying discase although careful exammation
of the patient from day to day often reveals a change 1 the quality
or mn the mntensity of a murmur during the coursc of the disease In
rare mstances especially when the only valves affected are those on
the nght side of the heart no murmurs will be heard durning part or
all of the course of the disease kelson™ found heart murmurs mn 99 2
per cent of 250 cascs

Embolic Manifestations Portions of the vegclations may be dis
lodged from the valves from tune to time resultng i a vanety of
signs and symptoms depending upon where they lodge Petechiae m
the skin and mucons membranes are thought to be due to emboli
Kelson found them m 86 5 per cent of Jus cases Petechiae are found
especaally 1n the palpebral conjunctivae around the nech shoulders
and arms but they may be scen anywherc on the shin or mucous
membranes or m the retma They are wregular nonelevated red or
pm—phsb spots about 10 0 15 mm 1 diameter When they oceur
under a fingernail or toenail they look exactly like a splinter cmbedded
there hence the name sphinter hemorrhages

Osler s nodes are another p bly embolic ph non They

are pamful shghtly raised nodules, purphish red mn color somiumjs
th a white pumpant center occurnng around the jomnts of the hands

wil
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and feet and e pecally n the pulp of the fingcrs and toes Lmbolism
1o the brun may cause monoplegta or hemiplegia 1f an embolus lodges
m the spleen there 18 sharp pain over that organ and tenderness on
palpation sometims accomparued by a2 friction rub When an embolus
lodges naludney the pann the region of the flank may be accompanied
by humatuna Vegetations on the night side of the heart may throw off
embol wlich will cause pulmonary mfarction Emboh may also lodge
i the mesentery or elsewhere mn the abdomen m the arteries to any
of the extremuties or elsewhere

Other VManfestations The splun was enlarged 1 29 par cent of
Tudson s cases Enlargement usually begins carly and mcreascs as the
disense progresses The spleen 1s sometimes tendar especially after an
umbolus has lodged there and uicasiomlly a friction rub may be
present

Generahzud ¢nlargement of the lympl nodes 13 occasionally found
In long~continucd nfections the shin often takes on a hght brown
color resembling coffee mned with m abundance of crcam (cafe au
lail color) Clubbing of the fingcrs appeared 1 16 7 per cent of helson s
patients Clubbmg of the tocs was also seen 1n patints before the
davs of pemillin

Coursg

There may be one or more sponlaneous remissions durin, which
the patient 1s afebrile and Asymptomatic but before the modern era
of antibiotic therapy the discase almost v anably returned and slowly
and relentlesshy marched the patient to his grave The victim became
thinner paler 1nd wesher showers of emboli were released from time
to time a cerchral acadent memngitis septic pulmonary wnfarctions
or congestive heart fulure supervened m some mstances until death s
merciful tervention putl an end to the uneven stru.gle Among kel
son s 220 patients who were all treated before. the advent of penueaihin
87 per cent died within mne montbs of the onsel and the langest
duration was mneteen months

LiporaTory 1 xAMINATIONS

Blood cultures are the most important laboratory aud Since 1t 1s
important to confirm a sngle positive blood culture (which might be
due to a contaminant) 1t 1< advisable to take at least thret successive
cultures at intervals of one hour These will usually provide both a
diagnosis and a confirmation by the followmg day so that treatment
may then be started Several blood cultures should be taken each day
until the presence or absence of bactererma 13 established

It 15 hest 1o make pour plates 1 addition to broth cultures With
the aid of the former the density of the bacterema can be determmed
and contamimants can be recogmzed The cultures should be incubated
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of using the terms acute and subacute Under the heading of non
hemolytic streptococcic endocarditis however, we shall describe the
typieal picture of what 1s often called subacute bacterial endocarditis

S131pTOMS AND S1GnS

If careful inquiry 1s made a lustory can often be obtamed of the
removal of teeth or tonsils or of an upper respiratory nfection a few
days to a few weeks before the actual onset Fatigue lassitude loss of
appetite and weight and transient pams in the muscles and joints are
the complamts wiich frequently bring the patient to the physician
On the other hand the first warmng, of the presence of the disease may
be a sudden pain m the region of the spleen or hudney a ccrebral ac
cident or some other evidence of cmbohzation

Sweating 13 common and chills may occur There 1s nregular fever
i some cases only 1 or 2 degrees above normal and 1 other mstances
nsing as lngh as 104° and 102° F Sometimes the {ever 1s mtermittent
n character but more often 1l 1s remittent or wreyular It may dis-
appear without specific trcatment of the disease for days or weehs
only to return agan later

Cardiac Mamfestations Evidence of underlymg rheumatic con
gemtal or occasionally sypluhitic heart disease 13 usually present Vege
tations occur most commonly on the mitral or 1ertic valve or on both
The pulmonary and tricuspid valves are less frequently mnvolved Usual
Iy the murmurs present are of a blowing quality and mdistingwishable
from those of the underlymn, disease although careful exummnation
of the patient from day to day often reveals a change mn the quality
or m the mtensity of a murmur during the course of the disease In
rare mstances especially when the only valves affected are those on
the nght side of the heart no murmurs will be heard durmng part or
all of the course of the discase helson® found heart murmurs m 99 2
per cent of 250 cases

Embolic Manifestations Portions of the vegetations may be dis
lodged from the valves from tme to time resulting n a vanely of
signs and symptoms depending upon where they lodge Pctechiae in
the slun and mucous membranes are thought to be due to embolt
Kelson found them 1n 86 5 per cent of lus cases Petecliae are found
especially 1n the palpebral conjunctivae around the nech shoulders
and arms but they may be sten anywhere on the shin or mucous
membranes or mn the retina They are irregular nonclevated red or
purplsh spots about 10 to 15 mm 1n diameter When they occur
under a fingernail or toenul they look exactly Iike a splinter cmbedded
there lence the name splinter hemorrhages

Osler s nodes are another presumably embolic phenomenon They

anful shghtly rassed nodules purplish red 1a color sometimes

ey ter occurning around the joints of the hands

with a white pmpoint cen
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must rest upon the blood culture The diagnosis of brucellosis would
be Iikely if there 13 a Iustory of the m estion of raw mulk or of contact
with nfected ammals 1 positive blood culture agglutination test or
shan test

Infections charictenzed by petechinl rashes which maght be con
fused with bacienal endocarditis are memmngococcenna neningococeie
menmgitis and typhus fever Other diseascs which must be considered
because long standing fever ss chiracterstic include mflucnza tubercu
losis undulnt fever the lympl ind other mal malana
localized decp-scated py f and thy Finally
there are the cndocardnhdm caused by other bactena such as beta
hemoly tic streplococer pneumococet  streptococer and less frequently
other The d may be suspected if there 15 a pre-
ceding or associated infection with one of these orgamsms but the
blood culture must be depended upon te make the defimte different
ation

PrevenTION

Transient bacleremua has been observed after the removal of teeth
or tonsils and 1n patients with pyorrhea even after chewing or massage
of the gums In view of these facts and since endocarditis has been
found to follow closcly upon tonsillectomy or the extraction of teeth
1t 18 ughly desirable that an antibacterial agent be found which wall
prevent the bacteremia The value of the sulfonanmdes for tius purpose
1s questionable nasmuch as several cases of endocarditis have developed
m spite of sulfonarmde prophylaxis

Penialln because of 1ts greater effect agamst nonhemolytic strep-
tococa offers more promise Ve found that among sixty five patients
who recaved pemallin before the extraction of teeth 11 per cent
developed a transient bacteremia \mong sixty five control patients
who recened no prophylaxis 31 per cent had mucro-orgamsms in the
blood In two of the control patients the bactena remamed 1 the
blood as long as thirty munutes wlile none of the pemalhn treated
patients had positne blood cultures for this length of time

\t the present time the actual value of pemalbn in preventing

has not been blished Untdl more evidence 1s forth
comng we suggest that all patients with abnormal or damaged heart
valves be gnen 600000 umits of pemcilhn 1 ol and beeswax four
hours before teeth are extracted If deswed sulfadiazine or sulfa
merazine may be given mn addition beginmng twenty four hours before
extraction and continung for the same length of tune afterwards The
same regumen should be followed for tonsillectomy and rectal oper
ations This regamen should be carned out not only for patients with
congemtal rheumatic and syphlitic heart disease but also for the
growing numbers of persons who have healed bacterial endocarditis
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both aerobically and under mcreased carbon dioxide tension They
should not be discarded as negative until they have been meubated
for at least three weeks This is particularly true if the patient has
already recenved pemallin since bactena are likely to grow out slowly
under these circumstances When valves on the Ieft side of the heart
are mvolved blood cultures should yield positive results If only the
nght side of the heart 1s affected a positive blood culture may be
harder to obtain but even then repeated attempts should eventually
be successful

Blood counts are not pathognomonic They usually show moderately
severe or severe hypochroruc anema The leukocyte count 15 most
often n the range from 10 000 to 16 000 per cu mm  although 1t may
be within normal hmuts Rarely 1s 1t over 16 000 There 1s usvally a
shight relative increase mn the granulocytes and some shift to the left
of the Schilling index

The arine usually contains albumin and casts as 1w most mfectious
diseases A more sigmificant finding 15 the occurrence of microscopic
quantities of red blood cells Gross hematurin and red blood c!l casts
are less frequently observed

Draenosts

The presence of remittent mtermittent or wregular fuver along
with heart murmurs and embolic manifestations should make the
diagnosis almost certan When the embolic phenomena are absent
the disease can only be suspected unless the character of the murmur
changes under observation The recovery of alpha or gamma type
streptococct by culturmn, the blood should estabhsh the diagnosis
when chnical evidences of the disease are present It must be re-
membered however that these orgamsms have occasionally been re
covered from the blood of normal persons especrally after tooth e
traction or vigorous massage of the gums

Differential Diagnosis The diseases which should be considered
the differential diagnosis can be hsted according to the manifestations
of endocarditis with which they may be confused The jont man
festations and fever may rcsemble those present in acute rheumatic
fever the acute phase of rheumatoid arthritty gonococcie arthrtis or
brucell In rh tic fever petecl and Osler s nodes do mot
oceur 1stic elect d hic changes may be present the
blood culture 1s negative and the fever should respond to salicylates
In rheumatoid arthritis there s an absence of petechiae and of Osler s
nodes and the blood culture 15 nejative Gonococeie arthntis may
present a defimte problem especially 1f there 13 an assocted cndo-
carditis and bacteremia with petecliae A lustory of recent gonorrhex

the presence of urcthral or vagmal discl or of bil 7 "
tivitis would be m favor of a gonococeal wfection Absolute diagnosts
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must rest upon the blood culture The diagnosis of brucellosis would
bo likely of there 18 a lustory of the ingestion of raw mulk or of contact
with nfected amumnls @ positive blood culture agglutination test or
shin test

Infections characterized by petcehial rashes which might be con
fused with bactenal cnd ditis are occema
memn,itis and typhus fover Other diseases which must be constdered
because Jong standing fever 1s characteristie include wfluenza tubercu
losis undulant fever the lympl and other mal 1es malana
localized deep seated pyogeme nfections and thyrotoxicosis Finally
there are the endocarditides caused by other bactena such as beta
hemolylic streptococer pneumotocar streptococar and less frequently
other orgamsms The diagnosis may be suspected if there 1s a pre-
ceding or associated mfection with one of these organisms but the
blood culture must be depended upon to make the defimte different:
ation

PreyENTION

Transient bacteremia has been observed after the reinoval of teeth
or tonstls and m palients with pyorrhea even after chewing or massage
of the gums In view of these facts and since endocarditis has been
found to follow closcly upon tonsilectomy or the extraction of teeth
1t 1s Iughly desirable that an antibacterial agent be found which wll
prevent the bacterunua The value of the sulfonamides for thus purpose
18 questionable 1nasmuch as ses eral cases of endocarditis have developed
1w spite of sullfonamide prophylaais

Penallin  because of 1its greater effcet aganst nonbemolytic strep-
tococa offers more promuse Ve found that among sty five patients
who recaved pemallin before the extraction of teeth It per cent
developed a transient bacterermia Among sity five control patients
who recerved no prophylaxis 31 per cent had micro-orgamusms m the
blood In two of the control patints the bactena remamed mn the
blood as Jong as thirty munutes winle none of the penicilln treated
patients had positne blood cultures for this length of time

\t the present tme the actual value of pemalln 1 preventing

ditis has not been established Until more evidence 19 forth
coming we suggest that all patients with abnormal or damaged heart
valves be given 600 000 umts of pemalln m ol and beeswax four
hours before teeth are extracted If deswed sulfadiazine or sulfa
merazine may be given n addition beginming twenty four hours before
extraction and continming for the same length of time alterwards The
same regimen should be followed for tonsllectomy and rectal oper
ations This regimen should be carned out not only for patients with
congemtal rheumatic and syphiliic heart disease but also for the
growing numbers of persons who have healed bactenal endocarditis
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TREATMENT

Pemucillin  Although the sulfonamides appear to have some effect
upon the disease pemalhn offers a much better chance of success
Before the sulfonamide era only an occasional recovery occurred kel
son® reported that one of Ins 250 patients had apparently recoyered
When sulfonamides were emploved they often stenized the blood
stream and caused tunporary umprovement but m most cases the
orgamsms contmucd to multiply withm the vegetations and only a
relatnely small proportion of the patients eventually recovered

When pemollin was first used i the treatment of bacteral endo-
rarditss the doses were so small that at most only transient umprove
ment was obtamed To Loewe's goes the credit for demonstrating that
wath large doses of pemcillin 1l was possible to abohsh the mfection
completely Since then there have been hundreds of cases m which
the disease has been arrested by treatment with pemcilin Since some
of these patients have remamed free of infectron for periods of three
years or more we can now use the word cure 1n connection with
the pemcillin treatment This concept 1s corroborated by pathological
evidence

Moore!” has studied the valves of patients wath endocarditis who
died during a course of pemaillin therapy and of other patients who
had apparently recovered and who died of other causes In this way
he was able to determine that the healing of vegetations took place
m five stages as follows (1) the superficial layer of fibrm was replaced
by fibrous tissue and at the same time fibrous tissue at the base of
the vegetation extended so that the central necrotic core contaimng
the great masses of bacteria was 1solated (2) the layer of colomes was
mvaded and the bactena were phagocytized (3) some bacterial colomes
were calafied (4) hyalimzation and calcification of the necrotic part
of the vegetation took place next and (5) endothelhal cells hined the
spaces left by the destruction of bactenal colomes Moore estimated
that this entire process may take from three to su. months altogether

It 1s readily apparent that if pemcillin therapy should be discon
tinued 1 any case before all the bacteria are killed and phagocy tized
they mught agamn prolferate and in time the vegetation would be
returned to 1ts former state Since the bacteria would be contaned in
masses buried deep m the recesses of the vegetation there would be
no chmeal manifestations to mdicate that they were still alive until
some days or weehs had elapsed This 15 exactly the sequence of events
which has been observed when relapse occurs m a patient with endo-
carditis after a short course of treatment with pemeillin For this reason
we have arbitranily chosen eight weehs as the mummum penod of
pemaillin therapy 10 bactenal endocarditis None of the fifteen patients

eated for this period of tune has expericnced a relapse

whom we have tri
According to the present state of knowledge the recovery rate among
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all patients wath endocarditis caused by alph v and gimma strcplococer
15 about 70 per cent \mong twenty siv patients consecutively treated
by us mneteen or 73 pur canl) have 1ecovered  As we learn more
aboat the prinaples wvolved m panallm therpy and improve our
techmques accordingly the proportion of patients who recover will
probably be mncrcased still further

The prognosis 15 not influenced by 1y of the following factors the
a,¢e of the patient the number and Jocation of the ffkcled valves the
prescice or absence of embolic mamfestations or the durition of the
Wness before theripy  Accordingly nothin, should deter the physiann
from treatg with pemallin my pitient with streptococere endo-
carditts no mattar how hopeless the palient s condition may appear
Others as well 23 we have bun overjoyed 1o sce patients recover who
were appirently monbund when the fiest dose of pewsollin was iven

DETERMINATION OF THE “USCEPTIBILITY OF TIIE INFECTING ORCAN
s AMany strung of nonhenolytic streplococer are affccted by low
concentrations of pemaillin ipproximatddy three-fourths of them heing
Jalled 1 vitro by concentrations of 003 umits per ce The streptococer
commonly found w the mouth usudly fll wathun ths sensitive group
On the other hand nbibition of the growth of certan strains notably
those classified as Slreplococeus fuecalts may require from 2 to 30
umits of pemaillin per ¢ or more Smce the doses of pamaillin ordinanly
used for the trestment of endocarditis do not provide blood concen
trations sufficently high to mnint all nonhemolytic streplococer the
wisest course 13 to detarmine the sensitivity of the org vusm to peme
dhn bufore treatment 1s started  Penteddn should then be given 1o
amounts which will insure 1 concentration thal temans consistently
above four to eight tunes the sensitivity of the infecting stramn {sce
P 78) If the patient s condition docs not justify wuting until senst
ity tests can bu completed the patient can be given pemathn while
the test 1s bung performed and the dose can be chan.ed f necessarv
when the sensitivity 1s known

SUGGLSTED RFGIVEN FOR PENICILLIN TREATMENT When it 15 1m
possible 1o deternune the sensitivity of the mfecting orgamsm or when
it 18 desired to start therapy before the test 1s completed we feel that
the patient should be given 50 000 umts of pemaillin every two hours
intramuscularly or 300 000 units duning each twenty four hour period
by 1t or intr far mnfusion A 1. ble re-
sponse 1s indicated by a fall in the temperature to essentally normal
levels disappearance of toniuty and of positive blood cultures Tlis
usually takes place within two {o seven days If the temperature re
muns normal and the blood cultures become stenle pemcillin therapy
m1y be discontinued at the end of eight weeks If the patient does not
tespond 1n this way the senutivity of the causative orgamsm should
be determined 1f this has not already been done and the dose adjusted
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Fig 28 Temperature chart of a patient with bacterial endocarditis caused by Strep-
{ococcus tiridans showing d ncrease in of the during
treatment

F J a Negro aped twenty two years had a questionable lustory of syphths
and no lustory of rheumatic fever Three wecks before admisssion he had headache
followed by pan and stllness 1n the cervical spine and swelling of both feet and
ankles He was acutely 1l on admssion to the hospital with a temperature of 102
F a pulsorate of 112 and a blood pressure of 140 systolic and 60 duastolic There
was a systolic thnll 1 the third and fourth interspaces to the left of the sternum
and systolie and diastole murmurs maxmal m the same area and tran muttd
over the entire precordum The Liver edge was 4 cm below the nght costal margin
The spleen was not felt A roentgenogram of the chest revealed shght enlargement
of the Jeft ventrcle and of the pulmonary conus area and a moderate werease in
the pulmonary vascular shadows

YWhen six blood cullures, taken on different days had grown the Streplococcus
curidans the patient was started on pcmalin G by mouth For the first twenty
four hours the dose was 100,000 units m amphoyel every four hours and for the
next twenty fours hours 200 000 umits every four hours Since this did not secm
to be nfluencing the course of the disease the dose was changed to 2. 000 umts
of pemalin G wtramuscularly every two hours. A test of the eliologic orpuni m
at this tune for sensiinaty to pensallin revealed that 0 0007 unit per ml of exther
the \ or G fraction was sufficint to whibit ats growth

The temperature fell and the blood cultures became negative on the intermuttent
\ntramuscular anjections but after a week fever and bacteremis reappeared The
sensitivity «f the orgamsm cultured at thus time had nixcn to 001 umt per ml an
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accordingly (ste p 78) When the dose has been establshed by de
termanung the sensitivity of the orgamsm whether from the beguning
or at a later pomt m the course of trentment 1t should be continued
at that level for the cotire g ht weeks of therapy unless something
occurs which necessitates mcreasing 1t

Somelunes during the course of peruaillm therapy or when the infec
tion 1s apparently completely controlled as yudged by the absence of
fever and continued stenility of the blood cullures pttechiae and other
evidences of nfrction will appear This 1s apparcatly due to the dis-
lodging of emboli from the vegetations even though they are no lon,er
wfected When this complic ition occurs alone 1t nced not be considered
an1ndication for continmng percillin therapy any longer or for starting
1t agam 1f 1t has heen discontinued

Patent Ductus Arteriosus Patients with endarlentis 1o a patent
ductus arteriosus should be treated with pemcillm i the same manner
as 1f they had vilvulitis After the mfection hnas been cured studies
can be made and a decision reached regarding the fexsibility of hgation
of the ductus If the operation 15 deerded upun 1t can be performed
when the patient s gencral condition 15 good

Complicating Factors in Therapy Conpostive heart falure some
times 2ppears 1 patients under treatment with pemalhn or after
recovery from the infection One reason for this 1s that the valves
may be shiced to pieces by the infection so that even if they heal
under pemciilin therapy they will remain incompetent and congesine
heart faslure will supervene Another reason 1s that the calaification of
the valves wluch occurs s a part of the healing process'? may produce
stenosis of the affected valve and thus bring about congestive heart
failure Two of our patients (8 per cent) died of congestive heart faiture
several months after they had recoyered from the endocardiis Examn
nation of the heart at autopsy confirmed the fact that the wfection
had been cured

the ca e of peuciln X and 004 un t 10 the case of pemadin G Pematlin X wa
tried m doses of 00 000 tmits & Jay by continuous intramusc ] r infu 100 without
success Losity e blood cultures continued to make th 1r appearaice and the senss
tisity of the orgamsm  ached 0 01 umt per ml and 0 18 umt per ml for the X
and G fract ans re pecti ely Owng, to the scarcity of pemiaillin X at that tune
treatment was re um d with prmadhn G 11 doses f 500 000 umt a lay by con
tingous tramuscul r safu 1on The sen i ty of the orgami m was agan tested
and found to be 14 umits pee ml for both the X and G fra tons As a esult
of this the dose was doubled After a few days on 1 000 000 umts a day by nt a
muscular mfu 10n the pat ent 1mpro ed con iderably the temperature fll ani
the blood culture became and re naned stenle After nme weeks of this r g men
the patient Ieft the hospital agamst advice He wes ex mned four m nths later
and found to be free of symptcms and of all evidence of mnfection

With the exception of the first few days when the patient was bemg t eated
oally the concentrations of penscilin in the blood were always hugher than the
amount of pemallin required to whilnt the growth of the orgamsm m ‘itro In
spite of this the Inf ction remamed actinve untd a dose of 1000 000 umts a day
wasg en
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Acute rheumatic fever has also been observed 1n patients who have
recovered after trcatment with pemseillin This may i its turn pro-
duce congestive heart failure Pul y wfarctions heating heart
failure may cause fever and thus make 1t difficult to determune whether
an acCive wnfection 1s still present m the valves or not If fever and
pulmonary nfarctions are present and the blood cultures reman
stenile further pemellin therapy 1s not indicated

When 1nadeq dases of p i are employed and sometunes
when the doses are apparently high enough to insure that the wfectm,
orgamsm 15 being hilled the resistance of the orgimsm to pemaillin
mcreases Figure 28 illustrates such a ease For tlns reason 1t 1s 1m
portant to take blood cultures every day until the temperature 1s
essentially normal and weekly thereafter throughout the perod of
trealment and for at least two weehs thereafter If the temperature
nses or other vompheations appear blood cultures should be done
more, frequently If the blood culture agamn becomes positive the
sensitivity of the orgamsm should be tested immediately and the dose
adjusted so as to secure mimmal conceutrations of pemerlhn 2t least
eight times as great as the concentration wiuch whibits the growth
of the orgamsm

Treatment of a Relapse If the si ns and symptoms of endocardilis
return at any tune after perucilhn therapy has been discontinued the
orgamsm should agamn be obtamed by culturing the blood s senst
tivily should be determmed anew and the dose adjusted ccordingly
In some mstances relapses will respond to the same dosage of peme
ilhn given dunng the first course but 1t 1s never wise to tahe a chance
on this We beherve that m the treatment of a relapse. pemaiiin should
be given for at least eight weeks

It 1s mportant to bear 1 mnd that valves which have once been
the site of an endocarditis may b mfceted later by another orgamsm
In fact the damage mflicted by the undocarditis and the changes
meident to healing may predispose the valves even further to mfection
Tlus 1s all the more reason for cultuning the orgamsn and determmng
1ts peucilhn sensitivity 1n the event of a suspected relipse

Other VMleasures The patient should stay 1 bed until the temper
atute has bewn normal for 1 weeh unless pulmonary mfarctions con
gestive heart failure or other complications ecessitate bed rest for a
longer period of time The diet should be ligh i protemn and 1
calories tspeeaally af much loss of weight has occurred

In the past 1t w1s the custom to give repeated transfusions to correct
the anemia We have found that these are now scdom ncecssary
smce the hemoglobin content mcreascs progressively as the patient
mproves under pemathn therapy If he hns 4 profound anemma w hen
first scen 1t may be adusable to give one or two transfusions it the

start of treatment




STRFITOCOCCIC INFECTIONS 183

Uninary Infections Caused by Nonhemolylic Streplococes

Pyelitis and pyelonephntis are somctunes causcd by nonhemolytic
streptococar The treatment of these infections 13 constdered on pe
426 along with infections of the urinary tract by other bactuna
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10 Staphylococere Infections

Staphylocoeas are gram positive cocer which usually occur 1 grape-
like bunches less often in pairs or ¢hains They are commonly found
as parasites on the shin and mucous membranes of the respiratory
tract Sometumes howerer sirulent strams penetrate the barriers of
these tissues, They then may cause any deyree of wfection from a
small sharply arcumscnbed furundde to 4 mpidly  preading over

hell lethal syst f

In general the pathosume staphylococes belong w the Staphylo-
coccus aureus group {that 15 they produce Lolden pigment) are class:
fied in Type \ by the preapiin test and give a pontive coagulase
test Those strains not pathogeme are hhely to preduce no pigment
(Staphylococeus albus) or ycllow pigment (Sluphylococens cilreus) to
fall into Type B and 1o gne a negative coagulase test This distinction
18 by 1o means nid bowever since struns which are ordinanly non
pathogenic may becotne so when the patient s reswstance 18 lowered
When they do cause divease 1t 15 bhelv to progress more slowly than
infections caused by the more pathogeme types. although the eventual
outcome may be vone the less scvere

Wherercer the staphylococaic infection may be and however widely
it may spread 1t will have one outstanding charactenstic by destroying
the tissues of the Liost 1 focal arcas 1t will produce purulent abscesses.
There may be onlv a single abscess or there may be several i the
same area or in the same organ Lyven whea the infection breaks into
the general eirculation unless death takes place within 1 day or so
abscesses will form 1 vanous locations

Local and General Staphylococcic Infeclions
Locatizen StarmyLococelc Ineecmions

The chuef portal through which staphylococn enter the body 13 the
shin. They produce furuncles and carbuncles 1 areas of apparently
normal shin and often cause snflammation of 1ajured areas such as
wounds burns and cumpound fractures Furuncles vary in size from a
pinhead pustule to an abscess of several centimeters mn diametcr
Carbuncles are large decp nbscesses with several opemngs to the
surface Whenever the staphylococcie leston 1s large enough the regional
lymph nodes enlarge hecome tender and may suppurate

The next largest group of infections cavsed by staphylococer are
m the resprratory tract thimtis sinusibis tracheobronchitis and pneu

18
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moma Sometimes the inflammation extends to the muddle ear and
the mastoid cells Acute nd often fulminating nfections of the respt
ratory tract are frequent m infants and younger cluldren Wiale they
may occur also 1 older children and adults the tcndency i the latter
a¢ group 18 toward more chirome infections

Infections of the urinary tract are common Pyelitis 15 cncountered
often Pyelonephritis abscesses of the hidney usually multple and
pennephric abscess may 1lso occur Staphylococer are the commonest
agents causing osteomyelitis They are sometunes responsible for
pucrperal sepsis empyema wthntis  menmmgitis endoearditis pen
carditss and abscesses 1 other regions of the body

GENERALIZED Stapnyrococcic INFECTION BACTEREMIA

The staphylococar m a local lesion may cause phlebitis of large
vems or thrombophlehitis of smaller vans mn the area surrounding
the imtial lesion Fragments of the thrombus are sometimes detached
and swept through the lungs where septic infarcts are formed From
these fresh emboli may tear away and travel to avy part of the body
to form single or multiple abscesses The kidneys are especially Iikely
to be aflected also the (ndocardium bram and spinal cord In all
these cases staphylococer can usually be cultured fiom the blood
during, onc peniod or throughout the course of the infection A constant
staphylococeic bacterema may occasionally occur without antect dent
mflammation of the vems Whatcver the events leading up to tt
persistent staphylococeie bacteremia 1s a scrious and often fatal dis
cise

Most patients wilh staphylococeie bacteruma are extremely toxic
with a high irregular or remittent fever and a ramd pulse rate An
mmtial chnll or repeated nigors ire often seen In an occasional patient
there will be only low grade fever and few signs of tonieity The leuho~
cyte count 1s usually modcrately elevated with a  shaft to the left of
the granulocytes Almost imvnably a focus of nfection n the shin
resprratory tract unmnary tract or elsewhere can rcadily be found
The orgamsms nre usually cultinated from the blood with easc

Lyons" believes that intravascular extension of 1 locahzed staphylo-
cocere infe ction should be suspeeted when onc of the following 15 present
a leukocyte count of 15 000 or more a clull a sudden rise n temper?
ture to 103° F or higher symptoms and signs of pulmonary wf irction
\ palpably thromboscd vemn or a positive blood culture

COMPLICATIONS AND AsSQCIATED DISEAsES

Asalready stated a staphylococeic nfection 1n one part of the budy 18
often followed by tatic ak elsewhere Infections with access
nto the general arculstion often metastasize to the lungs forpung
cts which breah down wto abscesses Infections mn ihe fungs may

nfar
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scatter absesses through the general airculation which involve par
ticularly the hdneys the centril nervous system and the heart

A staphylococeic mifcction anywhere m the body may occasionally
cause a typical scarlitumform rash ¥ Tlus 18 due to a towin produced
by the staphylococer The tish rescmbles and runs the typienl course
of the rash of searlet fever (sce p 137)

Staphylococeie nfections are often found m patients wath diibetes
melhtus The coenstence of these two discases makes the prognosis
of each decadedly worse than of 31 were present 2lone Constrquently
1t 1s mmportint that 1 Justory of previous dinbetes be sought for and
that the unne and af necessary  the blood be oxamned for dextrose
If diabetes 1s found 1t should be brought under control as rpidly as
possible (usunlly this will require msuln) 3t the same time that specific
treatment of the ~taphylocotcie fection 18 bang vigorously carned
out

Staphylococeie bacteremans froquently found m debiitating diseascs
and 1 the termimal phase of such diseases 13 leukemua thrombocy to-
pemc purpurn and caremomatosis

Dueno 1

Local stiphylococaie lesiony are usuiily easy to recogmize by the thick
cream-colored pus which they contain When there 1s any question as
to the etiology a smear of the pus stamned by the Gram method
will usnally show the gram posutive cocct 1 charactenstic clusters
Better sull the orgamsms should be cultured

In bacterenua the orgamsms are ¢asily culturd from the blood
50 easily 1n fact that a few staphylococer from the shin sometimes
contaminate otherwise stertle blood Consequently wnless the physician
has corroborating evidence of a stapliylococeic bacterema it 13 well
for huim to msist upon two posiive blood cultures before he makes 1
definite diagnosis The use of pour plates i addition to flask cultures
belps to resolve thus difficulty

Proc~osts

Patints with localized staphylococeie imnfections usually recover af
the lesion does pot mvolve extensively a wital organ such as the
kidneys or the bran In infants 1 the aed and in patients wth
complicaling diseases such as diabetes or nephrtis the 1llness often
ends fatally even though 1t does not spread to other parts of the
body

When staphylococct do enter the blood stream the prognosis 1s far
graver As shown in Table 36 before the sulfonamides were available
72 per cent of bacteremuc patients died When the sulfonamides were
employed the case fatality rate dropped te 49 per cent With the use
of pemcillin only 21 per cent of the patients died Here again patients
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i the youngest and oldest age groups had the poorest prognosis as
did also those with senous compheating diseases

TABLE 36
Case Faraury Rate In STaPmiococcic Bacterryia Accorping 1o Tree or
TREATMENT
No of Dued
Type of Treatment Patienls
Treated
Number Per cent
Presulfonamide era 823 291 ™
Sulfonamudes alone 164 80 4
Pemalhn 9% 22 4
(with or without sulfonamides)

TREATMENT

Pemcillin  Most strams of staphylococer are sensitne to low or
modcrately high concentrations of pemeillin About 90 per cent of the
strains are whibited by concentrations of pemalln rangng from 001
umts to 0 35 umts per cc The remainder are <ensitive to concentrations
up to 3 umits per cc

Chimeally the antibiotic has achicved notable success 1 staphylo-
coccie infections Patients with nulder infections such as subcutancous
abscess may be given mtramuscular injcctions of 15 000 umts every
three hours or since they are most hkely to be ambulatory 100 600
units by mouth every three hours or an mjection of 300 000 unts m
beeswax and o1l intramuscularly once a day When large abscesses of
carbuncles are present or when the patient s oeneral condition 1s not
good the doses may be increased to between 25 000 and 100 000 umts
every two hours or 300 000 to 600 000 umits in o1l and beeswax every
twelve hours Oral therapy should not be employed in these severer
cases The duration of treatment depends upon the chnical response
although 1t should not be Iess than four days in any event

Under such re,imens most abscesses heal rapidly without requirmg
masion and surgical draimage Wathm forty aght hours after the first
dose of pentcilin pus 15 discharged spontancously or resolution of the
purulent contents takes place without evacuation Hamilton® noted
that the furuncle or carbuncle sometunes became more swollen and
panful and the patient more toxic within twenty four to thirty six
hours after the imual jection of pemclin After this phenomenon
rapid 1mproyement began Hc attnbuted this sequence of events to
the lysis of the staphylococe with consequent Lberation of toxns
If thss anterpretation 1s correct the reaction resembles the Herxhesmer
reaction which sometimes occurs i the treatment of syphilis (see p

86)
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Multiple abscessts alvo heal well In severe cases whery treatment
has been delayed for several days 1t may be necessary to mase and
drain the lesion surgically In such cases pemacithn should be given
alo the first dose bang adimnistered three to six hours before the
operation 3f possible

Abscesses contuming pus Cin be a pirsted by synnge and needle
and 25 000 umts of pemallin injected while the needle 15 hept in sulu
This may be repeated once or twice 2 day untl the signs of active
milammation are gone

In sevcre staphylococcie mfeetions where vital araas are anvoled
or where bactercnua s present large doses of pemalln wre needed
From 25000 to 100 000 umts or more every two hours or 600 000
umts 1 oif and beeswax utrimuscularly evers ught o twelve hours
should be given If still largee do~es are needed 1t 13 best to resort to
continuous mtrimusculir or intravenous infusions By these methods
from 200 000 to suverad mullion umts a day may b gnven

The more severe and generahized the wfection and the more pro-
nounced the degrie of tox¢mn the more carcful the chmaan should
be to determune whether the orgamsims are causing infections i other
places He should exanune the unm repeatedly for evidences of pyelo-
nephnitis or renal Abscesses and should bx on the lookout for the develop-
ment of pneumoma or pulmonary ibscesses 1f the ongmal focus 18
on the head smus thromboss and other wntracramal imvolvement
should be guarded aganst If none of these are found and the symptoms
of fever and other evidences of touaty subside 1t 1s best to continue
pemiailin therapy for several days to a weeh longer Relapses are
particularly to be guarded aganst in staphylococcic infections since
these orgamsms become pemathn resistant more readiy than most
bactuna

If the response to large doses of priciilin 1s not satisfactory the
sensilivaty of the staphylococeus to pemailin should be determmed
f at all possible and the doses adjusted accordingly At the same
time a thorough scarch should be made for foct of infection particularly
m the lungs, endocardium jonts hidneys and memnges If foa are
found they should be treated by the local admumstration of pemcillin
whene\ er this 18 feasible

Whule the sulf des are partially effective a ainst
staphylococar the results they give are not nearly so satisfactory as
those oblamed with pemalhn \llhouvh some imvestigators have

with des 10 addition to pemciilin

we have not seen better results when tlus combination was employed

than when pemcilhn has been used alone If sulfonanudes are used

for any reason sulfathiazole 1s the drug of choice Tt should be given
10 full therapeutic doses (seep 1)

Other Specific Measures Before the advent of pemalbn and
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sulfonamides  staphylococcic antitoxin staphylococeic antierum and
bacteriophage were used Although they were apparently helpful in
some cases ihey are bung discardud now that better therapeutic
agents are avulible

Surgrcal Treatment This 1s noded cspeaally where there 1s much
devitalized tissue or debris 10 cases where systenmcally admmstered
pemaillin may not penetrte s ihsfictonily into the are 1 of milammation
or where proper dramige will not otcur without surgicnl itersention
In All such cases pemcilln should be given ather locally or systemiealhy
or both

Staphy lococcic Preumoiua

Staphylococar cause 1 1o 8 5 per cent of all pncumonias i uldren
Among adults these orgamsms are 1esponsible for occasional crses
In our scnes staphylococar crused 01 per eent of primary bacteral
pneumomns During epidenmes of influenzy staphylocoear may act s
secondary mvaders and ¢ wse many s of pneumoma ur patients
of all 2,e jroups \s staled before pncumoni is frequenthy secondary
to staphylococcie nfection elsewhere In such crses it occms 1 1
1esult of septic pulmonuy mfucts Usually the general munfestations
of sepsis are predominant and the signs of pneumnona not conspicuous
Consequently the followm,, ramarks will apply particularly to the
primary form of pneumonia

Staphylococcus aurens 15 the ctiologie 1,ent m most of the wases
Among Blumenthal s* forty casts 1t was responsible for thirty five
and Staphylococcus albus for the rununder Finland 87 eases and ours
m adults have all been due to the wreus vaniety

DYVIPTOMS AND SIGNS

In adults the disersc often follows symptoms of mnfluenza milaise
general aching and headache with or without upper respiratory symp
toms Chills mtroduce the pnwumonin only occasionally  In most
wstances patients become progressively more toaie over the course
of one to three days Cyanosis 1s present nd often marhed Rapid
shallon sometimes rregulir respirations are the rule The Lemperature
1s usually nregular with poiks of from 101° to 106° F The pulse 1s
correspondingly irregular ind raprd The sputum 1s usually purulent
with streaks of blood or completely bloody When 1t 1s not bloody
1t usually varies from a dirty bufl huc to salmon pimk or ight chocolate
color Some patients complun of substernal tightness and 1 fow expent
ence pleural pan

In children two yeirs of age or luss there is almost alw2ys an upper
1esparatory 1nfection The culd devdops 1 cough lugh fever fast
pulse and respiratory rates nd cyanoss  1hise symptoms usually
devdlop with alarmung rpidity
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Piasican 1 yvaus ATION

In adults and older <luldren physical cxannnition may revend only
sibalant nd “onorous riles at first Later crepitant rales appear over
scattered areas mdicating patches of consohdtion ¥ anous-sizod arcas
of dullness and bronchnl broathing may be mapped out Sometimes
Uhe consolidation insolses onc or more complele lobes In lon, standing
cases signs of Cavtation supeevene  In youn, cluldren more often
Whan i adults the overwholmin, mteusity of the process causes con
slhidation of an entire Tobe SCttered s of consohdation may oceur
however alone or m conjunction with complete lobar involvemeny
Furthormore empyums s found much more frequently m young
dildren than o adults In oy patients with anpyvema there 15 a
bronchopleural fistulh witle resulin, pyopncumothorax

Lisoratory asp \ Ray I aasmarions

"The Jeuhaxyte count v anes from patient (o patient and at different
times m the same patient uywhere from 3000 to 5 000 per cu mm
Only siv of Blumenthal st forty patients had luhocyte counts below
10000 por cu win There is Wi o gonatoeytes and 3 shft
to the lft of the Sclulling index The <putum contuns staphylocoear
m pure or uearly pure culture T cdnldren an whom sputum 1s usually
unoblamible the guwstric contents may yicld clumps of pus from which
the orgamsms ean be obtamed 1o othier cases the diagnosis 1s made
from the tmpyuma flud or from blood culture These orgamsms usvally
bave all the charactensties of virulence they produce aureus pigment
are. hemolytic ind are coagulve-positive Blood cullures were posttne
1 four of K anol"s ® twenty five cases of prumary stiphylococeic pneu
moma and 1 all s twelve cases of the secondary type

Roentyenograms n adults usually show scattered areas of mfiltration
n one or both lungs tomplele bid of one or more
lobus 18 revealed When the disease lias lasted for several days oue or
many abscesses muy b scen hanol found that 80 per cent of children
showed x ray si,ns charictenstic of lobar pneumoma wiule the rocnt
zenograms of the remunder showed bronchopneumonic mbltration
When there 13 consohd vion of one lobe or of an «ntire lung there are
often scattered patches of wfiltration elswwhere

Counsk aap COMPLICATIONS

The disease i many patients 1s fulminating resultmg in death with
 one 1o five days Other patients may e from tno werks to a coyple
of months lon,, enough to dexclop necrous of the ung parenchyma
with the formation of swgle or multiple abscess cavities Still others
may survive extensive Jung mvolvement especially with the use of
modern therapeutic agents These patients will usually show a gradual
dechine 1 fever and toviety Several weehs may ehpse before the
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physical and aray signs of pulmonary imvolvement clear up com
pletely

Empyema 13 especially frequent m cIuldren under three years of
age * hanof'® encountered 1t 1 87 per cent of the primary cases and
m 58 per cent of the secondary cases i chuldren of all ages This compl
cation usually makes 1ts appearance earhier m staphylococcic than
pneumococeic pneumorua bewng present i most cases wathin the first
weck and occasionally as early as the second day Sometimes empyema
occurs as a result of the rupture of a staphylococac cavity mto the
pleura In such cases 1t may be detected by the fact that the patient
takes a sudden turn for the worse with mncreased cyanosis pulse and
respiratory rates and fever Usually a pyopneumothorax develops as
a result of the conncetion of the cavity with a bronchus The prognosis
1s much worse than when air 1s not present and calls for immediate
closed dramnage with the msertion of a tube the free end of wich
1s hept under water

Among adults empyema 15 frequent mn patients who survive the
first week or two of the disease The chmcal charactenistics are the
same as those of empyema caused by the pneumococcus (see p 124)

Failure of the nght side of the heart may occur m patients with
extensive pulmonary mvoh ement Metastatic staphylococcic abscesses
may form mn vanous parts of the body although they are not found
so frequently as m other staphylococcie mfections A scarlagimform
rash may appear m rare instances just as m other staphylococcic
wfections 2

Dracnosis

This must rest on the culture of the sputum blood or empyema
flud although after mfluenza a pneumoma characterized by uregular
fever rapid resprations pronounced cyanosts and buff salmon colored
or frankly bloody sputum should make the physician suspect the
staphylococcus as a cause The differential diagnosis includes the other
bactenal y Friedlander bacillus p: the
virus and richettsial pneumomas and also tuberculosis “and pulmonary
infarction (see p 110)

ProGnosis

Before sulfonamides were used nearly ll these paticnts died Fin
land? treated forty two patients with sulfonanudes with thirteen
fatahities Although expenience with pemcilin has not yet been ex
tensive enough to produce figures of statistical sigmficance the ev1
dence 1s suflicent to show that a much smaller percentage of the pa
tients will die when this drug s used



STAIINIOLOCCIL INEI CTIONS 193
TREATMENT

This 15 the st as for any sovere staphylococte infection Penuatlin
should be guven in doses of 20 000 to 200 000 utsls exery two hours
by mtramuscubir mgection 300 000 to 600 000 wints in ol and beesw v
intrmuscul wly every 1wedve hours or by continuous wirimuscuhir ar
mirnanous infusion m moutts of 00 000 to 2 000 000 umts duning
each twenty four hour ponod The patient should recene the goneral
and symptomatic (ire prescnbed for all patients with poeumonia
(sce p 110) Ovypun theripy should be started vy (we p 17)

Trealment of Complicattons Pumalhin should be emploved in em
premtan the same way as for the praaneeowac sancts (see p 103)
The reader 1s refeered Lo Blumenthd 82 articde fur 2 conderation of
the surgieal trovtmont of stiphvlococae ampyoan

Osteomyehilis

O teomnvelilis dunotes wilanumition 1 bone produced by a pyo-
gete orgamsm Staphylotocar are respon ible for aboul 90 per eent
of all cases In the most common form of the discise which 1s called
wute hunatogenous osteomyehitin, the bactena enter the body by
Wiy of the shan or the upper resprritory trut ind are comveved to the
bone by way of the bLlood stream  Occr womilly osteomyelitis occurs
43 a result of spread of wfcction from adjacunt structures and by direct
miplantation of bactena within the boue s 4 compound fricture
The lon,, bones e much more frequently unolved than any others
wspeaially thost m the lower extremnties Traumn to the bone such
as that which follows a fall or 1 wrench predi poses 1o localization
m some cases \cule hamatoenous osteomyelitis 1s a disease of cluld
hood and 1s onhy rarely obseryved i adults The vanets which 1s second
ary 1o infected wounds miy occur Aty age

SrypTovs AnD Stony

Lucalized pam n one part of the bone 1> the most uportant symp-
tom \lhough 1 day or two of maluse and anorexia may sometumes
precede the pamn wlich occasonally starts 25 a feching of stiffness
the onset of the disease 15 usually 1brupt with rather severe pan and
sometumies a ciull The pawn 1s conlinuous and throbbing i nature and
accompamied by toveity and Ingh feser Diarrhea vomiling or con
vulsons may oceur & eareful lustory will oftun elicit the fact that an
wfection of the shin or a sore throat preceded the illness by a week
of more

In the first day or two of the disease the only sign which 1s present
1n most cases 18 tenderness over 2 lumted area of the affected bone
Passive motion of the neighboring joint does not cause pan provided
that the procedure 1s carned out with care The patient shows evidence

8
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of general toxemia with a temperature of 103° to 104° F aud a cor
respondingly ncreased pulse rate

Within twelve to forty eight hours the mfection usually reaches the
periosteum  From that time on swelling redness and edema deelop
the area of tenderness grows larger and the toxemua becomes worse
Rupture of the perosteum may occur followed by a red fluctuant
swellng Sometimes the nearby joint will be affected as mndicated by
swelling pam on motion and evidence of flind within the jomt cavity
If the blood supply of a portion of the bone 1s entirely cut off ths
prece will become detached and act like a foreign body It 1s then called
a sequestrum Sometimes there are metastases to the other bones
where foe1 of osteomyelitis are Likewse set up

If the condition becomes chronic localized abscesses sometimes form
and discharge continuously through sinus tracts Another character
1stic of the chromc stage 1s thichenmng of the cancellous portion of the
bone with sclerosis of the medulla

LaporaTory anp X\ Rax Examimvations

The leukocyte count 1s usually elevated to between 15 000 and 25 000
per cu mm In some cases it may exceed 30 000 The offending organ
1sm 1s often recos ered from cultures of the blood as well as from cultures
of the pus from abscesses or from the bone lesions at operation '\ rays
will reveal no abnormalities 1n the affected bone for approximately the
first week of the disease The first change 1s haziness n the affected
area followed later by rarefaction due to bone destruction

Diaenosis

The sudden or gradual onset of pam n a long bone near a jownt
accompanied by signs of toxemia and localized tenderness in the af
fected bone 1s a picture not found 1n other diseases An elevated leuho
cyte count 1s confirmatory as are the charactenstic roentgenographe
changes The latter often appear late

Differcntial Diagnosis Osteomyelitis 1s most often confused with
diseases of the jonts such as rheumatic fever and purulent arthntis
In osteomyelitis the pamn and tenderness are not 1n the jomt (except
where a jont may later become secondanly mnvolved) and the joints
can be moved if movement 1s done carefully Furthermore patients
with ostcomyelitis are more toxic from the onset than most patients
with arthntis

Cellubtis resembles osteomyehtis superficially but n cellulitis the
invols ement 15 more ciffuse and the tenderness 1s much less pronounced
and not so well Jocalized Erythema and swelling appear with the
toxemua of celluliis whercas they are not seen until several days
later 1n patients with osteomyeliis The differentintion from erystpelas

1s silarly made
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Scurvy produces local but not constitutional signs and symptoms
qmlar to those of osteomyehtis and furthermore has a characteristic
rocatgenologic appe wance

ProG os1s

Crossan® reviewing the hterature on osteomychitis from 1923 to
1937 found that among 1504 cases reported there were 21 per cent
deaths The prognoss has been improsed somewhat by the use of
the sulfonamides and 13 considerbly better in patients who receive
pealin

TREATMLNT

Local Measures The affected part should be placed 1t rest "The
deaision as to the best method of accomphshing this whether by
sunple pillow sphint traction splint or cast depends upon the require-
ments of the particular patient nd should be left to the surgeon
Warm physiologic salt solution compresses may be opplied to the
affected area

Pealhin As soon s the diagnows 1s made treatment with peme
dhn should be started Doses of 2,000 to 50 000 umts every three
hours or 300 000 umis 1n ol and beeswax every twenty [our hours
are sometiues suflicient although larger doscs 40000 to 100 000 units
by intramuscular injection every two hours 300 000 to 600 000 umits
m ol and beeswax itramuscularly every twelve hours or 500 000 to
2000 000 umts a day by continuous nfusion wiil be necded 1n seserely
il patients The following factors should be taken 1nto consideration
it deternumng the dosage the course of the temperature and pulse
rate the seventy of the local signs of fection the amount of pain
the appetite the general appearance of the patient and the presence
of mfection clsewhere in the body The height of the leuhocyte count
will also be helpful.

The tomperature does not drop abruptly In nuld or moderately
severe cases it falls and signs of toxaty disappear within seventy
two hours after the first dose of pemihn 15 adnumstered In these
wstances the temperature 13 completddy normal within a weeh In
severe cases defervescence may take several days longer The local
agus of inflammation recede with the fever

The x ray changes' are shight 1n patiemts treated dunng the first
three days of the disease consisting of small arcas of penosteal re
action and decaleification of the cortex extubiting Little or no seques-
tration and seldom progressing after pericilin treatment 1s started
The x rays of patients treated between four and seven days after the
onset show sinular although more extensive changes The e often do
oot, appear untl a week or so after treatment 15 begun and progress
gradually for the next month or 1wo although they eventually dis.
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appear When lreatment with pemcilin 1s not started for a week or
more after the begimning of the diseasc destruction of bone 13 great
and sequestration frequent The sequestrum usually absorbs spon
taneously or remamns m place to act as an autogenous bone graft m
the rebmlding of the affected bone

Penicillin treatment will be necded m most cases for aboul, three
weehs In the cases where 1t has been employed the fatahty rate has
been reduced to the low figure of 1 or 2 per cent

Surgical Treatment Formcrly there were two cqually ardent and
steadfastly opposed schools of thought as to whether or not operation
was necessary 1n all cases Today pemeillin is resolving the controyersy
since 1t brings about a cure 1n many cases when given systemucally
without the necessity of local treatment This s true for most palients
whose treatment 1s started within a week of the onset In the occasional
fulnnnating case with pronounced toxemin surgery 1s still needed and
should be accompamcd by preoperatinve and postopcratrve pemeillin
Surgical drunage 1s indicated if treatment 13 not started untl after
there 15 extensive damage 1o the bone with necrosis of the cortex and
cavity formation It 1s likewise necessary when an abscess forms under
the periosteum or when the nfection enters the joint space

General Measures Pam may be scvere at first and should be con
trolled by the appropnate drugs Since anemia 1s a frequent accompant
ment of osteomyehtis repented red blood cell counts or hemoglobn
estimations should be made during 1ts course Whole blood or suspen
sions of red blood cells should be given when moderate or severe anemia
18 found

Other Staphylococcic Infections
MENNGITIS

Infection of the mennges by staphylococer may follow otitis media
sinusttis lesions of the shull or infections of the shin of the head Less
often 1t 1s part of a generalized staphylococeie infection ongmating
elsenhere Before the pemailbn era this discase carried the poorest
proguosis of any acule bactenal memngiis When pemallin 1s used
about one-third of the patients rccover although the death rate 13
still higher than in the memngmtides ciused by other organisms sus-
ceptible to tlus drug

Diagnosis If a patient with a local staphylococcic infection 1n the
head or with a generalized staphylococcic nfection develops positive
Jermg or Babinski signs or stillness of the nech or beeomes delirous
stuporous or t the possibility of 15 should be enter
tuned to the extent that a lumbar puncture should be performed

diately The cer brospinal ﬂ;l(;l] s{l‘?luld be examindd nccordxtngutu

1o¢ 208 When meningitis 1s present the

the procedures outlinet o8 Il) m an ncreased numbbi: of plcul\tx:) tes
cerebrospmnal flud will conta
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usually between 100 and 1000 per cu mm  wilh granuluchtes pre-
dommating Inall cxcept the very rildest ¢ ises dextrose will be present
m less than the normal concentration or will be absint altogether
and the protun content will be increased Stipliylococar are often
seen on dirext smear of the centnfuged sediment Otharwse  Lhey
will be obtamned by culture

Treatmeat Pemcilhin should be givenintrathecally and svstamilly
kor wtrathecal admaustration 20 000 unts should be dissolved i 10
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Fig 29 Temperature chart of a patient with taphylor xciic hacteremia and men-
1w@ts treated with pemallm

h.B aman aged thirty-four developed welling of the face from an alvelar
abscess. On admition ke was acutely i with oon.i lcrable ed ma and redness on
the | [+ side of the face and edema of the eyelids, Tt e blood sugar was 100 mg per
100 cc Staphvlococeus aureus was cultured from the bluod and spnal flud The
patint was @1 en percilin by contiouous 1tra enous and by intermuttent wtra
muscular injections and also intrathecally After three days of this combuned therapy
the spinal flud cultures Lecame negatne the leukocyte count declined somewhat,
general tonaty disappeared and the local mgms of wflammation receded The
diabetes was brought under control with m.uln Although uregular fever coo-
tnud for a while 1t became normal after fourteen days of pemallin treatment
One week later the spunal flu d contained only 18 cells perca ma. all lympbocy tes.
Recorery w s gradusl but exentually complete

Bt

ce or less of physiologie salt solution and after the remos.al of a shightly
larger amount of cerebrospinal flmd should be injected slowly prefer
ably by gravuty At the same nme 500 000 to 2 000 000 umits a day
should be given by continuous mtramuscular or mtrayenous wfusion
or by intermittent mtramuscular mjections at two hour mtervals In
wlants the intrathecal and systemuc doses may be halved Figure 29
shows the chart of a patient with staphvlococaie memngitis who re-
covered after treatment with pemaiflin
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Recovery should be judged by the fall in temperature and pulse
rate by the disappearance of the signs of meningitis and of the organ
1sms from the spinal fluid and the return of the spinal flwd dextrose
to normal levels The leuhocyte count may increase or remain constant
for several days after pemcillin therapy 1s started but will then de-
crease gradually as the patient improves Spmal flud pleocytosis will
remam however as long as pemalln 1s being given intrathecally

Ennocarortis

Tlis 1s the most dreaded complication of generalized staphylococeic
mfection It can be diagnosed with reasonable certainty in patients
who have consistently positive blood cultures contaimng staphylococet
and evidences of septic infarction erther in the pulmonary or m the
systemic areulation together with cardiac murmurs which appear or
change 1 character durmng the period of observation Staphylococa
almost always cause an acute endocarditis Vegetations appear upon
normal as well as abnormal heart valves and the course of the discase
1s measured 1n days or weeks rather than m months Occastonally
a less virulent staphylococcus such as an albus varety which 1s
coagulase negative and not hemolytic will cause an endocarditis with
a subacute course sumilar to that scen in Streplococcus virtdans endo-
carditis Before the use of pemaillin staphylococcic endocarditis was
mvariabh fatal with its use we have obtamed recoveries n six out
of eleven patients ™

Trealment 1s the same ag for Sirepl wiridans endocarditis (see
p 178} except that larger doses of pemallin are nceded 1n most cases
Tlus 13 due to the acute nature of the endocarditis caused by staphylo-
cocar and the tendency of these orgamisms to produce abscesses

ARTHRITIS

This condition may occur as a result of the extension of a neighbonng
ostcomyehtis or 1t may anse during a generalized staphylococcie 1
fection

Treatment Repeated intra articular njections of pemicilin should
be employed The joint cavity should first be aspirated as completely as
posstble by syninge then 50 000 umits of periailin dissolved 1n a volume
of 1sotonic salt solution less than the amount of fluid removed should
be injected The procedure should be repeated every forty eight hours
until local symptoms have subsided flmd has disappeared from the
jomnt and the general fe tons of the inf are gone If
extra articular nfection 18 present pemcilin should be admmstered
systemically also Recovery occurred m six of the seven patients treated
by us® according to this method
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Staphylococcie Food Potsoning

An mmportant toan produced by some staphylococes 18 enterotoxin
so called because 1t produccs symptoms i the gastromtestinal tract
This disease conics 1o our attention most forably when epidemics
occur 1n a group of people who have ealen the same food Accordmg
to Dack ¢ pies pastnies (especially those filled with custard) pork and
pork products mith and cheese are the foods most commonty unpl
cated I staphylococes are introduced during the preparation of these
foods and the latter are allowdd to stand at room (emperature for
some hours the enturotoxin may be formed

SunrTous anp Sieas

Within two or three hours aflter the offunding food 1s eaten (occaston
ally as soon ns one or as late as six hours) scyvere nausca and yomiting
occur Soon afterward abdonunal erimps and diarrhea begin In muld
cases there may be only nausea vomting abdommal pun and dir
thea In severe cases vomitlus or stools will be bloody and the gastro-
wntestinal symptoms will be accompanied by hieadaches pan i the
skeletal muscles and sweating In some mnstances there may be shight
or moderately high fever 1in others the temperature will be subnormal
and the blood pressure may fall Lxammation of the abdomen will
reveal only moderate to severe tenderness throughout
Discrosis

A hstory of vomiung or diarrhea or both of them comng on two
or three hours after a4 meal with a story of similar symptoms i others
who partock of the same food points strongly to staphylococeic
toucation Cultunng staphylococe: from the suspoous food will venfy
the diagnosis The presence of the enterotoun can be determined by
njecting a suspe of the food 1nt: lly mto kuttens Lab-
oratory tests are not usually necessiry liowever except as a public
health mesure

In the differenttal d many cond nust by fered
In mstances of mtaxication from swall g chemicals the
usually appear sooner and 1 Instory of the ingestion of the poison
can be obtaned 1 most mstances In botulism there 13 a history of
eating yoproperly ranned foods The symptoms may come on within
a few hours or may be deluyed for twenty four hours or more The
most prominent symwptoms are those ndicating mvolvement of the
central nervous system such as difficulty in swallowing diplopia and
dufficuity 1n speech and i respiration Symptoms due to a salmonella
wfection appear from four to seventy two hours (in most cases between
twelve and twenty four hours) after the ingestion of the orgamsms
and the symptoms of a shigella mfection (bacillary dysentery) from
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twelve hours to one week afterward The clinical charactenstics may
be smilar to those found m staphylococcic fections although chills
fever and prostration are more frequent in the salmonella and shigclla
mfections (see Table 43 p 286) The Streplococcus riredans (2lpha
streptococcus) occasionally causes an nfection with a chnical pieture
similar to the one encountered i staphylococeic food posomng but
the mecubation period 1s usually longer (five to exghteen hours) and
the symptoms are usuallv mjder

Allergy to an mgested food 1s often rcsponsible for severe nausea
and vonting and sometmmes diarthea The diagnosis usually can be
made from the history since most patients will recall previous allergic
episodes of the sane or other kinds Furthermore other persons cating
the food are not affected Other causes of gastromtestinal symptoms
such as awte appendiaitis intestinal obstruction altbladder cohe
and so forth must be kept m mind

TREATMENT

There 15 no speafic treatment The diseasc 15 sdlf Inmted and prac
trcally never fatal It may indeed be over by the tume the physician
arrves If symptoms contmue the howel must be put at rest by the
use of tincture of opium by mouth or morphine by jection 1f neces-
sary If a considerable amount of fluid has been lost 15otome salt solu
tion should be given parenterally
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twelve hows to one week afterward The clineal charactensties may
be sumilar to those found m staphylococeie infections althouh clulls
fever and prostration are more frequent 1 the salmonclla and shugella
wfections (see Table 13, p 286) The Streplococcus wiridans {alpha
streptococcus) occasionally causes an fection with a ehnical picture
similr to the one cncountercd n staphylococeic food poisoning but
the icubation perod 15 usually longer (five to eighteen hours) and
the symploms are usually milder

Allergy to an mgested food 1s often responsible for severe nausta
and vomiting and sometimcs diarrhca The dingnosis usually can be
made from the lustory since most patients will recall previous allergte
episodes of the sam or other hinds Turthermore other persotls ealin,
the food are not affected Other causes of gastromntestinal symptoms
such as 1cute 1ppendiciis mtestinal obstruction nallbladder cobe
and so forth must be kept in mund

TREATMENT

Thre 18 10 speaific treatment The dise e 1s sclf humted and pric
tically never fatal It may mdud be over by the time the physicin
arnves If symptoms continue the bowel must be put at rest by the
use of tincture of oprum by mouth or morphine by mpection f neces
sary If a considerable amount of flud has becn lost 1sotonie st solu
tion should be given pwenterally
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we observed during an epdemnc 163 (91 per cent) were caused by
Group I two by Group I and fourteen by Group II alpha memngo-
cocct

Menwngococeie Menmngits

\enngococa are present in the pharynx of normal subjects espect
ally dunng epidemics Vost of these mndividuals remam healthy but
1n some the orgamsms reach the memnges and produce the disease
While 1t 13 possible for them to reach the memnges directly through
the cribiform plate of the ethmoid it 1s unlikely that this occurs often,
i atall Inview of the fact that bacteremia 18 present 1n a large number
of patients with meningitis and that the orgamsms are often found 1
the blood before there are evidences of memngitis the most Lkely
route of mvasion 1s from the pharynx to the blood stream and thence
to the memnges This 1s of more than academic mmportance since an
alert physician can often make the diag of
before the orgamsms localize 1n the meninges As will be seen later
treatment during thus stage 15 very successful

SymproMs AND SiGhs

The wcubation period 1s often short—one to four days in most
mstances—but may be prolonged for a week or more when a patient
becomes a carner for a whie and then develops memngitis later The
onset was sudden in over half of our cases beginmng with a chill or
chilly sensations headache stiffness of the neck vomiting or any
combination of these symptoms These vamous symptoms usually
appeared within one or two hours of each other We have not seen a
famnting attack at the onset but tlis phenomenon has been reported

In some patients the disease begins insidiously wath a mld headache
malaise general aching and a low grade fever for one to several days
before definite symptoms or signs of memngtis appear

As shown n Table 37 the classic tniad of stiffness of the neck head
ache and vomiting were the most frequent symptoms 1n 200 patients
whom we observed The charactenstics of these symptoms wall be
considered 1n more detail

The degree of nuchal ngidity vanes considerably from patient to
pitient Some patients expenence only shight pan when the head 15
brought forward while n others the nech tannot be pushed forward
no matter how hard the exammer tnies and all attempts to do so cause
considerable pain In young children especally in infants the entire
body may be arched bachward by the pull of strong back muscles
This condition 1s called opisthotonus Toomey'® has outlned the char
actenstics of stilness of the neck due to memuingitis and the pathological
conditions which may simulate 1t Nuchal ngidity due to menmngeal
untation usually occurs only with forward moyvement of the nech
while lateral moyement 1s possible In most mstances 1t 1s accompamed



11 Meningococcic Infections

The Newseriae are gram negative coffee bean shaped diplococos
The two species which are important as far as human nfections are
concerned are Newsseria gonorrheae (gonococcus) and Aesserie wnlr
cellularts (memmgocoecus) While these two orgamsms are usually
thought of as being quite distinct from each other because the former
usually causes an infection of the urnary and reproductne organs
and the latter of the memnges they are actually closely related morpho-
logically culturally and in their capacity to produce disease m humans
Most of the sites frequently mvaded by one orgamsm are also sus-
ceptible to mvasion by the other The meningococcus usually enters
the body by way of the pharyngeal mucous membranes producing
first bacteremia and then memngiis The gonococcus usually enters
the body through the mucous membranes of the gemtourmnary tract
and causes primary nfection of the related organs On the other hand
either orgamism may cause a primary conjunctivitis Either organism
may enter the blood stream from the original site. of entry and localize
in the joints endocardium and conjunctivae and in other structures
Furthermore the g may lly cause tis and
the meningococcus may localize 1n the gemtourinary organs

These facts are of importance to the climcian first because he can
remember all the varied climcal manifestations of mfection by each
coccus better by grouping the two together and second because he
must realize that he cannot depend upon chical mamfestations and
morphologic appearance to tell lum with certamty which orgamsm he
15 deabng with 1 a given case For this he must depend upon fermen
tation reactions or serological differentiation

Menngococcie Infeclions

Menngococar are classified today 1nto Groups I and II Group !
includes the Types I and III of the old classification of Gordon and
Murray and Group II includes Types 1I and IV of that classification
A further refinement of the present method 1s to sphit off certain organ
1sms from Group II and call them Group II alpha Rabbit serum 1s
available for the typing of Group I and II alpha orgamsms These
serums cause capsular swelling when brought m contact with a memn
gococcus of the same group Group I strans greatly predomnate
during an epid while 1 1nterepid periods the proportion of
Group I strains increases somewhat Amon, 180 typed cases wihich

20.
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and often vary from day to day Diep tendon reflexes may be normal
n wntcnsity  hyperactive or hypoactve Anhle clonus 1s observed in
some patients The Babinshi reflex 1s occasionally positne whle ab-
sence of the cremastenic or abdomunal reflex 1s rarcly observed The
pupils are usually nornal 1n size and react properly to hght and on
accommodation but they may be contracted may be fixed without
re.ponse to shmuh or may be unequal Nystagmus is a rare sign and

d) a gra L of the cransal and penpheral
nerves will be dx;cussul undcr complications

Fig 30 Purpunc resh of memn ococcic memmgitss. (Courtesy of El Lilly and
Corapany }

Rash A ¢l feature of from
wiich one of its names spotted fever 1s derned 13 the cutaneous
eruption We observed 1t 1n shghtly over half (103) of our patients
In almost all instances the rash is composed of petectiae which vary
wm size from pinpont to 1 e 1n diameter and i numbers from two
or three to hundreds They are most often present on the trunk and
upper extremities hext most prevalent on the lower extremuties and
least often observed on the face Accompanying petechiae often appear
10 the mucous membranes of the mouth and conjunctva and in the
retina Six of our palints had a rash composed of pink macules and
flat maculopapules up to 5 ecm in diametcr Another type of rash
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by other neurclogical si ns such s positive Iermgs and Brudzinshi s
signs opisthotonus and pamn along the back Stiffness of the nech may
be absent m infants 11 patients with extreme toxicity who die withm
a few hours after the onset of the discase and 1 those who hnve been
ill a long time and who are exumined just before death

TABLE 37
FHEQUENT Sy PTOUS AND S16~s 1 200 PatrrvTs witr Menmeococare Meniverts
Symptoms and Signs Number of Patients
Stff neck 176
Headache 152
b omiting 12
pper respiratory infection al
Chﬁf i6
Stupor coma and/or deluum us
Po itive hernig sign 114
Rash 103
Petechial 94
Maculopapular 6
Purpuric 3
Positive Brudzinski sign -6

The headache m1y be of no more than moderatc seventy but 1s
more often mtense and practically unbearable One characteristic which
helps to distingwsh 1t from headaches due to other causes 1s the fact
that 1t 1s confined to the occipital region or originatcs there

Vomiting 1s usually associated with nausta 1s sometines projectile
m type and 1s repeated many tunes

Comvulsions are obscrved fairly often 1o children and occasionally
n adults Abdommal pam 15 somebimes complamned of and may be
accompamed by so much museular nigidity as to simulate appendiatts
Other symploms occasionlly encountered are hematemesis dinrrhea
diplopia and pams i the jomts

Sooner or Iater m the course of meamgococese memngitis the pa
tents bucome stuporous or comatose or expenience persods of coma
alternating with penods of delnum We observed one or more of
these condstions in 118 out of 200 patients Somelimcs the change i
the mental state 3s dramabcally sudden Within o fuw hours 1 perfectly
healtlry ndividual may become comatose or wildly dilinous As will
be shown 1 the section on prognosis such an eventually 1s greatly
to be feared

Neurological Signs The logical signs vary 1y from
patient to patient Some patients with a imld forin of the diserse may
exhibit no abrormal neurclogical signs at all or at most only sl ht
Lnmtation n the frce movunent of the neck As stated before 176 of
the 200 patienls observed by us hnd some degree of nuchal ngidity
Posiive Kcrmg and Brudzinshy sipus were next n frequency  being
present m 114 and 76 patients respectively

Other abnormnl nurologienl signs are less frequent n menmngitis
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Fulminating Infections  [n some palients  meningucoea may
produce a disease of dramatic swiftness and seventy Yietms of this
bactamil b hiting may be strichen suddenly 2t their work or play
and be dead witlin o few hours \ particularly fulminating form of
menngococcie disc e tesulls in the W aterhouse Friderichsen syndrome
Whether the patient has an upper vesprratory fechion at the start
or not he suddenly becomes eatreniedy sich with a lugh temperature
(164° to 107 1)} Chills wnvulvons and voruting my oecur as m
otlier forms of memngococce nfections The distingwshing charac
tenstics however are prostration  rapudly devdlopin, extensie pe
techial or purpuric rash dyspucy cyanosis leuhocylosis and signs
of peniphcral arculatory collapse such a3 fucble pulse low blood pres-
sure cold damp <hin and rales i the Iun, biscs Oligura or anuna
supcrvenes At times edemn dovelops also Consciousucss 1s often re
tamned up to a fow hours before death when comn or ddinum may
come on This syndrome occurs speaially n cluldren although 1t may
be scen at any age It 1s observed particularly durng epdemics of
meningococac memngitis Fortunately 1t 1s not frequent Among 300
patients with memingococere infections we encountered only four with
the Watcrhouse-Friderichsen syndrome Menmngitis was preseat sn two
of these pitients while the other two had memngococcerma slonc
Three of the four died ncluding the two with memngitis

At the postmortem exanunation large numbers of memngococar are
found within the capillanies Thev apparently damage the walls of
these vessels 5o as to produce extensive hemorrhages which are espect
ally prevalent m the shin and in the adrenal ghds  Although hemor
rhages 1n the latter are present in neaily every case adrenal damage
does not seem to be necessary i order to produce the typical climeal
pictute It 18 hhdy that severe mjury Lo capillanes all through the
bady 15 suflicient to cause the syndiome and that the destruction of
suprarenal tissue merdly mahes the matter worse by lowenng the blood
pressure further agravating the collapse of the penpheral airculation
and disorgamzing the flwd and salt balance These factors will be
cansidercd more ¢xtensively m relation to the treatment of the con
dition

Banhs! has described another g form of ocete
meningitis in which encephalitic fcatures predonnnate with severe
headache and rapid devel of coma TPathological changes are
found 1 the bramn substance at autopsy

I xBORATORY LaAviivaTIONS

The Cerebrospinal Fluid Lvery patient suspected of hasiu, menm
gitss should have a spnal puncture performed 1mmediately It 33 um
possible to overemphasize the importance of obtaning cerebrospmal
flud promptly and of it 1y The dure should
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which we observed three times was a purpuric rash (Fig 30) This
type 15 found in fulmmnating cases The peteclual and purpurc spots
remam unchanged for two or three days and then become brown and
fade gradually over the course of one or two more days Maculopapular
lesions ordmanly disappear withun twenty four to forty-eight hours
althouh occasionally they may become hemorrhagic fist In a few
patients we have observed a gencrahized erythematous blush which
was present on admission to the hospital and disappeared shortly
thereafter to be followed within the next few hours by the characters
tic petechial rash

Another skin affection 15 herpes ssmplex around the hps Less fre
quently herpes zoster 1s seen

Fever The temperaturc follows no characteristic course Some patients
will have only one or two degrees of fever while the temperature
others will ran.e as lugh as 104° or 105° F and occasionally gher
The femperature curve 1s wregular varying as much as two to three
degrees during a twenty four hour period sometimes reaching normal
and nsing agamn Before sulfonamides were mn use the temperature n
most patients who recovered remauned elevated for five to s days
before descending by lysis In some mstances the disease was abortive
and lasted no more than twenty four or forty eight hours altogether
In other cases 1t extended over a period of two weeks or more usually
as a result of complications

The Respiratory System In most patients the respirations are
regular and not remarkable and the rate 1s mcreased shghtly 1f at all
Breathing may be stertorous m comatose patients A few patients
will exhubit the Cheyne Stokes type and a rare one the Biot type of
respiration Cyanosis appears a few hours before death i many fatal
cases and occasionally earlier than this

During the acute stage of the disease basilar rales are frequently
heard and the presence of bronchopneumorna 1s sometimes detected
by x ray examnation Whether this represents a memngococaic mfec
tion of the lungs or merely a mixed bactenal infection of the hind
found 10 many infectious diseases 1s an unsettled question

Circulatory System The pulse 15 clevated 1 proportion to the
temperature ilthough 1t may be slowed n patients with wcreased
atracramal pressure The blood pressure 1s usually normal and may
he lowered when a shocklihe state 1s present A soft blowin, systolic
murmur may be heard during the disease 1 many patients Myo-
carditis has been detected by clect d hic changes 1n patients
with severe infections

Other Ieatures Occasionally signs indicative of increased intra
cramal pressure may be present Fhese are bulging of the fontanclles
1n 1nfants and papiiledema at any age Incontinence of unne and feces

will oceur 1 severely 1l patients
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spinal fud of the normal person no more than 10 lymphocyles per
cu mm should be present deatrose should be between 50 and 80
mg per 100 cc  proluns butween 15 and 10 mg  and chionides between
720 and 750 g per 100 cc

In memngococeic memngilis the luukocyte count 1s almost always
between 500 and 50 000 per <u mm and wsually between 2000 and
30000 We have obtained leuhocyte counts as low as 30 pur cu mm
but tius hias been carly n the discase presumably 1 the transition
penod between munngococeunua and menmingiis The Tnghest leuho-
cyte count we have scen was 80 000 per ce The fhwd 13 turkind 1n nearly
every case of munmgococaic memngitis since 200 or more polymorpho-
nuclears per cu mm will produce turbidity In rare instances the flwd
18 aanthochromic The dextrose content s ducreased m proportion to
the number of memngococar present A unld infection with few organ
sms will couse no reduction at 0l while i severe infietions the dex
trose will be considerably dimimshied 1 amount, or absent aitogether
Intravenous glucose should not be gven before a dingnostie lumbar
puncture since an werensed level of dextrose 1o the blood will be ac
companied by an mcrease i cerebrospinal flwd dextrose If dextrose
has alrexdy been admumstered mtruvencusly a specunen of blood
should he exammed for the dextruse content along with the spinal
flmd The proten ontent 1s inereased above and the chlonde content
decrcased below the normal values

3 Live cubic centimeters or less should bo taken for bactenologic
study Part should be moculated into appropnate media as soon as
the fluid reachics the laboratory and incubated promptly The remander
should be centrifuged and from the sediment two smears made one to
be stained by Gram s method and one with methylene blue The latter
18 supenor for d g the hology of the The
proportion of polymorphonuciear cclls m the staned smears showld
be noted In memmgococcic memngitis these are the predomnant cells
If hiscurt shiped gram negatne diplococer are secn they should be
typed directly by the yuellung method with the use of Group 1 and
Group If alpha rabhit antiserums In 91 per cent of 163 typed cases
we were 1ble to obtan the group directly from the spinal flud by this
method In the other 9 per cent the group was obiamed only after

culbure

)S‘w Blood The blood of every patient should be cultured Lefore
treatment 13 started We obtaned postive blood cultures n 26 per
cent of our patients Menmngococer can sometimes be obtained from
the shin lesions Among eiglteen patients with purpunc rashes Me
Lean" was able to obtamn the orgamsms m fifteen Ihs technique was
to pick a Jarge lesion cleanse the shan over 1t with alechol and allow
1t to dry Then a stab wound was made with a Hagedorn needie The
extravasated blood aad tissaw Juices were smeared on a shde which
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never be harmful if strict attention 1s paid to asepsis a small gauge
needle 1s used and the fluid allowed to escape slowly drop by drop
so as to prevent too rapid decompression Even in patients who had
bacteremia and no memngitis Pray®® found that spinal punctures did
not produce meningihs Our own experience has been 1n conforouty
with this

Local anesthetics other than procaine should be used since the
latter neutralizes the activity of the sulfonamides and also gives the
same color reaction thus producing falsely lugh figures i the quanti
tatnve determmations of the sulfonanude content of any flud contam
nated by 1t After the cerebrospinal flud pressure has been determined
the procedure outlined 1 Figure 31 should be carned out
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1 Fne to 10 drops of the flmd should be allowed to drp drrectly
onto a chocolate agar slant to be incubated 1 a candle jar or by some
other method designed to increase the amount of carbon dioxide m
the atmosphere In addition 3f1t1s possible the fluid should be collected
directly mto a tube of enriched broth such as tryptose phosphate
broth or broth contaming blood serum or asaitic flmd Thus should
be held at room temperature or placed i an incubator as soon as
possible since memngococer are easily killed by refrigeration

2 Fne cubic centimeters (less m young children or nfants) should
be obtaned for a Jeuhocyte count and a determination of the dextrose
and protem content Examination may be done on this flud for sul
fonarmdes if they have been admimstered and for chlondes if desired
The latter are decreased 1 the bacterial meningitides In the cerebro-
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wis dned stuned by Crams method and cxamuned A suil higher
percentage of posibive results night have been obtameq by cultivation

In 88 pur cent of our patients the leuhocyte count vn adimission to
the hospital ws between 12008 and £300G the average count beng
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Fig 33 Tempuratur chart of a | alient with moderately sex ere menimgitis compl
caled by a severe attack of arthntis and partial facial paralysis
I A agul aped seventeen years on admisaon had petechuol and purpunc pots
all over ber budy uad exhit sted Cheyne-Stokes respiratwon ani shght nadity of
the neck The oor bro pnal flud was under increased pres.ure contaned 39 000
polymory onuclear hukocyles per cu mim and less than 10 gm of deatro e per
100 ce A\ few ) 'minjococes wire seen on su ar and found 1o he Group I on direct
typng “ix gm of ulfamerazine were given immediately followed by 1 4m every
fcur Lours The lay after tr a1 n nt was begun the nock was still suff und herpetic
»or 8 had mxuml aroun { the 1 ps Lumbar puncture re ealed 318 leukocytes per
« mmno menpococar and 3. mg of de trose pes cu mm On the fifth day
Jf the dnmse arlbnus of the wn t and nght facial wiskness developed Later
tleelbowsanl o ee alw becamne panfully swollen and tender The temperature
which fell shig! lly dunng the third and f urth days ¢f the dis ase 10 e ta levels
of 104 and 10> F whie the arthnus was at its height 1t fll nearly to normal
on the s¢v nicenth day of the disca e an 1 then rore and repuned le ated from the
mreteenth Lo the tweaty u nd dd)s “Thus lulter clevation was demonstrated to
be drug fe r when it on cessation of (herapy and
reappeared when a secon 1 course of sulfamerazine was given A lurabar puncture
lme on the twenty l'uanh lay of the disease rexealed only sz lympbocytes per cu
lextrose witlun normal hmt: tol 32
- lha u,,mh dayof the d sen e and react ed normal on or bd'nre the exghteenth day

18000 In a few patients whose leukocyle counts were below 12 000
the disease was mmld and cven Lhese patients had leukocyte counts
within the upper s of normal the lowest bemng 9600 per cu mm
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Fig 32 Temperature chart of a patient with moderatcly severe memneits and
arthnitis treated with sulfamerazine

W C a Negro aged eighteen years on admussion was serational and had a temnp-
erature of 1046 F a completely ngid nech a positive hernig sign nd numerout
petechiae all over lus body The spmal flud was under sacreased pre ure was
cloudy and shghtly xanthochromie and contamned 30 000 leukocytes per cu mm
neatly all of which were polymorphonuclears No dextrose could be detected Six
gm of sodium sulfamerazing were gnen intravenou ly after the r ¢ samples <f
blood and cerebrospinal fluid bad been taken followed by 1 g of sulfamerazne
every four hours by stomach tube By the followin, mornung, the patient was rional
an) much less toxic and hus neck was shightly Jess ngid  Sulfamerazine was gyen
orally from that tune on The cultures of Lhe blood and cesebro pinsl flind taken
on the previous day now yidded Croup I menngococes A sccond lumbar puncture
revealed 19 000 Jeukocytes per cu mm and the ab ence of dextro e Venmgocow
were cultured from this flm | slvo On the fourth day of the disease swilliy, and
tenderness of the npht elbow appeared and the tempcrature rose lightly but
the neck was becomng, Iess il by that tune and the patunt was mcntlly dear
and alert Since the memngitis was con tlered to be mprovng anl arthritis was
apparently the cau ¢ of the shight fever no furthcr Iumb i punctures were Jone
at this time The arthnts la ted only four days altopethcr Nuchil ngidity dis-
appeared by the twdlfth day and the ulfamerazme was discontnut 1 on the fur
teenth day  Another Jumbar puncture was done on the sntecnth day winch revealed
410 leukocytes per cu mm (about 20 per eent of which were polymorphonuddears)
and dexirose within normal hmats No menmgococct were obtane ) on cullure
The cerebro pmal fluid contamt 1 sixty two Jeuhucytes (mostly Lymphocytes) per
cu mm on the twenty thurd day anl ffty-one kukocytcs on the thirtieth day
Since ths leukoes te count was still above the arltrary level of thurty per cu mm
which we require for discharge the patient was kept in the ho pital and an,ier
Yumbas puncture done on the thirty mnth day When this reveale ] only even
|ymphocytcs per cu mm the patunt was diwharged The patient s agglutuun
ter for Group [ mcnungocoees 10w from 0 on the xeacn Ty of the drwase to 1128
on the §th day Jater mmp ashhas1 12
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ot be severe enough to be accompamed by visual disturbances Par
alysis of the oculomotor urve 1s frequently scen causing diplopia
outward deviation of the eyeball and ptosis It 1s usually umlateral
asitwasmall mne of our cases Abducens nerye paralysisis also common
18 also unmlateral 1n most instances and also causes diplopia Here the
eyeball 13 turned 1n and will not move outward beyond the mudline
The facial nenve may be affected on one or both sides Paralysis results
in the loss of movement of the facial muscles an the affected side
Heanng may be affected in memngococoe menmngstis ather as a result
of otitis medin or of njury 1o the suditory nerve The latter 1s the
most frequent cause of deafucss and 13 usually associated with dis-
turbances of the cochlenr portion of the acoustic neme Involvement
of the other cramal nerves 13 rare and 18 usually umlateral when st
occurs

Tywo of our patients developed a monoplegia 1 one case affecting
an upper and m the other a lower extremity Hemiplegias are more
frequently scen although none were obscrved m our series Para
plegias and lesions of pcnphcml HCRes are fare

The p of varies Jerably ‘Many
of the pauems with paralyses of the thurd sixth or seventh nerves
recovered by the time the cercbrospinal fluid had returned to normal
In others completely normal function was not restored for weehs or
months One of our patients who was afllicted with paralyses of the
third sixth seventh and cleventh nerves acineved complete recovery
exghteen months after the attach of memngitis The neurologic lesions
cleared up completely 1n all our patients with the exception of eighth
nerve deafness mn two It has been the gencral expenence that when
tlus nerve 1s offccted there s less chance of rccovery than in the case
of the other nerves PDegen® i a foliow up study of 986 recovered
patients found twenty seven with total and six with partial deafness
Farmer ¢ anal tely 300 cases of memn
gitis encountered five patients with deafness Two hod mummal re-
covery of hearing and three had none He stresses the fact that in
children under eight years of age complete deafness usually results
1w deaf mutism

Among the complcations elsewlere than 1o the nervous system
arthntis and tenosynoviis were \be most frequent bemng present in
fifteen of our 200 patients. In two of these the arthnbis was purulent
and 1volved only one jomt The other patients had varying degrees
of pain tenderness and swelling usually m several jotnts The arthritis
often migrated from one joint to another All our patients recoyered
without residua These findings may be compared with the 12 per cent
wadence of arthntis found by Hernck ® He divided lus cases nto
two groups Type A twelve cases exlubiting an acute polyarthnus
which did not appear later than the thurd day of the disease and was
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Spetific antibodies develop 1n the blood of patients during the course
of meningococeic wnfections The most rehable test for routine use 18
the determmation of the agglutimns We® have shown that these are
elevated 1 most cases from the fifth to the twenticth day of the disease
after which they fall rapudly to zero The agglutimn test can be used
as an aid m the diagnosis of memn,ococeic infections when the organ
1sms cannot be obtained on smear or by culture Figures 32 and 33
portray charactenistic curves of agglutimn titers in two patients with
memngococcic memngitis

The urine shows the changes found 1 most febnle diseases con
taimng a small amount of albumiz and a few casts Ferguson? found
spontaneous glycosuria 1n over one third of s cases of memngococeic
meningitis accompanted i many instances by hetosts hyperglycemia
and dimmmished tolerance to sugar Glycosuria was transient in all cases

COMPLICATIONS

The complications may be divided mto two groups depending upon
whether they affect the nervous system or other parts of the body
Table 38 lists the complications which we have observed n 200 cases
Thirty seven patients exiubited forty four different neurologic complt
cations Paralyses of cramal nerves occurred as follows 1 descendiog

TABLE 38
CoxPLICATIONS IN 200 PATIENTS Witn MENINGococcre VIENINGITIS

Number of Palienis
Paralyses of Cramal Nerses 4

ptic
111 Oculomotor
VI Abducens
VII Facial
VII Acoustic

XI Accessory
XII Hypoglossal
‘onop! i
f upper extremity
Of lowcr extremuty

Arthrius and tenosynovitis
Conjuncuvitts and ophthalmutis

-
ST v
"

[STOTTIRNS

cumoma
Waterhouse Fridenchsen syndrome
Lung abscess

Otitis media

Thrombosts of femoral vein

order of frequency facial oculomotor abducens acoustic optic spinal
accessory and hypoglossal Paralyscs of other cranial neryes have been
ohserved 1n rare mnstances

Optic neurstis 13 infrequent and when 1t occurs usually results 1
narrowing of the visual fields although complete blindness can oceur
The oplic nerve may also be affected 1n meningitis by chohing of the
disk as a result of aincreased intracramal pressure This may or may
-
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® Ixpoure to cold or legng m a j «culmr gt n
Entarked cervical lyn g b nodes
Neunus of the oveipital nerve
1 haryngeal at scoss an | Ludwig s angina
O teomyelitis of the kull or vertelrae
Dislocation of the ¢ervieal 1 nes
Congemtal terticollis
Arthritss of the airyical §ine

10 Injury to the vertcbral hgaments

With the (xeeption of memngismus these condstions can 2lmost
Abw 1ys be ruled out by a case history and examination of the areas
mvolved If any doubt remuns 2 lumbar puncture should be don¢

Duseases uith a pelechal or purpuric rash sumlar to that of menmngo-
coceic menmngitis are typhus and Rochy Mountun spotted fevers
occasionally typhow fever purpury hemorrhagica drug rishes bac
tenal endocarditis nd bacterenua caused by streptococer and other
orpannsms The rsh of mesles mry occasionally simulate the carly
mnculopapular rish of memngitis but the mduvidual kstons are less
umform and more numuous the face 1s afficted more often and there
1s more confluence than m menngacoccie nfuctions

Ahen Jout svmptoms predomunate the dise e must be differents
aled from acute thuumatod arthntis otococac arthntis and theu
matic fever

Other diseases of the nervous system wlich may be confused with
memngococac menth,tlis are the other bactern] memmngitides virus
mfections syphibis of the central nervous system fetanus nd memn
geal wntation resulting from an abscess or an farct w the subsiance
of the bramn or spinal cord 4 defimte diagnosis 1s made by bacten
ologic study of the bluod and ccrebrospinal flid In tuberculous men
mgiis although the dextrose content 1s often lowered the predonunant
cells are the Tymphocytes whach scldom numbcr more than 1000 per
cu mun The presence of tuberculosss elsewhere the absence of any
greal degree of leukocytows in the blood the absence of memngococen
and the detection of lubercle bacilli m the stamned sediment or con
centratc of the cercbrospinal flnd will clinch the diagnosis

Virus mfections of the central nervous system which may be con
fused wath memn,ococere menmngitis are anterior poliomyelitis encephal
s mumps mennitis and memngocncephthtis benign lymphocy tic
chonomenwgitis and othors whick are Jess frequently encountered I
these and 1 syplbs of the central nervous system the cercbrospinal
flud contaws less than 1000 or at most 2000 leuhocytes per cu mm
The cells are almest always lymphocytes except n early cises of
poliomyelitss shere the percentage of polymorphonuclears may be 86
or more The diagnusis of this discase must be made by the presence
of paralysis and absence of bactersa 1 the blood and cerebrospinal
flwd

Tetanus may be differentiated by the lustory and presence of a

N

o o
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transitory and Type B siteen cases, with onset about the fifth day
charactenized by considerable swelling out of proportion to the amount
of redness, pamnr tenderness and hmtation of motion and usually
affecting ouly one jomt Recorvery was complete w all except one
patient

Conjunctivitis alone or accompamed by wfection of other struc
tures of the tye was present m mine of our patients all of whom re
covered completely Pneumonia was presunt i seven pitients Ve
encountered lung abscess otitis media and thrombosis of a femoral
vein eich i onc patient The Walcrhouse-Friderichsen syndrome las
been discussed on pa¢ 207

Other comphications which hive been 1eported m menmgocoicic
menmgitis are g ingrene of the fingers or fows endocarditis pericaditis
epididymutis orcibis pleunsy  parotitis and pentomtis Smutbburn®
observed nephntis 1 30 per cent of 14 (1ses When this condition
occurs as a complication of meningococclc memngitis the pathology
1s usually confined to the tubuics and permanent dunage to the kidneys
18 Tre

Is the presuifonanude diys bloching of the foramma through wluch
the cerebtospinal flind circulates or m the <pmal subarachnoid space
followed by internal hydrocephalus was a common and scrious compli
cation which occurred espcaially m infants Since the advent of chemo-
theripy 1t 13 fortunately razely ¢ncountered

Diagnosts

The patient who has mtense huadache stiffness of the nuck wd
vomitin, seldom presents any problem mn diagnosis The cases of
menngibs which may be camly overlooked e those m which there
wre general symptoms such as chills or chilliness achin, and maluse
jomnt pams or 1 nfts imtability restlessness or drowsimess [ihe
wise a patint who 15 comatose when first scen may be mustahenly
considered to be in an alcoholie or diabetic comy There 1s only one
sure way to void overloohing memngitis A neurological exanunation
should be done 1 thorouh sc irch should be made for a rash nd a
Jumbr puncture should be performed whencver ticre is any suspicion
that memngiis my be present If the flud s turind or of the number
of leuhocytes 15 mncreascd  the procedure outhned on page 208 and
Figure 28 should be caned out If m addiion 1« sample of blood 18
cultured the memngococer will be wolated sooncr 1n some cases

Differential Diagnosis Toovmey' states thal the pathological con
ditions other than memngitis which ¢an cause stilfness of the neek are

1 Other mfectious diseases such 48 pnemnomu pydhitis 1y phoid and salmontlla
(evers, The condition which occurs 1 thest discaves 13 called memngismus and 1
charactenized by the presence oI the neurological rigny of mtmngilis necompanted
bv no palhologlc.ﬂl changes in the cer! ruspinal ) or at most by a shght yneres se

n lymphocytes
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A\ thurd factor 1n prognosis 1s the number of memngococet seen
the smear of the centrifuged scdunent from the mutial spinal flmd
specimen The death rate was considerably ligher m patients showing
many orgamsms 1n this specimen (more than one per lugh pover field)
than in the other patients Tins was also true when the duxtrose content
of the cerebrospinal flud was greatly reduced (below 10 g per 100
cc) as would be expected 1n view of the fact that the dextrose con
centration 18 lowered because tlus sugar 1s utilized as a source of food
by the wfectin, bacteria We have buen able to correlate neither the
presence of petechiae of bacleren or of comphications nor the height
of the leuhocyte count w the bloud or m the cerebrospnal flud with
the eventual outcome

When the Waterhouse-Friderichsen syndrome 1s present  the prog
nosis becomes grave It 1s doubtful whether any patients recovered
before the sulfonamde cra Wath the use of these and other modern
therapeutic measures about 10 to 2 per cent of these patients suninve
The outlook would be better still 1f ll the cases were recognized prompt
ly and the patients treated vigorously

PrevEnTION

Contacts should be trcatud with I gm (IS grans) of sulffadiazine
twice a day for two days In the event of an eprdemuc this same dose
should be admumstered to all the members of the group As shown by
huhns 1 the effectiveness of tlus procedure depends upon (1) treating
all the individuals 1n the group sunultaneously (2) treating all per
sonnel who joined the group subsequent to the institution of prophyl
ans and (3) hecping the treated group clostd to reinfection {rom
outside sources

TREATMENT

Sulfonamudes The umversal success which has resulted from the
use of the sulfonamuides has made these drugs the manstay of the
t of This 18 particularly true of
sulladiazine and sulfamerazine When grven systemucally by the oral
subcutaneous or intravenous route they diffuse readily into the cere-
brospinal flud This fact combined with the observalion that few
toxic reactions follow the admmstration of these two drugs makes
them the preferred 1c agents 1n
If meningococer are typed from the cerebrospinal flusd by lhe quellung
method or gram negative diplococu are seen 1n a smear of the scda
ment or 1 the tissue Juice from a purpuric skm lesxon trcatment with
sulfonarmdes should be started d
should likewse be started if the cerebrospinal flurd conl:uns a pre-
dominance of polymorphonuclear leuhocytes even though no organ
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wound by the charactenstic tnsmus and comvulsions and by the
absence of leuhocytes and bactena m the cerebrospmal flud

Other duseases characlert ed by coma mclude uremia diabetes alcohol
1sm drug posomung and cerebral hemorrhage and thrombosis The
diagnosis of meningitis should be kept 1n mind and a lumbar puncture
done on all patients 1 whom coma 1s not explained with certamty
upon some other basis Even m these cases 1t 15 important to remem
ber that meningitis and some other cause of coma such as alcoholism
may coexst It 13 a good rule to perform a lumbar puncture whenever
there 13 nuchal nigidity even 1f the coma scems to be explanable on
some basis other than meningitis Epilepsy with convulsions followed
by stupor may be mistahen for memngitis The lustory should senve
to make the diagnosis but if 1t 1s not available or 1s uncertain lumbar
puncture will settle the matter

Procnosis

Of all the factors which influence prognosis age 1s the most m
portant Table 39 shows the fatality rates 1 sulfonamide-treated pa
tients collected from the hterature plus our own arranged according
to the age of the patients The fatality rate 1s hugh for chuldren under
one year of age falls and remains low from the age of one to twenty
mmne years After thirty years it riscs shghtly 1nercases more sharply
after forty and 1s nghest from sixty upward The fatality rate for the
entire 1232 cases was 9 9 per cent

TABLL 39

Fataury RATE v PaTiENTS with Menincococcic Menierms TREATED WITH
SULFONAMIDES ARRANGED ACCORDING TO AGE (FROM VARIOUS SOURCES)

e, Patients Treated Died Per Cent Died
Less than 1 69 12 17 4
14 213 13 61
29 122 19
10-19 220 9 36
«0-29 224 12 24
30—33 lgg {é g }
; 2
20-59 72 19 -6
60 and over 41 46 3
Total 1232 122 99

Another 1mportant aid 1 predicting the outcome 13 the prescnce of
coma or dehum Among 282 patients treated by us ' 131 were adnutted
to the hospital 1 coma or dclinum  and of these twenty five (18 7 per
cent) died In marhed contrast to this only one patient died among
the 118 patients who were rational on adnussion a case fatality rate
of 07 per cent This patient extubited the Waterhouse-Friderichsen
syndrome and died four hours after admission to the hospital
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hour dost. should be given autinily Followed by onc sixth of the twenty
four hour duse tyery four houry

DURATION OF SULRONAMIDL THERAPY  \ Jumbar punclure should
e proformed approvim ely twenty four hours ifler sulfonannde treat
ment 18 started  If the number of orgumsms ks decreased and the
s, 1 content has incrosed (provided st w s bilow normal onginally)
the patient ean be wpeeted to do well The number of leukocyles in
this fluid on the othier hind s not mgmficwt sinee ather an mcrease
or a decreast 1y con dent waith mmprovomnent Further umbar pune
turcs should bu done on any pitient 1n whom coma stupor or dehinum
or phiysical signs of metungeal imtation do 1ot disappe i within another
two or three diys or of thure 1s any other reison (o su pect that the
patient 1s not doin,, wadl 36 comyalescence 13 uneventlful another lum
bar puncture necd not be paformed until fter the sulfonanude therapy
18 discontimued

The toupsrature wsually begins to fall wathun 2 short e after the
wstitution of sulfonanude therapy In forty mng of 100 of our patients
who recovered the temperature dropped bidow 161° F and remmned
thue witln twenty four hours after treitment was be,un In only
twelve patients did the temperiture remun abose Uns figure for more
than mmety six hours after the iitiation of trcatment Prolonged «le
vation of temperiture ot recutrence of fuver was observed almost en
urely m pahints suflunng from compheations or from tovic reaclions
cwsed by the sulfonamides

The chaxal picture changts somelunes dramnbically sometimes
slowly over the courve of two 1o four d1ys The pulst Tte drops along
with the temperiture The voming headache and nuchal ngdity
disappear usually m that order Somctuncs the arational pitunt 1s
completely oriented within exght to twilve hours The ramdity of the
return to conscioustiess usually has an anverse relationship to the
depth of coma at the start of trcatruent The leukocyte count of most
patents returns to normal lmits within one to four days

The rite of return of normal funchion m dimaged nerves Vanes
tremendously Parcsts of cortain nerves may disappeir within the first
twenty four huurs of treatinent On the other liand we have observed
a woman with an abducens nerve paralysis who did not regam com
pletely normal balwee of her eye muscles until aghteen months aftor
the memngitis and occasiomlly complete recovery takes evun longer
Somy unfurtunates do not Tegam the function of curtan nerves at alt
Thus occurs most frequently i 1he case of the auditory nerve

Arthntis appears soon after the onset i sonie patients or may desclop
at any time m the first week or two It may disappear withun the first
week of treatinent or may Iast for several weeks Permanent disability
oceurs only rarely

Sulfi des should be d unti! the bhas been
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isms can be seen smce the sulfonamides are necessary in the treatment
of meningitis caused by other pyogenic organisms and can be supple-
mented with other agents if the smears or cultures reyeal the presence
of other bactena

When the patient 18 comatose or dehirious or shows evidence of
penipheral vascular failure an mmtial dose of 6 gm of sodum sulfa
dinzine or sodium sulfamerazine should be given mtravenously 1 300
to 1000 cc of isotomic sodum chlonde solution or preferably 1 one-
sixth molar sodunr lactate solution (sce p 16) If the patient 1s de-
bydrated this condition should be corrected by the mtravenous ad
mumstration of flurds before the first ntrayenous dose of sulfonamde
Further doses should be given by slow subcutaneous ifusion or through
an mdwelhng stomach tube The litter method 1s preferable since the
regular dose of 1 gm every four hours usually produces adequale
concentrations 1 the blood md the ccrebrospinal flmd

The employment of the subcutancous 1oute of admumstration ne-
cessitates frequent determimations of the concentration of the drug
i the blood since the amounts appeann, m the blood and spnal
flmd cannot be predicted i any yiven case Usually 1t 1s found that
1 gm of sodum sulfad or sodium sulf: azine cvery sx 1o
erght hours will vield adequate blood and «pmal flnd levels The con
centrations of the sulfonnmides m the cercbrospinal flud will vary
from one half to three-fourths of those observed in the blood In our
opmion 1t 15 not nceessary  1s a routine measure to determune the
amount present 1n the cerebrospmal flud since sufficicntly high con
centrations there are usuilly assured m the presence of adequate con
centrations 1n the blood

The above dosase schedults e for adults Infants and cluldren
should recerve from 006 to 01 g (1 to 1} grams) per pound of body
weight for each twenty four hour period One half of the estimated
twenty four hour dose should be given as an intial dose intravenously
m the form of the sodum «alt dissolved in at least 500 cc of flmd no
matter how small the (uld One sixth of the tweuty four hour dose of
sulfadiazine or sulfamerazine should be given every four hours there-
After 1f 1t can be admnusicred by stomach tube If subeutaneous
fusions must be rehied upon onc third of the twenty four hour dose
may be given at eight hour intary als but the dosts must be controllcd
by determinations of the concentrition of the drug n the blood

When the patient 15 1ol comatose dehinous or m 1 state of vascular
falure 1t 1s best 1o wdmumster the drug by mouth smce the proportion
of patients with remil compheations as defimtely hngher when the
intravenous and subcutincous routes me used  The doses e 6 gm
at the start and 1 gm every four hours for adults nd for culdren
from 006 to 01 gm (1 to 1} gruns) por pound of body wesht for
cach twenty four hour period  Onc lall the ealeulated twenty four
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200 000 to oB0 000 umils a day and intrathecally i doses of 20000
urists every tsenty four hours Ve have resorted to penucila at such
a tune 18 tyo prtients one of whom died 10 spite of 3t but the ather
who was m perpheral vascular collpse improved dramatically after

the pemcitlin was started
Speafie Scrum Before sulfenanudes were avastable the only effec
me t was speafic antimeningo-

£OCOIC Serum Cdse fatality rates i patients treated with serum varned
from 20 to over &0 per cent depending upon the seveaty of the cases
and the uge groups reprosented Vohen sulfonamde therapy resulted
m fatality rates consderably lower than these the use of serum was
bted to paticnts who did not respond 1o these drugs within twenty
four to forty-cight hours Since penseillin 13 so moch safer and has been
found ot least as effcctne for tus purpose serum IS now bang dis-
carded altagether

General Veasures Heidache ity be refiesed with aspinm ar codeine
or will often require morplune  Although some obscrvers feel that
morphine may be used only m small doses we bave sten uo uf effects
from using amounts sufficient to conirel headache restlessness or
detium  Lumbar punclures have been advised for relief of the head
ache but we have not found them bencdiot Thev may be helpful
however i controlimg testlessness or delinum due to incresed jatra
cramal pressure s ndicated by a falling pulse rate wd a nsiag pubse
pressure When a lumbar puncture is done for this purpose the operator
should use a needie of small cabber and allow the Ruid te escape slowly
Delinum from other causes should be treated with barkturates chloral
hydrate paraldehyde or morpbine These patients are scldom mamacal
and can usually be handled with a mummuam of sedatian if wequate
nursing care s as asable

FLuips  Patients treated with sulfonimdes should always recenve
sufficient fieeds to wnsure an output of at lewst 1000 ¢¢ of unne a day
In most snfectious diseases tins requires that 3000 to 4000 co of fwds
be admumstered dunng each twenty four hour period Patients with
wemngts often need more than tina because they are debydrated
from vomitanz Thus 18 especrally Grue ut the start of treatinent whea
& large w4, dose of a sul Ie gnen ta a dehydrated pa
yent may produce obstruction 1 the renal tubules within the frst
few bours of treatment If there has been vomting or of there are any
other ewndences of dehydration when freatment 15 started 1000 to
3000 cc of flud should be given intrwvenousty and subcutaneousty
m addihon to the solutson 18 which the sulfonamide 1s dissolved

oier Dunag the scute stage the patient wilf eat bitle As he 1m
proves asolt bigh calonc diet should be given

NURsInG caRe The patient should be hept warm and turned fre.
guenth of he 1 or Pre should be tahen
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within normal or nearly normal hmits for about a week A day or two
after thus therapy 1s stopped another Iumbar puncture may be done-
If the white blood cells are thirty or less per cu mm 1f the cerebro-
spinal fluid 18 normal 1n all other respects and all other evidences of
active mfection are gone we have made 1t a practice to discharge the
patient None of our patients discharged on this basis has returned
with a recurrence of the memngitis If the leuhocyte count 1s abore
30 per cu mm the Jumbar puncturcs should be repeated at weekly
mtervals untl the leukocytes reach that figure

Pemcillin Since the meningococeus 15 sensitive to pemaitim ths
would be a desirable agent for the routime treatment of menmgococcic
menngitis were 1t not for the fact that 1t penetrates poorly 1nto the
cerebrospinal flud (see p 76) In order to wmsure the presence of
adequate concentrations the drug must be given by lumbar puncture
every day or at least every ather day Meads? treated mine patients
with meningococeic memngitis with mtratheeal doses of 10000 to
20000 units of pemeilin imtially followed by 5000 to 15000 umts
at twelve hour and later at twenty four hour intervals The patients
recenved m addition 10 000 or 15 000 units intramuscularly cvery three
hours In all the patients except one who had recerved sulfadsazine
before ndmussion to the hospital climcal mprovement was slow and
m seven the memngococct could still be cultured from the cerchro-
spwal flud or seen on smear twenty four hours to seven days after
treatment was begun Three patients had to be gnen sulfonamides
n order to make recovery certain This 1nvestigation has been ated
mn some detail because 1t confirms the opimon we have formed from
our own expenience that adequate sulfonamide therapy 13 supefior to
pemalhn in the treatment of memngococcic menmgitis

Whether pemaillin should be added fo sulfonamides routinely i
the treatment of this disease 13 doubtful except m paticnts with an
overwhelming mnfcction and evidences of perrpheral vascular collapse
m other words the Waterhouse Fridenichsen syndrome Pemailin
stenlizes the blood stream promptly probably more rapidly than the
sulfonarmides do  Accordingly when this syndrome 1s present 1t 18
best to give sulfadiazine or sulfamerazine travenously from ihe
start and pemcilhn mn doses of 200 000 to 500 000 units a day ether
by continuous mtr lar infusion intr snfusion or intra
muscular njections repeated cvery two hours

Occasionally a patient may be encountercd who 1s hypersensitive
to sulfonarmdes n general Such a patint may be treated with pemc
illin alone

In other patients 1t 18 our opimon thdt pemciliin may be withheld
until 3t 1s evident that they are faling to ynprove or growing worsc
after twenty four to forty-cight hours of sulfonamude theropy Then
peallin M1y be admunistared  systenmeally sn amounts  totalhng
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to prevent decubrtus ulcers especially of he 13 sncontment The eyes
should be kept clean and watched for evidence of mfection The jots
should be mmspected and palpated for evidences of arthnitis Purpune
rashes should be watched since they sometimes become gangrenous

Treatment of the Waterhouse-Friderichsen Syndrome Prompt
recogmtion and treatment are smperatnve if the pattent s hie 1s to b
saved The amtial dose of sulfaciazine or sulfamerazme should be
given travenously and subsequent doses erther subcutaneously or
orally Ope half mifhon umts of pemedin should be admuustered
during exch twenty four hour peniod uther by continuous intravenous
or mtramusculir nfusion or by ntramusculir snjections At two hour
mtervals Swice penphernt circulatery collapse 1s an outstanding ferture
several measures are cmployed to combat it These mclude the ad
mmstration of large amounts of ssotome sodwm chionde solution
mtravenously epinephrine and adrenal cortical extract or desoxycori:
wosterone Large doses of ascorbic acd have alo been advocated since
the adrenal glands whieh ordnanly store vitamm C are usually
damaged 1 that syndrome It 1s dufficult to assess the value of these
measures snasmuch s recoveries have occurred only when antibie
tersal agents have also been uced Untst more evidence e be gathered
treatment with a combmation of these therapeutic measures seems 1o
be the wisest course

Trenwtment of Compheations The treatment of the discase ts the
only treatment for myury to the nerves Paralysms may improve dunstg
the acute tlness durng the wecks wnmediately following or over the
course of months or ¢ven years afterward Narrowing of the visual
fields and deafness from invehement of the second and eghth nerves
respectively may smiprove after the acute discase 1s aver but ~re more
hikely to be permanent than affections of the other nirves

Arthntis and fenosynovitis nsually wmprose under sulfonannde treat
ment If not a wourse of pemailn in doses of 25 600 units every three
hours should be given for as long as three or four weehs if newssary
If the jomt flmd should bucome purulent 1t should be aspirated and
50 000 unuits of pemolhn injected mto the jomt cavity on alternite
days untl signs of mflammation e diappeared The mstidiatson of
pemeillin ato the jont cavity may hhewise be given v tnal m am
case where cure s not forthcomwmg when pemoihn 15 admamstered
wtr wnuscularly

Treatment of Contacts \lenmgotocu are sa Inghly senmin to
sulfonanndes that they will disappear from the pharynx of contacts
1 nearly every mstance alter the admmstretion of small doses of
these drugs Accordingly 3t 15 the best policy 1o treat all contaets 1n
the famly or wstitution where the patient Ined by gang thm !
am of sulfadianne twice a day for two days Tt as smportant that ol
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to prevent decubitus ulcers cspectally if he 15 mcontinent The eyes
should be hept clean and watched for evidence of infcction The jounts
should be mnspected and palpatcd for evidences of arthntis Purpunc
rashes should be waiched since thcy sometunes become gangrenous

Treatment of the Waterhouse-Fridertchisen Syndrome Prowpt
recogmuion and treatment ire mmperatnve 1f the patient s hie 1s to be
saved The mtial dose of sulfadiszine or sulfamerazine should be
given mtravenously and subsequent doses ather subcutancously of
orally  One half mihon umts of pemicithn should be admwistered
during each twenty four hour period wther by contimyous mtrayenots
or mtramuscular mfuston or by mtramu.cular mycctions at twoe howr
mtervals Since puspheral urculatory collapst 1s an outstanding feature
severnl measures are cmployed o combat 1t Thise mdude the ad
minstration of large amounts of isotome sodium chlonde solution
ntravenously cpimephrine and adrenal cortieal extract or desovycortt
costerone Large doses of ascorbic 1ad hinve also beant advocated simee
the adrenal glands wiieh ordinardy store vitamm C are usually
damaged mn that syndrome It 15 diflicult to assess the value of these
measurcs masmuch a» recoverics have occuercd only when antiba
tersal agents have also been used Untit more ovidence can be gathered
treatment with a combination of these therapeutic measures scemns to
be the wisest course

Treatment of Complicattons The trealnw nt of the distase Is the
only freatment for mury ta the nerves Paralysis may tprose dunng
the acute Hiness dunng the wecks unmediately followng or aver the
course of months or even years iterward Narrowsng of the visual
fields and deafness from myvolvement of the sccond and aghth nerves
respecinely may miprove after the acute diseasr 1s over, but are moré
lkely to be pernnanent than affections of the other neves

Arthnts and fenosynovitis usually improve under sulfonannde treat
ment ¥f not a course of pemerllim m doses of 25 000 umits cyery three
hours should be given for as long as thrce or four weeks if neeessary
If the yoint fluid should become purulent 1t should be aspirafd and
50 000 units of pemcillin injected mto the jomnt canty on altrnate
days untal signs of mil. ation e disap 1 The mstilirtion of
peathn into the jomt vty may hhewise be gnen 2 trral n an)
cast where curc 18 not forthcommg when pomcilhn s dmunstered
intramuscularly

I'reatment of Contacts Momn,ococa are so lughly sunsitive to
sulfonanndes it they wil disappear from the pharynx of contacts
i nearly every nstance after the admnestrationt of small doses of
these drugs Accordingly 1t 19 the best policy to treat all contacts
{ho famuly or mstituhion where the patient Ined by givng thun 1
gm of sulfadiazine twice 1 day for two days It 1s nnportant it att




222 DPISTASFS CAUSI D BY cocel

to prevent decubitus uleers ¢specially of he s mcontment The eyes
should be hept clean and watehed for ¢vidence of infection The jonts
sbould be snwpected and pilpatid for evidences of arthrite Purpunc
rashes should be watched since they somefimes become gangrenous

Treatment of the Waterk «I'riderict Synd Prompt
recoguition 1nd trevtment are amperative if the patients v 1 to be
saved The mtial dose of sulfadiizime or sulfamerazme should be
anven wiravenously and subscquent doses esther subcutapeously of
ordlly One half mullion umits of pemalhn should be admumustered
durmp cach twenty four hour peniod erther by continuous mtrasenous
or mirvmuscalr wfasion or by mtramuscular wycctions at two hour
mienvals Since peupheral crculatory collapse 1s an outstandmg fenture
several measures are employed to combat it These inclode the ad
minsiration of large amounts of isofome sodum chionde solution
intravenously «piephrme and adrenal cortical extr et or desoxycortt
wosterone Large doses of ascorbic acd have a1 been advouated since
the idrenal ghinds wlich ordinandy store vitomm C are wsually
damaged m that syndeome 1t 13 difficult to asscss the value of these
measures masmuch as recoveries have occurred only when antibac
tenal aents have also been used Until mare evidence can be gathered
trintment with 2 combmation of these therapentic measutes seents o
be the wisest course

Treatment of Complications The treatment of the discase i the
onty trcatment for mgury to the nerves Paralysis may 1mprove during
the acute iliness duning the weeks immediately following or over .
course of menths or even yews afterward Nirrowing of the visuit
fields and deafness from mvoh ement of the sccond and oghth norves
respes tively may smprove afier the ncute disease 15 over bub re more
fikely to be permancat than affcctions of the other nerves

Arthritss and tenosynositis usually smprove under sulfonamde treat
ment If not » course of pemeithn m doses of 25 000 umts every three
hours should be given for as long ns three or four wecks o neeessary
1f the jomnt flwd should become purulent st should be asprated and
50 000 umits of pemeithn mjected nto the jont (wvaty on altermite
days until agns of mflammation hnve disyppeared The snstilhtion of
prmeibn mto the ot csaty may hkewsse be given a bl i oy
casc where cure 3 not forthcoming when ponetlhin 18 Wmunstered
ntermusculrely

Freatment of Contacts Vemn,orou( nre <o iy sonsitine o
sulfonamdes that they will disippear from the pharynx of contacts
n nearly every mstance after the admmstration of smoll doses of
these drags Serordingly 1t s the best pohey to trent all contacts
the farmly or snstitution where the patent Ined by pran,, them 1
em of sulfadinzine thice a day for two days It 33 amporiant that alf
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CowpLicaTIONS

Meningttis 18 the most frequent complication In any large serics
of patients with memngitis many give a history charactenstic of acute
meningococcemia before they were seen by the physician Among
Campbell s patients with the chrome form twenty five developed
memngiis

Other complications are endocaiditis preumoma nephrtis pert
carditis multiple at thrombophleb and  conjunctivitis
Sloughing of purpuric lesions 1s sometimes seen

Diacnosis

Meningococcemma should be suspectcd when a patient exlubits a
maculopapular petechial or purpuric rash low or moderately lugh
fever and paun 1n one or more jomnts It must be considered as a possi
bility even if joint symptoms are absent During an cpidemic a pre
sumptive diagnosis can be made on the basis of physical findings alone
but at other times this 1s unlikely Final diagnoss depends mn every
mstance upon culture of the orgamsms from the blood stream or from
the tissue Juice from a punctured purpuric arca We beheve that a
lumbar puncture should always be done since this 1s the only way to
make sure whether memngitis 1s present In our opimon there 1s 10
reason to fear that performing a lumbar puncture m the presence of
b will preap 1

In the differential diagnosis of memngococcemia we must consider
other diseases which cause fever and joint pans such as gonococcic
endocarditis rheumatic fever acute rheumatoid arthntis the secondary
stage of syphilis and bactenial endocarditis caused by the Sireplococcus
wridans A history of recent venereal infection should make one suspect
gonococcic or luetic mfection In rheumatic fever and rheumatod
arthritis a rash s not often present In acute rheumatoid arthritis the
involvement of the jomnt 15 great in proportion to the amount of fever
and constitutional reaction whereas m memngococcema the opposite
1s true In Streplococcus viridans endocardiis a changing murmur 13
usually heard and pains when they do occur arc usually nufd transt
tory and not accompanied by swelling Symptoms of embob to the
spleen lkadneys bram or extremities splinter hemorrhages and Osler s
nodes are also often present In spite of these chimcal lunts however
a defimte diagnosis cannot be made except bacterologically

ProGosIS

The prognosis is better in menmingococcemia thart 1 nost bactr
emmas Some patients recover without treatment while the diagnosis
1s being made and probably a great many more never even come 1o
the doctor s attention On the other hand most of the patients eventu
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ally go on to develop meningiis md share 1w the prognosis for that
disense In pationts with clirome memngococceua  Campbicll? recorded
a fatality rate of 33 per cent i patients who recen ed no specifie treat
ment 13 per cent mn those who were given serum and 7 per cent
those who recetsed sulfonamdes with or without serum in addion

TREATMENT
Sulfadinzine or sulfamerazime should be eniployed i the sani doses
and by the same routes as i memngococaic memngilis orally n the
patients who are muldly sl and tray enously and subcutancousty n
those who are very toxic or show evidences of pentpheral vascular
collapse  Patwnts 3n tius Iatter group should also recenve awxhary
treatment with peniedin epinephinne  adrenal cortical extract and
sodaum chionde solution as outlmed under the treatment of the Water
house-kridericlisen syndrome {sce p 222} Ve have never uceded to
use pemcilbz 1 other patients with memngococcemia although 1t
should be belpfud as an adjunct to sulformmdes mm very toxie patients
Puncidln should not be given without the conconntant admnistration
of sulfonamides The reason for this 1s the poor absorption of the ant
biatic wia the cercbrospinnl flurd Patients with memngococcemia have
been known fo devcdop meningitis winie under treaiment wth pemc
dlr alone
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CovpLICATIONS

Memngitis 15 the most frequent comphcation In any large setes
of patients with memngitis many give a history charactenstic of acute
menmmgocovcerma before they were seen by the physican Among
Campbell s patients with the chromc form twenty five developed
meningiiis

Other comphications are endocarditis pneumoma nephritis pen
carditis multiple abscesscs  thrombophlebitis and  conjunctibis
Sloughing of purpuric lesions 1s sometimes scen

Discnosts

Memngococcerma should be suspected when a patient oxlubits 2
maculopipular petechial or purpunic rash low or moderately fugh
fever and pain 1 one or more jomts It must be considered 15 2 posst
bility even f joint symptoms are absent During an epidemic a pre
sumptn ¢ diagnosss can be made on the basis of physical findings alone
but at other times this 1s unlikely Fnal diagnosis depends i every
wnstance upon culture of the orgamsms from the blood strcam or from
the tissue jnice from 2 punctured purpuric area We helteve that a
lumbar puncture should always be done since this is the only way 1o
make sure whether memngitis 1s present In our opimion there 1s 10
reason to fear that performing a lumbar puncture in the presence of
will preeip 1

In the differential diagnosis of memngococcemia we must conider
other diseases wiuch cause fever and jomnt pamns such as gonococcie
endocarditis rheumatsc fever acute theumatad arthnitis the secondary
stage of syphilis and bactenial endocarditis causcd by the Slreplococeus
uridans A hustory of recent venereal infection should make one suspect
gonococele or luetic infection In rheumatic fever and rheuntatoid
arthnibis 4 rash 1s not often present In acute rheumatord arthrius the
mvolvement of the joint 1s great m proportion to the amount of fever
and constitutional reaction whereas 1n menngococcemia the opposite
18 true In Strepl wridans ends 1 a ch murmur 18
usually heard and pamns when they do occur are usually muld transt
tory and not accompamed by sweling Symptoms of emboh to the
spleen Judneys bramn or extremsties splinter hemorrhages and Osler s
nodes are also often present In spite of these chcal hints bowever
a defimte diagnosis cannot be made except bactertologically

ProGrosts

The proguosis 18 belter m menngocoeceni than 1 most bacir
emiis Some patients recover without treatment wlile the diagnosts
1s bung made and probably a great many more ncver even come to
the doctor 8 attention On the other hand most of the patients eventu
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T ponococcus (Diplococcs gonorrhiveae) s 1 gram ticaattve coffee-
buin shaped toteus ocenrmng, n pues i found both wtraceftularly
and extreellulady m purubiat cwd des Whade 1t mfects particutarly
the mutous membrines of the gantounmary tract 1t often mvelves
mucous monbranes d enlure such as th conjunctiv @ wud rectum
md alvo b ss 1 predifection for scrous surfaces such s the ondoe wdim
the meomiqes wd the maubranes bino, Joints sud tendon sheaths
Becaus. of the divarsity of clima ! sandromes ¢ wasd by the gonsconwus
certun general procedures of diagnosis Wil be diseseed fisst after
whach the wdinidual gonococae ifeetions will be con wlered

Laboralorv Diagnosts of Gonococctc Infections
STAED Sunans

Fxudates from testons of the mucous wmembir ey o the cntnfuged
sediment of fluds from synovinf of ather enibies may be spriad on
1 shide md st aned Iy Grua s wethod Identification uf the orgamsms
as pram neative diplococes by mens of stuned swear 18 rapd and
saple W dependence s placed upon tlas meihiod alone however
sonococar will not b detected 1 sotue Cases i wineh they are actually
present of othr gramm negatng (oot mav be erroneoushy enlled gono-
ot These pos.lthties of error are con wWeribly dunitshied by taking
cultutes of suspeeted caudntes

Cuttimes

Runt work his shown that gonooces arc not so difficult to ,ron
8 was formordy supposed provided certamn procedures are folfoned
(1) Implants of suspreted matenal ypon cullure media should be
made directly from the paticat or as soon as po-sible after the matunal
1s obtamed H pliling cmnnot be done inmedratedy  the mfectid ma
terl may be placed o stenle horse blood from which 2 culture should
e made withun tenty four hours
(2) \n ennclung substance should bu used 1 the medem such s
starch blood scrum or sscitie flud
(3} Cultnobion should be caned oud m m atmosphere rendorced
with about 16 pus cent carbon dionde
@) A 1 per cent agueous solution of dimethiv! para phenyl nedia
nune w2y be spotled vpon suspicrous colonies This will cause enlonies
of gonocwer yind also other Aetsseriae) 1o stan pink Irter marcon
v -~
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urethritis perhaps i 4l of theni hen the prostate ss wiflamed there
tmay be acute retention of unine as a result of compression of the pos
tetior urethra Pam n the suprapubic and wgunal regons or over
the sacrumn or the lnp on the allected side mry result from smyols ement
of a scminal yewcle Inflamed somsmal cucles wre entarged and tender

Chrome Gonorrhea In ustrcated or madequately treated patients
the twfection often goes mta a chionie stage winch vanes greally w
severtty from patient 1o patient Some become symplomless carriers
who becruse of the absence of discomfort to themsches are especiatly
wtstdtous menaces to the hiealth of others Qther victims of the chrone
formt of the diserse contmue to have some discharge or perhiaps ouly a

wmornmg drop  of mucus at the <nd of the urthra They may have
urgency and frequency of urination and pan of burmng referred to
the glans prms espeandly on unnatien Pam may occur i the perineal
or mgunal regions 1 the lower back and down the thighs The pros-
tate and seminal yemcles may be swollen and fender

CowiricATions

Local Compheations It antenor wrethntis thase are balarutes
balanopostnt ) preaurethral abseess and ¢
Later stnctures of the urethe: may oceur The complications of pos
tersor urethntis other than ami seumnal vesteulilis e
epuhdymutis and prostatic abscess Sumnal yemcular abscesses nd
genesahized cystitis are much fess frequentfy encountered cotpheations

Systemuc Complications These we discussed under  Infections m
OGther Pasts of the Body  beginmng on page 210

Qurarsing MATERIAL For CLLTURE

I rales urethral secretions should be obtaned before the patient
vouls by wiping the end of the pemss with stenle colton obtaming
secretion upen a stenle snab and woculting 1t derectly at the bedswde
Strpping the urethra may be necessary to obtae a sufficent amount
of matenal In patents ssho have no urethral secrehion 1t 13 best to
take 2 cultwre from the urethra alter stopping and a culture of the
ceninfoged sedinent of the urme If gonococet cannot be grown from
either of these materrals and the discase 15 still suspected the prostate
and senuaal vesicles may be massaged gently and this secretion cal
tured

Diacnases
Wile the sudden onset of purnfent uruthral discharge after question
able sexual exposure 1s p p evidence of a £

the diagnosis should not be made unless mntracellufar gram neganive
diplococe of the characteristic shape are secn on smear and preferably
are obtained by culture ¥n cases where the discase has become chrome
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and then blach Because 1t results from the production of oxydase by
the gonococcus this 1s known as the oxydase test Fermentation re
actions are necessary to differentiate the gonococer with certmnty
from other gram negative cocci

By these procedures a hugh percentage of positive cultures can be
obtained and gonococer can often be grown from matenal m wiich
they cannot be 1dentified by the stained smear method Cultures are
recommended (1) to establish the diagnosis 1 questionable cases (2)
to venify cure when gonococer are no longer found on stained smear
and (3) to differentiate gonococer from other orgamwmns of sumlar
morphology when the matenal 1s obtancd elscwhere than the genito
urinary tract or in medicol¢gal cases

CoupLEMENT FraTioN TrsTs

Among the serologic tests that have bewn uscd m the diagnosts of
gonococaie mfections the complement fixation test 1s the only one of
practical value at the present tine It usually becomes positive within
a few weehs after the mmtial ufection and remains posiive for the
duration of the nfection or some times for scvcral weeks or longer after
the infection 15 cured Consequently this test 1s of little value mn the
diagnosis of acute local mfections Since there 15 considerable dispute
as 10 whether the test often remams positive for a long time after the
gonococer have been eradicated from the body other methods are
supertor for the deternunation of cure Its greatest usefulness 1s m
the differentiation of gonococeic arthntis from other jont discases
It will be discussed 1n more detail n the section on Arthnitis

Infeclions of the Genvtourinary Tract in Ven
SYMPTOMS AND S1GhS

Acute Anterior Urethriis Except 1 rare wstances wifiction s
by sexual contact the incubation period after exposure being two to
five days 1 the majority of cases although 1t may occasionally extund
as long as fourteen days The first abnormal sensation 1s tin,ling 10
the urethra This 15 followed by burmn, which 18 more intense upon
unnation Purulent scerction appears and becomes profuse i the
majority of patients Redness and sweiling of the external meatus
and tenderncss of the urethra to palpation are the physical signs In
patients who do not recave the sulfonamides or pemcilhn the acute
stage of the infection Ja ts from two to six weehs

ycute Posterior Urethiritss In many paticnts the mfection extunds
(nto the postcnor urethra causing frequency and urgeney of unmition
penneal discomfort and sometimes teeminal hemuna

Acute Prostatitis and Seminal Yesieulitis The prostateand wum
nal yesicles are affected 1 the mayonty of patients with scute postenor
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would stil) scum advisable 1o use the mycction method which mahes
absolutely cortun that the palient recenes the preserbed amount
and that Treatment 1s not stopped short of tins Instllation of pemeitlin
dircetly mto the urethra has not produced cure n gonorrhea and
should not be used

Subjective scnsations dummsh watiin 2 few hours alter the mtiation
of treatment and the discharge decreases wnd becomes mucoid altes
1 peniod varying from a few hours to several days In about one ffth
of the patients a shght ucoid discharge will continue for one to thred
sweehs This 18 not indicative of 2 continued mifection and disappears
eventually Repeated stnpping of the urethra s often responsible for
the profonged discharge Bactuma are no fonger found n the stamed
smears and cultures within from one hour 1o several d1ys after the
beginming of treatment

When the mfection fias not buen eompletddy cradicated the dis
<harge may become scanty and mucord or cease allogether and smears
and cultures may become negiline Then after a few days 1o a week
or more the discharge will ngam increase and become purulent and
positne smears and cultures will reappear In order that a latent
wfection may be discorered and relapses be detected 3t 18 advisable
to have the patient report forty cight hours and agam scven fourteen
and twenty-one days after the und of treatment At these tunes a
smear of thie urethrnl discharge should be then and preferably cultures
ilso At the end of a month or later bulbous bougies and sounds
should be passed m urder to deternine whether strictures are present
and also to stir up any latent mfiction that might be present

If a relapse occurs 1nother course of penicillin should be guen
While many cases of relapse can be cured when the dose used 1n the
second course 13 no lrger than that admuustered the first time 1t s
perhaps best 1o gy nice 2s much the second time This may be done
by admumstering two doscs of 300 000 units each 1 beeswax and o1l
intramuscutarly at twelve hour intervals If intermittent wjections
are used 30 000 10 50 000 umts can be given every two hours for tnebve
doses The follow up alter this course should be 1s ngid as after the
first and if relapse 1gan takes plhce another course of perucillin should
be given using the same or even lugher doses as may scem necessary
It s of course important to mahe sure that the mfection is actually
a rehpse and not a new nfection since the latter should be amenable
to the same doscs as the first infection

Franks* hns 1eported the development of pemedlin resistant gono
cocet m four patients and other cases will doubtless be encountered
as more palients are treated with pemailin Vlien tius occurs sul
fonarmdes fever therapy or streptomycm may be used It should be
emphasized however that nstances of patients bemng infected with
gonocacer which were proved to be pemcilin resistant have been rare
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or where there are legal rensons cultures may be necessary If no
orgamsms are found on smear of the urethral discharge the unne
may be centrifu,ed and the scdiment stamed

TREATMENT

Pemalin  When exposed to the action of pemeillin i vitre the
gonococcl are among the most susceptible of bacteria Tius same sus
cepibility has been illustrated 1 patients by Mller s demonstration
of the disintegration and disappearhee of the gonococel causing acute
urethral infections 1 malcs when 50 600 to 100 000 umts of pemcilin
were given intramuscularly In xn&t mstances within two or three
hours after the first dose of pemaillin was adnunistered the urethral
exudate had been reduced 1n quanuty and was more watery 1n con
sistency By the siath hour only 4 drop of watery secretion could be
obtamed by stnpping the urethra nd by the neat day even this was
gone The svmptoms of urethritis disappenred at the same time Smears
of the urethral exudate two or three hours aftcr the imtiation of treat
ment showed changes m the shape and stamng qualities of the cocer
and rapid dusnution 1n the numbers so that they disappeared entirely
from stamed smears withun one to four hours 1n most cases Degener
ative changes 1 the polymorphonuclear leukocytes paralleled those
which occurred m the gonococer Cultures became negatnve within an
hour of the disappearance of the from the smears

This expenence has been paralleled by chnical results In gonacocae
urethritis recovery rates of 81 to nearly 100 per cent have been ob-
tamed when ad doses were adi wd When the intormittent
mitramuscular method 1s used the best results are obtamned when
200 000 umts or more arc admmmstercd 1n doses of 10 000 to 20 000
umts at one to three hour sniervals These doses maintamn faly high
concentrations of peicilin i the blood for ten to twenty hours In
gencral the igher the dosage and the greater the number of indi
vidual mnjections the Ingher the percentage of cures ® Sumilarly good
results without the necessity of frequent injections can be obtuned
by giving one injection of a pemallin o] beeswax muxture Because
of 1ty smphaity the latter method 1s recommended as the most suitable
treatment Ve suggest that after the diagnosis 1s established an
intramuscular wjcction of 300 000 units of pemeilln in o1l and beeswax
(wlich 1s the amount contamed in 1 cc of most preparations) be given
If the beeswax-oil preparation 1s not advisable for any reason 10 000
units 10 aquecus solution may be gwven intramuscularly followed by
10 000 uruts one hour later 10 000 units at the end of two hours and
80 000 units at the end of three hours

In view of the large amounts of pumallin necessary and the un
certanties of absorption w hien the oral route 13 employed s method

1s niot recommended Lyven f these disadvantages were overcome 1t
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Sulfonamides may still be used in the occasional cases i winch the
gonococer have become so highly resistant to pemalin that [rge doses
of the antibiotic have fuled to eradicate the nfection

I suffonamudes are u ed the drug of choiwce 13 sulfathiazole which
should be given n full doses of $ gm (60 grams) mially folloned
by 1 gm (15 grams) every four hours Sodium bicarbenate should be
given concomitantly 6 gm (90 gramns) with the first dose and 3 gm
(42 grains) wath each suceceding dose and at Jeast 3000 e of flwds
should be mven cach day Sulfadiazine may be substituted for sulfa
thiazole when the patient 1s scnsitine 10 the latter drug Treatment
should ke continued for at least five days If the 1pfechion 13 not well
under control or cured within ten days and there are no comphications
present to explam the lack of response the sulfonamide treatment
may be considered a faslure and discontinued

Combined pemetin and sulfonamide therapy has shown promising
results? ¥ kurther studies must be carned out with vanous combt
nations of antibiotic and sulfonamde before 1t can be determined whiether
the two agents together are supenior to pemallin alone

Streptomyemn Gonococer have heen shown to be susceptible to
streptomycm 1n vitro nd Putnam?? and Pulashi™ have demonstrated
thit many patients with gonorrhea are cured by thus antibiotic The
former mhestigator ad: 101 gm it ularly every hour
for five doses wlule Pulashi gave <ix doses of 05 gm every three hours
Swnce the developnunt of pemalin resistance 1 a given stram of
gonococeus does not mfluence 1ts suscephibality to streptomyain the
latter anubnotic may be used n cases where a cure 1s not obtaned
because of pemallin resistance but further wnvestization 15 necessary
to determune the optimnl dosage and the possibility of the development
of streptomycin resistant gonocoee

Fever Therapy The ease with whach onococer are hilled by heat
has led to the use of artificial fever to cure gonococtie wfections which
do not respond to the sulfonamides Fever may be induced either by
placing the patient in a fever cibinet or by the imjection of foragn
protem such as typhod vacane The height of the fever 1s less pre-
dictable and the levels are generally lower when the latter method
1sused The employment of a fever cabinet requires a tramed attendant
but has the advantage that the paticnts temperature can be rased
to a desiwed point and hept there lor a predeternuncd period or brought
down promptly if the occasion demands

The susceptibibity of dilferent strams of gonococer to high tempera
tures i3 independent of their susceptibibity to sulfonamides (and prob-
ably also independent of their susceptibility to pemalhn) Further
mare both pemallin and the sulfonomides will be more efficacious at
these higher tempuratures As a conscquence furer therapy can be
used as a Jast resort 1n patients who do not respond 1o simpler methods
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up to the present time In most of the cases where penicillin therapy
18 reported to have failed a structural defect was probably the cause
for instance a walled off abscess or poor dramage due to 4 strcture
or a congemtal malformation and so forth These conditions require

the estabhst of ad d ge which should be accompamed
gy several days of pemallin therapy rather than a shift to another
rug

PENICILLIN TREATVENT WHEN SYPHILIS IS PRESENT AT THE SAME
TIME As the umployment of pemallin i the treatment of jonococeic
nfections becomes more widespread the problem of coexstent syphibis
assumes major importance The mcubation period of syphilts 1s longer
than that of gonorrhea and a considerably lirger amount of pemcillin
1s required to treat syphibs adequately A patient acquuring both
diseases at the same time would 1n many mstances be under treatment
for the gonorrhea before any evidence of syplulitic] nfection appeared
Consequently the evidences of syphilitic infection might be delayed or
even fail to appear altogether with the result that the paticnt would
enter the latent stage of syphihs without detection If a developing
chancre passes unnoticed when pemcillin therapy 1s started 1t may
become dark field negative and will probably disappear If it returns
at all 1t will not be likely to do so until some weeks after the pemallm
was adnumstered This subject has been ably reviewed by Walker
whose suggestions are incorporated m the following recommendations

1 Every patient with gonorrhea should be examined carefully for
evidences of syplnhs and blood should be taken for a serological test
before pemailln treatment 1s started In the event that suspicious
lesions are found pemcillin therapy may be delayed until a defimte
diagnosis can be made or sulfonamides may be gnen stead

2 All patients treated for gonorrhea with pemcillin should be ex
amned at monthly ntervals for at least three months after the com
pletion of treatment and a serological test for syphilis should be taken
at the end of that period Any patient who shows an unusual reaction
to pemaillm which might possibly be interpreted as a Herxhemmer
reaction (see p 86) should have frequent physical exammations and
serological tests for syplihs for several months after the pemacilhn
therapy

1 des Before p lin came mto use the sulfopamdes
were umversally employed 1n the treatment of gonococeie infections
The percentage of curcs varied from 30 to 90 per cent depending upon
the drug and dosage employed and upon the degree to which the indi
vidual stran of gonococcus had become resistant to sulfonamides At
present the sulfonarmides have been almost completcly superseded by
pemaillin prnaipally because of the devel of strains t
to sulfonamudes and the short pemod of treatment required when

pemallinis emploved
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gonocoeer do not pursist Jonger than three months wd that the symp-
toms which appeir after this tune ire due 10 secondary wvaders or
to rewfection

Comzricarions

Local Complications The gonoctie mfection charactertstic sdly
spreads from the prmanfy mfucted areas mto related structures The
most common of these e from the urcthra o Shene s ducts from
the labia into Bartholn s plands from the urvix into the fallopan
tubes and ovaries formu,, abscesses i the tubes m the ovanes or
1t the Junction of the cuds of the tubes wd the oy anes and lso pudvie
biscessts

Svmplems of salpingitis mclude pam m the lower "bdomen and backh
menorthagn wd metrorrliama freguent and uncomfortable urination
and vagl dischrge Fever wnercased pulse rate leuhocylous and a
rapud sidimentation rate we often found On exanunation  there 18
tenderniess 1 one or both fower quadrants of the abdomen Bimanual
palpation dicats pronounced tandurness of the puvic organs Masses
wre nol u ually present at first Later they are felt s one or bolh ad
nexae

Convcencae penitonitis 1 the upper part of the abdomen although
not common 1s 1 charactenstic wnd sinbang complication There 18
sudden omsel of shrp pam m the upper part of the abdomen most
often un the night side often refurred to the area belund the clavicle
Clull and fover may be present nauses frequently  vomtng, seldom
Framination rexels tenderness and spasm 1o the nght upper quadrant
of the abdomen and somtimes 1 friction rub can be heard aloug the
anteninr costal margin Aflter a few days of icule svmptoms the pan
lesscns and gradually disappesrs Complte recovery witlua four wechs
1s the rulc The subsidence of the cute process leaves belund char
acteristic vioho stnn, adhesions between the Liver and the diaphragm
Stanley © has reportcd that 20 000 unmits of pemeilin adnumstered every
three hours for siatcen duses 15 sufficient to cure the condition

Gonorrhea after the Menapause When a jonococerc wmfection
oceurs aftr the menopause 1t often takes the form of a vubovaamtis
Comphications may oecur however i the upper .emtal tract sueh s
salpmgitis tuboraran abycess and w forth

Systemue Complications These are discussed under Infections 1
Gther Parts of the Body  beunung on page 240

OsTarane Matesie Fon CLLTunes

Culture of the vagual secretion often fails to yild gonocacer espeat
ally 1f the mfection 3s not m the acute stage Consequently 3t s 1m
porlant to oblam secrctions from pochets where the mfection  holes
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Kendell® has shown how the course of treatment has chauged ovir
period of years from five hour sessions at 103° to 106° F twice a wedh
to one or two ten hour sessions at 106° to 107° F The readcr s referred
to Ius article and that of Desjardins® for details

General Treatment In spite of the fact that most patients with
local gonorrheal 1nfections are allowed to remam ambulatory the
discase should not be considered as affecting one part of the body
Lo the exclusion of the rest The infection may spread to organs out
side the gerutournary tract with scrious and somctimes fatal const
quences kurthermore the patients general physical condition will
affect the outcome of the gemtourmary nfcction The pattent should
obtamn sufficient sleep and whatever rest he can during the day Moder
ate or violent exercise scaual exatemunt and the use of alcohol should
bu woided entirely until recovery 1s completc

Local Treatment Various antseptie solutions ustd for local iungn
tion 1 the past e bewng discuded It 1s doubtful whether the effect
on the or was ever of suffi magmtude to be of curative
value Therr uscfulness was more likely due to a stimulatnve action
upon the tissucs of the host

[reatment of Local Comphications When local comphiations are
present 1n the gemtourmary tract pemalln treatment will usually
be needed for scveral days m doses of 300 000 to 600 000 umts m ol
and beeswax or 30 000 to 50 000 umts every three hours i aguious
solution mtramuscularly  Surgical mcasures may also be required 10
some casts

Infections of the Gentlourinary Tract in Women

Syurrovs AnD S1Ghs

Acute Urethritis and Cerviettis  The urcthra 1s affected m about
half of the women with gonococue infechion The fection usully
mvolves the entire length of the urcthra wd the tngonc of the bladder
oiving nise to symptoms of frequency ur,cncy and bunmng or pun
on urnmahon Thesc may be so slight 1s to piss unnoticed  althou b
they are usually more pronounced and are sometimes ¢ ipacrtating
Purulent urethral dischirge 1s present and oceaswnally hematurit
Sometimes the cervin nlone 1s affceted but morey commonly the cervin
and urethra togethar The cervix s il imed and ¢demitous nd covcred
with yellow pus

Chromic Gonorrhea Both the urcthetis ind the cerviatis may
and if untreated or 1mdequately treatud often do go wito a symptom
Jess stage 1 wlnch the orgatusms bie buned 1 glands and crypts nd
are difficult to find even on cullures Some observers (laim that et
flarc-ups may oceur at amy tunt as 1 result of sexuil encess overuse

of alcohol or poor gencrf physwal condiion  Others Bohiese that
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mucus either by collon wrapped npplcators or a suction apparatus
Afier the canal has been thoroughly deansed cotnpress the cervix m
1he wanner shown to force out the glandular secretion and secure it
upon the cotton wripped appheators  (hig 36)

Durgrosis

The diagnosis of gonorthea m women 15 usually much more difficult
thap i men sipee 34 may be entirely asymplomwatic or may become
clirome and exbubit uo evidences of wfection Ivery attempt should

!

[

Fig 35 Method of obtamng secretions from Bartholar s glands. (VD Bulletiy
No 97 US Public Health Servier )

be made to venfy or exciude the diagnosis of gonorthea when infection
of the urethra and adjacent glands of the cenix or of the fallopian
tubes 15 present Repeated stained smears and cultures are necessary
before such an infection can be declared definitely nongonorrheal

TRLATMENT
Treatment with penicilin sulfonanudes and fever therapy 1s the
same as i gonorrhica 1 the male when the patients are treated duning

the first day or two of the disease The reader 1 referved to the dis-
cussions on page 230 1o 234 for this information Since effective antt
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up The techmque for doing this has been ¢xcellently described by
Pelouze' as follows N

Skene’s Glands Cleansc the urethral meatus with dry cotton
Digitally strip the entire urethra paying particular attention to the
lower half mch Pass a small cotton wrapped applicator one half mnch
mto the meatus and rub 1t mto the floor of the urethra whether
macroscopic fluid 1s expressed or not  (Fig 34)

Bartholin’s Glands  Cleanse the opemmng of the duct at the
Junction of the middle and posterior third of the lesser labia with dry

I

Big 31 Vlethod of obtaming secretions from Shenes glands (VD Bullctin Ne
97 US fullic Health Service )

cotton With a finger m the vagima and the thumb extcrnally com
press the intervemng structures at a pont halfway from the duct
openng to the midline posteriorly and collect cven the shightest morst
ure for study (Commonly the quantity obtancd 1s so shght 1t would
be lost on a cotton wrapped applicator A plitinum loop or the flat
end of a toothpich may serve better)  (Fi, 39)

Endocervical Glands  Introduce 1 bivalve vl peculum so
that the uterme cervix rests between the ends of 1ts blades (If cultures
are to be emploved the speculum should be mtroduced wet—no lubr
cant should be employed ) Thoroughly remove the cervical plu, of
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Treatment of Pelvic Inflammatory Diseare For late ases and
particulwrly m paticats with pebyic wflammatory disease doses of
250 000 to one nulhon umts or more of pemalln a day must be grven
for a period of at least three days and usually louger While patients
with muld cases of pelvic mflamniatory disease usually respond well
pemeillin does not always produce the deswed result 1n severe cases
and 1n those 1 which the process 1s clirome These patients may re-
{apse unless pencilien treatment is continued for long pertods of time
aud chronic foct of infection may become established 1 spite of ap-
parently adequate doses Nevertheless pemcilin is beneficial i that
it dimmishes the general toxiaity reduces the chances of spread and
decreases the hazard of surgical mtervention should it be requred

Other measurcs which should be used are (1) Rest in bed (2) \voud
ance of alcohol and sexual simult (3) Hot or cold applications to the
abdomen whichever give relief (1) For the relief of pamn acetybalicyhe
acid 1n doses of 06 to 1 0 gm (10 to 1o gramns) rombined if necessary
with codeme 1 doses of 003 g (3 gran)

\n operation 13 seldom if ever mnecewsary during the period of the
acute nflammation

Vuliotaginilis in Children

While the vagina mn adults 3s resistant to nfection with the gono-
coccus 1t 18 readily infected m guls bifore puberty along wath the
vulva The infection 1s spread by contact with contuminated articles
or wath nfected chuldren or adults

Syuprous AnD SiGNs

Itching and burnng of the vulva and vagina are accompansed by
a thich or watery purulent discharge Urination may be frequent and
panful The laba are swollen red and matted together The urethral
onfice 13 red and a discharge may be seen pounng from it The bymen
18 red and may be eroded The cervix 1s red and swollen. The acute
stage may subside after two to four nwechs but often takes months
to disappear altogether

Dragnosis

Inflammation of the vulva and vagma 1 a child should always
make one suspeit a gonococerc ongin The hustory of a suspicious con
tact mahes this more certan The diagnosis can only be made with
cerlainty however when the orgamsms are obtamed by culture of
the discharge

CoxrricatIoNs

Proctitss 1s the most frequent of the comphcations affecting adjacent
structures Ascent of the wfection nto the tubes or wto the bladder
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bactenal agenis have beet i use local treatment has not been needed
Douches are probably best dispensed wath sinee forceful ones may

Mapstr

seRv

o

cxrtix

-
b 36 Vethod of obtawntng sccrelions from the ¢ ndoceryical glands (V D Dulletin
o 97 Ud Public Hhalth burvice )

spread the infection and the physican connot prescibe the force with
winch they are to be used
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and the momu,es The comjunctivac are maost aften sofected by dicect
contact or by mfected hands

Gonocoeere  Arthrilis and Tenosynotihis

A4 Jeast 2 por cent of p'\lunls with conorthiea developed arthnts
as a compl My de days The i 18 probabl
less than tlts sn patients properdy treated with pemoibn or sulfo-
namudes Although the onset of the arthntis paay be comesdent with
that of the gemsfounnary wfiction s complication more often ap-
pears one 10 two weehs after the fint Jocal symptoms In other patients
the jomnt disease may beon wlen the genstourinany distase 1s dun
sshing or may desclop months or wven years after all evidences of
loeal 1ofection have dissppoased

The age dwinbution of gonocucue arthntts correponds closely »ith
the perod of grestest <esual yetinty afthough occasional cases occur
m young guls with vubovagmstis wd m patients n the suxth and
seventh decades \mong 200 cases studied by us 70 per cent of the
patients were between the ages of tacnty and turty nme years Fifty
four per cont were males ind 16 per cent fomales

SimpTous AND S16Ns

At first the palient complawns of pan m one jomt wsually one of
the larger ones \vithw a day or two other joints begin to be affected
As the process spreads to the other Jonts those ongwaelly unohed

TABLE 40
Jarsts Invorven v 00 Cases oF Conocowse Artiseims
Jownt Nan ber of Coses

hnees 19
Ankles 132
Wrists 8

s b
st oul\ivm 23

1
‘-klalaml and phalangeal ;
Metacarpal sod phalar eal 18
YLuna} ar and thoracic sptae 1.
Cenvcal spine
Sters oclavicul £
Temporomand butar 2
Namber of Jonls Inrolved

Une 1 cases
Two il caes
Three 44 coscs
Four 33 cases
Fneorwoe 11 cases.
“Tota} 00 cases

may revert inmediately to the normal state More often they reman
patnful for some time The migratory type of erihmtss 18 mere char
acterishic of gonocacae infecticn thw the mosnarticular type as was
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15 rare The comphcations elsewhere 1 the body are similar to those
found in adults

TREATMENT

Penterllin  Smice this antibiotic s more cffective than the sullo-
des 1n other g ary infections caused by the gonococcus

1t should be the agent of choice 1n vulvovagimtis At the present tme
an msufficcent number of patients have been treated to permit an
exact defermmation of the optimal dose Sweet? found that a total
dose of 50 000 umts for clnldren under six years of age and 100 000
umts for older cluldren admimstered m divided doses over a penod
of twelve hours was successful m eradicating the nfection

Saho'® obtaned fifteen cures among sinteen patients treated with a
single mtramuscular dose of 100 000 umts The patient who faled to
respond recovered after recenving 10 000 umts every three hours for
eight doses

Sulfonanudes Sulfathiazole sulfadiazing or sulfamerazme may be
given 1f desired 1 doses of 003 to 006 gm (3 to 1 grain) per pound
of body weight for each twenty four hour period divided mto four
or s doses Treatment should be continued for ten days to two weehs
In most patients the discharge 1s observed to be lessened by the second
or third day of treatment Smears and cultures usually become negatn e
by the seventh to fourteenth day Ten to 20 per cent of patients will
have a recurrence a great many of which probably represent new
mfections These should be given pemeillin

Estrogenuc hormone given orally hypodersucally or n the form of
vagmal suppositorics was used in presulfonamide days n order to
change the vaginal membrane to the adult state and thus render 1t
more resistant to gonococer This method has now been generally dis-
carded as less effective than sulfonamides or pemallin

Other Measures Inview of the effectivencss of present day therapy
local treatment can be limted to Sitz baths or gentle lavage Stnet
precautions should be taken to prevent spread with particular atten
tion to the disposal of clothing and towels and the cleansing of toilet
seats after use by the patients A scarch should be made for the person
who was the source of the infection lest the patient become remnfected
after cure

Infeclions in Other Parls of the Body

Moderate and severe cases of gonococcie gemtounnary infection
are attended by general symf and doubtcdly occurs
much more often than 1t hns been detected The gonococeus 1s trans-
ported by the blood to distant sites and scems to choose especially
other mucous membranes such as the comjunctivae or scrous mem
branes such as the hmng of joints and tendon sheaths the endocardium
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Bload The luhocyles are usually ancreased  somctinies reachun,,
30000 per cu mim Blood cultures are positive in a smll porcentage
of cives The scdumentition rte 1s elevated dunm,, the acute stane
of the disese and relutns to normal as the achive mfection Kaves
Hypocdhiromie anun oftun devdops when the dlness 1s prolonged

The complement fivalion test finds its preatest usfuless m the
diagnoss of tins compheation of jonorrhicy Wartun® stated that tlus
test was postive m 863 per eent of 120 scrums fiom soventy four
patients with proved or probable gonococeie arthritis He found onfy
accastonal false posttive tests i paticnts with other types of arthntes
We found positive complunent fixation tests sn 82 per cent of scventy
aght pitients with gonococere Aithritis

\ ray Exanunatson In the tarly stages nd throughout the ntue
course when the arthntis 18 mild the ouly rountgenological changes
are n the soft tissues In the more suytre cases destruchion of the
cartilage muy take ple even as carly s two or three weehs after
the onsct Some deerleificition of the adjwent bones may alvo be
present

Pracnosts

Arthntis which mvolves several jonts which 15 wcompamed by
fever and leuhocytows and 13 preceded or accomparued by a local
gemlourmary nfection s most hhely cwsed by gonecocar If thuse
orgamsms are cultured from the blood or synovial fluid the diagnosis
may be considercd certan If they arc obtamed from the gamtourmary
tract or if the complement fix stion test 1s positive this may be con
sidered presumplive evidence that the gonococer e causmg the
arthntis

Differential Duagnosis The clinical syndiomy just outhned may
be present 1 theumntod arthntis and 1n acute rheamatie fever Rhieu
matic polyarthnitis 1s especially likely af there 1> o lustory of repeated
sore throats or of chiorea 1f cardiac abnormalities are present (espect
ally a lengthened PR ntenval i the electracardiogram} or af the
arthntis mproves dramatically within two or three days when large
doses of salicylates are admumstered Confusion may occur howerer
because the pam 1 gonococaie arthntis 1s often dinumislied consider
ably by salicylates wlile swelling and other local sighs may subside
as a result of the concomitant bud rest Rheumatowd arthritis has few
distingushmg fiatures and often can be ruled out only by finding
evidence to substantiate the diagnosis of gonococeic mfection

Although ligh blood leuhocyte counts may be found m all kands
of arthntis the hughest counts and the gleatest increase in the per
centage of polymorphonuciear cells are present m arthrtides caused
by bactena gonococri memngococer staphylecocer streptococet or
pneumococer  These orgamsing almost always cause arthnuis as a
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formerly taught Among our patients 159 (80 per cent) jve a hnstory
of mvohvement of more than onc jomnt (Table 10)

Although the jomnt pam 1s usually dull and aching i character 2t
may varv from a shght ache all the way to a pamn so sciere as to cause
the patient to cry aloud if he does not get relef

On examination one or more jomts will show varymn, degrees of
swelling redness and heat The swelling may be caused by fluid within
the capsule or by pcmarticular inflammation Tenosynovitis often ac
companies the arthritis It involves especially tie tendons around the
antkles wrists and finger yomts The shin over these tendons becomes
swollen tens. and hot and motion of any kwd becomes unbuarble
becausc of the Lacruenting pun

Table 40 shows the frequeney with windh the mdividual jonts were
affected 1 our 200 patients with gonococeic arthntis The knees were
ware often mohed than any other jonts followcd by the ankles and
wrists lthough none were entirely exempt

Fever vanes anywhere from none to 1 or 2 degtees m mild cases
up to the severe septic types of fever which may reach 101 or 102°
F inseverely il patients

Course.

AMany patients have a few 1termittent aches or swollen jonts for
several days and then the mfection 1s gone Othcr patients get well
within a few weeks winle m still others the mfection tends to localize
m a single Jont where 1t remains active for months and often le ives
considerable destruction 1 1ts wahe Atrophy occurs 1 the muscles
around jomnts which have beun aflected for long periods of time

\SSOCIATED INFECTIONS

Other onococcic complicitions may be ssoctited with arthntis
and tenosynoviis These include conjunctivitis (which 1s called cat
arrhal since gonococer emnot be found n the exudale) s panoph
thalmtis endoc wditis menngiis myosttis ind Joeahzad abscesses

T ABORATORY I'AAMINATIONS

I'he Synosial Fluid  This will provide valuable mform ition of 1t s
asprrated VMyers® was able to cultivate gonococer from the synovial
flnds 10 one fourth of s patients He felt thit m the jowts from winch
the orgamsms could not be culturcd  the inflammation was chudly
below the sucface of the synovial manbrane and m the perarticular
tissues The leuhocyte count of the synovil fluid vared from 1800
to 78 000 per cu mm 1n nonmfected fluds and from 7100 to 158 600
in infected ones Polymorphonuclear lukocytes usually predomnated

compnsing 46 to 100 per cent of the cdlls
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vial fwd removed should be myected on alternate diys until agns
have disappeared and no further fud can be aspirated from the jont

Otlier pudes to thurapy are the leuhoceyte count in the blood and
synovial fluid the scdunentation Tite and the disappearnncy of gono~
coct from the synovial flud and from the local gomtounnary lesion
The ntramuscular yections should be continued untl the blood
leuhucyte count and the sedimemtntion rate have reached normal
Cultures should be 1ihen repeatcdly from the urethra prostate and
seminal vesicles sn men and from the urethen cervix and Barthoho s
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Fig 37 Ter perature chart of a palient with geoococoie arthntis treated with
penic

Two monthy kxfore adminion the patint 1ad a moderate amount of pamn 1
the left wri t whah disaj peared without treatm nt after a few days. Four days
tufore sdmission 1he putient bud o chull fclowed by sn liag pain wnd tendemes
n the left knee an ] urcthral dicharge

The knee flu 1 was (douly and hud the charaeten tics shown 1 the figure Gono-
oocer were veca on mear and grown on culture Eemall n was guen 1 doses of
300 000 units twice a day Impro ement began within forty-exght hours and was
complete 1n two weeks A second specimen of synovial flud ol tuined on the twelith
day of therapy  howed no gunocorcl un smear or cullur

glands 1 women and treatment should not be discontinued until
the gonococcs have disappeared from these foct The complement
fixation test 18 of hitle value in assessing the results of treatment
since 1t may never become posiive in patients treated early m the
disease or when 1t 13 pomitive 1t may remaun so for weeks or months

In patients with the chrome form of the disease unprovement 1s
s0 gradual that it 18 often difficult to tell when to stop the admims-
tration of pemallin When all obvious evidences of nfcction have
disappeared and when the leukocyte count and sedimentation rates
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metastasis from some other focus of infection the location of which
should aid 1n the differential diagnosis

Reiter s syndrome resembles gonococeic arthritis so closely that the
two cannot be differentiated except by bacterologic and seroloic
tests Urethritis conjunctivitis and multiple arthntis occur m both
diseases Reiter s syndrome occurs almost exclusively m men Cultures
of the urethral exudate do not contan gonococes and the gonococic
complement fixation test 1s negatn ¢

Rarer forms of joint disease which may be confused wath gonococcic
arthritis are syphilitic arthntis brucella arthntis shigella arthnts
tuberculous arthritis the arthntis of rit bite fever gout hemorthage
mto a Jomnt as a mamfestation of hamophilia and the arthniis which
occurs as a compheation of Slreplococcus viridans endocarditis

Procnosis

It 1s 1mpossible to predict how much time will be required for a par
ticular patrent 1o get well The acute mfection may last from a few
days to several weeks In the latter event a chronic process may con
tmue for several wcks or months more The inflammation will gradually
subside m every case but will often leave residual changes winch will
cause permanent disability Ivecfer® found that i patients who showed
orgamsms 1n the synovial flusd and 1 cell count above 10 000 per cu
mm the outlook was poor Only 37 per cent of lus sixty mne paticnts
recovered completely without residual signs of jomt disease These
patients were observed 1n presulfonamide days Since these drugs have
been employcd the prognosis 18 considerably bitter and it 1s to be
expected that with the use of pemaillin 1t will be better stll

TREATMENT *

Pemcillin  The effectiveness of pomelln m gonococcic arthntis
cannot be predicted on theoretical grounds swnce on the one hand
the organism 1s very susceptible to pemeilhin while on the other hind
absorption of the antibiotic 1nto the jomnt cavity 1s good only if Jarge
doses are given Onginally we® tried doses of 25 000 umits mtramuscu
larly every four hours but although this amount of pemaillin brought
about the recovery of some patients others were not benefited We
have therefore given Ingher doses to the patients treated morc re
cently and now recommend intramuscular njections of 300 000 umts
of pemerlin 1n o1l and beeswax every twelve hours (F1g 37) or 100 000
umts 1 aqueous solution every two hours With these doses we have
not found 1t necessary to inject pemallin mto the synovial cavity
It 13 concenvable that it may be necessary to mnect pemseillin localfy
1f the arthntis 18 grossly purulent In such cascs all the {lud obtanable
should first be remored and 30 000 umts of pemcillin dissolved 1
volume of 1sotome salt solution shghtly less than the amount of syno-
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Conococere Ophthulmia

The conpunctiy s e nmong the membranes cspeaally suscphible
to the gonococtus They may be nficted i three ways (1) by trans-
mussion through thy medium of fingers towels washicloths and so on
or from a purson with a gonorrheal mfcction (2) by the direct contact
of a baby s ¢yes with the birth canal of v infected mother (ophthalma
neonaforum) and (3} by metast xs 3n a pationt with gonococae bae
terenua In the first proup wsually only one eye 1s afficted In the
latter two groups 1t 18 most oftan balaternl

Although ophthalnita neonafvrum 13 nol so common as 1t used to be
Lefore the days of compulsory mstillation of sifver salts mto the eyes
of afl bibies ot Dirth 1t 13 still frequently aicountored wnid must be
rechotied with s an sportant Cuse of blinduess

SyurTows anp Sipns

Thiese vary Al the way from a nudd congunctisitss o the met ot i
Tormy and 1t patients mfected with a relitney awvrulent orgrmsm  to
a severe fulmmating pophthilmutis The lalter patients exlubat
swelling redness and tenderness of the hds and underlying structures
with a sensation of smartmg pun i the «ye and m che i the fiontal
and temporal regtons A purulont discharge follows which m favorable
casts subsides within two or three weehs leaving 2 chrome inflamina
tiou which Lasts for sovoral more weehs

CowrpracaTions

Corneal ulceration accurred 1n ~2 to 30 par cent of patients treated
n presulfonanude days It was sometimes shoht and sometimes severe
enough to ¢ e permanent blindncss

Pags ExTIoN

Ophihalmia neonaforum may be provented by wstlling 2 drops of {
per cent sihver mtrate solution o the conjunctinal sacs mmediately
after Inrth In most states physiaans are requircd by 1w to perform
this scrvice for every newborn child Framkiin® found pewesthn as
effeciine as alver mitrate e preventng gonococcic conjunciniis He
ustd 1 solulion of 2200 umis of crystalhne sodim pemellm per cubi
centimeter of solowe salme solution or dishlled water One drop of
the pemallin solution was mstlled 1n the conjunctival sic of cach eye
within the fivst hour after birth and at druly wtervals for the next three
days If these results are confirmed pemallin should be preferable to
silver mtrate for prophylaus since the latter often causes 1 conaider
able amount of locai irntation
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are normal and gonococer can no longer be cultured from any focus
we consider 1t best to give the mtramuscular mjections for one more
week and then discontinue them

In ,cneral the larger the doses of pemucllin and the longer the treat
ment 15 continued the better the results Among eighteen patients
to whom we gave a total dose of less than two nullion umts of peme
ilin only six recovered whercas among the twelve patients who re-
cetved more than two million umts ten recovered

Sulfonanudes Formerly eacellent results followed the use of sul
fonanudes m gonococere arthritis Coggeshalll and Keefcr ¢ using sulfy
mlanndce found that if the concentration of the drug mn the synovial
flud was sufficrntly ngh the gonococeic infection could almost always
be erndicated Later sulfathiazole and sulfadinzine took the phce of
sulfamlamude  and the results were even better

‘mong 140 patients with proved gonococcic arthriis who were
treated with sulfonamidcs at the Gallinger Muwmcipal Hospital niety
ught (67 per wont) rccovered The best results were obtamed 1 the
early years of sulfonamude therapy In recent years the recovery rate
has dropped to 50 pcr cent apparently due to the mercasing prev
alence of sulfonamde resistant strams

In spite of the appearance of sulfonumde-resistant gonococes how
ever many patients shil recover during sulfonammde therapy For
this rcason we believe that sulfonammdes have a place m the trealment
of gonocacere arthnis wnd should be anploycd 1 any case where un
provement does not oceur after lar,e doses of pemaostlin have been guen

Fever Treatment Tlus has becn discussed ost page 233 Anoccasional
patient may not respond either to pemcilin or the sulfonamudes and
may necd fever treatment as a last resort Treatnent i 4 fver cabinet
18 superior to fever ainduced by typhod vacane m our experience
We obscryved recovery 1n 61 per cent of thirty three patiats treated
by the former mcthod while only 45 per cent of twenty two palients
recovered after recening typhoid vaceine

symptomatic Treatment Durng the mtury il necessary tor pune
ihn or sulfoninudes to take ufict the patient should be made s
comfortable as possible Saheylates oftun gine considerable rehief from
pun Ifthey are unsuccessful in ths codane or morpline may be used

Complete rest of an scutely mflamed jomt will help considerably
to relieve pun This my be obtaned by the usc of splnts sandbags
or by a half shell cist The orthopdic surgcon should be called to
help if relief cannot be obtamed by the use of simple mCwsures s
services are myvaluable ako in preventing defornmties and anhyloses
and m treating these conditions when they have devidoped
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Preenisting vabvular discase 18 not necessary for the implantition
of gunococar on heart valves and 13 present m only a friction of the
cases. The wdividual valves mvolhved are histed by Stone a3 they
were found 1m 108 cases

Lortic [ Aortcanl nu pad 1
iteal 30 Acrtic tncw ud and pulmonary 1
Pulmonary 1 Aytrul and tricusy 11 >
Tacu.pd 1 ANS uevaly 1
Aoruc and matral 8

It will be scen that nght-sided snvelyement althou b not eucountered
so frequently as left sided implantations was more frequently ob-
served than in many other types of endocarditis

Petechnae and embolic phenomena occur Almost as frequently as i
Streplococcus riridans endocarditis The Tungs re particularly likely to
be the site of infected emboh due to the frequency of involvement
of the night side of the heart These mfarctions are often followed by
pncumonn or pleunsy Lmboh frequently lodge i the brain hadneys
spleen and peripheral artenes Arthritisis of course much more common
than 1 endocirditss caused by other bactena Other associated con
ditions are pencwrditis nephntis conjunctvitis and menmgitis

Lasoratony Exaumvanons

Leuhocytosis 15 present n practically very case together with an
tncrease m the percentage and a  shft to the left of the granulocytie
eclls Repeated blood cultures should be taken in every instance They
are positine 1 a farly Ingh percentage of patients when this 13 done
A positive culture for gunococer from the gemtouriary tract or a
positine blood complement fixtion test 1s presumptive although not
definte evidence that the endocarditis 18 gonococcie

Ducnosts

Lud, should be suspected whenever the temperature 13
tugher and the signs of toucity are more pronounced than would be
expected from gonorrhea itsell or from an associated arthntis of ths
18 present If valvolar murmurs appear or wicrease n wntensity or af
petechiae or embolic phenomena are present the lihelhiood of endo-
cardifis becoies more certain

Whenever endocarditis 1s diinosed  the gounococcus should be
suspected as an etiologic factor and the gewlournary system vesti
gated by lustory and bactenologic exanunition of discharges cervieal
smears or the matenal obtamed from prostatic massa,e

Pracrosis

Although several cases were obsurved w which recovery occurred
ncarly every pitient with tins disease died during the era before peric
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TREATMENT

Sulfathiazole and sulfadiazine have been found to be most efficient
among the sulfonamdes An immtial dose of 0 03 gm (} gram) per pound
of weight should be given to children followed by four hour doses
totaling 0 06 gm (1 gran) per pound of body weight for each twenty
four hour period Adults should recerve 4 to 6 gm (60 to 90 grams)
mtially followed by 1 gm (15 grams) every four hours This regimen
should be continued until the chmcal signs have diappeared and
smears and cultures from the eyes have become mnegative In three
fourths of the patients the bactenia disappear within three days while
m practically all patients they are absent by the end of the second
week Corneal ulcerations are infrequent and the resulting scars f
they occur at all are much smaller 1n sulfonamide treated patients
than in those treated by previous methods

Pemicillin shows great promse 1n this disease as in other gonococaic
mfections Rapid recovery occurred in all the thirty patients treated
by Lewis'® He ad ered pemcillin ntr larly at three hour
intervals 1n doses of 20 000 umts for adults 10 000 umts for children
and 5000 umts for mfants The average period of hospitalization i
pemcillin treated patients was 46 days compared with 57 days for
those who recenved sulfadiazine and 20 3 days for patients treated in
the presulfonamide era Sorsby®® has reported excellent results from
the conjunctival mstillation of a physiologic salt solution contaimng
2500 umts of pemcillm per cubic centimeter Further studhes will be
necessary before the relative value of pemeillin and sulfonamides and
of systemic versus local pemcilhn treatment can be determned

Lattle local treatment 15 needed The affected eye should be washed
by mnsullmg nto the conyunctival sac several drops of bonc acd or
1sotome sahne solution at two hour intervals until pus 15 no longer
present Care must be exercised to prevent the well eye from becoming
wfected Infants should be placed with the affected eye lowermost
Older patients may need shields or bandages on the umnvolved eye
for this purpose

Gonococcic Endocardilis
SYMPTOMS AND SIGNS

Tlus dreaded complication may have its onset anywhere from onc
to six weehs after the begimung of the gemtournary infection nd
sometimes even later It may begin suddenly with chills igh fuver
and general toncity or may ansc unnoliced while attention 13 directed
to the ongmal infection or to arthritis

Fever 18 the most promnent mamfestation and the tumperature
charactenstically goes as lugh as 100° k cach day In an oceasional
patient it nises twice during each twenty four hour period Clulls are
present it some time 1 the course 1 about hilf of the patients
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m a wom i or cluld with concomtnt or recant qonorhey It w con
firmed by finding the gonocoact i smowr wd culture

Trealment 13 with pancillin A larger amount should be st
than when o gemtourmiry ifuchion cwsts Yone From prosent wdy
cations 200 000 to 100 000 umits dinded wto five wqual do ws and
gven itrvmtsculaly it two- or thred hour mtory s should be suff
cunt

Other Mantfestations of Conoeacete Infecln
CuTAanEOLS MANIEESTATIONS

These weclude smple uythona urtiana oy thema nodosum
pdcedual hemorrhagic and bullous (xanthems and 1 hyperkeratotie
Lype of dermatitis "Thie htter 1s the only typienl shan Teston wssounted
with gonocociie mfections and 13 (Md Feratodernua blennorrhagicum
It consists of crust covered papules wlieh occur - wsuciation with
a local gunucocae wmfiction and gonococese arthntis It s cspeanlly
mportant Tor the duncum to bu aware of these v rud dermatologie
manifistations of gonococeie wfections since many of them can be
confused with the vashies caused by the sulfonammdes Recovers hisy
been reported after treatment with pemathn

NepHwrtis

Pyclonephniis d pyclonephrons are uncommon aud true glom
«rulonephritiy 18 rarcr shill When they occur they follow the ecourse
of sunilar wfections crused by other bacternn

OriEen INFECTIONS

Other wfections ciused by gonococer are wyosttis locihzed ab-
stesses  pneumowa pleunsy  pencarditis and thrombophlebitis Al
should be treated with trge doses of pematim
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ilhn therapy was employed after a course lasting from one to five
months

TREATMENT

As soon as the diag 15 established f Iin should be given
While the gonococcus 1s among the orgamsms quite susceptible to this
antibiotic the frequency with which multiple complications occur
and the rapidly progressive course require the employment of large
doses Whenever possible the seusitivity to pemcillin of the gono-
coccus (obtuned from the blood or elsewhere) should be tested and
considered 1 the decision as to the doses to be employed The reader
15 referred to the section on Streplococcus tiridans cndocarditis for
details of this treatment (p 179) Although only a few patients with
gonococcie endocarditis have been treatcd up to the present time it
15 to be expected that many will recover if the proper treatment 13
gnen

Gonocoecie Venmngitis

The memnges are mfrequently mvolved m the course of generahzed
gonococere 1nfections Rarely gonococcic memngitis uceurs without
evidence of comcident or preceding gomtournary mfection In these
cases the climical mamfestations are sumlar to those of menngococerc
memngitis and 2 distmetion cannot be made between the two except
by the furmentation reactions of the orgamsms cultured from the
spinal flud

Treatment 1s with sulfadiazine combmed with the cmployment of
penscilim for the purpose of attacking the bacteria at the orgmal wte
of mfection Stnce the regimen to be followed 1s the same as that used
m memngococdld memngifls the reader 1s rcferred to that section
(p 217) We have observed A case of primary gonococcic memngits
n which recovery occurred promplly after the use of sulfadiazine and
believe that the prognosis should be as good as i menimgococcic memn
@i 1f the proper treatment 1s ¢wrned out

Conococcic Proclilts

u the fomale onoirhea often spreads to the anus and rectum
where 1t usually affects only the superficial laycrs of the mucous mem
branes although 1t may spread to the dceper structurcs wnd reman
pocketed there for weeks or months The focus m the rectum may
remfect the cervix and urethra

\mong the symploms and signs e sunsations of irntation at the
anus and of fullncss within the tcctum constant aclng pun which my
radiate to the abdomen sacrum or tlughs pun on dfecition yellowish
rectal discharge and blood w the stoals

The diagnosis m1) b suspeeted when a purulent proctibis 18 found
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DISEASCS CAUSED BY BACILLI

13 Lberthella Infictions (Iyphord Fever)

Eberthella {yphosa 1s a short fat gram nejatnve flagellated motile
bacdlus The disease for which 1t 1s responsible typhod fever has
long afflicted man It was umiversal before the early 1500 s when water
and food supplics were not guarded from contamination Dyen today
under aircumstances or i places where vigilance 18 not mamtawed
1t breaks forth n all its former fury Tlus 13 particularly true mn rural
arcis m countries where the people are too poor or too ignorant to
observe the lws of samtation or during the mass migrations meident
to wars But though typhoid fuver 1s no longer the scourge of yester
year let 1t not be thought that it 1s mstgmficant today Hundreds
and thousands of carriers persons who for the most part had the disease
and recos ered from 1t months or yars ngo roam at large 10 our society
excreting the bacilli i stools or unne If these people contamunate
food or other objects which are transmitted to the mouth of someone
else that person 1s almost always stnchen with the disease Such
cases are often sporadic and consequently much harder to diagnose
than when they occur 1n epidemics because the infection 1s not sus
pected Moreover since sporadic cascs may escape detection for a
longer penod the patient s atiendants run a greater nisk of contractin,,
the disease By one means or another oxer 5000 persons in the Unted
States became 1ll with this disea ¢ during 194} and 501 persons died
from 1t Typhod fever therefore although less couspicuous today
than formerly presents an even greater challenge if we are to diagnose
each case properly prevent sts spread and eventually stamp 1t out
altogether

When a sufficent number of Eberthellae gan access to the pastro
intestinal tract of an indnidual they penetrate the intestinal wall
and settle m the solitary and aggregated lymphatic nodules (Peyers
patches) of the intestines If the individual s immunity does not effec
tively localize the bacill and prevent thewr growth the organisms spall
over mto the blood and continue to do so until the patient develops
sufficient immumity to confine them once agamn to the Iymph tissues
of the mntestmal wall and to the lymphatic structures elsewhere i the
body such as the spleen the liver the bone marrow and the hymph

3
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The paticnt 13 quite dull ind Teediess of s surroundings 1 miciation
beconics 1pparent tow 1rd the end of this peniod and muttenng delirum
and musculir twilelung appe i in sOvLre e

Duning the third or fourth week convalescence commonly beguis
The temperiture dechnes wridunlly dunng anolher week or morc
Rarcly 1t diops by «nis A Jow grade fover may persist for some tunc
or there may be amother nse m tamperature with or without rep-
pearance of the other fentures of the diserse Hypotherniua may be
present for several days or 2 week or tvo after the temperature falls
The pauents ntercst m food and 1 his surroundings returns and
along with this Ius strength but 1t 18 2 month or morc bfore he 1s
able 10 resumic lus customary etivities
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F 38 Tewmperature clarts of three patients with typloid fever hown the
cemplicat ons of b murrha e perforst on and rclep

Challs are usually scen only at the ouset or durin,, the punod of
nsing fever although some patients experence them throughout the
disease Procedures which cause a decided decrease m the temperature
such as cold baths or the adimstration of antipyretic drugs may be
followed by a chall A chull may also herald the enset of a complication
such as b hage perforation prcumonma relapse or the establish
ment of a secondary focus

Eruption The typical rash of typhod fever 15 composed of round
shghtly rased flattened papules about 2 to 5 mm 10 diameter called
rose spots They are palc red at first turmn, somewhat darker later
Occasionally they may be purpunic Che 10 ¢ spots may appear at any
time during the disease coming out m one or several successne crops
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nodes They continue to pour out endotorms until the patient succumbs
to or recovers from the disewse All this tune the bacilll are causmg
local destruction of the Iymphatic structures of the mtestinal wall
with cousequent ulecration m many areas and the wiendant dwgu
of perforation mto the peritoneal cavity This latter possibilily 1 an
ever unminent penl through the entire course of the disese and well
mto convalsecence until the ulcers are healed

Typhord feveris found most frequently m the sccond thard wd fourth
decades of bfc This a e distnibution 1s probably accounted for by the
greater possibility of cxposure of persons at these ages Furtherniore
10 arcns where the disease 1s endoamie most people have requirad some
degree of resistance by the time they are forty years old

SYMPTOMS AND SiGns

In presenting the chmcal manifestations of typhoid fover we shall
refer freely throughout this chapter to the 1500 cascs analyzed by
McCrac ' The mcubation period vares from three days to three weeks
or more It can seldom be determined ccuratcly because of the gradual
onset The patient usually experiences headaches maluse and anorcva
for several days before he takes to Ius bed Less often he complains
of cough vonnting chlly sensations diarrhea or constipation during
thus early pertod The discase occasionally begins abruptly with 1 chill
(in 22 per cent of 1500 cases) or epistaxis (i 20 per cent)

The course of a typical case of the disease consists m 2 penod of
gradunlly nsing temperature dunng the first weeh a period of con
tinued feser which s called the fastigium and wiich lsts about twe
weehs and then an interval of one or more wecks of descending tamper
iture In Fioure 38 the first temperature curve illustrtes the period of
ascending fever folloned by the fastigium (which 1 tlus case was
terrupled by a temporiry drop 1n the temperaturc duc to hemorrhige)
and then by the period of descending fever

The first penod of fuvir s chssically destibud as 1 radual stoplihe
ascent each ¢venngs tcmporiture bang, highuar than that of the
evenmg bifore While tlus 1s the picture sten 1 many cases 1t 18 by
no means wnversal The mise m fevar may tike place mwn iercgubie
manner over 1 period of scyveral days or the temperiture may 1cach
s maumum within a fow days and reman thare Durm,, the punod
of mcreasing fuver the patient becomes more toxie Slu mshines of
the mental facultis and short penods of mentil confusion appear
cspectally when the temperiture becomes high

In the typical ease the platcau of fuver bogms durm, the swond
weeh and lasts for a weeh or two The tumpirature remaps in the
nerchborhood of 102 to 105° or even 106° k- with hittle vnalion
o day In occrsion] pitunts the tumporture s regubie

durng each
e ke Ruedy 1t 19 mternnttent ind suqpests malin

during these weel
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msize but usually remuns furdy soft 1t 1s sometunes tender +lthough
seldom punful The swulhng subwdes s the temperature returns to
tornal

Resprratory System Beease the physician assocates typhod
fover with ntestinyd fewons and generbized bacteremsa he 18 hikely
to furget thu over one-fourth of thise prents hnve n cough s a
result of bronchial mvobanent Camsequently he may msdiagnose
ther coudiion s sbluenza  bronelstis or prciaonis rather than
typhod feer The bronchitis w typhod fever s chwactenzed by a
cough productive of a small wmount of mueowd sputom wd wamerous
rales over the region of the large bronchs and sometimes throughout
the chest Octasionally smalf awounts of blood are coughed up The
bronclntis 13 usually not serious and diappews as the tewperature
falls aud often before Pucumonta will be consdered under comph
cations

Cardimvascular System  \ most cdntictenstic fuature s the relatne
Lradycardia the heart rate bemg ten to thirty beats less per munute
than would bu espected from the hesght of the fever Bradycardia is
present dunng the carly part of the discasc s most patients snd 13
observed throughout the entire course m a great wmmy The heart
rate my beeome rapd i patients who are seriously 1l and w those
with mtestinal bomorthage or pecforation X dicrotic pulse 18 present
as a rule i adults during the Grst half of the discase It 13 not found
%o frequently sn chiddren or i adults duning the wecond half of the
disease Porter has shown that the heirt s not usually enlarged i
typhod fever and thal murniurs and congestive heart fadure are not
charactenstic of the discase He found clectrocirdiograplue abnor
wmalities i fourteen out of thirly patients and Brow? found them w
fifteen out of sty five Thes, conwnted of lengthemng of the PR
snterval o mest instances and m oocasionat cases of T wave changes
These abnormakties appeared as exly as the math day of the disease
and as Iate os the forty fourth day They usually lsted only a few
days and disappeared esentually 1n every patient who recovered They
are probably accounted for by the multiple endartentic and pen
astenstie changes winch have been demonstinted i the coronary +essels
m typhod fever Thew presence has no relationsiup to the seventy
of the disesse and they cannot be shown to have any direct bearmng
on the outcome

The blood pressure e.peesity the diastolic pressure 13 usually low
throu liout the course of typhioid A sudden fall below the customary
ievels may be the carhiest and most relsable ssgn of mtestinal hemorthage

Mervous System Dol headaches are frequently complamed of
during the first weeh or two Jn an occasional patient they are very
wtense They disappenr or are uanotwced during the stuporous peniod
which follows Insomma abo may be preseat early but is usually
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and lasting three to five days Less frequently they may be present
only a day or part of a day Often there are only s to ten present
at a time Rarely they may pepper the trunk completely Wiule the
most common location for them 15 the abdomen and lower chest they
may appear on the back on the nech and face or on the upper or lover
extremutics alone or 11 combmation with other sites In 1000 cases
they were obscrved n 93 per cent of the wlite patients winle they were
detected m only 21 per cent of the Negro patients

Gastrointesunal System This 1s usually affected  although not
mn the same way 10 every patient The tongue becomes dry heavily
furred and 1ts surfice fissured and somewhat cracked The hps are
dry and crached and may bleed The breath 1s foul and unless the
mouth 1s cared for assiduously complications such as infiction or
ulcerations of the mucous membrane or parotitis may supervene The
appetite usually dummishes soon after the onset and returns as the
fever falls or sometimes several days sooner It 1s important to em
phasize however that the patient seldom refuscs food fed to him with
patience and a little coaxing

Constipation 1s the most frcquent gastrointestinal symptom 1t was
present i 51 per cent of 1500 patients Diarrlica was prescot n 17
per cent of the patients This latter condition makes for a poor prog
nosis since it usually indicates extensive ulceration in the colon Al
though 1n most instances there were only three to five stools per day
in a few patients more sevcre diarrhea occurred

Abdomunal distention 1s a troublesome complication wlich 13 present
to some degree and at some time 1n nearly every patient If 1t 18 severe
1t produces a nise m the tumperature and pulsc rate and 1s often re-
sponstble for a considerable amount of respiratory embarrassment by
pressure upon the diaphragm Since treatment 15 more effective when
begun before the distention becomes severe (arly recogmition 13 1n
portant The physician may often detect its first appearance by hstening
with the stethoscope and heanng 2 dunmution in the normal pen
staltic sounds

VMore than half of the patients have abdominal pamn or tunderness
or both at some time during the course of the discase The pain and
tenderness may occur 1n any part of the abdomcn and may be of any
degree of severity Somctimes the onsct of the pam is so sudden and
s charactcr so severe that 1t simulates acute appendiciis or gall
pladder colic While the abdommal pam 1s due to distention or to
pronounced penstaltic contriction 1 most nstanees 1t cannot be
ignored because 1t may sigmfy hemorrhage from or perforation of
the wtestine or other grive disorders These will be discusstd under

1S

wllg[\:lrlx(:gm:lllc hught of the discase when the lymphoid tissue 1s unt
versally imvaded the splcen 1s ikewise imvolved Tt increiss muoderitely
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msze but usually remains furly soft 1t 1s sometumes tender although
seldom panful The swelling subsudes as the temperiture returns to
1101

Respiratory System Becwse the physicnin assocnates typhod
fever with intestinal lTesions and ouueralized bacterumun he 1s Lhely
to furget thit over onc-fourth of these patients hive a cough as a
tesult of Lronchual mnolvement  Consequently he may musdiagnose
ther condition as snfluenza  bronclutis or pncumoma rather than
typhad fever The bronclutis in tsphod fever 1s charactenzed by a
cough productive of a small amount of mucowd <putum nd numcrous
riles over the region of the lirge broudn and somctimes throughout
the chest Occasionally small amounts of blood are coughed up The
bronclulis 18 usually not senious 1ud disappuars as the tamperature
falls and often before Pneumoma will be consiered under comph
calions

Cardiova~cular System \ most charactenstic [ature 1s the relatne
bradycwrdia the heart rate bung lun 1o thurly beats less per munute
than would be expected frum the hught of the fever Bradvcardia 1s
present duning the early part of the distase 1n mo t patients and 13
olvencd throughout the entire course 1 a great many The heart
rate mv become rpid i patients who are scnously all and i those
with intestinal hemorrhage or perfuration \ dicrolic pulse 1s present
as a rule 1n adults dunng the first hall of the disease It 13 not found
so frequently an cluldren or in adults dunng the second hall of the
discase Porter® has shown that the heart 13 not wually enlarged 1in
typhowd fever and that murmurs and congestive heart failure are not
charactenstic of the disease He found electrocardiographic abnor
malilics 1 fourleen out of thirty patieats and Brow? found them in
fifteen out of sity five These conusted of fengthemng of the PR
interval 10 most ustances and 1w occasional cases of T wave changes
These abnormabities appeared a5 early as the wath day of the duease
and as late as the forty fourth day They usually lasted only a few
days and disappeared eventually 1 exery patient who recovered They
are probably accounted for by the multiple endartentic and pen
artentic changes which have been demonstrated 0 the corenary 1 essels
m typhod fever Their presince has no relalionstup to the seventy
of the distase and they cannot be shown to have any direct beanng
on the outcome

The blood pressure especially the diastohc pressure 15 usually low
throughout the course of typhord A sudden fall below the customary
levels may be the carhiest and miost reliable sign of intestinal hemorthage

Nenous System Dull headaches are frequently compluned of
duning the first week or two In an occasional patient they are very
wtense They disappear or are unnoticed during the stuporous period
which follows Insomma also may be present early but 1s usually
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and lasting three to five days Less frequently they may be present
ouly a doy or part of a day Often there are only sin fo ten present
at a time Rarely they may pepper the trunk completely While the
most common location for them 1s the abdomen and lower chest they
m)y appear on the back on the nech and face or on the upper or lower
extrenuties alone or in combmation with other sites In 3200 cass
they were observed m 93 per cent of the white patients winle they were
detected 1n only 21 per cent of the Negro patients

Gastromtestinal System This 1s usually afected though not
m the sume way m every patient The fongue becomes dry hewly
furred and ats surface fissured and somewhat crached The Iips are
dry and crached and may bleed The breath s foul and unless the
mouth 1s cared for | 1y lications such as infc or
ulcerations of the mucous membrane or parotitts may supervene The
appetite usually dumishes soon after the onset and returns as the
fever falls or sometunes several days sooner It 1s important to em
phasize however that the paticnt seldom refuscs food fed to Inm with
patience and a httle coaving

Constip rtion 1s the most frequent gastrontestinal symptom It was
present 1 51 per cent of 1500 patients Diarrhea was present w17
per cent of the patients This latter condition makes for a poor prog
nosis smee 1t usully indicates extensne ulceration m the colon Al
though 1 most mstances there were only three o five stools per day
m 1 few patients more severe diarthea occurred

\bdomunal distention 1s a troublesome complication which 1s present
to some degree and at some tune m nearly every patient If 1t 13 severe
it produces 1 nse m the temperature and pulse rite and s often re-
sponsible for 1 considerable amount of rcspiratory embarrassuent by
pressure upon the diaphragm Since treatment 1s more lfective when
begun Iefore the distention becomes severe early recogmtion 13 1n
portant The physician may often detect 1its first appe wrance by istening
with the stethoscope and hearing 2 dunmution n the normal pen
staltic sounds

Vore than balf of the patints have abdomnal pam or tendenss
or both at some time during the course of the diveise The pamn and
tendcrness may occur 1n any pirt of the abdomen and may be of 1y
degree of scverity Somtctunes the onset of the pan 1s s0 sudden md
its character 50 sevare that it sunulates acute appendicitis of gall
bladder colie While the abdommal pan 1s due fo distention or o
pmuuum‘cd pcnshhm contraction 1 most justances 1L canmot be
sgnored because 1t may sigmfy hemorthage from or perforation of
the intestine or othar grave diorders These will be discussed under

comphcations
Durin,, the beight of the distase when the lymphod tesue 5 um

versally im wded the spleen 1s hkewise imvolyed Tt increases moder itely
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wsize but wsually rem uns Putly soft It s womctines tesder although
seldom pamful The swelling subsides us the temperature returns to
normal

Respiratory System Bewuse the physician assouates typhord
fever with mitestinal lesions and generalized bactercimia he s hhely
10 forget that over one-fourth of thesu paticats have a cough as a
result of bronthisl wvobement Consequently he may mustiagnose
their condilion as influenza  bronclutis or putumoma rather than
typhod fover The Lronelutis i typhoud fever 1s charactenzed by a
cough productive of a ~muall amount of mucwid putum and pumeross
rales over the region of the firge brondu and sometimes throughout
the chest Occasionally small amounts of blood are coughed up The
bronchitis 15 wually vot serious and dissppears as the temperature
(alfy and often ixfore Pucuthoma will be comidered under compl
caliots,

Cardiova~cular Systemt L most chaructensty feature 1s the relative
beadyeardiy the heart rate buag tut to thirty buats less per mintute
1han would be expected from the hught of the fover Bradycardin s
present dunng the (arly part of the disease 1n most patents, and s
olbeened throughout the «ntire course 1n a great many The heart
rate may become rapid 1 patents who are <criously 1l and in those
with intestinal hemorrhage or perforation \ dicrotic pulse 18 present
a3 4 sule 1n adulls dunng the first half of the disease 1t 15 not found
so frequently 1 cluldren or sn adulls duning the second lalf of the
discase Porter'® b shown that the heart 13 not usually enlarged 1n
Lphod fuver and that murmury and congestine heart falure are not
«haractenstic of the disease He found electrocardiographic abnor
malities 1 fourtecn out of thurty patients. and Brow? found them 1n
Giftcen out of «ixty five Thewe cotn ted of lungthemng of the PR
intersal 10 most instances aud 1 occasionnl cases of T wave changes.
These abnormabties sppeared as carly as the mnth day of the duease
and as late as the forty fourth dav Thev usually lasted only 2 few
days and disappeared eventually 1n evers patient who recovered Thes
are probably accounted for by the multiple endartentsc and pen
artenuc changes whuch fiave been demonstrated in the coronary vessels
0 typhoid fover Thar presence bas no rdationsiup to the seventy
of the diseast and they cannot be shown to have any direct beanng
on the outcome

The blood pres ure especially the diastolic pressure 1s usually low
throughout the course of typhod \ sudden fall below the customary
Tevels ray be the earliest and most rebiable sign of intestinal hemotrhage

Nervous System Dull headaclies are (requently complamed of
during the first week or tno In an cccasions! paticnt they are very
miense They disappear or are unooliced dunng the stuporous penod
which follows Insomma also may be present early but s usually
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suctteded by diowsmiss as the discase goes mito s severest phase
Menmgismus 18 often present Partial deafness may appear as the
disc se bucomes severe only to disappear completely durning con
valescence

During the course of the discase the victins mind becomes pro-
gressivelh mote clouded he appears apathetic wd drowsy and al
though he can usually be aroused in order to (1t or may even tahe
part 1 1 rational conversation he soon sinks backh into his lethargy
and may 1umenber notling that has been said or done even a few
munutes bifure VMore scverely 11l patients lie 1n stupor for days paying
no attention 1o ther surroundings at all Particularly unwelcome to
the attending physician 1s the appearance of coma tigil a state m which
the patient 1s unaware of Ins surroundings although his eycs rumam
open and mav even follow the movements of attendants about the
room The patient m1y he quietly mutier mecssantly or may tath
wildly the content of his talk bemg complete nonsense most of the
i

Psychoses oc asionally oceur at the onsct of the discase  confused
or maniical state may be the first evidence that sometlung 1s wrong
More frequent!s psychoses are present during the height of the fever
Lcss often thev may appear during convalescence Dilirum 1s not
uncommon delusions or hallucinations may occur and rarely hysteria
may be observed Psychoses occurring at any of these stages may be
expected to clewr up completely although they may take weeks or
even months to do so

CrinicAL FEATURLS 18 SPECIAL CROUPS

In children typhod fever more olten bigms abruplly and runs 1
shorter conrse than m adults Abdonunal pam at the onset 1s frequent
wlile hemortha,e 1s rare and perforations are uncommon On the
other hand nemologe symploms are much more often observed than
i adults

In the aged the ousct 18 most, often msidious the course 1s prolonged
and termination of the fever and convalescunce are gradual As a rule
the symptoms ar¢ not typical Fover may be low ind e ulor abdomi
pal symptoms mild or absent and stupor more pronounced and more
prolonged than in young patients Thiomboses of the peripheral
vems and pulmonary comphcations (pulimonary congestion bronchihis
and pneumoma) we more frequent m older patients

In the Va I It1s now a practice to vaccimate pur
sons Lbely to be exposed to typhod fever These wnclude soldiers
doctors nurses and persous living 1 or visiting rural or tropical areas
‘There 15 no doubt that antityphoid vaceination confcrs a certamn amount
of protection agamnst typhod fover Callender? states that after the
compulsory adminustration of typhoid vacene to the personnel of the
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Uiited States Army murbuh() iates for typhod and piratyphod
fevers decrewsed from 1bout 25 per thousand annunlly in 1910 to
bedow 02 per thousand 1942 He reports @ water boroe outbreah
m Hawan i which five times s many vomnnnumzed as snmumzed
persons devedopud the dise s Once the disease as contracted however
s course nd <l dnndernsties althou b milder o mmy m
stanees, seem to b sumlae i penerad o those ocurning m nommau
mized palicals

Lanoratory Lxasisamions

Eberthella fyphosa i b 1solated from the blood feces urine bile
and the rose spots For purposes of div,no is cultunn, the finst three
of these matertals s worth wlile Dunng the course of the disease
thicre are peniods when the hhelibood of suceess with each type of
peaimen 15 parlicalurly good It 1s unportnt to take advantage of
this since positive cultures e much more valuable in the diigno
han positiv e agglutinition tests
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(From Topley and W bon Princyles of Bactenology and Immunolory Edwerd

nold & Comp ny Iendon I'n land)

Blood and Bone VMarrow Cultures Since typhod fever 1s essen
tially a bacterenua the diagnosis 15 made with most certainty if the
urganssms are cultured from the blood As shown m Figure 39 the
bacills can be cultured from the blood 1 90 per cent of patients n the
first week of the discase The proportion of patients with positive
blood cultures decreascs each succeeding week until 1t reaches appront
mately 40 per cent dunng the fourth weeh ¥ven after that time
blood cultures may be positive 1n an occasional patient

10
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A method of obtammng the typhoid bacills which 1s at present httle
used but which shows great promuse and deserves to be employed
more often 18 culture of the sternal bone marrow Ling? cultured
eberthella or salmonella orgamsms from the bone marrow m forty
four instances when parallel blood culturcs were negative winle blood
cultures were positive concomitant with negative medullocultures
only two nstances

Cultures from Feees Ncext n value for purposes of diagnosis 1s
the 1solation of the causative orgamsms 1n the stools These are positive
1n nearly 60 per cent of patients 1n the first and second weeks of the
disease and 1 about 80 per cent durin, the thurd week Thereafter
the inadence of positive stool cultures decreases throughout the course
of the discase until after the sixth wech the organisms seldom remain
m the feces

Urine Cultures Typhod bacillh arc cultured from the urine less
often than from the stools Like stool cultures however urine cultures
are most frequently positive n the third week of the disease

Agglutination Iest The patient responds to wfection with the
typhoid bacillus by the formation of agglutimns As shown in Figure
39 they can be found as early as the first week of the disease m 20
per cent of patients Thereafter the incidence mses progresswvely to
reach 90 per cent in the fourth week and practically 100 per cent later
The agglutination tests are carried out agamnst two prmcipal antigens
of the typhoid bacillus the I or flagellar antigen and the O or somatic
antigen The serums of vaccinated persons are characterized by a
persistence of H rather than O agglutimns whereas the production
of both types of antibodies occurs 1n the presence of the discase atself
A more recently discoyered component of Eberfhella typhosa 15 asso-
ciated with the property of virulence for mice and 1s called V1 antigen

The uter of H or O agglutiuns may be as lugh as 1 5120 or more
or may nse no fugher than 1 40 dunng the disease Vi antigen titers
reach 1 10 to 1 320

Many attempts have been made to determune an agglulmn titer
which will invanably indicate that typhoid fever 1s present In our
expertence 1t 15 1mposstble to set a defimte figure whuch would have
this sigmficance for several reasons

Furst although vaceination causes a rise in the titer of I agglutinins
especially 1t usually produces some elevation of the O agglutinos and
the Vi agglutiuns also Second agglutimn titers to Eberthella iyphosa
may arise as an anamnestic reaction dunng the course of infections
caused by other orgamsms especially those of the salmonella group
A titer of 1 2260 15 sometimes observed n patients with diseases other
than typhoid fever especrally if they have previously been immunized
aganst typhoid Third agglutimation tests as carried out mn different
laboratones vary considerably with regard to the antigens used and
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the shill employed 1n reading the results. The very fact that these
tests arc sumple to perform means that poorly traned techmeians
may often be assigned to do them Accordingly a single agglutimn
titer no matter how high 1 atsell can nover be depended upon to
mahe the dignosis of typheid fever The titer of O agglutinins or of
both O and 11 agglutimns which rises dunng 1 weeh or more of ob-
servation 13 much more sigmficant and 1s unlihely to represent an
anamnestic reaction Though tters do not alw1ys rve steadily during
the course of typhod fever an ingreasin, tiler allords the strongest
diagnostic evidence obtainable by scrological study Sometimes par
ticalarly m previously acanated wdnidudls the biers Mucluate i
regularly

Blood Celln The leuhocyte cvunt 1s usually wallnn normal hnuts
during the first wech or two and later 18 charictenstically below 2000
In some cases 1t may runamn witlun the normal range throughout the
disease It 15 raredy above 10000 per cu mm  unless compheations
are present Leuhocytosis may be caused by three groups of compht
cations (1) hemorrhage from or perforation of the mtestine 12)
complications of the discise elewhicre it the body sucht as presmonia
phlebitis cholecystitis and (3) unrelated infections such as furuncles
and abscesses

The diferential count shows a dummution in the number of neu
tropluls and a refative merease w the lymphoeytes particularly dunng
the second and thurd wechs The proportion of monocy tes 13 frequently
ncreased 1n some wnstances up to 1o per cent Oue feature that may
be of diagnostic unportance 1s the complete or almost complete ab-
sence of eosinophils

By the tume the disease 15 a fon weeks old 10 anemia has also ap-
peared Stuart’* found that at its lowest pont at the end of the third
weeh the red blood cell count averaged 3 200 000 per cu mm  After
thus 1t started to nse nd reaclhied normal levels dunng the sixth week

CovpLicaTIONS

Intestinal Hemorrhage Hemorrhage 1s the most frequent of the
serious comphications of typhoid fever It was observed in 7 per cent
of 1200 cases Hemorrhages are the result of the erosion of one or more
hlood vessels m wlcerated areas Small clots frequently seen 1 the
stools of many typhod pauems are not wnportant and are not usually
spoken of as ind, Small b hages which may
occur during the earlier weeks of the disease are rarely serious

From the ¢nd of the second week on however the patient may at
any tupe lose blood from the bowel 1 an amount varying from a few
cubie centimeters to a hter or more The hemotrhage usually Comw
on suddenly The onset may be J or may be p
by a mild or Ay a severe abd ] panr Depending upon




262 DISEASES CAUSED BY BACILLI

the previous state of the patient and the amount of blood lost the
effect on the victim vanes from no observable change to a severe state
of shock with subnermal temperature a cold shin covered with sweat
lowered blood pressure and a fast feeble pulse The first graph m
Figure 38 illustrates a case in which hemorrhage was accompamed by
a transient fall i the temperature The stool contmmng the blood
18 usually hquid and reddish m color Sometunes 1t contains both
fluid and clotted blood Occasionally only dark clots are present Hemor
rhages may occur repeatedly at varyulg intervals through the course
of the discase and even well nto the ptﬁxod of convalescence No deft
mte predisposing causes have been espiblished and except for nsist
ence upon quict for the patient andiupon lus following the proper
dietary rcgimen 1o preventnye measdics are known

Intestinal Perforation As stated before the Eberthellae early gan
a bridgehead 1 the lymphatic tissue of the ntestinal wall and remain
there throughout the disease The patches of lymph tissue become
hyperemic and swollen They then become necrotic and part of or all
the tissue in the patch sloughs away to Jeave an ulcer From that tune
until the ulcer heals there 1s constant danger that it will perforate
and sllow the mtestinal contents to enter the abdominal cavity This
1s the most dreaded complication of typhoid fever It occurred i 26
per cent of 1500 patients Amon,, thirty eight patients ten were af
fected during the second weeh twehve during the thurd weeh seven
durmg the fourth five during the fifth one duning the sixth two during
the seventh and one during the eighth week

The symptoms of perforation are abdominal pain nausea and vomit
g increasing toxscity sweating and signs of arculatory collapse The
onset 15 most often sudden with sharp 1ntense abdomunal pamn In
delirious or stuporous patients the presence of the pamn may be suspected
if they become extremely restless The pan charactenstically returns
1 paroxysms which come at intervals and as a rule do not last long
Although the site vanes 1t 1s usually n the lower abdomen Some
tumes the pam 1s referred from the diaphragm along the phremc nerve
to the neck or it may be referred to the gemtaha Along with the
pamn there 1s almost 1nvanably a pronounced degree of tenderness on
palpation Tlus may be hzed over the abd or locahzed 1n
one spot Rugidity and muscle spasm are also present although often
they can be detected only during the time when the pamns are present

The course of the temperature pulse and respiration after perfora
tion 18 vanable The temperature may rise fall or be elevated for a
short time only to drop later The pulse and respiratory rates are
usually increased Nausea omuting and liccup occastonally occur
If the perforation is not diagnosed and the patient 18 not operated
encral pentomtis will supervene Tins 1s charactenzed by a
on pallor cyanosis cold sweating shin and

upon §
pinched anxious express
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arapid feeble pulse Yomting 1s often priseat and ocestonally hiceup
The abdomen becomies mercwingly more distended  and  peristaltic
sounds dinmush ind cease altogether

The most noport it Inburatory ¢y mmnation 1s the Jeuhouyte count
cre the careful cluneian should reap the bendit of the blood counts
which wae done repeatedly dunn, the uneventful and monotonous
days or weehs which preceded These form 1 base ne winch (nables
lam to judge the sigmficnee of any shight mst When a parforation
1 su pecled hourly laukocyte counts should be done In most cases
there 15 1 staady nise begmmn, mmedintcdy or within a fuw hours
after the perforition occurs Occwionally there 1s 1 mse followed by
afall or cven 1 deaded drop in the count from the onset  roentgeno-
gram of the bdomen mves unequivocal proof of 2 perforation af it
shows the prescnee of free ur buncath the diphragm

Other complications which may simulate paforition are (1) Ap
pendicatis rupture of 1 suppur iting lymph node or petitomtis from other
causes such 1§ direct extonsion from an wleer without perforation
Thar differentiation 13 not important e Al these conditions call
for immedinte operation (2) Abdomunal pamn from distention or con
stipation Tis pun s not so scvere as the typical pun of perforation
and when obstrved for 1 pertod of tune 1s not accompanied by the
other features of purforition (3) Intestmal hemorrhage Thus s only
rarely accompamed by nmdity and muscle <pism  Furthamore 1t
cases a drop in blood pressure ind hanoglobwn (§) Phlebitis of the
thac vein This may confuse the climcian until 4 careful vvamnation
18 douc (:x) Acute cholecystitis (sce pa,, "61)

1 and Throm! 15 Venous
was dmgnwd mn 27 per cent of 1500 patients As would be expected
n persons who are confinud to bed for so long a tine and who often
he for hours 1n a stupor patients with typhoid feser e lthely to de elop
simple thrombosis (phlebothrombosis) 1n thie vems ¢specially i those
of the lower uatremities Pam in the affected leg may draw attention
to tlus condition or tenderness may be discovered on routne examn
nation Pulmonary embolism or edema of the affected hmb sometimes
oceurs Fever vppears late 1f at all

A smaller percentage of typlioid patunts develop actual thrombo-
phlebitis often with a chill at the onstt followed by fever swellng
and puin 1n the affected extrumly and by lenderness along the course
of the affccted vun These patients usually exlubit leukocytosis with
a relative increase m the neutrophils

Preumonia occurred 1 15 per cent of 1500 patients It would un
doubtedly be detected more often than this if chest rocntgenograms
were taken routinely This complication may be caused by pneumococet
or 1t may be a mined 1nfection caused by the bactenia ordinanly present
m the bronchi Occasionally 1t 13 due to the typhod baclus rtself
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If the etiologic agent 15 a pnedmococcus the chnical picture 18 sumlar
to that of any pneumococcic pneumoma often with chills at the onset
pleural pamn rusty or blood tinged sputum high fever and lenko-
cytosis The prognosis 1s worse than when either disease occurs alone
A mned imfection 15 hikely to occur 1n a patient who 15 greatly debih
tated as a result of typhoid fever Accordingly its outcome depends
largely upon the general condition of the patient Pneumonia due to
Eberthella {yphosa 1tself represents a serious infection

Cholecystitis During the bacterapuc stage the Eberthellae lodge m
the gallbladder Here they may produce no inflammation at all or
they may cause cholecystiis of any severity with or without the
formation of calcull Cholecystitis was observed 1 135 per cent of
1500 patients The charactenstic features of the attack are paw 2
the region of the gallbladder nausea vounting and fever occasionally
accompanted by a chll Tenderness and muscle spasm can be ehicited
1 the nght upper | of the abd, Jaundice 1s
present leukocytosis often The attach usually subsides after seseral
days although 1t may go on to perforation

Instead of causing an attack dunng the course of the typhod fever
the nfection more commonly remmns dormant and later produces
chrome cholecystitis and cholehithiasis

Other Complications Less frequently there occur abscesses n the
skin subcutaneous tissues and bones osteomyelitis abscesses and
gangrene of the lungs pleurnsy empyema pentomtis hemorrhage
from or perforation of the stomach hepatiis pyeliis nephribis
artertal thrombosis neuntis and memngitis Most of these are seen
less frequently now than in the past cluefly because of the newer
Lnowledge of nutntion and better nursing care

RELAPSE AND RECURRENCE

Relapse s frequent 1n typheid fever In about 10 per cent of patients,
after the temperature has reached and remained within approximately
normal hmmts for a pertod varying from one day to six weeks there s
a second rise m the temperature although no comphcations or asso-
ciated diseases can be found to explan 1t (See the third temperature
chart mn Figure 38) When this dary fever 1s pamed by
one or more of the features of typhoid fever the episede 15 termed a
relapse When there are no signs and symptoms except malase and
headache accompanying the fever the episode 1s cailed a recrudescence
The difference 1s probably only quantitative however In ather case
there 15 undoubtedly a shift n the balance between the resistance of
the patient and the ability of the orgamsm to ivade and multiply
Dunng the perod of normal temperature the host has obtamned the
d When fever recurs the orgamsms have reguned some
ommance If the degree 1s small there may be elevation

upper hand
degree of d
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of fever for a few days to two or three wechs iccompand only by
malaise and headaches 11 other words a recrudescence I the domi
nance of bactena over the host 1s more pronounced othier features of
the discase will be present such as rose spots enlargement of the
spleen bacturena and an elevation of the agglutiun titer In rare
instances there may be two or more ruapses Although occastonal
relapses may be quite severe some of them cnding fatally  the prognosis
n most cases 18 much better than for an mutial attack \ condition
in which the temperature s falling but has not yet reached normal
and suddenly nsts agam and 13 accompimed by increased signs and
symptoms of the disease 1 called an mtercurrent relapse These re-
Inpses tend to be more prolonged more severe and more often fatal
than the ordinary relapses

Recurrence \lthough persons who have recovered from typhod
fever usually retain a considerable degree of immututy for years and
perhaps for Ife ther defense 1s not impregnable and may be over
whelmed by large numbers of virulent orgamsms Such cases are rare
but they undoubtedly occur In other paticnls an apparent recurrence
of typhoid fever can be explaned by the fact that ather the first or
the sccond attach was due to paratyphoid bacillt (see chapter on Sal
moneila Infections)

Diacosis

There 1s no single chmcal feature wluch 1s invanably present and
no laboratory test whlich 13 always positne m typhod fever Con
sequently the ability to diagnose tius disease calls for shill m marshall
ing the pertinent facts and astuteness n judging thewr relative 1
portance Whenever a patient has fever without defimte locahzing
signs o explun ils ongin typhoid must be considered If drowsiness
and apathy relative bradycardia  gastromtestmal symptoms (which
may be pam constipation or diarthea aud need not be pronounced)
are present the physicran may be lughly suspicious of typhod Rose
spots or an enlarged spleen offer exccllent corroborative evidence and
a hustory of recent residence 1 an area of endemic typhoid makes the
diagnosis still more certain

The laboratory 1s often nceded to make the diagnosis and should
always be called upon to confirm 1t If the patient 1s seen dunng the
first two or three weehs of the disease the blood culture 1s likely to be
positive When repeated blood cultures are tahen the chances of ob-
taimng the orgamsm are nearly 100 per cent Cultures of the stools
will be almost as helpful dunng this stage Agglutination tests for
both O and H agglutimuns should be made for comparison against
later tests done at weekly or ten day wtervals V1 agglutination tests
are not run as a routme by most lah and therr
1 diagnoss 1s doubtful Later stool and urine cultures and agglutiins




266 DISLASES CAUSED BY BACILLL

give the most aid but 1t 13 always good policy to obtamn a blood culture
also even when the prhient 1s first seen late n the disease

Differentral Diagnosts Other diseascs characterized by continued
or wregular fever wath few or no localizing symptoms and signs are
acute mmliary tuberculosis bactenal endocarditis malana and brucel
losis The first of these may show all the charactenstics of typhod
fever except the rash Ielpful differentinl points are a lustory of pre-
vious tuberculosis or of contict with a patient suffering from tlus
disease alertness md a fecling of well being wmstead of the usual apathy
of typhoid fever the appearance of mihary tubercles in the chorod
and the charactenstic appearance of the roenigenogram of the lungs
It must be remembered however that often these last do not appear
until six or exght weeks after the onset of the disese so that one normal
rocntgenogram should not be taken as final

In most cases of bacterial endocarditis the fuver 15 somuwhat lower
than m typhoid and almost always 1 heart murmur appears or a
change takes place 1n a preeasting murmur Petechiae subcutaneous
nodules and hemsturia are likely to occur Blood cultures will show a
streptococcus 4 hldph)lOCDL‘CUS of a pnLumocoLcus in the majonty
of cases while the stools will not of coursc contan typhaid baalk

Although an mtermuttent fever is the rule in malama high arregular
and even continuous fevers are sometunes seen Leukopema and en
largement of the spleen are present as mn typhoid Repeated chills are
frequent 1 malaria rare m typhoid Assiduous searching of the blood
films for the malanal parasites will sooncr or later ¢stablish the true
diagnosis Mcanwhile blood and stool cultures should be taken to
make sure that the patient does not have typhoid

Bruccllosis or undulant fever 1s sumlar to typhord m that the
bacteria gain access through the intestinal tract and produce a bac
tererma and a long standmg mfection Clincally the picture 1s oftes
exactly bike that of typhoid The blood cultures agglutination tests or
shin tests or a combination of these should be positive s undulant
fever

Influenza often presents diagnostic difliculties especially 1f 1t 1s
severe It s frequently found 1n other members of the family or 10
other contacts and 15 usually accomp d by some symp of upper
respiratory disease Its diagnoss depends upon the exclusion of other
diseases as the cause of the fever since there 1s no laboratory test
routine use for the diagnosis of influenza

Weil s disease may be difficult to differentiate before the jaundice
appears Severe muscular aching conjunctival injection and leuhocy
tosis pomt to Wail s disease and the Leplospira iwlerohemorrhagiae can
be recovered from the blood and unine by 1noculation mto guinea pigs
and mice Later agglutimns develop ajanst the Leplospira

Typhus fever1s easily confused with typhoid before the rsh appears
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Iren aftar the vonthem as present st may supulate typhad The
onsct of yphus fuver 1s wwanlly wmore abropt the rash duvdlops carber
and achcves ity Ml Bloom wathn two or three drys after s wmtid
appe trance It 13 most compnonly distributed w2 unform manner
over the trunh snd Litor oser the aatremitses. The kahooy e count 18
almost alnays elevated Fal confirmtion of the dignoss rests upon
the appermee of 1 pluhimms o, st protus of, sy and of comple-
munt fintng wtibodies agan t the Hickelfsive ¢ s, the disese

Typhod funar may be confused with cortu ather diseases o symp-
toms refirable Yo puliculw systans e promamnt For smstanc
brosichntis and poogmon s wnosg the pulmonwy disces dysentery
wute appesdicitis wd twborudous pentomtis among 1he abdomusal
and w0 CIe sunL s among e diseases of the central nervous
systum Other disewes wineh otcwonilly cause difficulty ace the
secotidiry stie of syphibs the ceyptoqcni form of tulwamn tncks
nots pyelis esteomychitis encephalitis sedap g fover  menio-
cocccintn wid othir bacteremin Hodghie s disewe and fymphosar
coma Most ¢1es of paratyphod feser o be differentiated from
typhod onby by cultures and apglutintion tests (see Salmonells In
fections)

Procaosts

Typhod ferer cruses death i wbout 10 (o 1o per eent of sts victuns
The Fatahity rite 5s lugher than ths m claldren under tvo years of
age and m dults over tharty yews I os espeanlly hugh m the aged
Wheat certam fatures wve presunt the prognosis 1 considerably worse
Scvere tovemst s thic most frequent of these especially when accom
panted by dehinum or comn Perforation s the most serious complication
Patients do not "lways recover from 1t when an operation s performed
and probably never without operstion Hemorshnge though most
frequenthy encountered s not often £

The question of the ¢ isc Frtality rue ux ptsets who have previously
buen vacomated 1 n important ony since the number of persons
who recanve the vacane s mereasing gif e, tume  Although % nughan®®
reported a death rate of 12 § per cent among soldices who contracted
typhod fever i Lurope dunng World War I ond who had pre-
vioush recetved one ar more courses of vaccine this relatnvely Ingh
rite may be explanable by the prosence of fatsgue and of other discases
espeenilly dysentery Furifiermore he meluded 1 Ins senes only those
patients from whom the orgamsm could be cultared thus tending to
elunsnate mlder cases with a Jess serions proguosss Malbun® observed
# ease fatabty rate dunng an epdennc of 4 per cent among previously
vaceinated patients as campared with 10 per cent amang nomy acemated
wdividusls Callender® slso reported an epsdenme slich resulted 1
the death of 7 per cent of the vacemated persons affected as compared
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with 13 per cent of the non: d persons The prepond of
evidence therefore favors the viewpomt that vaccination completely
prevents most ndividuals from developing typhoid fever and saves
the lives of many of the others even though they become 1ll with it

PrevEnTION

The most mmportant factor n the prophylaxis of typhod fever 1
the interruption of the transit of bactenia from the feces of patients
or carners mto the mouths of susceptible persons This imvolves the
ssolation of the typhord patient and the disinfection of lus excreta
(see p 21) the proper disposal of sewage the punfication of water
supplies and the prevention of food handhng by carrers

VYacemation The second factor in prophylaxis 1s the admmstration
of typhoid vaccine to all persons likely to be exposed to patients with
the disease or to partake of contamunated food or dnink These mclude
doctors nurses and other attendants of typhoid patients soldiers
dwellers i rural areas summer campers and travellers to countnes
where the samtary precautions are unsatisfactory or questionable

Exhaustive studies by Siler’” demonstrated that the typhoud bacilh
used for vaccrnation should be virulent stramns Furthermore while a
full course of three injections 1s the best method for the imtial vacel
natton a satisfactory procedure for revacanation was found to be
one mjection of 05 cc suk ly or 01 cc it ly
Longfellow® confirmed the value of single doses for revaccmation and
stated that 1t should be carried out every one or two years

Vacaines which are commercially available at the present tune
usually contan 1 each cubic centimeter one billon Eberthella {yphosa
orgamsms and one half billion cach of Salmonella paratypht A and B
orgamsms For an untial vaccination three subcutaneous injections
of 05 land 1cc respectively should be given at seven day intervals
Satisfactory immumzation 13 obtained 1f the ntervals are shghtly
longer than seven days but they should not be shorter A person
Likely to be exposed to infection agam should be revaccinated every
year 8 For this purpose a single mtracutancous mjection of 01 cc 18
preferable although a subcutancous wjection of 05 cc may be em
ployed nstead

After the subcutaneous njections particularly the full dose of 1
cc mld or moderately severe local reactions frequently occur General
reactions such as malaise generahzed aclung and low grade fever
appear m a small percentage of subjects

The seventy of reactions to subcutancously admimstered typhod
vacane tends to mcrease with the number of tunes the mdnadual 18
revaccinated ® For thus reason the intracutaneous method 13 superior
t simce 1t prod few reactions of any lkind and

for
rarely causes a sexcre reaction
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TREATMLNT

Typhod fuver rumuns onu of the fuw bactenat diseases for which
no spearfic therapeutic agant 1s avalable ot the present tme Scrums
whether obtamned from comalescent patients from smmumzed human
dovors or from ammals unmunized with typhod bacdls have never
been proved to be of any value The sulfonwmides although they are
active agmnst the Lberthellae i vitro arc uscless i the treatment of
the discase

Streptomsein AL present (he ufectineness of streptomycn s being
cvaluated * 3 The dose used has vaned {gm per day tramuscularly
w divaded descs having been most commonly employed In some
wstances streptomycm was given orally in addition Up to the present
tme we ag well as others have seen no evidency that tlus antiiotic
uther shortens the course or modifies the comphications of the disease
Nore paticnts will ke to be treated before 3t can b determmed
whetfir 1t fowers the case fatality tate Qur present opimon 18 that
streptomyemn 10 1t 18 10 have any effect at il must be given early
the discase wnd even then ats value 1s doubtful

Pemeathn Suice the typhord baallus s relatinedy resistant
pereithn no hope was entertamned that thus antibhotic would be uscful
m typhod fever until Biyger! found that combinations of 10 mg of
sulfathiazole and 2 umis or morc of pemaflin per cubie centimeter
would wiutnt the growth of typhod baaith 1o vitro Although promsing
results have been reported® an six cases wn which this combination
w8 phen more patients must be studied befure convinang proof
of 119 value can be obtaned

Bacteniaphage For many ycars buclenophage has buen used by
occasional mycstigators without any convinang evidence bomg ob-
tained that tlus agent will shorten or othurwise modify the course of
typhoid fover Recently hanouf® reported good results following the
mlravenous admutustration of type-speafic bacteriophage m fifty six
patients The fatality rate for the series was 5 per cent Further study
of more cases 1s needed before tius method of therapy can be properly
cvaluated Our prineipal vecourse then 18 to symptomatic and sup-
porlive treatment

Genera) Care A\bwolute res) should be isured by hiepin,, the patient
i bed 10 comfortable and quiet & A nurse of &
substitute should be 1n constant attendance 1 order to conserve the
patient s sirength Sedatives and hypnolics should be gmven when
necessary 1o mnsure proper rest

The patient should recene daly baths and the shan of the back
shauld be rubbed several times a day and dusted with talourm 1 order
o prevent pressure sores The teeth should be cleaned and a mouth
wash used after each meal If the patient 13 unable to do ths the
Leeth and mouth should be cleansed by the nurse Lsolation precautions
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mvolve proper disposal of all specimens of feces urine and vomitus
and treatment of the linen and clothing The patient s dishes should
be boiled mmediately after removal from the sich room (see p 24)

o3ET This 15 one of the most important factors m the management
of the typhoid fever patient There 1s 2 considerable amount of tissue
destruction during the disease which can be prevented if enough carbo-
hydrates are grven to spare the proteins Lach day s diet should contam
protem 1n the amount of 1 gm per kg of body weight The remander
should be made up mostly of carbohydrates with a small proportion
of fat to a total of 60 to 80 calones per hilogram of body weight The
diet consists of hiquids or solds of low rougha,e content It is mwade
up principally of the foods shown m Table 11

Every attempt should be made to see that the patient takes the
full amount of the diet or more 1f he desires unless 1t produces un

TABLL 41
Foops Recowmenpep v Tyeuom FEvER

To Be Added tf Polienls
Basie Diet Condiion Allous
Proteins Fegs mulk cottage | Scraped beef gelatn
cheese
Fats Butter cream Ice cream
Carbohydrates Potatoes  crackers | Cooked cereals (such as Cream
oast boled mce | of Wheat hommny gnts and
lactose stramned oatmeal) puréed »eze

tables frut yuces without skins
or seeds custards junhet tapi
oca yelhes

Lactose 15 used for sweetening instead of sucrose 1a order to frovide more calorits

toward symptoms such as distention or diarrhea In the latter event
the offending food should be remored {rom the diet or the quantity
lowered Usually the patient s appetite 1s poor m the first two or three
weehs of the disease so that he will take less than the optimal number
of calores each day Later Is appetite usually improves ind he may
eat more than the expected amount Olmstead® has devised a synthetic
et composed of mixtures of amino acids dextrose salts and ol emul
sified m gelatin This can be given through an w dwelling stomach
tube 1n two to four hour feedings At least 3000 cc of fluids should
be grven 1n each twenty four hour period

vitamins Even though a well planned diet will probably contain
sufficient vitamins 1t 1s best to gve supplemental vitarmns  to mahe
assurance doubly sure The following amounts should be sufficient
for each twenty four hour peniod Vitamin A 50 000 umts vitammn C
200 mg vitumm D 5000 umts thiamne chloride 10 mg
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Symptomatic Treatment When the tunporilure becomes espe
cally high a tgpd sponge bath will serve fo bang it down two or
three degrees which should be all that s desirable The intennve
tubbing of the patient w cold water which was popular m the past
15 no longer employed now that we realize that fover far from bewng
harmful per se 18 an unportant factor 1 resitance to bactenn

Distention m1y be due 10 overfieding m wlich cvent at can usually
be reliesed by dunmnshing the ¢ wbolivdrite mtake especially by
onutting lactose Occraionilly egps my cnuse it When distention 1s
present and the usunl methods of lieat and turpentne stupes 1o the
abdomun enenis and the msertion of 4 rectal tube are not sufficient
to rddieve 1t pitressin may be ginven m doses of 02 to 10 ¢ (7} to
La numims) I this measure 13 not suceessful 9o per cent oxygen should
be admimstered by whaliton

Constipation 1s cared for by a smill covma on alteniate days Mineral
ol by mouth may also be nceded in some ewes When dirrhea occurs
the diet shiould be mvestigated to ste whither 1t might be the cause
Roughage or fts in the diet may be preapitating factors If the diar
rhea caunot pw. stopped by a change 1t the dict 1t should be treated
with large doses of bismuth 1f these are unsuccessful opiates must
be used although they should be given only as a last resort since they
tend to produce distention

The patient with delinum should be watched carefully and re-
stramts applied shen neeessary Sometimes this symptom can be
controlled by a sponge bath to bnng the temperature down If necessary
bromides paraldehyde Larbiturates or opuates should be administered

Freatment of Contaets The physician should wstruct all persons
who come m contact with the typhod patient how to avoid mnfecting
themsclves In <pite of repeated warmngs howeves a faulv hugh per
cenlage of these persons develop the disease  Accordingly 1t 15 best
to unmumze houschold contacts as ~oon as the diagnosis 15 made
Doctors and nurses should of course always be vaceinated The neces-
sary procedures have been outhined on page -68 Ramsey™ found that
whereas about 7 per cunt of nommmunized (ontacts contracted typhod
only about one-fourth as many mmmumzed contacts developed the
discase

Treatment of Complications INTE.TINAL HEMORBEACE A few
clots of blood m the stool do not call for any special treatment except
careful observation of the patint in order to detect the first evidence
of a large hemorrhage should 1t occur \s soon as a sizeable hemorrhage
18 detected the patient should be put at rest All distractions should
be Lept out of the sich room and sedatives given when needed Since
Opiates tend to produce distention these should not be used unless
proper rest cannot be obtained with other drugs Feeding hy mouth
should be stopped and only enough water gnen orally to allay thurst
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Food and fluds should be given subcutancously or slowly by ven.
In our opimon there are no drugs which will have the shghtest effect
upon bleeding The patients blood type should be determined 1m
mediately but transfusions are best held 1n reserve until there 15 a
fall 1n the hemoglobin below 50 or 60 per cent and they should be
gven slowly It 1s best to let the bowels rest for three or four days
after a hemorrhage before food and enemas are given agan

INTESTINAL PLRFORATION Tlns requires immediate operation so that
the perforated area may be closed There 1s no question as to treat
ment The difficulty usually hies in the diagnosis A surgeon should
be called 1 consultation whenever there are suspicious symptoms of
perforation If un operation 1s decided upon 1t should be started and
completed as quickly as possible Lven under the most favorable e
curstances recovery does not always follow operation Stuart!® reported
that among eight patients who underwent surgical intervention only
three survived

PHLEBOTHROMBOSIS The affected extremuty should be clevated on
a pllow hept at rest and heat applied m the form of an electric pad
or hot water bottle Because of the possibility of an embolus to the
lungs 1t 1s best to Ligate the vem above the thrombus

PNEUMONIA If s 15 caused by the pneumococcus or 1s a muxed
mfection 1t may be treated with pemcithn or sulfonarudes as md:
cated m the section on pneumococcic pneumoma (see page 117) If
1t 1s due to the typhoid bacillus these agents will be of no value

caorceysTiTis This usually subsides with symptomatic treatment
but 1f perforation of the gallbladder seems 1immnent cholecystectomy
must be done A surgical consultant should be called when the first
evidences of this complication appear Since an operation 1s extremely
hazardous for a patient with typhoid 1t 15 fortunate that 1t 13 seldom
necessary

Treatment of the Carrer State About 3 per cent of typhod
patients contmue to have Eberthellae m their stools or unne for a year
or more after recovery from the disease Saplur'® found that among
110 chromec carmers sixty five were bie carriers forty three were
intestinal carmers (orgamsms being present in the stools but not 1
the bile) and two were unne carners Formerly the only treatment
for hile carmers was removal of the gallbladder Collert was successful
1n eradicating bacteria from sixteen of eighteen carmers on whom he
performed this operation Since 1t 1s difficult to persuade a person
who 18 fechng perfectly well to undergo this ordeal there has been
an intensive search for drogs which would nid the gallbladder of 1n
fection A fair degree of success has been achieved by the use of Letrak
,Ddophenolphthalun 1n doses of 4 gm (60 grans) three times a \\eﬁ'
until o total of forty doses are given. The sulfonamides ctpecl;s Yy
the poorly ahsorbable ones such as succinylsulfathrazole may also
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be successful n eradicating the carner state in some cases Much more
work remamns 10 be done before thewr value can be assessed This 1s
abo true of streplomyen admimstered orally

- o

ES

F 8 " E 3 e o

ES

&

3

References

Bigger J W Synerpic \(h(n of lcmcl].hn and Sulphatiiazole on Bactenium

‘Typbosum Lancet, { 81 1916

Brow G IU The Heart mTyphunl Fever Canad M A J °0 606 19.9

Callender G l\ and Luppold C 1 The Lifectincness of Typhoid Vaccine

Prepared by the U > Army JAMA 123 319 1913

Coller ¥ A and Forsbeck, F C The Surgical Treatment of Chrome Biliary
Tyt hoid Carners Ann Surg 105 (91 1937

Comnuitee on Chemotherapeutics and Other Agunts Natwnal Research Coun
@l Streptomycin in the Treatmnt of Infections. A Report of One Thousand
Cases. JANMA 132 3 1916

knouf L. G Werd W L. Rechle P \ DBower A\ G and Iamilton P
M Treatment of Typ}oud Fover wath Type Speafic Bacteniophage Pre-
hmnary Report 3.A M A 132 131 1916

Jang € C Tawr 8 8 Hsuck I C and Yang 8 Y Aedulloculture 1o
‘the Diagnosis of Typhoid and Paratyphod Fevers, An Analy is of Thurty
Raght Cases. Chunese M J 57 11 1940

Longfcliow D and Luppold G F Typhord Yacane Studies. Rexaccnation
and Duration of Imuunity Am J Pub lealth 50 1311 1910

Maltan B Typhoid Fever Occurnng in Immumzed Persons J A M A {15
33 1910

McCrae, Thomas 10 Quler Wm. \odern Mediane Its Theory and Practice.
hiladelphia Lea Bros & Co 1907 Vol I lages 105-.00

McSweeney C J  Sulfathiazole and Pemcilln 1n Typhord Fever Report of
Six Cases. Lancet 2 114 1916

Olmsted W 11 Harford C G and llampton S F  Use of a Synthetc Diet
for Food Allergy and Typhoid Arch Int. Med 73 311 1941

Porter W B and Bloom N The Heart in Typhod Fever A Claical Study
of Thurty Pauents Am leart J 10 =93 193»

Ramsey G 1I Typhoid Fever among Houahol 1 ConLacLs with Special Refer
ence to Vacanation Am J Hyg 2f 66

Remann H A Thes W F and Pne A I erepmmyun for Typhod

Pharmacolome Study JAMA 18 15 1915

Seplur W Buaer W 11 and Plotke FThe Typhoid Carner Problem Report
of a Study of One 1lundred and Ten Typhoid Carners at the Manteno
State Ho pital Manteno Il X AMA 118 964 1942

Siler J F srd others Immunization to Typhoid Fever Baltimore Johns

opkins Press 1941 (The resume of an excellent piece of research which
clanfies many problems relating to typboid vacanation )

Stuart B M and lullen R L Typhord Chauea) Anadysis of Three Hundred
and Sixty Cases Arch Int Med /8 6 9 1916 (A recent and thorough
study of a large number of cases )

Vaughaw V € Jr Typhod Fever i the American Expeditionary Forces
A Chinucal Study of 373 Cases JAMA 74 10 4 19.0



272 DISEASLS CAUSLD BY BACILLI

Food and flmds should be given subcutancously or slowly by vem
In our opimon there are no drugs which will have the slightest elfect
upon bleeding The patients blood type should be determmned m
mediately but transfusions are best held n reserve until there 1s a
fall sn the hemoglobin below 50 or 60 per cent and they should be
gwven slowly It 1s best to let the bowels rest for three or four days
after a hemorrhage before food and enemas are gnen agan

INTESTINAL PERFORATION Tlus requires immediate operation so that
the perforated area may be closed There 13 no question as to treat
ment The difficulty usually hes 1n the diagnosis A surgeon should
be called 1n consultation whenever there are suspicious symptoms of
perforation If an operation 1s decided upon 1t should be started and
completed as quickly as possible Lven under the most favorable cir
cumstances recovery docs not always follow operation Stuart'® reported
that among eight patients who underwent surgical mtervention only
three survived

PHLEBOTHROMBOSIS The aflected extremity should be elevated on
a pillow kept at rest and heat apphed 1n the form of an electric pad
or hot water bottle B of the possibiity of an embolus to the
lungs 1t 1s best to Dgate the vemn above the thrombus

PNEUMONIA If this 1s caused by the pneumococcus or 1s a mied
mfection 1t may be treated with pemeilin or sulfonamides as nd
cated 1n the section on pneumococcic pneumoma (sce page 117) If
1t 13 due to the typhoid baallus these agents will be of no value

cnorecysTitis This usually subsides with symptomatic treatment
but 1f perforation of the gallbladder seems imminent cholecystectomy
must be done A surgical consultant should be called when the first
evidences of this complication appear Since an operation 13 extremely
hazardous for a patient with typhoid 1t 1s fortunate that 1t 18 seldom
necessary

Treatment of the Carrter State  About 3 per cent of typhoid
patients continue to have Eberthellae 1 their stools or unne for a year
or more after recovery from the discase Saplur'® found that among
110 chromec carmers sixty five were bile carmers forty three were
ntestinal carriers (orgarusms bemng present 1n the stools but not iz
the bile) and two were unne carners Tormerly the only treatment
for bile carners was removal of the gallbladder Coller* was successful
n eradicating bactena from sixteen of eighteen carrers on whom he
performed this operation Smce 1t 13 difficult to persuade a person
who 1s feelng perfectly well to undergo this ordeal there has been
an ntensive search for drugs which would nid the gallbladder of 1
fection A fair degree of success has been achieved by the usc of tetra
\odophenolphthalemn doses of 1 gm (60 gramns) three times a week
until a total of forty doses are given The sulfonamides cspccl;llliy
the poorly absorbable ones such as sucanylsulfathiazole may also
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Salmonella typhomurmim was the commomst strun folloned by §
newporl and S cholereesns Salmonella paralypht 1 Causes oy more
mfechions thm ar wdioted from ths study The rowon so fun we
Tisted Bure 13 undoubtedly that the itter org unsms are usyally wdents
fied 1 the Dhboratonses s whach they sre ungurdly cuttured aud need
pot W osent on to 1 sahwendh) cunter for dentdiciion

In controst 1o the ungh dimieal pacture wiich roults from wfction
with §berthellue nundy typhod furer  the sahwondiy or, wisws
cause diffirent $yqus of wfctions They sre chswfind s (1) L astro-
ortents (2) satmonddhy foner wiinghs ety 2 typhowdsf type of
backeeamr sad (1) v oinous Joedized wfections To tus skt be
wided 3 fourth proup i wluch e Salmoneilee arc secomlasy 3oy wdies
i the preente of mfections Cused by unrelued bictena or dunng
the coune of othor sty The dimcal putuse of bacterimty and
fuver coused by & porahpht 1 B oor € fs o the pist bren called
puatyphoud fiaer Now that we raabize that the paritypliod org witsis
sipresent p small part of the brge gronp of Salmoneller ol of wlsch
produce the same chmed ptuse the tam pamtyphowd fuver should
be dsarded wm Covor of the more mdusine term salisondlly fover

3wl b neted from Table 12 that most strans produced gastro~
cnferihis more frequently than ey other chsest syadrome with the
viephon of 5 parafyphy 3 ond B and § choleruesniz winch more
often caused salmoneils festr Lach of the urganisms however wath
the exception of S parahphs 1 was i some wstanees responsble
for any onc of the three types of diseses

Salmonetla mfictions occur w all age groups \pprosumitely thiee
ffths occwr in adults and aboud enefifth cwb i children and wnfants

Savonensa Fevin

4hout one-sixth of all salimonddiy wfeetivns produce a sysidrowe
whuel varies wosevertty from a dugh continued fover sinufar to that
found w typhesd ferer wath considerable tonoty and 2 grave prog
nosts 1o a short Jow yrade foer of one or tno wedks duration ae
compamed by notfung more than suld maluse  Anorexia \omuting
and abdominal distention are present i mmost patints  \bhdominal
pasn and diarrhea are frequantly seen Other systems may be affccted
as follows resprratory system coryza cough and physicnl siges of
bronchiis mavous system headache nearly Mnays abo drowsiness
tonvulions and dedtnom muscelosheletd system general scling pam
i the back aod arthralye In gencral the sliness dilfers from typhosd
ferer by a more absupt onstt o shorter penod of tune before the fover
reaches the plateau stage and a more Abrupt lesmmation In salmonclia
fever the symptoms are genceally mulder and gastromtestinal symp
toms more common Rese <pots enfargement of the spleen refaties
bradycardia b ! and p are less frequent




14 Salmonella Infecuions

(Salmonella Fever, Salinonella Enterwis, Paratyphod
Fever)

Salmonells 13 a genus of gram negative bactema winch differs m
fermentation reactions from the other members of the colt acrogenes
group and shghtly from Eberithella lyphosa In addition to common
cultural characteristics the salmonella orgamsms have certan anti
geme relationships and are all pathogeruc for man or ammals They
are more 1mportant than the physician usually considers them since

TABLE 42
Salmonellae Witci FREQUENTLY CausE Huwan InvecTions o [HEIR CLivicar
NMANIFESTATIONS T
|
Deaths Principal Lltnical Fealuses
Noof |
Croup | Salmonells | Infec T Zocal
lions Per Castro~ | Bacler
N ‘""b") cent | enterddis | emia | A€
A Paratypln A 3 { o 0 13 B3 o
B Paratvph B 101 2 ke 31 63 7
Typhimurium 602 41 7 a8 22 32
Derby 39 2 > 28 10 1
C Choleratsius 127 30 21 29 63 3
Oramenburg 102 } 2 7 82 9 1
Montevideo “y 2 3 61 > 4
[ Newport 180 8 1 159 9 12
D Enteritidis 36 3 3 26 3 7
Panama b 2 | 3 2 013 6
k Anatum 2 1 2 6 3 3

Since the indinidual strams 10 Group F are «tldom encountered none of these are
included 1n the table
{ Data taken from the studies of 3000 cass reported bﬁ Selgmaan *¢
* The principal climcal feature most frequently caused by each strain 13 shown
1« nbold face type

they are responsible for a number of differeut hinds of mfections and
at the present ime cause many more illncsses than the typhord bacillus

Each stram 15 classified into one of the groups from A to ' according
to 1ts somatic antigens and as an wdividual strun according o 1ts
flagellar antigens The strains of Salmenellae of most unportance m
ns and the frequency with which they were encountered
3 at Iis Salmonella Center are shown wn Table 12

274
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dragnosss 1s ta cufture the ~afmonefls org wstms from the blvod stream
bont marrow  stools or unne Gn erses of salmonedla fiver) from the
stools (W Cises of ententss) and (n ptunts with loeslized mfections)
from tlie arca mvolved or from the blood stream

Iu neasdy every wstince the orpmism e w be dentilind us b fonging
to the salmonedla groep by sts cultur st charictenstics Identsficatson of
the speatfic type on the othur kind 18 not casy 1 the locat hiioratory
s ot equippred ta study the steun w ths way  the orgamsms should
e sent to onc of the salmoncll 1 centers such as those at the T anersity
of hentucky Lexinglon hemtueky and at the Beth Isracl Jospatal
New York Caty

The +gglutmation test ussng the pabient s serum ykds smlar
formation snd ymobes the same uncertantics as the agglutination
test 1n typhord feser Apglntamns as a rule are nol present unhil the
second of thard weeh of the discase and occrssonally not t all They
may wndicate a previous infection with salmonella orgamsms or they
may be due 1o mnfection with some other agent The fest 1a not always
postne when run agamst the orgamsm cwsing the disease  therefare
analytcal  gglstinlion tests should be sun aganst the O antigen
and sgasnst the two separate 1 anti g I the ctiologie ergamsm 13
unhaown the propus procedure 13 to run agglutinilion tests agamst
certain combinations of salmondlia wmuigens

The luhocytes behave 1 an imtoresting manner 1 the dillerent
salmondia wfections In salmondia fever pa 1 typhoud fever the
feuhocyte count 33 rarely above 10 000 per cu mm and 1 often bow
5060 In the Jocabzed infections luhocytoss 18 the rufe The wiate
blood ¢cl} count may go s hugh as 20 600 per cu mm or more as w
pyogenue infictions with other bactera o gustroententss the leuho~
ayte count usuadly falls betucen the two extrames observed ia the
cluucal 53 ndrames meationed above I cwes of mid gastroententa
there 1 no elevation of the Jeuhoryle count If the disease 1s more
pronounced  thire wall be & shight or occasionally a moderate Jeuko-
eytoss In the dffcreniial count the proporton of lymphocytes 1
relatively sncreascd especially 1n the salmonidla fuver cases

Diagnoma Sadmondla fever should b suspected i patints with
contuued or wregular fever especsally af the tumperature chimbs to
13 plateau stage faster than 13 usually the case m typhosd fover Any
of the symptoms or signy which are often cneountered in typhod
fever such as dmrrthea comstipation distention <ough and signs of
bronchutss rose spots or enlarged splees may be present, mn salmonelfa
fexer The only certan wethod of distngushing the disease from
typhord fever 18 by laborstory tests Culturmg the organsms from
ke blood bone marrow stoals or urme & more relsable than ohtasnng
a lugh 1 4ter agamst sab Ha antigens I cubtures fail
homerer a mumg titer of sahmonella aggletuuns plus the chascal many
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Complcations may accur as the result of localization of the baciena
m vanous parts of the body These are sumilar to the local infections
wlich tahe place without accompanying salmonella fever and will be
discussed under that heading

SALMONELLA GASTROENTERITIS

This 1s the climeal prcture produced by about 7 per cent of the
salmonella infections The meubation period varies from four to seventy
two hours after the contammated food 1s caten The onset 1s sudden
wath vomiting follovwed by diarrhea or with diarrhea alone The stools
may be merely hquefied feces or may contan blood and mucus Severely
1ll patients may have high fcver abdommal cramps tenesmus pros-
tration and general malaise Cramps n the leg muscles and muscular
twitchings are other symptoms of severe attachs Chilly sensations
are expensenced by most patients and actual chills are occasionally
present

Such violently 11l patients are not the rule however Most patients
have diarrhea temperature of 102 F or less and shght malase In
a few the only evidences of the salmonella wfection will he a few
loose stools without fever or other symptoms In muld cases the entire
illness will be over 1n less than twenty four hours even im the severest
cases 1t seldom lasts more than a weeh Lxcept i the milder cases
the patient feels weah and lstless for a day to a week after the active
stage of the disease has gone Chromc gastroenteritis with darrhea
and abdomunal discomfort caused by salmonella orgamsms has been
reported Complications sumlar to those seen m salmonella fever
occastonally occur but are much less common

Locar SALMONELLA INFrcTIONS

Salmonellae cause local infections m practically any part of the body Y
About one sixth of the salmonella mfections are of this type In the
abdominal cavity they may cause appendicttis cholecystitis or pert
tomtis Rubenstemn! has reported eighteen patients with salmonella
infections who were operated on because they showed the climcal
picture of appendicitis Only seven of them were found actually to
have appendicitis although all had typical symptoms The physician s
dilemma 1s made more sertous by the fact that an appendix acutely
nfected with Salmonellae will sometimes rupture In the respiratory
tract bronchitis 1 1 lobar pleural effu
sion or empyema may be observed Among these infections pneumonia
1s especrally frequent and 1s often found n association with local nfec
tions elsewhere m the body Osteomyeltis and pyarthrosis are Ifau'ly

Other local 1nf are purulent, gIus py 103

1 t focarditis and ab 1 vanous parts of the body

I;bnmmry Examinations The only sure method of making the
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Salmonella entonbs Bhewise sfust b troated sumptomibefly
bevere disthea should be cheched by 3 oo {1 drm) of pareorie or
86 ce (10 punms) of bncture of oprum or propotbotite dovs
clnfdren ytretts who are vonatm,, may B Wben oplum swppotores
or morplane by wgection Bauth walls wd Lwoln sy B uwd
sodder divrhie s and mocangumction with the opiates m the soverer
ones The ptiont should be tourid to tihe birgt quantitses of
flnd by mouth but of it 15 obvious that more Hud 1s buan, Jost than
s Bang Chert i natome waline solution sheuld e guven subeutaneousts
or mirmenously Dovtrose may be added 10 the Jattar of the patimt
has goue for some tune without food When the patent 13 able to wat
he shonld be grvan 1 bland huph cdone dict and withie tvo dans to
two wedhs afler oll Ui symploms have disapprusd many i phiced
on % full diet rgun

SULEON AMIDE TREATMENT Curtun straws of Salmunellae are wonm
e to the sulfonammdes although the mygonty we nol It s worth
whie tharefore to try sulfonumdes mosovorc ontentas wd s docdw
fectians with Sadmonedlae although they sy ool alwsys be bo ficest

Tn salmosella pucumona and moungts soildizine or suifnere
szne should be gven systee dly m {ull dosts

sTREPTOMA CIN TAEATHENT Combnned omb wad intrimuscadsr therapy
with stoptomyens hus pparently succoodud s (nsdie stin, satinose iy
nterstis Doses of 100 m,, per hsfoorin of body wo bt por day ma be
gnen orally to wlints wnd 1gm 2 doy to dults For mtramuscutar wd
munstration 1 to 3 gm may be tied Strcplowsem should abo be tend
1t eases of snemnpis i doses of 2 10 6 1w i anoses by and
21050 m, mirathecaily daly

TREATIENT OF LOCAL INEECTIONs Local wfections should be troated
surgically whesever they are actesable wd oportion i3 mdicated

1OLATION pREcAUTONs Patients with salmonelly fever or cutengs
should be nolated wnd thor ovrcia dsofected 23w typhoud feser
Pattents with Jocahzed sabnondia wfeetions should hhewwse be ise-
lated Typhad vaceine as it s available commercally contuns Saf
monellae paralvphs 1 and B s wddl 1s Elerthellae so that ot < be
used 10 protect Htlendants of patients 1 with these mfections

feferences
! Rubeostess, A D and Jofnwn B B Sadwos Ua Appesbats tm J M
Sc oMp oA st

“clgmann 1. Sepbra 1 anf Wawermunn M Sofwon Yz Infections 1 Wan
An Analy 58 of 1000 Cawes Bactent Jogueally Idests <k by the “ew York
Sahaotilla Center A a.J Uyg 38 .6 1913

3 Sdymann b Sephrn 1 and Wamerm on M Sahwonella I ofections o the
3] A Secon) Senea of 2000 Human Inf wtions Recond d by the “New
York Selman Ug Centes J tawun §ows 6% 19045

General irtecle
Borstom & The Stute of the Seimonclls Yrolkm J Ynnuw) 46 139 1943
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festations of salmonella fever constitute fairly rchable criteria Any
diarrhea of a few hours to 1 few days duration accompamed by
varying degrees of fever and constitutional symptoms may ndicate a
salmonella ententis The diagnosis must be made by finding the organ
1sms 1n the stools although a presumptive diagnosis may be made
n an epidemic by finding them 1n food eaten by all the vicums There
18 nothing distinctive about the local mfections caused by the organ
1sms The laboratory must again be rehed upon to make the diagnosis

DIFFERENTIAL DIACNOSIS For salmonella fever the differential diag
nosis 18 the same as that for typhoid fever From typhod fever atsell
there can be 110 certam differentiation vathout the ard of the laboratory
although salmonclla fever tends to be shorter and milder and to have
fewer senous complications than typhoid fever

Salmonella entenitis wsually has a fongee mcubation period than
staphylococere wmtoaication On the other hand all the charactenstics
of the salmonclla infections are present 1n slugella dysentery and the
differentiation here must be made entircly on laboratory grounds For
a further differential diagnosis for diarrheas see Shigella Infections
Table 43 page 286

Prognosis Salmonella fever 18 more beni,n than typhoid fever as
would be expected from 1ts short course and Jower mmadence of serious
complications The case fatality rate 1s about 1 1o 5 per cent Patients
with salmonella gastroenteritis almost v wiably tecover Infants or
aged patients may succumb 1if their nfiction 1s serious

The prognosis mn the local infcctions depends upon the organ or area
mvolved and 1ts accessibility to surgical treatment and upon the age
and general condition of the patient The fitality rate 1s defimtely
Iigher for local infections n general than it s for salmonella fever
or gastroenteritis

Prevention  Salmouella mfections ire prevented by the same
measures employed aganst eberthella infections Samitary precautions
are even harder to carry out m salmonclla nfeetions however since
ammals carry many of the strains and human carriers are more numer
ous and harder to detect

Vaceinalion can be unployed agamst Salmonella parafypht A and B
orgamsms suce these are contauned n the standard typhotd para
typhoid vaccines which are commercially available The procedure
consists 1 three subcutancous injections of 05 10 and 10 cc re-
spectively seven or more days part Details of vaccomation and re
yaccination are given on page 268

Treatment The trextment of salmonclla fever and its complications
1s the same as for typhoid fever The sulfonamides and pemcillin do
¢ have any demonstrable effect upon wther disease The value of

o onable (See the chapter on Typhod Fever for

streptomyain 18 cquesti
more details )
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deep o8 the muscui s Pesforation ocewrs rardy  Shigella drsenlertae
secretes uxotoxing which are absorbed into the body and are re ponsible
for the extrane seventy of Ws form of the disuse but o far 08 con
be determined  the othr Shugellee produce onfy an cadotoun

S1pTOMS AND Sicny

‘The weubation period while b may extend ever 8 neeh or more
s usually shoet from onc to four dys I s acersonad patsont. the
diness may begm as cardy s twahve hotirs fter the ingestion of the
coptamumited food or drak The symploms max be dassifiud s focal
frelated to the intestmes) and puneral 1he ¢ wrhiest symplom 1s most
often abdormnyl pun followed 1 @ short tune by duerha Some
patnts on the other hud apinunce generdd symptoms fiest

Local symploms swe diwshn » abdomsnal pan syomiln,  tenesmus
md reetal burnmg In 37 pur cent of our punnts with b oner and
Senne infectiuns there were theee stouls < day or less w13 per cent
there were four to nmetan stools witlan a twenty four fsour perod
while 20 pur eont of the patients had over ety stools a day The
stooly 1t first retam thesr feeal choricter but the omount of suucus
and blood grodu-fly ncreasea untif m the sevirer cases the patient
18 passtig only watery mwtus pus and blood Among our prunts 8
per oent passed what appetred to be pure blood al some Lme duning
the discase and an addstionat 22 per cent had stools wiieh were streahed
with blood

The charactenistie abdownnal pam 1 gnping w mture and i rebered
by defecation Tt 13 most often m the region of the walnlicus but may
imvahie aay part of the abdomen Serventy six per cent of our patients
wla were aver two years of age compluned of 1t Some digree of tenes-
wus 19 prescot m all hut the mider cases Rectol burtang and soruness
1 o chatactenstic complunt Vorsstng moy be icessant or rav be
funated o the onsed

General symploms are fever oiulls or clully scusations nalmse
generdd acting and comulsions kever 1s an extrumely vanable symp-
tom Ten per cent of cur patients bad none 2t all at least ot after
they arryved m the bospstal In 59 per cent the tempurature wos ele
vated one 1o three dogrecs while 33 per cent of the patients had tem
peratures which niochiod 103° 10 106 1 lrank elnlls were present
18 per cent and chilly sennatious sn Y7 per cent of the patients over
%o years of sge Because many of our patients were chldeen our
data regardmg cludly sensations malatse and generat aclung are 1
adeguate These ave common camplunts n adults ™ wos
present an § per ceus of patients and comvalsions m 9 per cent These
compheations are atmost always confined to chuldren

Examination of the abdomen usually revsals generalized tenderness
and at times ngdity Sometimes a spastic colon ot tesmngl dleam




15 Shigella Infections (Bacillary Dysentery)

The Shigellae are gram negative bacilli which are differentiated as
a group because they have certamn distinct cultural charactenstics and
because the majonty of them produce diarrhea in humans The disease
they cause 13 an acute or chrome inflammation of the colon and some-
times also of the distal leum and 1s commonly called bacillary dysen
tery Shigellae compnse four mamn groups Shigella dysenterize (the
Shiga bacillus) Shigella ambigua (the Schimtz bacillus) Shigella para
dysenferize (including mostly the various types of the Flexner bacillus
and several additional strains designated as Boyd types) and Shigella
sonner (the Sonne Duval bacillus) Shigella paradysenieriae and Shigella
sonner are the types most frequently encountered mm patients and
carniers . the United States and n temperate climates n general
In tropical countries any of these four types of Shigellae may be found

Bacllary dysentery is spread when the orgamsms are transmitted
from human feces to the mouths of other individuals Whatever shortens
that pathway or facilitates tr along 1t the wna
dence of the disease The disease will spread for mstance when the
usual ngid samitary precautions of civihized society are relaxed whether
owing to crowding as i schools barracks and prisons to lack of
mtelligence as in nstitutions for the mmsane to poverty to war or
to a deswre to  get back to nature  as i summer camps The frequency
of the disease 13 not decreasin,, along with the lussening of the medence
of typhoid fever This may well be due to the prevalence of unrecog
mzed carriers i the general population Watt ¢ for instance 1n a recent
study conducted i Puerto Rico New Mexico Georgia and New York
Caty found an average of 9 1 carriers for each current case of dysentery
Epidemics have been traced to contaminated water ice mulh and
vanous foods Flies frequently carry the and perhaps ants
also

As might be implied from the way 1t 1s spread bacillary dysentery
13 more often encountered dunng the warmer months of the year and
m warmer chmatcs While 1t occurs most commonly 1 cluldren from
one to ten years of age 1t affects persons of all ages

When shigella organisms are mgested they may be killed 1 the
stomach 1f the acidity 18 lugh If they survive to nfect the intestine
they cause inflammation of the mucosa of the colon and sometunes
of the termunal portion of the ileum with diffuse hyperemia at first
Thas 15 followed by the formation of a diphthenitic membrane and
ulceration which may molve only the mucosa or may extend as

280
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centrge of patits with postne cultures wos much ighor wheon the
fullowsng procedure 13 amployed The wopped portioss of 2 cotton
apphe tor 1 phiced wy o ginss tulk the ond of whach §is previowsty
been rounded off by hotin, s flame Hhe wplieator «wd the ghos
tube we stemhzed and when they we o be usad the Jiss tube 19
lubricated (wathout cov g the open and) and inserted o the rertum
The applictor 13 thean pushed forv ird wnd swept around the retd
mucosa with 1 arcabir moton pulled byck wto the tube aod the
tule withdrawn The wpphicitor i strcshed dinethy wross o Wugells
Sddmondty 1w plate s s 2 modific iion of the procedur used by
Hirdy ¢ who anploys 1 subber wmstewd of a ey tulx

When ot s pioalde 10 do o cultures should be tikan throuh the
sigmordoscope Eobsent hus duvised o Jong «sptl sy tube equipped with
2 rublir bulb for sspirtmg maternd from the wtohna! enpts The
contents of the tube may be sprayed mmmediateh upon the surfye
of the phite contuumg the duflrentiad mediun

tgglutmation lests Tor dysentery baedli Ive nover whived the
poplanty of apglubinibion tosts for typhand and salomeedhy mfiions
and deservedly so For one thing bacdlary dysentery s wsualhy
short Bned disease The dinsnosie 1 certans 1 most patients  uxd by
the seventh to the tenth dy when g Jutins ippor they are wddl
on the wyy to ruovery This test s thardore more  duable w the
dragness of the throme form of baediiry dysestery  Anather draw
bach to the test 48 that mwmy pursons withowt dyscatesy exhdat 1
ssgmficantly bigh titer of sgglubiruns In prte of thise hamatolsons th
fest may supply nscful mformtion on 1 ocsonal patient with a
protracted bout of dysentery for which the ¢ suse has not been deter
muned with certanty It should be repuated ot sstare s of thro to
fise days because 1 rse or fallan the titer nall oftin e siumbe it and
becanse the titer may be ehaated for only a fow days w ol

Bluod cultures <hould be. tiken although they arc of luss value thae
m nost nfictious discascs sinee the org wnsing are rarely found m the
blood Nonc of our patients had postne Bood caltures

CoutLicarions

Local compheations we mfrequent Peaforstion 13 rare much more
so than i typhosd for smstance Intussusceplion oecurs occasionilly
m children Profapse of the rectum s scen a hitle more often Appends
abs due to Slugella organisms 15 bhewise rare  Abscesses m nearby
structures such as the rectus wuscles and the wchorectal fossa hve
been reported Sterioms of the bowel as a result of the fonmation of
sear tissee dunng healing 18 an infrequent occurrinee

General Complications  Amon, the jeneral or systenne comph
tong arthntis 15 perhaps the most froquent 1 makes us appearance
during the second or thind weeh of the discase 1 most wstances nd
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can be felt The spleen was palpable in 15 per cent of our patients
while Snuth® detected the spleen in 8 per cont of eighty seven adults
with Shiga dysentery

Course When speafic treatment 1s not given the local and general
symp will subside Iy usually withm from three to ten
days mfrequenthh within a shortcr or longcr period of time

Chimical Types Shight ,uneril symptoms may be present along with
shght or with severe local symptoms and likewise severe general
symptoms m1v be combimed with loca symptoms of any seventy
On the oue extreme are the very mild cases where there s hittle or no
malaise and only a few (one o five) sum Liquid or hqud stools a day
for a day or two On the opposite extreme are the patients who have
chills vomiting and the rapid onsct of sevcre watery diarrhea followed
by prostration and collapse

LABORATORY ARD SPECIAL ExaMINATIONS

The leakocyie count was nbove 10 000 per cu mm m 28 per cent
of our patients the extremes bung 5000 to 15000 The polymorpho-
nuclears were over 75 per cent 1n 53 per cent of the patients and there
was a shift to the lft 1 35 per cent of the paticnts Of more sigmficance
1 the fact that at least one of these "bnormalitics w 1s prescnt i three
fourths of all the patients

Procloscopte examnation 13 helpful in dingtiosts According to Smuth *
m the early stage the disease 1s charactenzed by diffuse hyperemua
and edema of the mucosa which 1s dotted with hemorrhages and pin
pomt to pmhead size milary abscesses In the more acute cases there
may be diffuse superficial necrosis of the mucosa followed by the
formation of a pscudomembrane In the middle phase ranulations
are seen at the sites of previous necroses or abscesses Ulcers 00 to
1 mm 1 diameter may be present in the center of the granulations
A late ulcerative phase may occur fter acute dysentery in patients
who have not recerved sulfonumdes These uleurs have 1 dirty grayish
base with httle or no reaction around the cdges nd leawve superficral
scars when they heal

Vieroscopie examinalion of the sivols 1s of some diagnostic unportance
The stools are loaded with lcukocytes the majonty of winch are poly
morphonuclears After the first day or two numdrous red blood cells
are also present

Culture of Feces If stools are to be relicd upon for identification of
the etiologic agent they should be sent to the laboratory promptly A
portion 1s then plated upon Shigdlly Salmoncdla agar Lado agar or
one of the other media which will diffcrentinte the dysentery and other
pathogemc organsms from Escherichia colt

A much better method than stool cultury 1s the use of the rectal
swab At Callinger Mumicrpal Hospital we have found thit the per
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times s the termunt 1 aleum  Proctoscopie and ruentgenologie exm
nations are esenlial Lo the diagnosss Shigellae are not obtaned upon
culture 50 frequently 8 38 he acute cass Some wthors notably
Felsen t bebeve thnt the magonty of cies of hrome uleratne colitis
are the sequuls of 18 \foction by the dyscatery baath

Adult patients whe ke the unduhyng psychosontibie echanisiy
conducne to spastiarty of the colon may devddop 2 epstic colon after
2 scvere bout of bacillary dysentery We hme scen severtd such cases
sn patients nho fiad shrgelln dysintery while travchog abroad under
conditions of stress 1n wariune Roentgenogs s of the witestines and
cultures of the stools wall be ne oded 1o rule out chrotie baciary dysn
tery 10 perastent €18

Puacnoss

When abdommal o smps and rarthua ppeat suddenty 1w an other
wise well wndndual 2 shglia wfecion s always 1 strong pusaibility
The diagnosss of bactlary dyseatery cant Lo mde with cortamty only
by cbtmming the organiss on cubture from the Tee 1ot mond o from
the stocls or by obsrng the chagactemstic appearance of the mucosd
throuk the sigmeidoscope

Dufferential Dragnoss  Othes dis s whach commondy caust
diarrhoa are shown m Table 13 Tt 18 evadent that staphylocort 10
towcation can be sepwated out from all the others by the brevity of
s meubation pusod and indecd of its entire poune 1ihewse the
limeat features are wually sufficent to aerentiate typhod and sal
monella ferers and amilne dysenters fromx shaclia wmfections “at
monella gastrocntentss on the other hnd cn practically never be
distinguished from baestlary dysentery on e basis of thi clmcal
picture 4 duagnosis must be made eaithor by 1sohang the crusalive

or by sigmord (%3 or bath

Certarn fiatures m oddition o those piven 0 the table are hedpful
w disingushing amdlae from bactany dyseniery The stools in the
former are usually copious 19 quantity fecal w char uter and mued
with blood and mucus while i the Baoliry type they 1end 1o be smalt
1 amount homogencous gelatmoud and mned nith bright red blood
Vhiroseopcally the former contam a scant bt of cells most of
which are monosuclar i contrast to e stools n shigella dysentery
which are charactenzed by an abundance of cellular exudate i which
the polymorphonucicars predommnate 0y CF iz monoeyies Further
wore 1 baoliary dysentery afl the cells appear wueh more badly
damaged Vhen the materal asprated from the amebic uleers 18
examuned under the muroscope the motle trophozoites are nsually
seen The stools may contawn these forms or the ests Typreal amelse
woers 88 seen on sigmodoscopsc grammation e usualty simgle sl
though occamenally twa of them conlesce Thew edges ate undermimed




284 DISEASES CAUSED BY BACILLI

mvolves the larger joints especially In this respect and because it 13
characterized by mvolvement of the perarticular tissues and the
tendon sheaths 1t closely resembles gonococac arthritis The jonts
may contan serous flurd and are usually stertle If the joints are acutely

flamed the local festations will be panted by an exacer
bation of fever The arthnitis subsides within one to three weeks 10
most patients although an occasional patient may be afflicted with 1t
for several weeks or months

Ocular complications occasionally observed are conjunctivtis initis
and indocychtis They appear at about the same time that arthntis 1s
to be eapected

Respiratory symptoms charactenistic of coryza bronclntis pleunsy
or pneumoma are noted fairly frequently mn children with the discase
Otitis medra 1s also a comphication 1n children Most of these infections
are probably due not to dysentery baailli but to other organisms
which take advantage of the debilitated state of the patient

Complications which result {rom the diarrhea and yomiting especs
ally 1f these symptoms are prolonged are dehydration tetany avitami
noses (especially those due to lack of the B complex) edema and asates
The last three are seen particularly 1n paticnts whose diet was made
quate before the onset of the infection

Other complications rarely seen are memingitis myeliis encephalitis
bran abscess endocarditis urethntis and vagimtis

Pyelitis and pyelonephnitis sometimes result from infection with
shugella organisms but they are not usually found in conyunction with
dysentery

RELAPSING AND CHRONIC DYSCNTERY In view of the muluphaty of
types of dysentery bacilll and the common falure to make careful
bactenologic studies at the outset 1t 13 often difficult to judge whether
a second episode of diarrhea 1s really a relapse or a new mfcction with
another strmmn Smple recurrence of diarrhct may often be brought
about by taking a cathartic a day or two after the frequent stools
have stopped In other patients rmmumty may not be complete so
that the disease may appear agamn for a short peniod of time In othurs
the inflammation and ulcuration of the bowel remauns and the disease
enters a chromc stage

Chronic bacillary dystntery runs a course measured 1n years rather
than m montbs Long pcriods in which there 18 no diarrhea at all or
there are only a few scrmsohd stools cach day are mterspursed with
episodes of fever malaise abdommal cramps and watery stools which
contan mucus and often blood After the discase has persisted for some
time loss of weight vitamm deficiency and chronic il health are almost
meyvitable accompamuments Some patients cventually 1ecover while
others succumb to the disease after weary ycars of mvakdism In
flammatory and ulceratnve changes are present 1 the colon and some
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Othier mtr1 abdominal conditions which must be diflurentiated are
appundiats allergie o astrocntontis tubuculows ulearitne coliis of
unhnown chiology ¢ wrcanom 1 of the inlestings mereury poisoning, wd
witst wions with parasites

Geacral diserses which may be confused with dysentuy  ospuaally
w chaldren wrc influcoz 1 pucumonsy and memngitis

Progrosin

e many es are unreported and probibly sull more e un
recogiuzed the lrue recovery rate1s unhnown Lhe werige cwe fitahity
rate for hospital patients before the days of the sulfonamides was m
the neighborhiood of o per cent The desth rate i eprdesnics hos s wd
from zere all the way up to o0 per cant dependin, upon the type of
wfecting orgamsm (the Shig 1 sirun usually Cuses the scverest Cises)
the agc of the patunt (patints m the older 1,0 groups and particu
luly young chuldren hive the womst prognoss) and the patunt s pre
vious physedl condition (malnutntion exhaustion and <imihw factors
often stand 1 the way of recosery)

Preveation

Bacillary dysentery can be prevented only by breakang, the pathiway

from feees to mouth  Isolation of the patint md proper disposal
of s stools are necussiry vn the one hand On the other hand peaple
must proteet thunsddves or be protected from drinkin, contaminted
water and cating food which s buen (xposed to flius or has been
handled by carncrs of dysentery baall

TREATMENT

Isolation The pitient with suspected baulhry dyscntery should be
1solated and Ius stools treated so as 1o render than nomnfectious
(see p 21) Rectal or stool culturcs should be obtamed whencver
feasible and the pticnt hept 1n 1solation unti! the pithogemne organisms
can 1o longer be cultured from them

Catharsis For centuries the aroument has riged between the
advocates of prounmary catharsis and those who believe it 1s not enly
unnceessary but mav even be dangerous The former claim that the
bactenal toxins are retaed mn the gut if the bowel 18 put at rest with
out prehmunary purging Their opponents argue that the drrhea
Wch occurred bifore the start of trcatment 1s suflicient to rid the
bowel of most of the toxins and that augmentation of the diarrhea by
the use of cathartics may produce more mjury 1o the already damaged
walls of the intestimes

It sccms to us that the unnersal cployment of sulfonamides
bacillary dysentery should dispose of s question Since these chemo-
therapeutic agents bring about a rapid dsminution 1n the number of
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and they are surrounded by a hemorrhagic ring beyond which normat
mucosa extends to the next ulcer The floor of the ulcer 13 composed
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Other intr abdommal conditions which must be didferentiated are
appundicitis allergie gistrocntnbs tubireuloss ulecrative cohitis of
unhnown ctiology carcinoma of the iieslines mereuty posoming and
wlestations with parisites

e il diseases which may be vonfused with dysentury  espectally
m chldren e mntluaizy pacumomy nd menngibis

Progrosts

Since many cases are unreporled and probably it more are un
recogmzed the true recavery tate s unhnonwn The wurge Cise fatality
rate for hospital patients bifore the days of the sulfornnudes was m
the nesghborhood of a per ccnt The duath rite e ¢udomics has vand
frum zero all thy way up to 50 per <ent depending upon the type of
inficting organism (the Shnga stran usually causes the scvercst ¢ ises)
the age of the patunt (patients 1o the older 1g¢ Sroups and particu
Irly young children have the worst prognoss) and the paticnt s pre-
vious pliysica condition (tmalnutntion exbiustion and similw [actors
often stand in the w1y of recovery)

Pniyventioy

Baallary dysentery can be preyvented only by breahin,, the pithway
frotn fects 10 mouth  [solation of the palint wnd proper disposal
of s slools are necessary on the one hand O the other hand people
must protect themsidves or be protected from dnnhing contammated
water and cating food which has been ¢xposed to flies or hias buen
handled by <arners of dysentary baalls

TREATMENT

Inolation The patient with suspected baaillary dysentery should be
solated and lus stovls treated so as 1o render them nommnfectious
(sce p 21) Rectal or stool cultures should be obtawed whenever
feasible and the patient hept m1solation until the pathogec orgamsing
can no loner be cultured from them

Catharsis  For «nlunes the argument has raged between the
adyocates of prehnunary catharsis and thuse who behieve 1t 1s not only
unnecessary but mav cven Le dangerous The former elam that the
etenal toans are 1etained m the gut if the bowel 1s put at rest with
out preliminary purging Thar opponents argue that the diarthea
wlich occurred before the start of treatment 1s sufficient to nd the
bowel of most of the toxins and that augmentation of the diarrhea by
the use of cathartics may produce more injury 1o the already damaged
walls of the intestines

It scems to us that the ! empl. t of sulfc des 1n
bacillary dysentery should dispose of this question Since these chemo-
therapeutic agents bring about a rapid diminution 1 the number of
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absorption and fairly lugh tonaaty  Sulfathiszole is more effective than
sulfspynidine but not so good as sulfadiazine and other absorbable
compounds

Sulfadia we has been found to be the drug of choice by Hardy ? ?
From lus two excellent studies companng the rapidity of disappearance
of the etiolo,e orgwmsm from the stools i patients treated with sulfa
thazole sulfadiazine sullpyrazine sulfunerazine wd sulfamethazine
among the absorbable compounds and sulfaguamdine suceinylsulfa
thiazole and phthalylsulfatluazole among the poorly absorbable com
pounds 1t 13 evident that sulfadiazing was defimtcdy supenior to sulfa
thnazole and shightly supenor to sulfamerazine sullapyrazine and sulfa
methazine wlile sucanylsulfathazole was superior to phthalylsulfa
thiazole and sulfaguamdine The best of the readily absorbed
sulfonamdes (sulladinzing) was more eflective than the Lest poorly
absorbed compound (succinylsulfathirzole) especially n early cases
After the tlurd day and in carniers the best drug was sucetnylsulfa
thia ofe

The supcnonity of the absorbable compounds 1s probably due to
the fact that the dysentery bacuh arc lodged not only m the mucous
membranes but also in the deeper tissues of the intestinal walls as
well as1n the regional lymph nodes Compounds wlich attain relati ely
tugh levels n the blood would rcach the orgamsins m these hidden
places

EFFECTS OF SULTONAMIDE THERAPY \When sulfadiazine 1s ghven to
patients with dysentery caused by Fluxner stramns the number of
pathogeme orgamsms 10 the feces begina to fall witlin twenty four
hours 1n most instances Shigellae fail to grow out 1 rectal cultures
in over half the patients witlun forty~eighit hours and have disappeared
i nearly every pahent by the fourth day The temperature usually
drops to 100 F or less within the first forty-eight hours and the
diarrhea disappears within the same penod of time

RECSPONSE OF THE DIFFERENT STRAINS OF SHIGELLAE TO SULFON
AMIDLs Schimitz stramns respond almost as promptly to proper sul
fonanude therapy as Flexner stramns Infections with Shigella sonne:
are somew hat more resistant  Skugella dysenferiae (Shiga bacillus) mfec
lions have not been tested on 4 ve basis but ding to
Smith? thar response to sulfadiazine 15 stnking while 1n \itro studies
show that they are shout as sensiive as Schmtz strouns

RECOMMENDED PROCEDURE FOR SULFONAMIDE ADMIMSTRATION When
the tentative diagnosis of bacillary dysentery has been made on the
basis of the chnical picture a rectal swab should be taken and m
meduately after thss the patient should be started on sulfadiazine
therapy For an adult an imtial dose of 4 gm (60 grains) 1s satisfactory
followed by 1 gm (la grains) at six hour intervals until the diarrhea
hag subsided the temperature has fallen and evidences of toxiaity have
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shngella orgarusms i the stools, toxmn production 1s practically stopped
within a few hours after sulfonamide treatment 1s mtiated It 1s possible
that 1n the rare patient who 1s constipated and at the same time very
toxic catharsis may be benefical all others appear to suffer less and
to recover Just as well when the bowel 1s put at rest at the start of
treatment

Rest for the Bowels Tincturc of opum 06 cc (10 mmms) or
camphorated tincture of opium (paregoric) 1 cc (1 dram) should be
given 1mmediately to adults and comparable doses according to
weight to clildren This dose should be repeated every four hours
until the diarrhea has stopped In our experience patients who are
nauseated are able to retan the camphoratcd tincture better than
the simple tincture of opium If they cannot do so morphme may be
given subcutaneously 1n the usual doses

The diarrhea 1s likely to be folloned by a punod of constipation
lasting usually from two to four days The patient should be cautioned
not to become concerned aver this since 1t 15 a natural sequel of the
diarrhea accentuated by the use of opim It will end of 1ts own accord
n due time Resort to a cathartic even a mild one during this period
will often start the diarrhea all over agun

Sulfonamides It 15 not too much to say that the treatment of
bacillary dysentery has been revolutionized by the use of the sul
fonamides They have brought about a shortenng of the course of
the disease with more rapid fall 1n temperature and pulse rate speedier
relief from ahdominal pain and tenesmus and faster reduction m the
number of stools together with the disappearance of blood from the
feces

ABSORBABLE AND POORLY ABSORDACLE SULFoNAMipEs The sul
fonamde compounds which are only shghtly absorbed from the 10
testine (see p 41) have certamn advantages in the treatment of bacillary
dysentery Since only small amounts enter the blood stream the con
centration of the drug in the unne s low and renal calculi are rare
For the same reason dermatiis and drug fever are less frequently
observed than with the rapidly absorbable drugs Disadvantages in
the use of these drugs are (1) they are eapensne since the dose 18
about five times as much as with the absorbable compounds and (2)
the large amount of the drug which 1s admmistered sometimes causes
nausca and vomuting or diarrhea Their chmeal efficacy will be dis-
cussed under the individual drugs

Practically all the sulfonanudes have been used at one time or another
\n the treatment of shigella mfections Sulfamlamnde was used at first
but has been discarded 1n favor of other compounds which are much
more effective Sulfapyndine has been employed extensively It 18
more effective than sulfantlazmde but not so eflective as sulfathazole
and sulfadiazne and has 1 addition the disadvantages of wregular
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Streprtomycin Where the sulfonimdes 1te not suceessful m erad
wcating the discase sticplomyen ¢in be tried Pulashi® las lind excel
lent results with 1 to § ym a day admumstered ather orlly or intra
muscularly Until more ¢4 es have been studied it 13 perhaps best to
gve 3 gm orilly and 1 to 3 gm mtramusculirly pur day

Baeteniophage This subst inee thie value of wlnchi w s controversial
m the past would seem 1o be neadloss now thit the sulfonmides are
employed

Adonmistriion of Phuds  The fluid balance has always buen of
crucal import ince i pitients with dysentery because of the mevitable
dehydration which follows yvomiting and diarrhea Today 1t 1s of sull
more signlficance because of the possibility that renal caleuli may be
formed by the absorbable sulfonamides o urinary excretion 1s too
scanty I ven the poorly absorbable compounds may 1n occasional cases
enter the bloed stream mn lar,o ynounts and form caleuli 1n the unnary
tract 1 atensnne ulccration of the wtestines may be the factor which
produces luigh blood concentritions For these reasons the patient
with dysentery should be given sufhaent fluids to maintam a urmary
excretion of 1500 ce per day or more 1n adulls aud comparable amounts
m young children If vonuting 1s present 1sotomie salt solution one
sixth molar Jactate solution or 5 or 10 per cent dertrose solution may
be employed

Diet Dunng e phise of wouerty ind active diarthea 2 hquid dict
contaimng Jarge amounls of caibohydrate in the form of lactuse or
deatrose and nice broth should be gunen Protans such as gelato or
egg albumun can be gnun in solution Felsen' recommends a  rec
banana tca  diet wlach contamns e,g albumim water i addition to the
named constituents \s soon as the patient 1s better and particularly
when hunger begins to return a soft dict may be started made up from
the following list

Carbobydrates

Puffed nice boiled re  trune] astmeal Cream [ Wh at (oast unsalted
crachers potatocs (buhed or mashed)

Frotens

Tege (hoted or poaclied) stewed clucken scraped bl

Dary products

Cottage cheese butter Iater mak ani ercam f well tolerated
Fruts
Very nipe bananas fruit ju ces

lquids
Tea frut dnnoka broths chucken rce and noodle soups creamed soups

The bland diet should be contmued for about a week after symptoms
have disappeared after which the patient may gradually Tesume a
normal diet
Vitamiu deficiency states are not likely to appear unless the disease
has run a protracted course In this event vitamns should be given
parenterally especially the vitamin B complex untl the diarrhea has
1u
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disappeared and for forty eight or seventy two hours thereaftcr (Some
times the abdominal cramps will continue to a lesscr degree for three
or four days after the diarrhea has stopped This should not cause
alarm since they will disappear gradually without further treatment )
Sodium bicarbonate should be given with ether of these drugs 6 gm
(90 grauns) with the imtial dose and 3 gm (45 gramns) with each succeed
ing dose Rectal cultures should be tahen on alternate days if this is
feasible If not a culture should be taken after the tumperature has
fallen If the shugelia or have not disappearcd from the stool
by tius time a shift should be made to one of the poorly absorbable
sulfonamides Among these succinylsulfathiazole 1s the preferred com
pound at the present time It should be grven in doses of 10 gm (120
grains) mitially followed by 5 g (75 grans) every si hours m dults
Cluldren should receve dosts i proportion to thewr weght This
regimen should be continued untal the rectal culturcs no Jonger yield
shella or until several weeks try his made 1t apparent that the drug
15 not effective

Sulfamerazine may be substituted for sulfadiazine m 1dentical doses
Sulfathiazole 1s nearly as effective so that 1t can be used when the
other two absorbable drugs are not 1vaulable Phthalyjsulfathiazole 1s
probably as good as sucemylsulfatinazole 1f sunilar doses are used In
our hands another compound sulfacarboxy thrazole © has also eradicated
shigella dysentery More catensive trial of this compound 13 needed

When urmary excrction may be dimimshed and when patients can
not be watched closely for taxic manfestahons as mm soldters m liot
cimatus 1t may be desirable to use the poorly absorbable drugs durng
the acute stage of diarrhea If this1s done the diarrhea must be cheched
immediately with opiates as otherwise the drug would be cereted
too rapudly to be effectine

A word nught be added regarding those patients m whose 1ectal
cultures no pathogenic orgamsms are found The sulforamide treat
ment 1n these nstances should be hept up until the symptoms have
subsided or until some other cause for them s found since even with
the best techmques Shigeflae are not cultured from cvery patient
with the disease

Spectfic Serum Many years of accumulated experience have prov ed
the value of antidysentery (Slnga) crum agamst infictions caused by
this strain of dysentery bacillus No study has been made of ats value
when sulfonamides are also employed but the reasonable conclusion
would be that i patients who have an infection with a Shiga stran
and are extremely toxic both sulfonanndes and serum should be
gnen Doses of 10 to 100 cc diluted m 200 cc of 1sotomse salt solu
tion should be given intrayenously and repeated daily or more often
unti] the toxiaity 1s controlicd The precautions regardin,, the admins
1 of serum outhined on page 33 should be followed

tration



16 Brucellosis (Undulant 1ever)

1he, Brucellae are sm il grim neatne rods which are often so short
s 10 resumble coca Thore are theee vties Br melilensis Br
aborlus wnd Br stis While the fist 15 usually found 1 wficted joats
nd e other tvo are most commonly sdentified with Gittle ind swing
cespeetinady Br swis s abso boen found i cows wd Br meltlensis
w both cows ind swine Other anunals windh have been wfccted
dude sheep horses dogs cats pats md qunan pros Chichens nd
purhaps other bieds arc abo suscepible

Any of the three steuns may mfect man producn, the distse
known s brucdlosis or undubing fever ind culled by 1 vanety of
ocogriphic ] nunes the most common of which arc Malta fiva and
Mediterranom fover In this country most of the humnn infuctions
ue Cmsed by the abortus and sus struns michtonss ifuctions bemg
confined for the most pirt to the southweslern states Infuction s
sproud from cows and goats by the mestion of riv milh wd o a
lesser aatent throu,t cont umnated «roatn bulter wd chiese The
discise 18 1lso contricled from swine wd other amonls aud poultry
v result of direct contact with anfected anmnls or meat It s thus
woccupabiond by nd amon, inaat packing plant workers Tumers
md setermnans Bilenoloar 1s working with these or, imsms arc
o frequently strchen Hardest (o trwe are the cses of thost un
wary mdividual whe consume intected e milk dunng o oshort vsit
1o the country

By all the svarous modes of midoction $136 peesonts e the Unted
States wae reported by e U Public Health Service (o have con
teacted undulwit fover i 1948 1he actud madence of the discase
was undoubtedly much highar sice these tepresent only the reported
ey Fhe factlor of contact with anmals tends to mcreast the fre-
quency ol the discasc itk men 1 compared with women wd 1o make
the madence higher duning the morc productive ye s of bfe from
twenty throu,h forty five years of age ®

Like typhod fever brucdlosis 1s 1 gencralved disease 1t unvades
Uie enfne actsculo-endothedial systenm and often mvolses olher tissues
wd organs particularly the bones and jomts aud the sex organs

SAMETONS AND SIGNS

1he tncubafion period v ries considerably usually falling within ten

to fiftcen dys although it has bun recorded as anywhere from five

to forty two days In a typienal case of the discase the ptient com
93
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subsidcd and 1t 1s evident thnt they will be well absorbed 1f tahen by
mouth

Treatment of Complications Chronic or recurrent dysenlers should
be treated by the cxtensive use of sulfonamdes Lather sulfadizue or
suceimy lsulfatlnazole myy be used If the response to an absorbable
dru,, 1s not favorable 1 shult may be made to one of the poorly 1bsorb-
able ones and vice versa Trcatment should be contimued until cure
has been obtamed s detarmmed by cultural  sigmoidoscopie and
roent,enologic exannunations Careful attention should be ginven to the
use of a blmd Jugh calorc diet with added vitamins

{rthrifts usually subsides with the wute phase of the discase If it
lasts for several wechs or months Jonger as it occasionally does every
attampt should be made to find out whether the patient 1s still carry
g dysentery baalli in the mtestine wd if so to cradicate than by
the usc of sulfonamides Otherwise the treatment of the arthnts 1s
symptomatic

In other focal infections cwsed by Shigella dysenterue such a8
endocarditis ind memingitis streptomyemn should be tnied af the etie-
logic organtsin 18 sensitive to this antibiotic m vatro

Puforation tussusception md ppendicitis should be treated
surgically
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sweating more than usual and that the swcats are accompanied by
weakness As the illness has progressed he has noticed afternoon fever
preceded by cluily sensations or by clufls

The frequency of the various symptoms and signs reported by Hardy"
1s shown n Figure 40 This frequency distnbution of the wdividual
chimcal features of the disease 18 used i the discussion immediately
following

Feter 1s charactenized by two types of vanation The difference
betwcen its low est point in the mormng and the height of the altcrnoon
nse may be as hitle as one or two degrees or may be as much as four
or five Inaddition the daily peaks gradunlly nise i a wan chhe manner
to a crest which 18 maintained for a period of one to several days Then
they descend in the same manner to the trough of the wave The peak
temperatures 1n the trouh may be normal or may be one or two degrees
above normal A few days to a few wceks later another wave appears
and so on The waves remain approximately the same for many wechs
or gradually reduce 1n height until they disappear enturely Al patients
do not show these undulations 10 fever Some exlnbit a high temper
ature for a weck or two followed by a rather rapid fall Others have a
low grade fever lasting for weehs or months continuous or interspersed
with periods of normal temperature

Suealing occurred 1n 8% per cent of the paticnts The sweats are
charactenstically profuse [eaving the patient drenched weak and hst~
less The perspiration has a peculiar odor which has been described
as mousy There was a complait of chilly sensations in 77 per cent
of cases wlule frank chills were present i 37 per cent Headaclie and
backache were complamts in 62 and 47 per cent of cases respectively
General aching was present in 42 per cent of patients while pans 1
the bach of the neck n the joints nd in the abdomen wcre each present
n approxumnately one-third of patients

Three fifths of the patients stated that they had no appctite and
over hall were constipated Vomiting disrrhea and distention on the
other hand were seldom seen Nonproductive haching cough oceurred
n 45 per cent of patients Other pt d 1
brucella infections are restlessness irrtability emotional nstability
wsomma dizziness and palpitation Vost patients lose werght gradually
dunng the course of the disease

On physical examination the patient 1s fihely to be alert mentally
when scen at the tume of day when the temperature 18 fow but 1s fre
quently drowsy and apathetic if seen when the temperature 1s high
An occastonal patient will show shght enlargement of the lymph nodes
Broaclual rales were heard 1n 10 per cent of Hardy s patients The
spleen was enlarged 1n about one-thud of hus patints A vanable
amount of diffuse abdominal tenderness may be elicited 1 most pa
tents at some time dunng the disease Sometimes local tenderness
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ONSET USUALLY GRADUAL
SYMPTOMS THEIR  FREQUENCE
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0 Common climical charactenistica of Brucella meliensis abortus and suis
n!l';lgm; (From Hardy Jordan Borts and Hardy Nat Institute Health Bull

1
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become
that over the course of several days or wecks he has

pl:,.“;;smnly more tired and has devcloped aching pans particularly
:?, the _,JIn«s the back 1nd the extremuties e says that Le has been
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persist for some tme after recovery Carpenter® found that at the
time the diagnosis of undulant fever was made the agplutiun titers
of fifts patients were as follows

Agglutinin Tuters “umber of I aticats
0 3
1-0tal 10 11
116010 1 610 18
1 1.80 and over 1a

All obstrvers agree that a fuw patints do not davdop gglutimns
duning the acute phise of the distase and thal some nuver produce
them  \ larger group extubit only low titers, while the majonty (n
Carpedters cases Ino-thrds) show gglutinns m titers of 1 160 or
more \s m other wfections then no arbutrary luvel can be designated
which will alwavs sigmfy that brucello 1s 1s present Neverthiless of
the 1est 15 evaluated along with the chnical course the diagnosis may
often be made with reasonable ecrtamty 1n the absence of a poatne
blood culture

I the chrome stage of bruceflosis the agglutiun titer tends to be
lower than m the acute phase although it still sanes greatly (rom
patient 1o patient Fyvam® reported that amon, twenty-cight persons
with clironic brucellosis 32 per cent showed no agglutimus and only
39 per cent had titers of 1 80 or higher Since cross agglutination may
occur between the Brucellee and olher orgamsms agglutmation tests
should 11w 1vs be run sgamst Past fularensis £ lyphosa and § para
fypht 1t the same tme In general the organism showing the Iughest
titer 33 the cruse of the discase although 2 definde decision 10 thy
matter should not be made until agglutination tests using all the sus-
pected organsms are repiated several times and are considered
relation to a provous listory of the disease or Hnmumzation

Op onocrtophagic Test Thi  test conwsts i combunng
patient s blood with Iine Brucellge ncubating for thirty wunutes and
then «tamin, a (ilm made from the mixture The number of bactena
witlun the leuhocytes are counted the Ingher the number the greater
the ymmumty The procedure 13 complicaled and even Tovar s
discovery thal formalin hilled cultures of the organisms may be used
does not make the test switable for routine laboratory use 1t 15 our
opion s well as that of Carpenter ¢ Spink™® and others that just
as much snformation can be oblaned through other available tests

Intradermal Test When Brucellee or certun of thewr products arc
injected subcutaneously in an indwvidual who 15 wnfected or who has
mn the past been mfected with these orgamsms he may respond with
a local reaction at the site of the njection Preparations which may be
used for this purpose include a heat Lufled suspension of Brucellae
containng one or more strains  brucellergen prepared by Huddleson *
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attnibutable to the gallbladder or to the spleen will be found After
they have removed the placenta by hand from an infected cow worhers
sometimes develop a rash on the exposed arm composed of discrete
red maculopapules and d by intense itching and burning
Ceneralized rashes consmisting of scattered macules mot unithe rost
spots have been found by some observers in a small percentage of
patients

Tue Curonic STAGE

After one or 1wo relapses the diseise sometunes burns itself out
More often 1t smolders on breaking out 1n flamcs of fever every fen
weeks or months In some patients the fires burn low 2t all tunes
with fever of one or two degrees or less nearly every day 4 certam
number of patients apparently go mto this chronec phase from the
start of the mfection although a careful lustory will often reveal evn
m these cases an cpisode of fugh fever and greater ncapacity at sume
tune 1n the past which marks the real begimning of the brueelln infection

Some miscrable crentures drag their way through many ycars of
chrome undulant fover They are continually ¢xhausted and complan
of headache bachache and puns n the muscles jonts and extremitics
Without warming the fever flarcs up and they are prostrated 1 bed
for several dnvs after which they somchow manage to stagger around
again until the next acutc episode It 1s easy 1o sce how these patients
become tagged as psychoneurotics m fact 1t 1s diflicult to comprehend
how they can heep from acquinng a whole bundlc of psychoneurotie
truts The wonder 1s that all of them do not vicld to the urge to pul
an end to ther unhappy existence as mdecd A few of thum do

LanoraTomy Anp Spreral Exasinarrons

Blood cuffures may be postive at any time m the courst of the dis
case regardless of the height of the fever In fact the orgamsms hve
been cultured from the blood during afcbrile puriods when there were no
chnical evidences of the disease Brucellze nre dificult Lo grow requining
special media and increased carbon dioxide tension for optunal results

Cultures of Other Material The orgiusms have been culturcd
from the stools from bile and from flud obtammed from jonts Obtamiti,
cultures from enlarged lymph nodcs 1s another way n whieh the or-
1stns may be found 1n doubtful cases

Guinea Pig Inoculation \Matenal may also be mjected mto the
grom of guinea pigs when cultures fail If the animal becomes mfected
ag.lutmuns will appear and typical lesions of brucellosis will be found
at wtopsy This method often establishes a diagnosis when cultures fail
although the answer cannot be obtamed mn less than two to five weeks

Agglutination Tests Agolutmms appear 1 the blood of mosl
\nfected patients within one ot two wechs after the onsct and usually
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patients should always be questioned as to whether previous shin
Lests for bruccllosis have been performed

e
it

A

| SR

Fig 41 A positive brucellergen skin reaction  (From Huddlesun Brucellosis 1n
Man and Anumals Co amonwealth Fund N Y )

Other Exanmunations of the Blood A complete study of the blood
picture has been made by Calder® who found that leukopema was
present i the acutely ill patients whereas patients with the chrome
form of the disease had leuhocyte counts wlich were below normal
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which 15 a nucleoprotemn derivative of these bacteria and other fat
free and punified protein antigens made {rom the orgamsms The first
two are most frequently used When brucellergen 1s used 01 cc of the
standardized extract 1s mnjected Only 005 cc  containng 50 000 cells
of the whole cell antigen should be used for the test mjection since
patients who are hughly allergic to the bactertn develop a local slough
when too many bactena are deposited Readings are made at the end
of two days and are defimtely positive if there 15 an area of erythema
and edema more than 2 em n diameter (F1g 41) Another reading
should be made on the fourth day after the test An indurated red
area of any size remaiun,, 1t this time should be considered positive
even 1f the area was less than 2 em 1 size at the end of two days
Erythema and edema covering a small area should be considered as

TABLE 44

PERCENTAGE O Posrtinne Diac~ostic Tests iv DIFFEReNT Grours oF PATIENTS
{CoMPILED Frov Evans® Ann OTHER AuTHORS)

Percenlage of Palients with Postire

Dusease
Blood |Aggl Opo tophag dermal
Cultures|  Tests Testst Tests
Active brucellosis 69% 54% 16% 61%
Bruccllos:s 1n the past 0 29% 19 93%
Il with other
No history|  diseases [} 2% 9%, 149

of bru
cellosis | Healthy sub- |
Jects 0 [} | 0 1%

Titer of 1 40 or over considered positine
+ Questionable and weakly positive tests not included

questionably positive while larger reactions especially 1f accompanied
y st y or slougl are strongly positive

Brucellergen 18 preferable 1o the whole cell suspension because of the
smaller chance of local necrosis Since Angle’ has demonstrated that
the vaceine gnes a ngher percentage of posihve reachions than bru
cellergen 1f a shin test with the latter 13 negative 1t may be followed
by a shin test with the whole cell suspension

When either a whole cell suspension of Brucellae or a prepirition
made from the orgamisms such as brucellergen 1s employed as 4 shin
test 1t will usually produce agglutimns regardless of whether or not
the patient 18 harboring a brucella nfiction Mencfee!! obtaned ag
glutins rangng from 1 80 to 1 1280 1n 7> pur cent of subjects within
seven to twenty onc days after they were given brucellergen intra
obvious therefore that at least one agglutination
nd that

cutaneously It s
test should be run before any ntracutaneous tests are done a
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general imvasion of brucella orgamisms mvolves the hiver along with
the other organs In some instances there are no chmcal mamfestations
of this condition Most patients however exlibit some tenderness b
the region of the hver and enlargement of the liver or even jaundice
may occur One challenging concept wluch has been advanced 1s that
cirrhosis may follow hepatic damage due to undulant fever Chole
cystiis 18 present 1n an wmdeterminate number of patients Brucellae
have been cultured from the bile by a number of mvestigators
y System T h as Br aborlus causes abortion i

cattle and other ammals we might expect the brucella orgamsms to
affect the reproductive organs 1n humans 1lso Abortion does oceur 1n
humans although from present evidence 1t scems to be infrequent
The orgamsing have been solated from the placenta and cases of
salpingitis have been attnibuted to Brucellae Orclutis was found by
Hardy 1n 5 per cent of Ius male patients He reported that 1t appeared
during the pertod of mvasion during the fastigium or dunng conva
lescence that 1t lasted two wechs on the average and then subsided
completely Cpididymitis and prostatitis have also been reported Pye
litis 18 occasionally found while neplints 18 a rare complication

Nervous System  Memngitis caused by Brucellae 13 charactenzed
by an mcrease 10 the lymphocytes 1n the cerebrospinal flud and the
organisms have been cultured from thus {lwd 1n some cases Enceplal
itis myehiis and penpheral neuntis especially of the sciatic nerve
have also heen seen duning undulant fever We should nut overlook
the [ which se1ize these cb 11y
afllicted patients and are so severe as to provohe some of the victuns
to smeide

Mu culoskeletal System  Jomt disease 13 one of the distinctive
features of undulant fever The joints are probably affected in most
patients although the only chmcal mamfestation 13 aching A large
proportion of these patients are found to have tenderness of the joints
also In 10 per cent of Simpson s cases the arthntis was the most
prominent feature of the disease and the one which brought the patient
to the physician Swelling of the jomnts or hydrarthrosis 1s infrequent
having been observed 1n only 2 per cent of Hardys cases Arthritis
may be mone-articular or polyarticular Debono? reported the following
Joimnts to be involved in a serics of 100 cases of Br melitensis imnfection

Incidence

Jownt (per cent}
Ankle 10
Knee 33
Hip @
Sacroihac -
Shoulder []
Fungers 15

Elbow
Sternoclavicular 2
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normal or shghtly above normal The Iymphocytes made up more
than 30 per cent of the wlite blood cells i 76 per cent of the patieats
and more than 50 per cent m 17 per cent of the patients The per
centage of polymorphonuclears was rarely crcased above normal
values and then only shghtly In one fifth of the patients the cosinopluls
made up 5 per cent or more of the leuhocytes Moderate acceleration
of the sedimentation rate was present m slightly over one third of the
cases Excessively fast rates could be evplamned on the basis of complt
cations Mild macrocytic hyperchromic anemsa was frequently found

Locarizep InFLcTioNs AND CoMILICATIONS

The fmlure 10 recogmze the protean naturce of brucellosis hias been
responsible for many mistakes i diagnosis The Brucellae obviously
travel widely through the body and may develop 1 suflicient numbers
mn certain places to cause local infections It has already been pomnted
out that the lymphatic system 18 particularly attached and that the
spleen and lymph nodes are sometimes palpable The tonsils may be
wvolved along with the other lymphatic structures Tlus observation
15 of particular smportance because the orgamsms can occasionally be
obtained by culture from the tonsils Other systems will be considered
below

Respiratory System Bronchibs 1s prescnt m a large percentage of
cases Hardy ' for mstance noted cough m one third of 17> patients
some of whom had mucord or mucopurulent sputum Examination of
the chest in such cases usually reveals scattered morst rales Broncho-
pneumonia 18 a less frequent complication having been obscryed m
two of Hardy s patients One paticnt developed a pulmonary abscess
Lobar consohdation dry pleunisy pleural effusion aud empyema have
been encountered occasionally Although Brucellze have been cultured
1n rare wstances from the sputum and empyema fluid of patients with
respiratory complications in most cases they are not found and the
pathological process must be attnbuted to the bacterta which commonly
inhabit the broncin

Card lar System End Qs fortunately 1s 1 relatneh
rare complication although Spmk® encountcred two cases dunng »
seven year period He states that an inportant diagnostic feature is
the presence of bacteremua together with a high titer of agglutinins.
1n the blood at the same time that the intradermal test 1s negatne
Any patient who has the chmcal picture of vegetative endocarditis
and whose blood persistently fails (o show any growth when culturc
15 done by the usual techmques should be studied with the possibility
of brucella endocarditi> n mind Hardy found endocardiis i 1 per
cent of lus cases One patint also had penearditis

Castromtestinal and Bilary Systams  Hemorthaye due 1o an-
testinal uleeration has been reported but 1s exceedmgly rare The
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general masion of brueella orgamsms smobes the liver along wath
the other organs ¥n some wstances there are no clnical mamfestations
of 1ins condition, Most patients howerer exinbit some tenderness 1o
the region of the Iner and enlargarment of the loer or even jaundice
may seccur Ong challenging coneept whnch bas been advanced 38 that
arehosis may follow hepatic domage due 1o undulant fever Choles
cystibis 1% present wn an induterminate wumber of patwents Brucelloe
lxa\e Lcen cultured from the bile by w pumber of amvesuigators
y System [ h as fr aborfuy causes aborhcm w
caulc and ollxcr ammals we mught expect the brucella orgemsins to
affect the reproductne organs ia bumans also  Abortion does oceur
humrans aithough from prescat evidence it scems 10 be wlsequent
T\w orgamsms e been solated from the placents and cases of
have been buted to Brucelloe Orchuntis was found by
Hardy w5 per cent of lus male patients He reported that & appeared
dunng the peniod of wmvasion during the fastigm or dunng comva
fescence that it hsted two weehs on the erage and then subsuded
completely Tpididymtis and prostabilis have also heen reported Fye-
tits 13 occasionatly found while nepbntss 1s a rare complication
Nervous Systeen Menngptis caused by Srucellae 13 charactenzed
by an mersase 1 the Jymphocyies m the cirebrospimal flmd and the
orgamsms have been cultured from this Qud w0 sonre cases Encephial
s myehtis and penphoral neuntis wspecially of the scatic nenve
have also been <een dunng undulant fever We should nuf. medooL
the profound dipressions winch seize these ch ity
afflicted patiats ond are sa severe 23 to praveke same of the vchms
to smede
Muscutoskeletal byyiem Jomt disease 3¢ o of the distinclive
features of uadulant fever The jownts are probably affected s most
patients although the onby climieal manfestation 13 achung A large
proportion of these patients sre found to have terderuess of the jomts
also In 10 per cent of Sunpson s cases the arthrnbs was the most
promitent feature of the disease and the one which brought the patient
to the plymiman Swelhng of the jonts or hydrarthrosis 18 nfrequent
baving been observed w unly 2 per cent of Hardy s cases Arthritis
may ke mono-articular or polyarticular Debono? reported the following
Jomnds to be snvolved n a senes of 100 cases of Br melilensis snfection

Intsdence

Jaunf (per cent)
Axkle 40
hanee 31
Hap 2a
Sacro lse -
Shoulder %
Feagers 15
10

Sternoclaviculer 2
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Paticnts with pam wn the back should be i cstigated by means of
r for the possibility of spondylitis winch Debono found
i 4 per cent of hus cases He states that ridiculitis 1s a frequent ac
companmment of vertcbral imvolvement and that the entire condition
resolves completely after a course of 1 fow weehs m most mstanecs
The subject has becn reviewed completdy by Bishop

Myositis has been cited as the cause of the many muscular pamns
from which undulant fever patients suffer Ouc bit of evidence for
this 1s the marhed atrophy of muscles which sometimes follows the
disease

Other Organs Ocular compheations are farrly frequent Almost all
the structures of the eye may be mnvolved ncluding the wvel trict
the ocular muscles the cornea retina and the optic nerve

Otiis media mastoiditis and mastitis are other mfrequent mam
festations of the discase Phlcbothrombosts sometimes results from a
prolonged stay i bed just as in typhod fever

Dracvosts

In an area where undulant, fever 1s cudemic physicians will be alert
to the possibihty that any fever whether lugh or low periodic sus-
tamned or undulant may be caused by Brucellae If generalized aches
drenching sweats and arthntis arc prominent mamifestations and the
patients do not appear so toxic or so drowsy as do patients with simlar
temperatures during the course of typhoid fever undulant fever 1s a
strong possibiity In urban areas particularly we must be on our
guard rot to miss these cases Patients with unexplaned fevers should
be questioned carefully as to the possibility of mgestion of raw milk
whether on a recent vacation tnp or during  past period of hife on 1
farm or n a small town

When the dingnosis 18 su%petted special tests are newssary i an
ittempt to ventfy it Unfortunately ouly the isolation of the causative
orgamsm can do this with cortainty and that is difficult and tahes
considcrable time Any cultural study will take it least one weeck and
not until the end of the fourth week can a negatne report be made
with certamnty in atfempt may be made fo cufture Brucellae fromt
the stool or from enlarged lymph nodes as well as from the blood
Positive cultures have also heun obtained from tonsils bile and joint
pleural and cercbrospunal fluds  Although spleme puncture has buen
recommended we feel that its value does not justify the danger m
volved As shown in Table #1 Brucellae have beun cultured from the
blood of about 69 per cent of patients with the discase  This figure 1s
Ingher than would be obtained mn laboratories where the pursonned w s
not accuslomed 1o working with these organtsms

The same table shows that an antigen Uter of 1 {0 or morc w18

found 1n only 54 per cent of pitients with the iwtive discase and that
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-9 per cent of well patints with a history of brucellosis 1 the past
and 3 per cont of patients il with other discases alubited sumlar
titers Obviowsly the a.glutination test cannot be relied upon to make
the diagnosts although 1t 1s true that 1 the acute disease high titers
are often found and that such titers are morc hkcly to mean that
active discase 1s present Sull there is no arbitrary figure the occurrence
of which nwanably indicates an actinve process  \n advancing titer of
brucella g lutinms during a febrile illness would be strong although
not conclusve cvidence that the disease was undulant fever

A\ positive opsonocy tophagic test 1s considered by some mnvestiators
to be a better md than the aggl test that the subject
has attamned nnmumty krom the table it can be seen that the per
centage of subjects 1 whom 1ius test was markedly positive was oaly
shightly ingher among the group who had recovered from the disease
than among those wlio were still il Furthermore some patients all
with other diseascs showed positive tests It scems evident that this
test 15 less nfornmtive than the agglutination test kor this reason
we do not recommend 1ts routine use

Shuin tests wath Brucellue or theiwr products are more sensitive wda
cators of inmumty being positive 1n 61 per cent of patients with the
active discase and 1n 93 per cent of patients who formerly suffered
from 1t Some individuals who gave no history of brucellosis on the
other haud had positive tests Accordingly a positive shin test means
merely that the patient has or apparently has had in the past a brucella
fection and must be interpreted from this viewpont

When a patient 1s suspected of having undulant fever we suggest
that the problem be attacked as follows

1 Several blood cultures should be taken on successive days using
the media and procedures which are most hikely to grow Brucellae

2 Cultures of other fluid or of lymph nodes or stools may also be
obtamned

3 An agglutimation test should be set vp aganst Brucellae and at
the same tune agamst Pas! [ularensis E fyphosa S paralvphi 1
and B

4 If agglutination tests are negative or inconclusive they should be
repeated in about five days If these in turn reveal nothing positne
and there 18 suffi time more aggl: tests should be done
before a shan test 1s done

2 If all the above lests are negative au imtracutaneous test should
be done with brucellergen or a dilute susps of Brucellae

If cultures are positive the patient has active brucella infection A
patient who has symptoms charactenstic of the disease and high ag
glutinm titers may be presumed to have undulant fever If the titer
18 observed to nise dunn,, the course of the disease and to reach 1 1280
or more the diagnosis 1s almost certainly brucellosis If the hters
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remain low or 1f the test 1s negative the patient may still have undalant
fever A positive skin test mn the presence of typical symptomatology
strengthens this possibility

Differential Diagnosis Brucellosis 1s more likely to be confused
with other generahzed nfections which have few or no locahzing fea
tures These mclude typhoid fever tuberculosis influenza vanous
bacteremmas bacterial endocarditis malarra and Weil's disease

Although the patient with high fever due to E fyphosa 1s usually
more drowsy and toxic than the undulant fever patient and gastro-
testinal symptoms and rash are less frequent m brucellosis this
disease does sometimes closely simulate typhoid fever Diagnosis 1o
these mstances depends upon laboratory criteria Attempts should be
made to culture the orgamsms from the blood and stools, and ag
glutination tests should be carned out agamst all the suspected bac
teria Although some cross agglutimation may occur the titer should
be higher agamst the etiologic orgamisms

The diagnosis m muhary tuberculosis depends upon consistently
negative cultures for Brucellze and repeated roentgenograms of the

lungs to d rate tubercles or the d y of tubercle bacilli w
the sputum or clsewhere The more chrome and usually low grade
fevers often found 1n brucellosis may late tuberculosis 1 the lungs
or 1 foci elsewl 1n the body B: 1 end ditss and ba

will be detected if frequent blood cultures are done The diagnosts of
malana depends upon keeping tlus discase 1n mund and searchmr' for
1l 13 more of a problem since the lab
of lis disease 15 not at present a routme procedure Whenever the
temperature of a patint remams consistently clevated for more than
ten days or two weehs the di of nfl should be regarded
with suspicion and other etiologic possibihties considered Weil s dis
ease 13 charactenized by a leukocytosis with an mncrease 1 the granu
Jocytes Blood and urine should be mmoculated mnto guinea pigs for
1dentification of the Ieptospiral organisms
Because of the p of jomnt p i many cases ul
dulant fever may be confused with acute or chromc xhcumzmc fever
with the arthritis which often
mfections or with rheumatoid or even with ostco arthrms A careful
Iistory and observation over a long period of time may be necessary
to dilferentiate these conditions unless gonococct memngococcl of
Brucellae are obtamned on culture Gonococcic complement fixation
tests will also be helpful
Pulmonary mamfestations of brucellosis resemble bronchopneu
momas of bactenial ongin primary dlyplcal pneumonia or pulmonary
In the p of I pan and joundice chole-
cystitis and hiver abscesses must be ruled out. A\ppcndlclhs may also
be difficult to differentiate Furthermore appendicitis sometimes occurs
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duniog undulant fever If surgical imtervention 18 a posstbility the
decsion as to whether operation 1s necessary should be made on the
same cnitenia that would be used 1f undulant fever were not present

In the differential diagnoss of diseases of the nervous system types
of meningitis other than these caused by Brucellae can be differentiated
only by exanination and cuiture of the cerebrospinal flud It 1s often
difficult to distingwsh the chromc phase of undulant fever from a
profound depression or from hypochondrasis A careful psychutric
lustory together wath laboratory examinations and shin tests for bru
cellosis 13 necessary to make the differentiation which even then 1s
sometimes impossible

Hodghuin s disease deserves special consideration because of the recent
demonstration by Wise®™ of brucella wmfection i fourteen constcutive
cascs of Hodghin s disease In spite of the fact that they were obtained
from patients who resided 1n an arca where brucella infection 1s wide-
spread cultures of sixty seven lymph nodes from patients not suffering
from Hodghins disease were positive m only one mstance Although
this study 1s extremely interesting 1t has not been confirmed elsew here
The findings need further confirmation before the etiologic relationship
of brucella infection and Hodgkin s disease can be established

Other diseases which may be confused with undulant fever are tular
emia pyehtis and 1n the tropics hala azar

Procosis

Consideting the severity which the discase assumes at tumes and
the tenacity with which 1t hangs on the case fatality rate 1s astomsh
ngly low Eighty two deaths were reported in the Umted States dunng
1944 which represented approximately 2 per cent of all reported cases
Because many of the milder cases undoubtedly escaped attention or
were not reported the actual fatality rate 1s probably much lower
than thes

The prognosis for rapid recovery on the other hand 1s poor Few
organisms can surpass the capacity of the Brucellae to induce exacer
bations or to produce months and years of misery

TREATMENT

For the acute phase of the dxsease Yanous measures are advocated
These mclude specfic des and ptomycan Be-
fore attempting to evaluate these therapeutic agents it must be empha
sized that brucellosis 1s a variable and capricous disease The bouts
of fever even the highest ones usually subside spontaneously after a
few days especially if the patient 13 restng mn bed Moreover the
disease may return days weeks or months later or 1 other cases not
at all These vagaries must be kept 1 mind when 1t 18 asserted that a
rapid dechue 1 fever was the result of the therapeutic agent which
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remain low or if the test 15 negative the patient may still have undulant
fever A positive skin test m the presence of typical symptomatolo,y
strengthens this possiality

Differential Diagnosis Brucellosis 1s more lihely to be confused
with other generalized infections which have few or no localizing fea
tures These mclude typhoid fever tuberculosis influenza vanous
bacteremias bactenial endocarditis malana and Wel s disease

Although the patient with high fever due to E {yphoesa 18 usually
more drowsy and toxic than the undulant fever patient and gastro
wtestinal symptoms and rash are less frequent 1 brucellosis this
disease does sometimes closely simulate typhod fever Diaguosis 1
these nstances depends upon laboratory critena Attempts should be
made to culture the orgamsms from the blood and stools and ag
glutination tests should be carred out agamnst all the suspected bac
tena Although some cross agglutinaton may occur the titer should
be higher against the etiologie organisms

The diagnosis in mubiary tuk 1 d ds upon ly
negative cultures for Brucellee and repeated roentgenograms of the
lungs to demonstrate tubercles or the discovery of tubercle bacill 1n
the sputum or elsewhere The more chrome and usually low grade
fevers often found n brucellosis may late t losts 1 the lungs
or m foct elsewhere 1n the body Bactenal endocarditis and bacteremias
will be detected 1f frequent blood cultures are done The diagnosis of
malarna depends upon keeping this disease in mind and searchm" for

fl 18 more of a problem smce the lak
of this dlsease 18 not at present a routine procedure Whene\ er the
temperature of a patient remains cousistently elevated for more than
ten days or two weeks the diagnosis of wnfluenza should be regarded
with suspicion and other etiologic possibiiities considered Weil's dis
ease 1s charactenized by a leukocytosts with an ncrease m the granu
locytes Blood and unne should be moculated mto gunea pigs for
dentification of the }

Because of the pr of jomnt symp 1 many cases un
dulant fever may be confused with acute or chrome rheumauc fever
with the arthritis whnch often
mfections or with theumatoid or even \uth osteo arthnhs A careful
Iustory and observation over a long penod of time may be necessary
to differentiate these cond. unless or
Brucellge are obtamed on culture Gonococeic complement fixation
tests will also be helpful

Pulmonary festations of br
momas of bactenal ongin primary atypical pneumonia or pulmonzu'y
tuberculosis In the presence of abdominal pan and jaundice chole-
s and liver abscesses must be ruled out Appendicitis may also
cult to differentiate Furthermore appendicitis sometimes occurs

1. 11 1
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If steeptomyen 18 used the treatment should extend over 1 penod
of at least three or four weeks 1¢1s well to note also that at the prescat
e such a course of treatment would be (ypunsive  kurthermore
damage to the tuditory nerve may occur af thiese doscs are continued
for more thn three weehs

Yaceimne 1herapy The most controyersial of all measures advocated
for the treatment of brucellosis 1s the use of yaccnes made of the
whole orgrmstns or culture filtrates made from them such as brucelln
These agents are of no value i the acute str.¢s wd may be harmful
Two different regimens huve been amployed m the chrome stie
Accordng to Huddlson? brucctlin afficts the course of the diseise by
producing 1 systennie alkergic reaction which i turn 18 accompanted
by 2 neutrophihie leuhocytosis and an mcrease 1w immune opsomns
He thercfore advocates piving 0 1 <o of brucellin intradermally as the
first dose If 1o marked systemie reaction occurs withm twenty four
liours doscs of from 1 ¢ to o <¢ (the mount bemg proportional to
the degree of rowtion to the intracatancous dosd) are given intra
muscularly at three day intervals with the purpose of producmn,
systenme re wtion Suspensions of the whole organisms haye buen recom
mended by othiers for the purpose of provoking a <hocklike reaction
It seems to us that this s 2 dangerous procedure nnd that the un
provemient m the paticnt which sometines follows such treatment 1s
more likely 2 resull of the shochin, (ifect of the foreign protemn thin
a speafic offeect from the v wane or filtrate cnployed

The method advocated by Harnst scems to us to be more logieal
and has been more successful 1 our own xpenence The standard
yacanes containing 2 hillion orgamsms per cc are diluted from 1 10
to1 10000 Intramuseulw mjections 1re started wath small amounts
of the 1 10000 dilution and the amount mcreased pro ressively at
three to five dav intervals Cencral reactions are avoided as much as
possible If moderately severe or severe rewtions occur the dose 1s
reduced and later cautiously raised again

Tever Therapy Some patients with the chrome form of undulant
fever respond well o 1 course of artificial fever therapy m a hot ur
chamber or similar apparatus (see page 233)

General Veasures Paticats with the acute form of the disense
should be cared for in the same way as patients with other acute infec
tious diseases mecluding, bed rest sufficent fluds good nursing care
and attentson to elinunation and body hygiene The treatment s similar
to that given a typhoid patient (see p 2:0) except that the diet need not
be free of roughage

The chromic stage of the disease will tax the patience and mgenuity
of every phyaician It 15 necessary to follow the paticnt s symptoms
without making hun tou conscious of them to be sympathetic without
coddlng and to gne encouragement without rawsing false hopes
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happened to be used last Untl the fever falls and the bacterema
subsides permanently in the majority of a large group of patients treated
with a serum drug or antbiotic the physician should mamtam a
skeptical attitude as to 1ts efficacy

Specific Antiserums A few pitints have been treated with auty
brucella serums with encouraging results but such series bave been
small and the serums have not been 1vailable commercaially

Sulfonamudes Although the bructlla orgamsms arc sensitive to the
sulfonanudes 1 vitro these drugs have not fulfilled thar early promise
of eradicating brucella infections 1n man Practically all the sullonamide
drugs have been trned—sulfamilanude sulfapyndine sulfatiazole and
sulfadiazine—with apparent success 1 somc cases and with conspicuous
lack of 1t m others It is true that when sulfonanudes are grven to a
patient mn the acute phase of the illness the temperature begus to fall
within a few days after treatment is started but m the majonty of
cases the temperature would have behaved similarly 1if no speaific treat
ment had been piven Furthurmore the madence of rlapse seems to
be about the same m patients who rceave sulfonamides and those who
do not Sulfonanides are of no value m the chrome stage of the distase
and m our opuuon of Little value m the acute stage Spink® believes
that they help to control the bacteremia i Br aborlus nfections It
18 possible that they accomphsh some measure of good by decreasing
the number of bactenia m the body and by helping to Jocalize them
1t 1s doubtful that sulfonamides e er eradicate the mfection completely

Sulfonamides 1f used should be given i full therapeutic doses of
4 to 6 gm mmually and 1 gm every four hours and should be con
tinued for two or three weeks aflter the tempirature hns fallen to lower
levels

Streptomycin Along with the many other gram negative orgausins
the Brucellae are quite sensitive to streptomyein 7 from 0o to 372
micrograms per c¢ bemg requircd to mhibit thur growth Obscna
tions m the few patients who huve been freited up to the presend
time make 1t seem likely that strcptomyein docs have 1 tendcney 0
shorten the disease although relipses hase occurred afterwnrds

Streptomyain should erther be admimstered m doscs of 3 to $ o
per d1y divided 1to six or aight ¢venly spaced intramuscuhir myec
tions or preferably the sensuivily of the orgamsm to the antibioti
should be determmed and an aunount given sufficient to mantan
blood concentration four 1o t1,ht times thit required 1o inhibit the
orgamsms 1 Vitro

Pulssht™® has reported prompt subsidence of the actity of cule

brucellosis 1 five of six patients treated with a combin ition of strepto-
mycn nd sulfadiazine He recommends 03 om- of stieptomycm mtra
muscularly and 1 om of sullidinzine orally Gvary four hours for at

least fourtcen days
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Mycobacterium tuberculosts 18 a rod shaped bacillus wiuch belongs to
the group of orgamsms that once staned resist decolorization with
acids or acid alcohols and are therefore called acid fast  Three differ
ent types of tubercle bacilli have been found 1 warm blooded ammals
the human the bovine and the avian The bovine type wfects cattle
and other farm ammals as well as humans The avian type occurs
chiefly in tards It 15 found less often than the bovine type n swine
and other farm ammals and rarely if ever affects humans

The tubercle bacillus vies with the spirochete of syphilis in affecting
many parts of the body and 1n producing the greatest vanety of symp-
toms and signs Tuberculosis may be locahized or widespread acute
or chronic very muld or extremely severe To cover the disease n its
entirety would require volumes e shall consider only the acute forms
of tuberculosis wluch mav be readily confused with other acute infec
tious diseases the primary tuberculous complex acute generalized
mbiary tuberculosis the acute forms of pulmonary tuberculosts tu
berculous pleunsy and tuberculous memngitis The reader 1s referred
to the books hsted on page 327 for more complete wformation on
the subject

The Prunary Compler

In order to understand the vanety of clinical syndromes which the
tubercle bacillus can produce in the human body 1t 1s first necessary
to consider what takes place after the pnmary infection 1 an individual
not previously senstlized to the bacill This condition has been studied
particularly in chuldren

When tubercle bacilli first gam access to the lungs they usually
localize beneath the pleura in well ventilated portions of the lungs
Some of the bacilli drain along lymphatics toward the regional lymph
nodes which are usually located 1n the lulus This combination of a
diffuse pnimary focus connected by Iymphatics to the regional nodes
1s known as the primary compler and may also be seen 1 adults who
have not previously been infected A sumlar picture may occur 1o
other organs but less frequently The pnmary focus n chuldren usually
heals entirely leaving an area of fibrous tissue with or without cala
fication Sometimes however instead of primary healing the regional
lymph nodes may caseate and the healing process 13 delayed or comph
cated The primary disease may on occasion also spread from the
lymph nodes through the lymphatics into the blood stream or by
rupture of a lymph node directly mnto a bronchus

309
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Suggested Course of Treatment In the acute stages when there
18 hugh fever and toxiaity streptomycin should be ired alone or m con
Junction with sulfonamides

When the disease has been present for some time and the temperature
18 low or only moderately elevated vaccine therapy may be attempted
according to the method of Harms! If this 1s unsuccessful arhficial
fever may be tried On the other hand if the patient 1s not having
bouts of hugh fever and 1s able to obtamn a reasonable amount of rest
each day 1t 1s often best to use only general supportine measures 10
the hope that the patients own resistance will overcome the disease
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Mycobacterium luberculosis 13 a rod shaped bacillus which belongs to
the group of orgamsms that once stmned resist decolonzation with
acids or acid alcohols and are therefore called acid fast  Three differ
ent types of tubercle bacill have been found i warm blooded ammals
the human the bovine and the avian The bovine type infects cattle
and other farm ammals as well as humans The avian type occurs
cluelly 1n birds It 13 found less often than the bovine type m swine
and other farm ammals and rarely f ever affects humans

The tubercle bacillus vies with the spirochete of svplulis in aflecting
manv parts of the body and 1n producing the greatest variety of symp-
tomus and signs Tubcreulosis may be localized or widespread acute
or chrome very mild or extremely severe To cover the disease in its
entirety would require volumes We shall consider only the acute forms
of tuberculosis which may be readily confused with other acute infec
twous diseases ihe prumary tuberculous complex acute generalized
mithary tuberculosis the acute forms of pulmonary tuberculosis tu
berculous pleurisy and tuberculous memnitis The reader 1s referred
to the hooks Lsted on page 327 for more complete formation on
the subject.

The Prunary Compler

In order to understand the vanety of chnical syndromes which the
tubercle bacillus can produce in the human body 1t 1s first necessary
to consider what takes place after the pnmary infection m an mndividual
not previously sensitized to the bacilli This condstion has been studied
particularly in cluldren

When tubercle bacillh first gain access to the lungs they usually
localize beneith the pleura m well ventilated portions of the lungs
Some of the baailli dram along lymphatics toward the regonal lymph
nodes which are usually located 1 the hilus This combination of a
diffuse pnimary focus connected by lymphatics to the regional nodes
13 known as the prumary complez and may also be seen 10 adults who
have not previously been wmfected A silar picture may occur in
other organs but less frequently The primary focus 1n children usually
heals enturely leaving an area of fibrous tissue with or without caler
fication Sometimes however nstead of primary healing the regional
lymph nodes may caseate and the healing process 1s delayed or comph
cated The primary diseasc may on occasion also spread from the
[ymph nodes through the lymphatics mnto the blood stream or by
rupture of a lymph node directly wto a bronchus
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Suggested Coursc of Treatment In the acute stages when there
18 lugh fever and toxiaty streptomyci should be tried alone or 1 con
Junction with sul{onamides

When the discase has been present for some time and the temperature
13 low or only moderately elevated vaccine therapy may be attempted
according to the method of Harris? If this 1s unsuccessful artifictal
fever may be tried On the other hand if the patient 15 not having
bouts of lugh fever and 13 able to obtain a reasonable amount of rest
each day 1t 1s often best to use only general supportive measures
the hope that the patient s own resistance will overcome the disease
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by which 1t 18 performed arc the wiricutancous (Mntoux test) and
pereutaneous (patch test) The formar consists m njecting old tuber
culin (O T) or punfied protun dernvative (PP D) The latter 1s more
accurately mesured and produces a smaller number of nonspeeifie
ruactions The dost unployed 1s 0L m, of OT or 000002 mg of
PP D 1tis mycted intrcutaneously mto the forcarm and road forty
aght hours liler A positive test conwsts m induration and redness of
the shin occupying an are1 of 1 em or more i diumeter IF the test
13 negative 1t should be repeated with 1 m, of OT or 0005 mg of
PPD

The patch test muy be substituted fur the first test with PP D or
OT It has becomu popular because it 18 more comeinent to use at
elumnates the pam of the mtracutancous mjection and at the same
tme it 18 of the samc order of reliability The tust 1s done by applym,
to the shin 1 stnp of adhesive winch contains one or two preces of
gauze saturated with tubcrculn aud another piece of gauze which
contains no tubereuln for 4 control A posilive reaction consists i a
papular or vesicular rcaction forty-eight liours later at the site of the
tuberculin saturated jauze

The majonty of persons with active tuberculosts respond positively
to a test with the milinl strength of PPD or OT or to the patch
test Persons with an active tuberculous infection who fail to react
060000 mg of PPD or 1 mg of OT are either overshelmed by

berculosis or some other infe or are 1 the early stages of first
infection tuberculosis and hiave not yet had time to develop a positive
reaction

Once a person has doveloped a positive tuberculin reaction 1t alinost
Uways remamns positine for hfe Consequently a positive test means
only that the individual has had tuberculosis at some time and not
necessanily that he has active tuberculosis at the time the test is per
formed On the other hand a small percentage of persons who have
had a positnve tuberculin reaclion later become tuberculin negatine
The reason for tlus 1s not hnown

Dracrosrs

The dugtious of the phase of the primary complon or the first
wfection phase 1 usually made as a result of the discovery of tubercu
losis 1 an adult i the child s immediate environment Sometunes on
the other hand the child s symptoms first draw attention to the illness
and 1 these cases (he diagnosis 1s usually easily made sf 1t 18 only con
sidered Vhen a young cluld 1s observed to have a positive tuberculin
test a roenlgenogram of the chest should be taken and adult contacts
should be exanuned for the presence of active tuberculosis The mld
svadrome which consists 1n a Little fever and lassitude can be readily
tistaken for the common cold or influenza If there 15 compression by
the mediastinal nodes the symptoms may be confused with those of
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With the establishment of the primary complex the patient develops
allergy (tissue hypersensitinity) to the tubercle baaith or cirtamm of
their products When this has taken place the tissues arc more readily
damaged by tubercle bacilh while at the same time they have an
mcreased resistance to tuberculous infection The chimcal evidence of
this development of allergy 1s a change from a negative to a positne
tuberculin test

Syuprous anp Sighs

Although the primary stage of tuberculosis may pass unnoticed m
chuldren careful observation often discloses a defimte clinical syndrome
Fever up to 102° F appcars and lasts for a few days to tno weeks
and 1s usually accompanied by anorexia lassitude and genuial un
tability Sometimes the chnrcal picture will be sinnlar to that described
under acute tuberculous pneumoma including the leukocytosts

Physical uxanunation often reveals no abnormal signs or at most
an area of partinl dullness and dimimshed breath sounds Bronchal
breathing 1s rare and rales if persistent are indrcatnve of broncho-
geme spread If the parenchymal lesion progresses sufficiently the
usual signs of pulmonary tuberculosis appear

CowiLicATIONS

Pressure from greatly enlarged lymph nodes will ¢iuse couyh whieh
m some cases 1s spismodic Wheezing or rhonch: may be present
These symptoms may clear up 1n anywhere from a few days to several
weehs or months Pressurc of tuberculous abdommal nodes upon the
intestinal tract may cause partial mtestinal obstruction Ruplure of
4 caseous lymph node 1nto a bronchus results 1n massive tuberculous
pueumoma 1 one arca or scattered foer of tuberculosis throughout
the lungs

Hematogcnous spread may give nise to sohtary foct m other org ing
or to acute dissemmated mihary tuberculosis

LABORATORY AND SPECIAL 1 XAMINATIONS

Thouob tubercle bacilh m iy sometimes be found m the gastric juice
of a person with a pnimary complex 1t 13 particularly mportant to
search for them n the probable adult source of the mfection

Roentgenograms of the chest will usually show the prmary lcsion
and the enlarged lymph nodes It 1s important to follow the course of
the disense with senal x rays until oue 1s sure that it has become qui
escent

The change from 1 1gative 10 1 positive tubereulin test m 1 youn,
cluld 15 taken as proof of the eustence of the prinary comples and
15 highly suggestive ev wdence of a reeent snfection from another (usually
older) member of the houseliold The tuberculin 1est 15 one of the most
valuable 1uds m the dignosis of tuberculosts The Ino common methods
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SyuPTIOMS AND SIGNS

Although the onset 18 sometimes abrupt 1t 1s more often gradual
Clulliness fover general aching and maluse e the complunts which
lead the patient to seh medical Miention Anorexia was present in
90 per cent of Chipmins cases wd weight loss i 83 per cent Iw
dences of pulmoniry imvohvement were cough w82 per cent of the
cases dyspnca n 64 per cent chiest pamn i 19 per cent and hemoptysis
m Lo per cent

The temperature curve shows ho charactenstic features kever 1
usually wregular with considerable vamation dunng the course of
twenty four hours The pulse rate 13 often clevated in proportion to
the degree of feser Depending upon the extant to wlich the lungs

Fig 4_ M hary tul erculosis of the chorod (hoellner)

are affected the respiratory rate also may be considerably increased
Toucity 15 lss than would be expected from the height of the fever

Many authors have grouped cases of mulrary tuberculosts according
as they are of the pulmonary menmgeal or typhoid form depending
upon whether the symptoms and signs point mainly to the lungs or
to the memnges or whether the disease 15 characterized only by gencral
symptoms as s typhoid fuver While the physician may find that this
{f helps Ium ber the vamable characteristics of the
disease he should bear in mund that all gradations between these
syndromes may occur and that m an individual patient the disease
may at one tume 1n 1ts course look like tvphoid fever and at another
e resemble memngitis or pulmonary disease
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asthma pertussis or obstruction of a broachus dus to a foregn body
The varres derably depending upon the group studied
The fatahty rate 19 lugh \\hen the pnmary fection oceurs m very
young children when food care samtation and general hving con
ditions are poor and when there 15 opportunty for repeated mfection
Among 472 cinidren with prmary tuberculosis 1 New York City*
whow 2l the factors just mentioned were unfavarable 254 per cen!
daed of tuberculosss wathun a year On the other hand mn chuldren and
adults 1n whom these factors are more favorable death is wfrequent

Taearvenr

The only treatinent 18 to make sure that the chifd recerves adequate
rest and nutrition untd hie 3s over the active stage of the primary wiee-
tion Streptomycin hos not been ted on patients m thus stage of the
disease except where serious compheations have occurred

Acute Generalized Miliary Tuberculosis

When tubercle bacli enter the blood 1ovade varous parts of the
patient s body and preduce multiple tuberculous focr along with symp
toms of toxernia the process 15 called acute generabzed muhary 1o
herculosis Some dea of its frequency may be obtamed from Auer
hach 8! report that among 1636 persons with tuberculosis upon whomt
autepsies were performed 179 per cent Liod the acute mubary form of
the disease This mndmon 18 found more often 1 persons who are more

ble to tub fe mn general such as the Negro and
the American Indian and particularly 1 the zetnve phase of the pnt
mary wfection m the younger age groups

The route by which the pathogenic orgamsms gan entry to the
blood has been the subject of much discussion 10 the past In most
wnstances the tubercle bactls apparently drasn from a tuberculous focus
into the regional fymph nodes and thence through the fymphatic system
wnto the venous system The bactena may reach the blood stream as
a result of the ruptunmg of a tuberculous focus into a vem or mte the

¥ duct The are discharged 1nto the blood at mtervals
except w patients who die shortly after the first disserpation Multy
ple focr of vanyrog sizes are the result Chapman? found that dufferent
organs are aflected as follows

Organ Frequency of Involeement
Splees 100 per ¢ nt
Lnver 100 per cent
Bone marrow 81 per cent
Lungs 63 gev cent
Rudneys 3 pet ceat
Ndrepals 32 per cent
TFestules 3% per ceng
Heum 33 per cang

Nemnges 29 per cent
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DragNosis

Any patient who has high fover without defimte localizing signs
and symptoms or defimte mdications of another disease should be
suspected of having acute nuliary tuberculosss \ search should be
made for tuberculosis cIsewhere 1 the body and for tubercles i the
chorard The sputum should be repeatedly exanuned for the presence
of tubercle bacilll If the roentgenogram of the chest does not shiow the
charactenstic nfiltration 1t should be repeated at ten day or two week
ntervals

Diseases which may be confused with acute mlary tuberculosis
because of the sumlanty of the climeal pictures are typhond fever
subacute bacteral endocardilis and undulwit fever In certamn viher
conditions the x ray appearance of the lun s may sometunes resemble
that seen m miliary tuberculosts Amom these are Boech s sarcoid

carc of the lungs coced o818 | histo-
1 and bronchiohhis fibrosa obl
ProGhosis

Only rarely does a patient recover from the acule form of the disease
o some patients small numbers of bacilli escape mto the blood and
correspondingly fewer lesions are t’ound i the ‘anous organs Thus s

called sub: mibary t 1 p m these
patients 13 somewhat more favorable and the empluymenl of strepto
mycin s altering the prognosis considerably

TREATMFNT

Treatment up to the present time has been entirely symptomatic
Prelininary mnestigations with streptomyen are showing encouraging
results? ¥ Paticnts who respond favorably xhubit progressne dis
appearance of signs and symptoms and of roentgenologic mamfesta
tions of the disease over a period of six {0 eight wecks Treatment
conssts 1 the mtramusculir injection of 2 to 3 gm of streptomyctn
daily for two months divided into four to six doses

Some of the patients deyelop tuberculous memngitis which neces
«itates a modification m the therapeutic regimen (see p 326) In other
cases the tubercle biailh become lighly resistant to the streptomyan
Another unfortunite complication has been the occurrence of a re
lapse 1n some patients after all evidence of the disease had disappeared
and treatment had been stopped Much more i estization will be
necessary before 1t 15 possible to determine the optimal dose of strep-

tomyem the proper period of treatment and the prognosis m an indi
vidual case
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Physical exxaunation of the lungs may reseal no abrormalities o
there may be only « fen suberepitant or mucous rales found in a single
area or m scattered ones In other cases only the signs of effusion may
be present (ploural flusd was found 10 30 per cent of Chapman s cascs)
winle 1 patients with an ongwmal pulmonary focus the signs attnbu
table to this e hkely to domunate the picture

Other evidences of the widely distobuted tuberculous lesions may
be enlargement of the spleen and sometimes of the lner and the pres
ence of choraidal tubercles The latter are pale grayish white ovalor
rectangular patches usually less than 1 mm m dometer (Fig 32)
Generalized Iymphadenopathy 15 an finding A ts of
pertcardial or perttoneal fluid sufficient to be demonstrable on physteal
exammation are lhewsse mirequent Memngitis occurs i thout one-
third of the patients The chuical features of this condstion which
usually dominate the preture when 1t 18 present are discussed wader
tubercufous menn,ttis {(p 323}

\cute mibary tubesculosss temmmates fatally usually witlin two
weehs 1o two months of the onset Rarely 1s the course as short as a
weeh or longer than s months

Laborarony anp X Ray Eaadunations

The leuhocyle count vares conwderably from patzent to patent
it was below 5000 1n 19 per cent of Chapmans cases between 5000
and 10 000 1 22 per cent and over 10 000 in 29 per cent The Jowest
count was 1600 and the highest 20 700 There was an merease i the
neutrophuls and 2 corresponding dimnution i the number of hmph
acytes m 89 per ceat of the pattents \lthough 3f3cobacleriam fuber
culosis 15 demonstrable n the sputum of only a small percentage of
paticnts w the early stages sputum examunations should always be
done suice tubercle bacith from a chrome pulmopary focus may be
present and may be a souree of wifection fo others Tubercle baath
may sometunes be found wm a smear or cultuie of the sternal bone
marTow

The fact that the x ray exanunatwon of the chest presemds a fughly
suggestive picture has fed the chmaar to depend upon it almost entsrely
for drag Ch sstically 1t shons hundreds of small arcas of
\ncreased density which are nat sharply outhned but merge mto each
other or nto the surrounding tssue Unfortunately for purposes of
diagnosis the roentgenogram of the lungs sometimes appears normal
Reasons for ths are (1) the luags are not always involved (2) the
lestons may not be large enough or compact enough to cause X £y
shadows Sometunes the typreal mfiltration will be seen ot Tater roeat
genograms +nd sometimes death will mtervune bufore they appow
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I \amination of the lungs may reveal the typreal findngs of lobar
pneumona  although more frequently there will be dimmished or
absent breath sounds and mowst rales wstend Sometimes the physical
signs are more indefimte nd nothing mny be lieard except areas of
moist rales This 18 particularly true of the bronchepncumomie form

Lvidences of extrapulmonary tubcreulosis muy be found n the
gemtounnary or osscous system in the mntestines or lymph nodes or
elsewhcre

Cowi LICATIONS

Smec tubereulosis may be found practically wiywhere i the Iuman
body the possible 1 are alinost ble Those most
commonly observed are pulmonary hemorrhage laryngeal tubercu
losis tubereulosis of the mtestines tuberculous memugitis and acute
mhary tubereutosts

CoURsk AND PROGNONIS

Cascation excavation nud sprend lo other parts of the lungs are
charactnstic features of acute tuberculous pneumoma Sowe patients
will have su litle resistance that death will take place within sevaal
weehs sometimes as soon as three weeks afler the onset In others the
diserse may remain 1n an wule stage for wechs or months and then
become subacute or chrome Rarely 15 there a ensis or lysis m seven
to ten dwys such as there 1s 1 untreated prcumococeic preutnoma

T asonaromy anp X Rax Eausnnarions

The leukocyte count 13 most frequently between 10 600 and 1o 600
per cu mm It is rarely lugher than 20 000 per cu mm and is some
tunes within normal Inuts The percentage of polymorphonuclears
mcreases somewhat but usually docs nol reach the heights attained
m preamococeic pueumoma  Furthermore these cells contan few or
no toxic granules Tubercle baoillh are almost inyvamably present in the
sputum at least by the time 1t becomes profuse and purulent If they
are nol found on direct smear cultures or gumea pig moculations
should be done from concentrated specuens

Roentgcnograms of the lungs will show consohidation usually of
the lobar type imvolving all or part of a lobe Mottled 1nfiltrations
may be present elsewhere i the lungs and should be looked for since
thev are of great diagnostic value Rubmn® has described the charac
tenstic x ray appearance in the lobar type as follows opacity occupying
all or most of an upper lobe the lower border being more or less sharply
delineated by the interlobar fissure especially in 1ts outer half Often
the fissure 1s displaced upward Usually the opaay 1s densest m the
Tegion just above the fissure the density diminishing progressively
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Acule Forms of Pulmonary Tuberculosis

Fuberculous infetion of the lungs of some people creeps lihe a
smoldering fire 1n low grass and n others 1t sweeps along with the
speed and destructivencss of a forest fire The latter 1s the course of
acute tubcrculous pneumoma which results when a cavity or a tu
berculous lymph node discharycs its contents into 1 bronchus and
thence mlo a wide area of the lung tissucs of 1 person who has become
highly allurgie 1o tubercle bacilh It may sometuncs be the result of
the entrance of i overwhelmim, dose of tubercle bacil into the lungs
of a person who has not previously been ifected with these orgamsms
Ths form of the disensc 1s most often found young people 1n Negroes
m dibetics and i other persons whose susceptibility to these organ
18ms 18 great [t ts of particular interest because of the difficulty of
ulfurentiating 1t from other acuty mfections of the lungs particularly
pneumococcic pneumonta Symbolic of the rapidity of the course of
this condition 1s the frequently heard lav synonym  galloping con
sumption or the more erudite phthisis flond

Pathologically the disease may take a lobar or a brouchopneumornc
form The lobar variety occurs most commonly n the upper lobes
Climeally 3t 15 difficult and relatively ummportant to make a distine
tion between the two forms In the mvolved area there 1s widespread
cascation followed bv destruction of the lung tissue with consequent
excnation if the patient lives long enough

SruiToMs AND S1 NS

Viule the onsct of the scvere symptoms 1s usually sudden careful
questionmg will often bring out the fact that weakness and malarse
preccded the acute symptoms by several days In addition many
patients will be sulfering from chrome pulmonary tuberculosss at the
time the tuberculous pneumonin starts or will give a history of a
previous tuberculous infection

The symptoms which make the patient seek the doctor are chlliness
fever and cough The temperature may be no ligher than 102° F
but frequently reaches 101° to 106 F at some tume each day Sputum
may be scant and mucopurulent 1t first After a few days it 1s 2lmost
imanably copious frankly purulent and of 1 greemsh or yellowish
color In most instances there 1s no blood i the sputum When blood
15 presunt there will be stecalang or profuse hemorrhage rather than the
rusty color seen 1 pneumococcic preumoma Resprrations e rapid
and the pulse 15 acculerated often out of proportion to the temperituse
Chlls are occastonally seen at the onset Profuse sweating 1s common
Pamn 1n the chest 1s present 1o some individuals although it 1s seidom
as severe as m other bacterial pncumonias Cyanosis 1s observed 1 an
occasional patient [t s ot uncommon for the patient to Josc severnl
pounds a weeh wlile the discase 15 acute
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dognos:s must depend howeser upon repe sted exammations of the
sputuns for tubercle baaills

Rlehsiella (I nedlander) pneumomsa 18 hikely to be confused with

1 ! because the consolidation may be lobar or difuse and
cavitics may be formed sf the patent remaws Hfl for any lungth of
tme JU must be differentiated by exanunition aud culture of the
sputum for tuberde bacill and for Alebsiellae

Olher bacterial pneumonias such as thuse caused by the bett hemo-
Iy tic streptococcus by £7 snffuen we by stapliylococct and P belarenses
can be diagnosed with cortainty only by bactenologic studies

Primary atyprcal pneumoma and the pneumomas caused by viruses
of the puttacosts group aud by nchettsia orgiusms niay produce
roentgenographic opiaities which are readily confused with those of
pulmonary tuberculosts The diferentiation can sometimes be made
only by companng senal rouatgunorams tahen at itervals of u weck
or ten days The mhiltrtions chiange more ripidly and cspeaially dis
appear more quichly 1 these pnegmonns than they do n tubercalous
phcumona

TREATVENT

Complete bed rest 1s wmndatory from the start  After the acute
phase has subsided pneuniothorax 15 usually instituted if there has
not been much destruction of lung tissues If luwever a considurable
amount of destriction has occurred  thuracoplasty 1s preferable Some
chuoans behieve that even duning the acute stage af the disease pro~
gresses i spite of bed rest pneumothorax should be amtiated even
though the results to be anticipatcd may not be oo favorable Some
workers have advocated poewnopcntonentn and phrenic nerve crusht
while others behieve that these procudures shiould be deferred until
there has been some degree of 1mproyement

Streptomyan has been used successfully® ¢ m pulmonary tubercn
losiz 1t remains to be seen how well 3t will work 1n acute tuberculous
pucumoma Because of 1fs suppressive action on yeobaclerium tuber
culosis thus antibiotic may comvert the acute nto a subacute phase
and thus insure better results from rest or collapse therapy

Acule Tuberculous Pleur:sy

Tubercle bacili reach the pleura sn most cases by direct extension
{rom a lesion 1 the underlying lung and occastonally by way of the
lymphatics or blood stream The mflammation 1s charactenzed by
congestion of the pleural hlood vessels and the formation of a super
ficsal layer of fibnnous exudate (fibnnous or dry pleunsy) In most
instances pleural flud also farms (sero-fibrinous pleunsy) The quantity
of flud vanes from a few 1o several hundred cubie centimeters
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toward the apex and periphery of the lobe At a later stage of the
disease the density may not be homogeneous but may be scattered
through the lobe

Discnosis

The sudden onset of chully scnsations high fever and cough accom
panied by signs of pulmonary consolidation should make the physician
think of tuberculous pneumonia if one or more of the following fratures
are present (1) the patient 1s suffering from or has previously had
tuberculosis (2} several days or more of malaise preceded the acule
gymptoms {3) the patient does not unprove witlin a week or ten
days if treated symptomatically or withm forty eight hours of the

of ad P Ihn or sulf le therapy and (4)
the patient appears subjectively better than one would expect from
the hught of the temperature Suspicion of tuberculosis should lead
to repeated examunations of the sputum for tubercle bacili and a
search of the roentgenogram of the Iungs for evidences of cavitaion
or of old foer of tubtreulosis

Differential Diag P c1c 11s sunilar to acute
tuberculous pneumonia 1n many respects Points of difference are m
Chulls are frequent in rare m tul 1 P

(2) Sputum 1s occastonally blood streahed and seldom rusty in tuber
culous pneumoma whereas a rusty sputum is charactemstic of the
prneumococcic variety (3) Frank pulmonary hemorrhages are rare 1n
pheumocoecic preumonta and pont with a fair degree of certawty to
tuberculosis when they occur (1) Pneumococcic pneumoma most fre
quently occupies the lower lobes while tuberculous pneumonia 15 al
most always in the upper lobes (5) Toxieity dyspnca cyanosis pleural
pamn and herpes lalialis are more charactenstic of the pneumococcic
vanety (6) Leukocyte counts seldom exceed 12 000 to 15 000 per cu
mm n tuberculous pneumoma whereas 1 the pneumococcic varety
they may nise as ligh as >0 000 or more per cu mm (7) When the
total leukocyte count 1s lugh 1 pneumococeic pneumoma the cells
of the polymorphonuclear series approach 100 per cent of all the winte
blood cells In tuberculous pneumonia they are usually mcreased but
not to that degree and there 1s less shaft to the left i the Sclulling
wndex (8) If pneumococar belonging to Types I 1T V or VII are found
sn the sputum a ppeumococcic pneumoma 1s most lthely prescot

The presence of tubercle bacill ind that the p 18 tu
berculous except 1n the rare when §
13 superimposed upon a chromie tuberculous miection

Abscess of the lung closely bles tuberculous § m s

climical features Nontuberculous abscesses are more frequently present
1n the lower lobes or 1n the lower portions of the upper lobes Definite
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diagnosis must depend, howeser upon repeated exammations of the
sputum for tubeecdy baols

hlebsicla (I mdlder) poeumomit 1s bikely to be confused with
tubcrenlous because the comolidation may be lobar or diffuse and
cavities thay be formed of the paticnt rumams Wl for any length of
ume It must be differentiated by examinition and culture of the
sputuns for tubercle bacilli tnd for Alebsiellae

Other bacterial pnoumomas such as those cwsed by the beta huno
Iytic streptococcus by If influen ae by staphylococes and P fularensts
can be dingnosed with certainty only by bicterologic studies

Primary atypical pneumonia and the preamionsas caused by viruses
of the psittacoss group wnd by rchettsia orgamsms my produce
rocntgenographsc opacilies which are readily confustd with those of
pulmonary tuberculosis The diffcrentiation can sometines be made
onlv by rompanng scrial rocntgenogrims taken at witervals of a weck
or ten days The infiltrations change moure ramdly and espeaially dis
appear morc quickly m these preumoni v than they do n tubi reulous
prewmoma

TREATMENT

Complete bed rest 3 mwndatory from the start  After the auute
phase hag subsided pucumothoras 1a usually mstituted of there hos
uot been much destruction of Jung tissues If however a considirable
amount of destruction has occurred  thoracoplisty 13 preferable Some
chinctans believe that even dunng the ncute stage 1f the disease pro-
gresses mospite of bed rest poeumothorax should be imtiated even
though the resuits to be anticpated may not be 100 favorable Some
worhers have advocated preumopentoncum and phrense nerve crush
while others beheve that these procedures should be deferred untat
there has been some degree of mprovement

Streptomyom has been uscd successfully? ¢ 1 pulmonary tubercu
losis It remains to be seen how well 1t will work 1n acute tuberculous
poeumoma Because of its suppressive action on Vycobacterium fuber
culosts tlus anhibiolic may convert the acute o a subacute phase
and thus nsure better resulls from rest or collapse therapy

Acufe Tuberculous Plearisy

Tubertle baolh reach the pleura 1n most cases by Quwect extension
from a lesion 1n the underlying lung and occasionallv by way of the
Iymphatics or bood stream The mflammation 18 churactenzed by
congestion of the pleural blood vessels and the formation of a super
firal layer of fibrmous exudate (fibnnous or dry pleunsy) Tn most
starces pleural flud also forms (sero-fibrinous pleunsy) The quantity
of fluid vanes from a few to several hundted cubw centimeters
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SyapToMs AND S16M\s

Some patients will give 2 istory of prodromal symptoms for seyural
weeks or months before the acute illness These nclude fatigue Mo
rexta cough or shght weight loss The first symptom of the acute discase
1s usually pam of a pleural type sharp nd stiching m character
often scvere from sts meeption or becomun, <o withm the first few
hours The most common site 18 the lower half of the chest antenoily
or laterally although 1t may be felt at any pomt over the thorw If
the central portion of the diaphragmatic pleura ts mvolved the pun
will be referred to the arca above the clavicde m the neck or along
the upper bordcr of the trapezins Influnmation of the pleura coviung
the penipheral two or thice mches of the diaphragm wtertorly and
laterally or the postenor third of the diaphragm will produce pam over
the lowcr thorax epigastium lumbar region or even the lower 1bdo
men The pam 1s thought to be due to mflammatory edun t of the nerve
endings It 15 a,gravated by decp breathin, coughin, and snezing
and sometunes also by movements of the trunk The bieath 1y taken
n short rapid gasps i order to avotd the discomfort of deep breatng

The tumperature frequently mses abruptly with the onsct of the
pamn although the disease 1s seldom ushered i by 2 elull The poahs
of the temperature curve arc between 101° and 103° F 1 most Cises
with 2 daily remission of about two degrees Occasional patients will
have a temperature as high as 105° F Others will hnve only 1 low
fever or none at all Toucity 1s absent or mimmal

On physical cvamination 2 friction rub or plenral cepitus will be
heard m most cases of dry pleunsy If a sufficient ymount of flud 15
present the charactenstic signs of flid will be heard and the pleural
rub will be abscnt Quantities of pleur at flusd less than 300 <o cansckdom
be detected by physical ex imination

CounsF

Acute fibrinous pleunsy otdinanly lasts only 1 few days to 1 weeh
or two On the other hand when fluid 1s present  the course 18 usually
Jonger Umless the flnd 1s aspiratcd  complete resorplion may not tahe
place for from three to six months 1n some cases Dunng this tine
although the patient may by somewhat restliss wd bk appetite he
1s not acutely 1l except m the rare instances when there 1s assocnited
extensive tuberculous disease If the \pputite 1s extremedy poor stveral
pounds may be lost Otharwise there may be no change in the wa bt
The tunperature subsides gridunlly from the onsct i mild eases In
others 1t remas clevated for seviral wechs before 1t starts downward

Recent brouchospirometric studies have disclosed that wflammations
of the pleura wluch result i vorymg degrees of fibrothorax lead to a
considerable decrease m pulmonary  function which 13 apparently

permanent
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LaBorATORY AND X TlAx Ty aumvations

In cases of uncompheated dry plounsy luoroscopic of ¢ ray wam
nation of the chest will rovel bttle Roentgenograms should ainways
be tihen howerer and repeated at six mouth wmtees als for the next
three yoars 1o cxclude the possibility of pulmonary tubcrculoss

In the st of pliunsy with (ffusion  rountyeno,runs hudp to de-
terine the position and quantity of the fluid prescnt I some mstances
Nuoroscopy or roentgenorams are needed moorder to discover the
presciice of flund especradly of @ o> siall s amount 13 confined to m
witelobir space or 15 pocketed edenhere Flwd may b missed esen
i U rountgenogram s Gthen espeenlly af v postenor antenor plate
alone 15 1kt In suspaous Cses where flud aannot bo visualized
n thes potwn an x eay preture should be tahen with the prient
w e faterl decubatus postion: Repeated rocntgeno rims cvery six
months over a penod of three years should be tiken nad the patient
should be observed earefully duning this panod for evidances of puen
chymnt tulereulo 15

The flwd withdrawn s diridenstialiy thin and straw colored
and has 2 tendency lo dot The spreafic ruvity 1s less than 1016
the protemn luss than 1 per cont and the clls e mostly fymphocytes
Occasionlly the fluad 33 hemorrhiige Tuburcde baalh can seldoms be
fouud on direct vy unution of the fluid At loast 300 o should be
centrifuged and the sedimicot should be cultured ind moculated o
a pumea piy In a large puroentae of ises the coloatc 1ent may
bu identified 1n this wiy although fadure 1o find tuborde bacil does
vot excdude the diagnosis of tuberculusis  The sedimentition rate
seldom remuns within normal fmuts even i the imld cascs When 1t
15 eloy ited 3t should be u vd as an dex of activity and the patunt s
convalescence should be vrranged accordingly

The bleod lcuhotyte count 1s normal or shghtiy dovated The dif
ferential count may show A shght mere e m the granulocytes or may
be within the normal range

When a patient has pleutsy with effu wn (st tount eno.rams
should be taken of all the immediate contacts

The tubercubin test should bt positve t the mception of 1 case
of tuberculous pleurisy A negune tust 15 stroug vidence agamst 1
tubercutous ongin of the disewse \ positive test however does uot
prove that the «tfusion 1s tuberculous smce the tuberculin sensitinity
may have bein due to a previous and now miactive infuction

Dracnoss

Pleunsy can be diagnosed m most cases on the basss of the bistory
and physical signs  although rocntgenograms should be taken 1o aff
cases Pleunsy with d{Tusion seldom dev¢lops m the course of pulmonnry
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tuberculosis When 1t does roentgenograms will be needed to show
the presence and extent of the parenchymal lesions Once pleunsy 15
diagnosed the old dictum that pleurisy 1s tuberculous until proved
otherwise 1s still an eacellent rule This 1s especially true when effusion
18 present Every attempt should be made to find the tubercle bacill
but if these 1008 are ful the disease should never
theless be treated as if 1t were tuberculous 1 ongmn

Differential Dianosis The pain of pleunsy may be confused with
that occurring 1n herpes zoster tumors or cystic disease of the breasts
pressure on mtercostal nerves due to a protruded intervertebral disk
or to arthntis of the spine myositis fractured nb spontaneous poeu
mothorax pencarditis angima pectons myocardial nfarction sub
diaphragmatic effusions cholecystitis and other abdommal diseases
These can almost always be ruled out by a careful lustory and physical
exammation

Dry pleurisy may be caused by the following conditions as well as
by tuberculosis pneumoma lung abscess pulmonary mfarction neo-
plasm 1n the lungs or other structures adjacent to the pleura Pleunsy
with effusion may be ed as a Iication of p of
pulmonary mfarction and of neoplasms which 1nvolve the lungs and
pleura

When a chull oceurs at the onset when there 15 a lugh fevar lecho-
cytosis or blood tinged rusty or prune jmce sputum pneumomia
1s the most hkely diagnosis Pulmonary mfarction may begin with
sharp pamn 1n the chest with cough and expectoration of blood streaked
or bloody sputum or the onset may be msidious with fever which
may or may not be accompanied by chest pain and cough A condition
which predisposes to pulmonary infarction (such as congestive heart
farlure penpheral or pelvic venous thrombosis or an operation) 18
usually found if carefully looked for —

Pleurodynia occurs 1 eprdemics and 1s characterized by the sudden
onset of pamn accompamed by fever general aching headache and
maluse The temperature falls after a day or two and may exlubit
a second and even a third nse within the next few days A pleural
friction rub 1s heard for a brief period of time 1n a small percentage of
patients

When pleural effusion 1s present 1t 1s often difficult to determme
whether the discase 18 tuberculous or 1s due to other causes These
1nclude neoplasms congestive heart failure pneumoma cirrhosis of the
hver and chronic nephritis Among the diagnostic measures which may
be used for diferentiation are postero-anterior lateral and oblique
roentgenograms culture and gunea pig moculation of the pleural fluid
for tubercle bacilh and examination of the flind for malignant cells
The latter may be accomplished by sectioming the centnifuged sediment
and examung 1t as 1f 1L were a tissue section
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Procnosis

Patients will recover from tuberculous pleurisy whether dry or
serofibmnous  unless there 1s eatensive tuberculous mfection - the
lung or m otlier or, s which changes the prognosis or unless rapidly
advanang parcnchymatous tubcreulosts develops during the course of
pleurisy

Even when there are no demonstrable lestons of pulmonary tuber
culosts tuberculous lcsions develop in the lungs during the ensuing
five years 1n 2bout one Unurd to onc half of patients with pleural effu
sion Although the pereentage of patients who subsequently develop
the pulmonary form of the discase 1s greater when tubercle bacilli are
obtaned from the pleural fluid pultnonary lesions also develop in pa
tients in whom 1 tuberculous ctiology could not be defimtely established

TREATMENT

Rest Complete bed rest 1s required m dry pleunsy for the durtion
of the signs and symptoms and for at least oue week aftervard IF the
sedimentation rate reaches normal values and remamns there the pa
tient may be allowed to return gradually to lus normal activities over
the course of the next weck or two

Serofibninous pleunsy 1s lhely to represent a more extensive process
and requires stnict bed Test for at least three months or longer 1f the
fever and the fluid do not disappear within the first two months After
the peniod of complete bed rest the next three moaths should be spent
m gradual restoration to normal 1clivities The sedimentation rate
should also be used as a guide 1n these patients

Thoracentesis The chost should be tappad whenever the presence
of flurd 1s diagnosed or suspected and as much flud removed as can
be asprrated Tus proccdure <shiould be repeated ns significant amounts
of fluid reaccumulate It 13 customary 1o wnject a small amount of ar
after the flud has been withdrawn so that 1t will be casicr to establish
a therapeutic pneumothorax later 1f 1t 15 needed  Sometimes one aspt
ration 13 suffiient for therapeutic purposes somelimes several are
required Rarely are more than five or six needed during the entire
course of the illness

Tuberculous Meningilss

Tuberculous wfection of the memnges resulls from the formation
of caseous tuberculous focr 1n the substance of the nervous system
in the meminges or adjacent structures and from the discharge of
bacills from these foct mto the cercbrospinal fld 7 It 15 more frequently
observed in clildren between the ages of two and Len Years and oc
casionally also in adults Pathol iy dered lous menin

gitis im olves especially the base of the bram a location which favors
12
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an increase 11 intracramal pressure and irntation and compression
of the cramal nerves in this arca

SympTOMS AND SI1GNS

The onset 18 sidious and the first symptoms may be obscured by
symptoms of tuberculosis clsewhere i the body or may pass unnoticed
for weehs and months When a detailed history 1s obtained st 1s found
that the patient has been tired and irntable 1nd has had a shght degree
of fever for a considerable period of time before the symptoms referable
to the central nervous system made ther apprarance The most diag
nostic signs and symptoms when they do appear mnclude headache
vomiting convulsions and strabismus

Examination shows ngidity of the ncch and usually also of the
entire back The deep reflexes are commonly increased the hermg
sign and the Babinshs and equivalent reflexes posstive Ophthalmo-
scopic examination may reveal edema of the disc and retinal tubercles
Partial or complete paralysis of the cramal nerves may be detected
particularly the oculomotor nbducens facial and auditory nerves

LaporaTory EXAMINATIONS

The charactenstic features of the cerebrospinal flud as reported
by Mernitt® {rom a study of exghty four cases of tuberculous menmngitis
are shown 1 Table 4o It 1s evident from this that 1n the typical case
the brospinal flud g will be d there will be a moder
ate leukocytosis with lymphocytes predominating the protein content

TABLE 45
Caaracrenistic Features oF Tue C Fruip v [
Me~iermis
Eraminalion Typical Findtngs Exiremes
Pressure (mm of water) Over 200 32 to 800
Whte blood cells (per cu mm ) 25 to 500 5 to 2021
(Lymphocytes predomi
nating)

Proten (mg per 100 cc} 4a to 500 2 to 1142
Sugar (mg_ per 100 cc ) Below 4a Less than 2 to 29
Chiordes (mg per 100 co) Below 650 4411073

From Memit?

will be increascd and the sugar and chloride content decreased Fluds
which do not conform to these criteria are almost always found early
1 the course of the disease Specimens obtamed later will fit into the
expected pattern Charactenstically the flurd 13 clear with a shght
yellow tinge and forms a fine fibrin clot if 1t 1 allowed to stand The
colloidal gold curve 18 usually either normal or raised 1 the midzone
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Frery attoupt should be made to find the baallin 1 stained smear
“Thus can be faohitated by the use of some reageit to concentrate the
bacteria  The method which has proved most satisfactory m our ex
perienica 13 that desenbed by Hanhs® as follaws

1 Tocach 2 of spnal fud 838 003 ec (3 drops) <f ddoroform anl biake
stolently for Un minutes

« Centriduge st top pted for Tne minuts dicard supsratont flad

3 Smear the entwre rediment without adfed fisatne fix by heat stam wath
arbolfuch o snd decelenze en | ocunterstwn for five minute 1o a ¥ s diiton
of Cabbut s solution

A thorough scarch should yield the urgatnsms culture of the flud
and 1noculation of guinea pigs should result i the dumonstration of
the tubercle baalli i nearly (very mstanee

Ditornosts

"Tuberculous memngiis 13 a strong possibihity when s1,ns of mewn
geal irntalion appcar 1 a peron wposed to or suffering from tuber
culosis Sinice s1,ns of memngeal srritation should always lead to luntbar
puncture s wy event the eercbrospinal flud findings are of the greatest
unportance

Othier findings helpful m the diagnosis are the presence of tubxreu
losiy m othir parts of Lhe body and a positive tuberculin test The
Intter s of coursi of more sigmficance the younger the cluld Some
tines in severely ill patients the tubercubn test may be mgative

hiferential Diapnu 22 In acutt sypluhtie munngus the are
bro pinai fwd findings oftan resewble those su tubcrculous mentngitis
except that the chlunde values i the former rarely fall bhelow 650
mw, per 100 cc A poitnve serological test for syphilis should venfy
the diagnosis except 1 the occasional patient who has a syplulitic
mfection s addition to tubcreulous memngitis Occasionally howeser
a false serofogic test for syplulis may occur as a result of a tuberculous
mfection

Thure are several conditions 1 wlich the certbrospmal flmd may
resenuble that found wn tubcreulous memngitis except for normal su ar
and chlorde values These mclude acute anteror pohomyelitis bemgu
lyraphocytic ¢k enceph mumps me hal
ttis lead encephalopathy bramn tumor bramn abscess and lateral smus
thrombosis [t 18 well to note howeser that excessne vomiting from
any of these condiions may deplete the serum chlorides and thus
produce a lowenng of the cerebrospinal flud chlonde content

Other bacterial menmgitides will ordinanty be easy to differentiate
from the tubcrculous variety by thewr scute course by the presence
i miny instances of infections elsenhere then in the memuges by
the predommance of polymorphonuckear cells 1w the cercbrospinal
lad and finally by wdentification of the ctusative organisms




321 DISH ASF 8 CAUSLD BY BACILLI

an nercase momtricrunl pressure and sentstion ind compression
of the eramal nerves e this e

SYMPTOMS AND DI\

The onset 13 msidious and the first symploms may b obscured by
symptoms of tubcrculosts ddsewhere i the body or may pass unnoticed
for wecks and months When v dotuled history 1s obtamed 1t 1s found
that the patient has been tired and acntable wnd hs had a shght degree
of fever for a considurable period of time before the symptoms referable
to the central nervous systom made thar appearance The most dizg
nostic signs and symptoms when they do pperr anclude headache
vomiting, convulsions sud stribismus

Lxanunation shows ngidity of the nech wd usually alo of the
entire backh  Fhe dup redlexes are commonly mcreased  the herig
aign and the Bibmsks and cquaalent rfloxes posttive Ophtkalino-
scopic examun ition may reveal edam s of the dise ind retinal tubercles
Partial or complete parilysis of the cranl nerves may be detected
particularly the oculomotor abducens fienl and auditory nerves

LaboraTory Ly AMINATIONS

The charactenstic featurcs of the cerebrospinal flud as reported
by Merntt® from a study of ughty four cascs of tuberculous memngitis
are shown in Table ta It s evident from thus that in the typical case
the cerebrospinal flud pressure will be increased there will be a moder
ate leuhocytosis with lymphocytes predomnating the protemn content

TABLL #»
Coanracteaistic Features or nin, Cenesnosprsat Fruio 18 Fupencuirous
Meneimis
F ramunation | Typteal Findings Erlremes
Pressure (mm of water) Onver 200 135 10 800
Whate blood cells (per cu oun ) 22 10 500 2 to 2021
(I ymphocytes pred mu
naling)

Protemn (mg per 100 cc) 12 to 00 25 to 1142
Sugar (mg per 100 cc ) Below 4a iess than » to 29
Clﬁomlcs (mg per 100 cc) Below 6 0 471 to 732

From Merntt?

will be mereased and the sugar and chloride content decreased Fluids
which do not conform to these critera are almost always found early
1n the course of the disease Specimens obtamed later will fit 1to the
expected pattern Charactenistically the fluid 13 clear with a shght
yellow tinge and forms 2 fine fibrn clot 1f 1t 18 allowed to stand The
collordal gold curve 1s usually esther normal or raised 1 the midzone
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Vonographs

Maller J A and Wallgren A Pulmonary Tuberculosis in Adults and Chldren
New York Thos Nelson & Sons 1939

Piner M Polmonary Tuberculo 1910 the Adult Hts Fundamental Aspects. Spnng
fiel] 1l Charles C Thomas 1940

Rich A R The T of Tub ! 1L Charles C Thomas
1944
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Torula meningitis 13 accompamed by cerebrospinal flud findings so
characteristic of those found in tuberculosis that 1t must be differenty
ated by finding the organism 1n a smear or culture Fortunately this
condition 18 rre

Procrosis

Although an occasional patient with a few scattered tubercles
the bran may have recovered for practical purposes it can be said
that before the advent of streptomyein all patients with tuberculous
meningius died

TRCATMENT

No treatment had shown the shgatest promise before streptomyen
was used While the number of treated patients at present 1s too small
to allow any defimite conclusions 1t 15 obvious that here as elsewhere
this antibiotic exerts a suppressive cffect upon Vycobaclerium fuber
culosis Sevcral patieats treated both by the intramuscular and tra
thecal routcs have apparently recovered from tuberculous memngitis
although most of them had serious residua such as blindness deafness
and muscular paralysis

Streptomyein should be admin tered intrathecally in doses of 20 mg
at daily intervals for the first three to five weeks and at gradually n
creasing mtervals up to twice weekly thereafter for a total of three
or four months? It should also be gnen intramuscularly 1 to 3 gm
1 day at four hour inturvals for the same period of time
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18 Pertussis (Whooping Cough)

BY
LLWI> k  SWEFT

Whoopin,, cough or purtussis 1s caused by a small coccobacllus
Hlemophilus periussis also enlled the Bordet Gengou bacillus after 1is
discoverurs It 13 1 small hanoglobmopluhie ovoid baaillus much hike
Hemophulus nfluen ae though less pleomorplne It 1s nonmotle has
nerther 1 capsule nor flagella and 1s not a spore former 1t 18 stamed
by the ordmary dyes and 1s jram negatnve Leshe®® has distmguwished
four agglutination types of which the smooth Phase I found usualiv
m freshly asolited cultures has the Inghest antigenic potency The
orgamisin 1s ayglutmated by the blood scrum of patients convalescent
from pertussis nd the serum gives a positne complement fivation
test durin,, convalescence and after recovery

Pertussis 15 an 1cute mfectious disease that s epidemic m nature
and affects any nommmune person It 1s much more common m m
fancy and eurly <ildhood with no natural postnatal pertod of m
mumby 1ts medence 1s maamal by the fourth year after which there
1s a furly rapid dechne until 1t 1s rarely encountered 1 patients above
ten years of age It does occur liowever m a few adults even among
those over ughty years of a.c Pertussis shows a defimte seasonal
vanation with ils greatest medence i the spring and early summer
though occasional e1scs m1y be encountered at any season

The pathology of pertussis 15 m most respects nonspecific The
orgamsms usually are present m great numbers between the ciia m
the surface mucosa of the trachea and bronchi causmg a clogging and
retardation of the normal ciliary action that frees these structures of
mucus There are no other specific lesions though al postmortem
examination there usually 1s evidence of laryngitis bronchitis or bron
chopneumowa and engorgement of the tracheobronchial nodes Lm
physema 1s often present as are petechial hemorrhages throughout
the body particularly mn the bram and memnges and under the con
junctiva Ldema of the face and of the bram 1s found fairly often

SyYMPTOMS AND SIGNS
There are four different periods 1 the course of the average case
of whooping cough cubational catarrhal paroxysmal and conva
Jescent These are not always distinct however and may merge 1o
3.8
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aidiously from one to wnother so that 1t 13 difficult to dclumt them
m any ginen patient

The wcubation pertod usually 18 between five and fourteen days
though rarely 1t may be as short as two days or as long as a month
‘Qhe nerage mcubation penod 1s about one week  There are no symp
toms duning this ime

The calarrhal stage of the distase m most children lasts from one
to tno wechs though it may be short or prolongcd The discase usually
starts with the typical symptoms of = common <ol the mamfestations
bang cough coryza sneezing and lactimation Thire may be moderate
miluse and a shght devation of temperature The cough s not par
oxysmal mn miture It usually 1s worse at mght though it may occur
with consderable frequency at amy time of day The cough s per
sistent however 1s resistant to treatment and becomes progressively
more severc The appetite may be Jost ind vomuling 15 ocwastonally
present

The parorvsmal stage of wlioopin, cou h 1 2lso vanable 1n duration
The average 1s 1boul siv weehs though 1t may vary from a few days
to several months The charactenstic feature 19 the cough which 1s
usually worst at mght and begins to come m distinct paroxysms There
are considerable mtervals free from cough dunan, whick the patient
s quite comfortable Then when thiere 15 2 cough 1t 1s eaplosive 1n
naturc Thert arc (rom four or five to twenty or more expiratory coughs
after 2 simgle mspiration The cbughs contiue untl the patient ex
hausts tns breath whether tlus be after one or two strong coughs or
many lesscr ones There 15 @ pause from 2 fow seconds to almost a
minute durmg wlich ibe child struggles 1o nispire then the breath
when 1l comes 1s drawn o forably thiou h apparently tensed yocal
cords with 1 long-drawn mspiratory  whoop  Thus tramn of events
15 repeated two to ton or more times 1 1 single bout of coughing each
repetition becoming more severe the period of apnea bemg longer
and the mspiratory whoop longer and louder 1 many stances
The patient becomes more uncomfortable with each succceding par
ovysm the wtrathoracic and mtravascular pressure apparently be-
comes greater and the face becomnes suftused then congested and
even purple The eyes show fright and confusion They are suffused
and congested and tears stream from them Long strings of thick
tenacrous mucus hang from the nose The tongue may become swollen
and purple and often protrudes durng the cough At times the sphine
ters may relax allowing passage of urine or feces The coughing par
oxysms may be so severe as to cause alarmed parents to fear that the
patient 18 having a comvulsion

After 2 number of wcreasiugly severc paroaysms of coughing the
typical patient will vomit The vomitus may contam food f the pa
tient hias eaten recently or 1t may consist only of thick stringy mucus
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The coughm;, ordmarnly ceases after the vomuting Then the cluld
who has been aittin,, ercet or lewnin,, forw ied during the bout of cough
g falls back exhausted covered with a profuse perspiration There
then cnsues another peniod of relative comfort and freedom from
symptoms during which the clnld frequently slecps

Young mfants or clildren who are greatly debibtated may lach
the strcngth to mnspire with suflicient foree 1o causc the typical whoop
In such patients the nature of the seizure with several expiratory
coughs aflter a single mspiration often with vomuting 1s quite as char
actensic of pertussis as 1s the samc couglt followed by a whoop 1n
older mo e robust mdivaduals In these weak or dcuhtated nfants
the period of apnen after the cough may be most alarming The patient
will be Iivid the inspiratory muscles m1y or mny not appear to be
working and death «cems mmmnent In almost all cluldren however
the spastic glottis relaxes n time to allow respiritions to start though
m some stances syncope or even death may oceur

The number of bouts of coughin, varis greatly m ndividual pa
ticnts In those with mulder illnesscs there may be only one or two
a day often with only one or two individual paroxysms of coughing
m cach bout though 1 more severe inslances there may be a severe
bout every hour The nwerage patient will have ten or twelve bouts
a day

In older cluldren there often is an aura or prunonition of the 1m
pending paroxysm of cougling whicli causcs them to try as best they
can to 1voud the wevitable cough This oftcn 1s a sensation of dryness
m the throat or of tightness m the chest though it may assume a
vaniety of forms Frequently i a hospital ward a paroxysm in one
patient will precipitate couglun, of all the patients in the ward

Duning the paroxysmal stage n severe cises there often will be a

nstant suffused and ed appearance of the face between bouts
of couglung This 1s quite cxpressive of whoopmg cough and frequently
suggests the diagnosis when no couyh 1s heard Another occastonal
accompamment at this time 18 subconjunctival hemorrhage Tlis may
consist only in peteclual spots or there may be complete 1y olvement
so that the entire sclera s covered with hemorrhage The cornca
however 1s unaffected Nosebleed 13 another common mamfestation
and petechal hemorrhages w other locations ue encountered fre

quently
The cough 1s 1duced by a variety of mechamsms durmg the par

oaysmal stage of pertussis Eating or drnking 1s regularly followed by
coughing n many patients Any mampulation by the attendant is
likely to induce a paroxysm Tichling the pharyny with a tongue de
pressor or an applicator usually will produce a cough though in many
pattents the cough 1s so mnlubited by [right that tlus procedure fails
In such patients the departure of the physician from the room usually
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18 a signal for a cough Where 1t 15 desirable to hew a cough for con
firmation of the diagnosis or for demonstration purposes a short wait
outside the room of the patient who has fuled to respond to manipu
lation of the pliarynx often 1s rewarded

The patient s general condition during the paroxysmal stage of the
discase depends upon the extent to which the cough fear of the cough
and vounting have mterfcred with nuinon 1f coughing or vomiing
13 severe or 1f the patient refuses food because of fear of the inevitable
cough there may be extreme malnutrition If the cough 13 controlled
however the general condition remams good Fever 13 infrequent in
the paroxysmal stage unless there 1s some complication

The conralescent phase of pertussis 13 the period when the coughing
bouts become, Jess frequent and less severe Durning this time all symp
toms gradually decline The cough continues 1o be more severe at night
but the days are relitivcly free from trouble The duration of the cough
18 extremely vanable some cluldren contimuing to cough usually with
out vomiting for months ifter the attack \ cold or other respiratory
tract infection within six months and oceasionally witlhun a year after an
attack of whoopig couyh 1s hikely to be accompanied by a return of the
paroxysmal cough

LABORATORY ['XAMINATIONS

The blood picture m pertussis 1s quite charactenstic There may be
leuhopema early m the disease ?* but otherwise there 1s a leukocytosis
with a relative and actual crease m the Iymphocytes The leuhocyte
count 1 uncomplicated pertussis ranges from 12 000 to 30000 with a
differential count showing from 60 to 90 per cent Iymphocytes This
picture persists until late 1n the disease when there 13 a decline to normal
levels or occasionally even below Also quite charactenistic 13 the fact
that the typical differential leuhocyte count 1s mamntuned even 1n the
presence of pyogemc wfuctions With such a complication there often 15
a marked 1acrease i the total white blood count values of up to 160 000
per cu mm being comunon and up to 220 000 bemng recorded occasion
ally The blood count 1n such patients may be suggestive of leuhenua
but there 1s no anemra and the most inmature lymphocytes are not
present

Cullures may be taken by uther of two methods When there 1s a
cougl Petrt plates of Bordet Gengou media may be exposed at a distance
of four to six iches from the Lps for two or three to several coughs
(depending upon the depth and force of the cough) Two or three plates
are generally used This 18 the techmque commonly employed and it
gives positive Tesults 1n a high percentage of early cases Recently how
ever the nasopharyngeal culture has been wntroduced by Bradford # ¢
By thus method a small stenile cotton swab on a flexible copper wire 1s
wtroduced through the nose until 1t touches the posteror nasopharyn
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geal wll The swab 1s withdrawn and strched Dightly upon the culture
medium Ehe results by this metbod have been consistently better than
those obtamed by the cough plate ¢ 2 1yen better results are obtamed
when 1 small Toopful of pumallin solution contauning 1000 umts per ce
1s placed on the culture mcdium  the nasophiryngeal swab 15 passed
several times through the pemailhn solution wid the plate 1s streahed
with 1 lon, flonble wire loop Witk the pomallin techmque 97 6 per
cnt of muety five cultures from fifty two paticnts with pertussis wore
positive for 11 pertussis wherias only 76 9 per cent were positive when
085 per cent sodsum chlonde solution was substituted for the punailim
solution nd sunultancous cultures were made * Fhe panaillin techmaue
18 reporied to be particularly 1dvantageous dunn, the catarrhal stage
of the discase and in patients above two years of age

The Bordet Gengou bacillus rarcly if ever cnters the blood stream
In constquence the blood culture 18 usclul only 1 those patients with a

licati, or other pyog infection

COMPLICATIONS

The complications and scquelae of pertussis are cluefly of three
vaneties those caused by mechamcal changes those due to mfection
and those of unknown onigin

Complications Caused by Mechameal Changes Ldema of the
eyelids and face and petechial subconjunctival and nasal hemorrhages
are probably caused by changes in pressure which occur dunng the
paroxysm Umbihical ingunal or femoral liernias may also appear during
pertussis or 1f present beforc may be greatly aggravated Prolapse of
the rectum also may occur especially mn malnourished patients Cardine
dilatation and emphysema are due to the same cause

Ulcer of the frenum 1s seen commonly 1n young children in whom the
lower mecisor teeth have erupted It 1s caused by mechamcal irnitation of
the lower surface of the tongue as 1t 1s protruded and pressed agamst the
teeth during paroxysms It usually appenrs as an oval ulcerited mudlne
leston It neser appears before the paroxysms are well established and
heals rapidly duning comvalescence

Vomiting may be due to the large amount of thick mucus 1 the
stomach to the mcreased mtra abdommal pressure from the severe
cough or may be the result of gagging from the irrstation of the pharynx
by the cough It may precede although more often it follows the cough
Diarrhea which 1s not uncommon 1 young nfants may be due to the
same causes Both these symploms however may be due to parenteral
or respiratory tract mfection especially m mfants with respiratory

complications and may be quite senious 1 young patients
Complications Due to Infection These mvolye chiefly the respia
st frequent of these 1s otitis media which was present

ory tract The mo:
tory 100 consecutive patients with compliated pertussis

1 15 per cent of
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who were adnutted to the Callmger Mumicipal Hospital \ catarrhal
infection with only wmjection of the ear drum often with more or less
obliteration of the normal drum markings was found n thirty six (80
per cent) of the children with otiis media Purulent otitis media 18 rare
with modern methods of therapy It occurred inonly nine or 20 per cent
of our patients with otitis media

Brosiclutss and laryngitis are frequently cncountered m pertussis In
fact with thie presence of H  pertussis on the surface of the bronclual
and laryngeal mucosa it 1s dificult to say when an uncomplicated
pertussis ends and 2 comphication begins If fever and rales are present
however and the respiratory rate 1s mcreased during the paroaysmal
stage of the discase a complicating bronchitis must be constdered 1o be
present

Bronchopneumona 18 by [1r the most scrious of the ruspiratory tract
wfections that complicate pertussis It may be due to H perfussis to
the pneumococcus or to a muture of orgamsms The inaidence of com
plicating bronchopneumonia 1s hard to compute as only the more
senousty 11l patients are seen 1 hospital practice Rolleston® gives the
incidence as 12 9 per cent among all the whooping cough cases admitted
to the M A B hospitals betwecn 1911 and 1914 Bronchopneumoma
occurred 1n 63 per cent of our 100 patients with complicated pertussis
It 33 much more frequenily encountered 10 fants and yonng children
than in older individuals and charactenstically occurs dunng the height
of the paroxysmal stage The onsct 13 with fever and an increased respt
ratory rate The cough becomes more frequent but may be less paroxys
malinnature It still continues to be quite disturbing however Broncho-
pneumonia often s preceded by bronchitis As bronclhitis merges into
poeumomia the differentiation of the two conditions may be extremely
diflicult 1f not, impossible

The findings upon physical examnation are vanable An extremely
rapid respiratory rate up to 99 or 120 per minute 1s charactenstic
There 1s an mspiratory pause an expiratory grunt and diltation of the
alae nast with each respiration Thus climcal findin, recoguuzable from
rather distant mspection together with a markedly elevated blood
hymphocyte count 1s the most rebable diagnostie entterion m ths condt
tion Since the pneumoma 13 extremely diffuse and of an interstitial
nature all the physical and x ray findings may be completely masked
On auscultation and percussion there may be defimte dullness with
bronchial breathing and numerous crepitant rales or any or all of these
findings may be absent Likewise the roentgenogram may show marhed
patchy mfiltration or such diffuse changes that the chest seems to be
clear There usually 15 an mcrease i the pulse rate to 150 or 180 beats a
munute hut this acceleration 1s by no means so marhed as 1s that of the
respiration  The gastraintestinal symptoms especially vomiting and
diarrhea usually are aggravated by the pulmonary nfection
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Lobar pneumonia is rare 1n pertussis It was found 1 only three pa
tients 1n our group and constituted only £ 5 per cent of the pneumonias
complicating pertussis It usually 1s caused by the pneumococcus The
ranity of this condition probably 1s due to the fact that the patient s
resistance to the spread of infection through the lung 1s lowered by the
pertussis to the extent that the infiction almost always spreads diffusely
through the lung and results n bronchopneumoma Lobar p
when scen 1s usually n an older chuld or an adult It 15 exceedingly
uncommon as 1 complication of pertussis 1n infants and young children.
Pleural (ffusion which w18 morc frequent 1n those patients with paeu
moma and pertussis before the advent of sulfonamde therapy 18 rarely
seen now

Complications Due to Unknown Causes These are confined
manly tonvolvement of the central nervous system and are manifested
duning the acute attack chiefly by convulsions though sequelae such as
spasticity blindness and mental retardation may persist after recovery '*
Conyulsions formerly were thought to be due to cerebral hemorrhage
but more recently a defimte cerebral mnflammation or edema has beens
demonstrated much more frequently than hemorrhage ** Convulsions
occurred 1n eleven of our 100 patients

Convulsions occurred during the course of bronchopneumoma 10
approumately half of these patients In the other ndividuals with
convulsions the seizures descloped after an attach of severe cyano i3
which accompamied the cough Convulstons occur much more frequently
during the first two years of ke In Habel s series™ 7o per ceat of patients
with convulsions were 1n this age group The convulsive state may come
on abruptly with a generalized seizure or it may be preceded by a
period of somnolence and irntabihty during which there is shight twitch
g of the face or extremuties This may last up to twenty four or even
forty-cight hours belore severe generalized clonic convulsions are mant
fest The convulsions may be unlateral bilateral or may alternate from
side to side They may be short and recurrent or continuous When they
are continuous death follows rather soon m most instances During
the convulsions there 13 4 general depression of the cardiovascular
actity the pulse being rapid and thready often uncountable the shin
flushed and the blood pressure depressed In other words shoch often
1s a part of the chiucal picture

Localizing neurological findings in infants are notably absent The
deep tendon reflexes may be increased or depressed but there usually
are no other neurological findings The cerebrospinal flmd usually 13
under mcreased tension and there may be a lymphocytic pleocytosis
with a slight increase 1 protemns As a rule however the spinal flud 18
pormal eacept for the pressure changes The blood shows the marhed
ytosis characteristic of pertussis or of pertussis and pneumorta

Jymphoc
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The presence of cons ulsions 13 a grave proguostic ometi the fatality rate
n patiunts with thus comphicition varying {rom 50 to 80 per cent m
most studies

Diacross

In the caturhal stage the dignows s atrancdy difficult exept
when there 1s 2 lustory of contact and the orgamsm 13 wdentified by
culture

Dunng the paroxysnal stage a duncal diagnoss can be made with
reasonable certamty from a typical cough with a whoop or n very
young or debihitated patients from 1 typical repeated stxecato expiratory
cough interrupling an expiration wnd followed by voming from the
increased nocturnal sevenity of the couh and from - relative and actual
wncrease of lymphocyes in the blood  The prusence of a sublingual ulcer
1s of considerable confirmatory importance

DufT 1al Diag Severt cond must be dercd 10
the differcntial diagnoss Onc of the moest unportant of these 1s the
tecently desenibed entity of wfectious [ymphocytosis # # it tius condt
tion there 18 a marked wnercase n leukocytes with a differential count
showing 70 to 90 per cent lymphocytes The condition 1s asymptomatic
however or there are only nuld goneraf symwploms There 1s no cough
suggestive of pertussis Leuhenna mny be suggosted i some patients
with an extrespely hih leuhocyle count from an associated broncho-
pncumoma The pertussis paticats howeser lick the anumia lymph
adenopathy and other evidences of a pnmary bloed dyscrasia including
the presence of blast ¢clls in the bloud stream

A\ paroxysmal cough dentical With that of perlussis may be caused
by a foragn body m the larynx or trachea In ths condition there 15 a
sudden onset the symptoms show no dwirnal vanation and the blood
picture 13 normal A silar cough may be caused by enlarged tracheo-
bronchial glands pressing ou the frachea The symptoms are of gradual
anset however with no s,gravotion at might and the blood picture
(except 1n those cases where primary blood disorders are causing the
enlargement of the glands) 13 not characlenistic of pertussig

The cough of early measles my closely simulate that of pertussis
Inmeasles however thereis more coryza the blood shows a leukopema
and hophk spots can be seenif they are searched for

Prochosis

‘The proguosis of pertussis dipends prmanly on the patient s age
Inwfants under one year the disease 13 quite severe and the case fatality
rate as reported by the older writers vaned from 27 to 33 per cent 18 2
Withincreasing age there is a lessenung of mortality with rates of between
2 and 5 per cent for patients over five years of age Among well to-do
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patients the mortality 18 much reduced at all ages The eflect of modern
therapeutic agents also has caused a great reduction in the mortality
of perlussis Foa™ reports only seventy five deaths 02> per cent
amon, 29 815 patients in Milwaukee In this group there were fifty
four deaths 2 1 per cent amon,, patients undcr one year of age eleven
or 04 pcr cent deaths amon,, chnldren between the ages of one and
two wd tan or 001 per cent among patients over two

PrormiLanis

The prevention of pertussis has been the subject of extensive study
in the past fifteen ycars The discase may be prevented or amehorated
aither by the induction of active nmmumty or by passive immumty
Active immunity 1s induced by the periodic admimistration of vaccines
or ntigens to susceptiblc individuals Successful pertussis vaccination
was first performed by Sauer 2 who used vaccines made from freshly
1solated strongly hemolytic cultures It 1s now recogmized that »accoes
made from phase I orgamsins of Leshe!? are potent and are preferable
to other antigens * Most vacunes contamn 20 to 40 biullon organisms
per cubic centimeter and a total dose of 80 to 120 billion organisms
1s given 2 It s our current practice to give pertussis vaccine m comb
nation with diphtheria and tetanus toxoids to mnfants scven to ten
months old (sce p 399 for the schedule of admmustration)

Recent wipenences have ndicated that newborn infants may be
immumzed agamst pertussis Sako ,ave a dose of 02 cc of alum
pr ed vaccme cc g 10 billion organisms per cc between
the ages of two and twelve weehs with repeat doses of 03 cc and 05
cc each at four weehs mterval with excellent results® A booster
dose should be given at six to seven months of age Suscepubility to
pertussis may be detected by the agglutinogen shin test recently mtro-
duced by Felton™ A dose of one umt of acid extracted agglutinogen
m 01 cc of sotome salt solution 15 mjecied intradermally Immune
patients react with an arca of induration and erythema of at least
10 mm 1 diameter when read after an interval of twenty four hours
Susceptible mndividunls show no reaction If the accuracy of this test
1s confirmed 1t will give physiciane-a much needed gude as to the
immumty status of infants against pertussis

Passive 1mmunity can be conferred by giving convalescent serum
1n doses of 20 to 40 cc shortly after exposure Much more satisfactory
results have been obtamned by giving hyperimmune human serum
Two doses of 20 cc cach are given intramuscularly spaced three to
five days apart withm two w eehs after exposure Among 308 exposed
nfants so treated 78 6 per cent were protected Among 137 mntimate
and prolonged exposures i the home 679 per cent of the patients

were protected *
Pagsive wmmumty has been conferred on the newborn infant by
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vacanation of the mother between the sinth and eighth months of
pregnancy by hundrick and others Sigmificant mmunity as judged by
the opsonocytophagic test was conferred upon the wfants of thirty
six out of filty seven mothers vacemated whereas sumlar unmmunity
(titers of 1 101 or nbove) was found n the mfants of only four of
forty two nomvaccinaled mothers 7 The duration of the antibodies 1o
the wfwts was not studied by hendrick but Cohen’ found that no
pertussis developed in eight nfants whose mothers had been vacar
nated between the sixth and aghth months of pregnancy f exposure
occurred during the first six months of hife but that pertussis deseloped
after exposure dunug the second six months It js probable that f
all mothers were immumzed dunng pregnancy (or were given a booster
dose 1f they had been d previously) of the
wfant might be delived until it reached an age of from four to six
months

TREATVENT

The generul freatment of the patient s of great smportance in per
tussis Vhen there 1s no fever 1t 1s not necessary to heep the pahient
i bed In fact n good weather 1t 18 wedl 1o have him out in the open
3f he ¢ be 1solated from susceptible indwviduals 1f there 1s any fever
however the patient should be hept in bed and should be ginven as
much luid as he can tolerate well Dunng the paroay ms of coughung
all patients should be well attended ard should Le given as much
assistance s 18 possible Inversion of the voung child to give postural
drainage 1s helpful This 1s particularly true of young wfants who are
especiallv likely to aspirate vomitus or mucus and thus mtate a
bronchopneumonma

Diet This 1s of particular unportance It should be composed of
easily digested nounishing food Iigh m carbohydrate and protemn and
containn,, hittle fat If there 1s no vorting except that which occurs
at the end of a bout of coughing the food should be quite concentrated
to reduce the bulk of the feediug Such food passes the stomach quickly
This promotes absorption suice 1t mimmizes the Joss from vomiting
If there 13 a gastroententis however <uch concentrated foods should
be aroided and only bland hquids such as broth shimmed milk tea
or water should be given Of more importance than the quality of the
food however 1s the inethod and tme of feeding All children with
pertussis should be given six or eight small feedings each day rather
than three large meals Milk or smlk drnks soups or other high calone
liquids may be used for some feedings If the meal 1s followed by a
paroxysm of coughng and vomuting the chuld should be re fed within
a quarter to one-hall an hour provided he 1s not too exhausted to eat

Sedalues of some type are usually needed for patients with perfussis
Onersedation should be ngorously avoided however as there must be
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tnough cou,h to clear the arr passages of the mucus that collects i
them Bromudes chloral hydrate paraldchyde and cther m oil by
rectum ll have had thar dvocates In our experience however the
most satislactory scdatne 1s phenobarbital Whien 1t 1s given twenty
to thirty minutcs before fuding 1t frequently allows a successful meal
and at mght 1t reduces the disturbance of slecp from an undue number
of paroxysms It should be used 1 an ymtil dose of approumately
2mg pur kg of body wu it (3 gram for fifteen pounds) every three
or four hours The dose may be increased until it produces the desired
lfect or until the drowsiness of the patient warns of an overdose
Larger doses may be used 1t mght than are employed during the day
lLime

Spectfic therapy of pertussis has been attempted alon, three hines
There have been numerous attempts to ireat pertussis by vaccines or
endotoxin preparations aftcr cxposure or after the onset of the disease
While these preparations sull are n rather general use there 1s httle
defimite proof of any bencficial results from them ® 2

Hyperimmune human serum which was su,ested m 1933 by Jun
dell's and developed by MeGunness and lus associates # 22 has been
quite beneficial The mununum dose consists of threz injections of 20
cc each given at forty u,hit hour mtervals A fourth dose of 20 cc
often 1s needed five to scven days after the third dose In severely ill
patients ¢specially those with pneumoma several ntravenous injec
tions of 50 to 100 cc are requred Among $12 nfants and cluldren
mcluding 176 mfints under six months of age and sinty in the sccond
half year of ife who were treated in this manner there were six deaths
or 13 per cent

Chemotherapy This has been cnployed since the mtroduction of
the sulfonamide compounds mn 1937 Sulfadinzine although partially
elfectsve 1n clearing the nasopharynx of H perfussis ¢ has caused no
dramatic shortemng of the course of the discase Pemcillin has been
little used m pertussis as ouly occasional strans of the orgamsm are
sensitive {o this antibiotic Its use has been linited largely to comph
cated cases usually those with pneumonta where 1t occasionally 1s
much more beneficial than are the sulfonanude compounds

Streptomyan has been shown by Alexander® to be potent agamnst
the H perfussis Inm vitro studies the orgamsi 1s hilled off by concen
trations of streptomyan of from 3 to 5 micrograms per cubic cenlt
meter This drug has had scant chmcal application to date however
Among fourteen rather seriously 1l patients under seven months of
age treated by us there was apparent improvement when doses of
25 mg were admimstered intramuscularly every three hours for five
days There was rapid 1mprovement m the clincal appearance of the
patients accompanied by lessenng of the vomiung and of the toxemra
None of the patients has died Although the number and seventy of
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paroxysms were not recorded 1 these patunts and the penod of
hospitalization was no shorter than that of twenty mfants of the same
age ran,e with purtussis (all of whom recovered) the chimeal impres
sion 18 that streptomycin brought a defimute amelioration of the symp
toms 1n these paticnts It 18 suggested that larger doses may be more
effective and may be essential in older patients

Ircatment of Comphcauons Tie two compheations that ment
special mention 18 regards t are £ 1 and con
vulsions Since the bronchopncumoma may be due to the I pertussis
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Fg 13 Temperature ckast of a palient with prlusas and bronchopneumomnia

treated with streptomyan and sulfad azine
Negro wfant aged eleven months entered the Lospital on the twenty minth

day of pertus 13 with 8 compleat; g bronchopneumoma Wath streptomyan there
was a temporary wnprovement but an the third hospital day he had a recurrince
of fever and had a_evere convul 1on Sulfadiazine was started and a blood trans
fusion was given Comvaliscence was wnterrupted by otitss media and a parenteral
darrhea but recorery was nltimately comglete

the pneumococcus or to a mmed mfechon 1o one agent or routine

will suffice for all patients The geueral treatment should be carricd

out as for other patients with pneumonia Of specific benefit are the
If, 1 1 d If;

espeaially  sulf or

pemailln and streptomycin Because of the wider ran,e of the organ
1 ms nhbited 1t has been our practice to give sulfvdiazme mtially
to all patients with bronchopneumoma complicating pertussis 1 a
dose of 70 mg per kg of body weight ( gram per pound) mutially and
145 mg per kg (1 gram per pound) for each twenty four hour period
thereafter divided mto six equal doses This may be given orally or
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parentcrally as indicated  If there 1s no responsc witlun forty-ught
to seventy two hours we have idded ponerllin in doses of 10000 to
25000 umts every two to three hours by itramuscular injection In
those patients in whom the pneumonta 1s due to the I perlussis
streptomyain should be preforred to all other drugs We have used
streptomycmn an the tra itment of sia patients with pncumorma complt
cating partussts Where doses of 23 to 50 my, every three hours were
used thore was no appreenble dfcct upon the disease (kg 13)
With doses of 125 to 250 mg cvery three hours howcver there
wis a prompt drop w temperiture in three patients treated In one

DAY or niness

TEMPERATUAE 10}

h
L o
”

U et et

staerTourcin 1 e

e |

ewionim ol — -

v T8 x 1000

SULFADIATI £ °.

[GM- PER DAY g

nigoo Lever |

¥ [rorac_x 1000 R s

2 [atoumocyres| = o8 69 8480 @

foav o wuness (a5 T {7 oo lioluile [ra]elis s liv]osieaferfees

Fig 41 Temperature chart of a paticat with pertussis and bronchopneumoma
treated with pemcillin and streptomyen

A Negronfant aged frve month  entered the ho pital on the fourth day of llness
with a cold and bronchopncutioma Thire was no response to sulfonamdes or
pemailin On the eihth day of illness the cough became paroxysmal and the hemo-
gram was typical of pertusas The pemicilhn was increased and streptomycn was
started The tempernlure became normal after sixty hour and convalescence
was uneventful

Soul
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of these patients (kig 44) the pneumonia responded rapidiy to strep-
tomycn when pemaillin and sulfidiazine bad been given to no avail
Contulsions during pertussis constitute a defimte emergency As
pomted out by Habel &5 the treatment that offers the greatest benefit
seems to be blood transfusion This1s done as an emergency procedure
1n all such patients and 1t appears to offer considerable benefit The
mechamsm of 1ts action 15 unknown and 1t 1s uncertain whether the
use of blood plasma or albumin solutions to treat the shoch would be
of equal value Comeident with transfusions sedatives are used spar
mgly and then only the nulder preparations such as bromides chloral
hydrate or small doses of phenoharbital Morphime magnesm sulfate
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and ciber are so deprossant that they are extraordinanly dangerous
in tus dist ¢ The puewmonia that is often prescnt m the conyulsive
purtusas patient should be teeited approprt wely
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19 Hemoplulus Influenzae Infections

Hemophtlus influen ae1s a small gram negative rod which sometimes
grows in forms so short as to appear 10 be a coccus and at other times
grows as a long slender bacillus Both forms as well as all the mnter
mcdmus are commonly present m the same culture As the name

L these require some factor in blood
(or 1n plant tissues) for growth Hemophilus para influen ae may be
consdered for all practical purposcs to be the same orgamism as
wfluen ae Dhfferentiation between them can be made only by the
shght differences n thur requirements for growth

The encapsulated strains which give smooth colomes on blood agar
can be classified by the capsular swelling test tnto six types A through
F These are the virulent strains and cause nearly all the human fec
tions Type B 1s particularly virulent and causes over half of the seyere
infections in humans and over 90 per cent of the cases of memingitis
The rough nenencapsulated strams are carner types commonly found
n the nose and throat of normal children and occasionally mn those of
normal adults Sometimes the rough strains are responsible for respt
ratory tract infections 1n adults

H influen ae infections are preponderantly diseases of children
Fothergll* showed that the blood of adults 1s able to kil the virulent
stramns of these orjamsms while the blood of children between the
ages of two months and three years seldom has this bactericidal prop
erty The blood of newborn nfants 1s able to kill H tnfluen ae as a
result of antibodies acquired from the mother and the bloods of a
gradually increasing percentage of children over the age of three years
have this Julhing power These findings explain the age ncidence of
human 1nfections Among 331 cases of memngitis caused by this
orgausm which were collected from the hterature 27 8 per cent oc
curred 1n children under one year of age 58 9 per cent 1n children one
through four years of age and 79 per cent in children five through
nme years of age Only 4 2 per cent of cases occurred tn patients trom
ten through thirty nine years of age and 12 per cent in persons forty
years of age or more

Hemophtlus Influen ae Meningitis

The most frequent and most serious infection caused by H wifluen ae
18 memngitis The orgamisms apparently are transported from the
throat or ather parts of thé respiratory tract to the meninges by way
of the blood stream H nfluen ae s the third most frequent cause of

343
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memngitts n children ranging belund the tubercle bacillus and the
menmgococcus ¢ When patients of all age groups are considercd the
pncumococcus 18 the third most froquent cause of mepngitis and H
tnfluen ae the fourth

SyurTous AND SiaNs

An upper respiratory nfuction precedes the memngitts in about 60
per cent of ciwes Less frequently nfection may be present elsewhere
w the respiratory tract produemg tracheobronchiis p
siusitis olitis media or mastorditis While memingitis may be detected
first by the occurrence of vomiting or stiffness of the neck 1t froquently
has an insidious onset The latter type of case 1s most difficult to diag
nose since there may be no symptoms except fever undue irritability
or loss of appctite and no signs except shght fullness of the fontanelles

Imtial symptoms observed mn filty patints were

Vomiting 1> patents
Fever 13 patients
Headache 6 palients
SufTness of the neck > patients
Anorexia 4 patients
Drowsiness or stupor 4 patients
General amitability 3 patients

As the disease progressed forty four of the patients developed nuchal
ngulity twenty-eight expenienced vomuting twelve had convulsions
and eight were either markedly stuporous or completely comatose
Other symptoms were chills or chilly sensations diarrhea delinum
and convulsions

On examination signs of involvement of the central nuryous system
are the most promnent Bulming of the fontancdles will occur as a
result of increased intracransal pressure The Brudzinshi Kermg and
Babinshi signs are often positne The condition of the decp reflexes
18 vanable They may be increased or decreased or may be within
normal Limits Partial or complete paralysis of one or more of the
cramal nerves may be seen The third fourth and sixth nerves are
the ones most hkely to be mvolved with the production of strabismus
Paralyses of onc or more extremitics are occasionally seen Backward
bowing of the spine or opisthotonos may be present as a late sign
in some casts while 1 others 1t 1s never observed at any time

Abnormal findings may be (ncountered outside the central nervous
system Petcchiae are much rarer than i memngococoic memngitis
They were observed sn only one of the fifty patients When petechiae
are present they tend to be very small Lvidences of an upper resp
ratory infection pharyngitis otitis media or pneumorma may be present
QOccasional patients are 1n shock when they are first secn by the phys

clan
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LaBonaTorY LxaMinaTiONS

The blood leukocyle count 13 usually elevated sometimes reaching
Iugh levels In our casts the wlite blood cells on adnussion to the
bospital vaned from 8000 per cu mm to 36000 In 1% per cent of
the casis the leuhoeyte count was below 10000 per cu mm  while
w72 per cent it was over 1o 000 per cu mm

I nfluen ae grew out i the blood culture 1n 70 pur cunt of twenty
four cases i which the specimen of blood was obtuncd before the
start of trcatment

The cerebrospinal fluid yields the most sigmficant snformation It
should be examined as indicated on page 208 The flurd 13 usually
under wcreased pressure and 13 1lmost always turbid The leukocyte
count n fifty cases varied from 16 to 38000 per cu mm  as follows

Less than 100 per cu mm

- oases
100 10 999 per cu mm 11 cascs
1000 to 9999 per cu mm 4 cases
10 000 and above 13 cases

The polymorphonuclear cells vaned from 24 to 100 per cent and were
usually above 80 per cent of the total count. As i other bacterial
infections of the memnges the protein content of the ccrcbrospma]
flwd 13 usually d and the of sugar d

The orgamsms show up 1 the gram-stained sediment as small gram
negative rods which may be confused with meningococar because of
the coccord forms The bacillary forms can always be found if the
search 13 thorough Often they will be more readily 1dentified 1n a smear
stained with methylenc blue If the orgamsms belong to Types A or B
they will show capsular swelling when mixed with Type A or B
H nfluen ge rabbit serum respectively The centrifuged sediment
should also be cultured Blood agar 1s not so satisfactory for culturing
H 1nfluen ae as chocolate agar or some other medium 1n which the blood
1s modufied and mixed with agar

The spimal fluid can also be used for a preupitin test This consists
w1 overlaying specimens of spinal flmd with Type A or B rabhit serum
If bacteria of ether type are present m the flud the speaific poly
saccharide from the orgamsms should be precipitated by the serum of
that type

Cullure of the throat yields the H wifluen ae 1 50 to 75 per cent
of cases

CompLicaTIONS
Inil 1 the y tract and d passages have
already been d Tracheot h and will be

discussed later as separate disease entities
Arthnitss 1s encountered less frequently in wnfluenzal than i menin
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sococcic menngitis It 1s usually polyarticular Structures adjacent to
the meninges may be myolved Among the complications which result
are thrombosis of the lateral sinuses abscesses mn the bram osteo-
myehbis of the vertchrae hemorrhages m the retina and blocking of
foramina through which the cercbrospin il fluid circulates with resulting
miernal hydrocephalus 1 ortunately all these are infrequent with
present day treatment

A particularly dstressing complication 1s the Waterhouse Fridench
sen syndrome This 1s an 1cute fulminating form of the disease char
acterized by prostration and signs of persphieral circulatory collapse
This syndrome occurs less frequently 1 influenzal than m memngo-
coceic snfections It is descnbed more completely under the latter
disease on page 207

Occasional cases of chrome ' tnfluen ae memngitis occur n which
the discase Insts for weehs or months Low grade fever and signs of
central neryous system involvement are present along with an increase
m the number of cells i the spnal flud The diagnosis rests upon
the wdentification of the orgamsms and the treatment 1s the same 15
for the acute form

Diacnosis

Any combmation of the following symptoms may be present in
nfluenzal memngiis clully sensations chills anorexia vomiting diar
rhea rntabibity convulsions drowsiness stupor coma delmum
headache and stiff neck I€ symptoms refcrable to the central neryous
system are present if a positive Kormg or Brudzinsk sign 1s eheted
or if the {c lles are bulging 15 will be readily suspected
and a lumbar puncture done It s tn the cases where the fontanelles
are not open or are not bulging and where the other charactenstic
neurologic signs are not present that the cerebrospimal flmd 1s not
examined promptly and the opportumty for early diagnosts 1s thus
Jost Diagnosis 1in these patients 1s most difficult and requires the
greatest acumen on the part of the chmucian Often the only evidence
of meningitis 1s the contmuation of fever after apparently adequate
chemotherapeutic or antibiolic treatment of otitis media  preumoma
or other respiratory tract mfections The chimcian must be especially
aware of the possibility of memngiis when an infant has periods of
wnitabihty alternating with drowsiness a hngh pitched cry or a vacant
look 1nt the cyes

Jf memngius 1s suspected for any of the above reasons a lumbar
puncture should be done This should yield the typical findings of
bactenial memngiis ncrease m leukocyte count with predominance
of polymorphonuclcars an increase n protein and a decrease n sugar
content Gram s stamn of the sediment, should reveal the %lm:;“ ne%amc
pleomorphlc cocco-bacillary rods If these can be typed directly by
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the capsular swelling method or 1f a precipitin test on the spmal flmd
1s posittive the diagnosis 1s at once made certain If immediate typing
13 not successful a tentative diagnosis can be made on the basis of the
morphology and treatment can be started depending upon the out-
come of the culture

If the cerebrospinal flwid does not extubat the chiaraetenstic findings
of memngitis and no other explanation of the illness emerges the
physician should not hesitate to perform another lumbar puncture
which may then reveal the tymenl features of the disease

Differential Diagnosis Conditions other than memin s wlich may
cause stillness of the nech e listed on page 211 Other diseases of
the nervous system which may L confused with mfluenzal meningitis
are the menmgitides caused by other bacteria virus and syphibtic
infections of the central nervous system tetanus and irnitation of the
memnges resulting from an abscess or an nfarct in the substance of
the bram or spinal cord Tetanus can be diagnosed 1n most instances
by the lustory or presence of 1 wound by trismus and convulsions
and if doubt still remaimns by the absence of leuhocytes and bactena
w the cerebrospmal fluid The other discases of the central nervous
system can be excluded only by a study of the cerebrospinal flud In
tuberculous memngitis and 10 syphilis and the virus infections of the
nervous system (antenor poliomyeltis encephalitis mumps memn
gis and memngo-encephaliis bemgn lymphocytic choniomeningitis
and other rarer infections) the total leuhocyte count 1s seldom above
2000 or 3000 per cu mm the predommnant cell 1s the lymphocyte
and the dextrose concentration 13 normal Lxccptions to this are the

d of pol b Jear cells mn the brospinal {lwd n

the carly stage of poliomyelitis and the lowerning of the dextrose con
centration 1 tuberculous meningitis Bacteria will of course be absent
n the stained sediment m all these conditions with the exception of
some cascs of tuberculous menmngitis The other bactenal memngitides
are d by b log of the spinal flud as
well as by culture of the blood and other materials

Procnosis

Before speaific treatment was avaulable the case fatality rate ap-
proached 100 per cent As will be seen in Table 46 among the symp
tomatically treated patients of all ages the case fatality rate was 96
per cent The only patients who recovered were one 1n the age group
of one through four years and three 1n the age group of ten through
thurty mne years

In patients treated with speafic therapeutic agents as well as 1n
those treated symptomatically the disease 1s more severe i infants
under one year of age and m the very old age groups The poor prog
nosis n the former patients 1s partially eaplammed by Fothergill s®
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findings as previously related that the blood of infants s httle or
no hilhng power agunst influenza bieilh uxeept for that teansmtted
from the mother

Another factor rilated to the progiioss 1s the deatrose content of
thie cercbrospmal fld  The prognoss is poar when there 1s a low dex
trose concentration Ve frwve obstevad no corrddation between the
outcome of the discase and the Iuukocyte counts in the blood or ey
brospinal fluid nor the presence or absence of bacturenma

A sull better md to proguosis is the determunition of the number of
orgamsins found per high power ficld i the staimed smear of the seds
ment obtuned by centnfugation of the smial speitien of spinal fluidd
When miluenza baaills are not seen i the smear and are obtameh
only upon culture or when less than one orgamsm s present per ign
power field the prognows 1s guod When the bacills avernge morc thae
four per fidd the outlook for ricovery 18 much worse Intermedint
numbers of orgimsiis indicate 1 ur proghioss

Fven though the patient recovars sometimes mcapaatating sequed i
may remain These mclude monoplig or hemiplegiy which may clear
up witlun sy cral weths or months ur m1y be permanant hydrocephalus
and 1diocy These are stldom cncountered 1 patients treated according
to present day melbods

Tar ATMENT

Speaific Antiscrum The first type of serum 10 be ustd extensively
m the trextment of H influen ae menngitis was the nmumune scrum
mide [rom horses by Fothergil He reported® an 816 pur cent case
fatalily rate among 201 paticnts treited wath thns scrum Later Alex
ander produced an antserum by unmumzig mbbits which has gnen
excellent results although its uscfulness cannot be complctely evalu
ated since w most nstances it has been amployed 10 comyunction with
sulfonamudes Tlus serum s wvanlable for 17 influen e Type B winch
causes over 90 per cent of the casis of mfluenzal memngitis 1t 1s stand
ardized according to the number of milligrams of antibody 1utrogen
prescnt The intravenous route 1s used almost exclusively except n
vury young chuldren who may be ghven the serum intramuscularly
1t 13 ampossible (0 enter a ven Intrathecal serum s not recommended

The need for further treatment may be determiued by one of two
methods Two liours or more after the serum has been admunstered
the patient s serum may be tested for its ability to produce swelling
of the capsule of the infecting orgatusi A sufficient amount of ant
body 1s considered to be present 1f a 1 10 or greater dilution of the
serem will cause swellin, The test 1s repeated dunng the active slage
of the disease at twenty four hour ntervals or more frequently if
adverse syroptoms appear If the antibody content 1s not suflicient to
produce such capsular swelling addition ul serum should be given untl
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the proper titcr 1s obtammed The alternative 1s an intracutaneous test
with a 1 10 000 dilution of Type B H wnfluenzae polysacchande * A
positive test consisting of a wheal 10 mm or more 1n diameter sur
rounded by an arca of erythema reaching its height witlun ten to
thurty minutes 1ndicates the presence of sufficient antibody 1 the
blood

Sulfonamides  Sulfadiazine has been shown by Alexander? to be
defimitely superior to sulfandlamide and sulfapyndime and probably
superior to sulfathiazele and sullymcrazine when admumstered to muce
wfected with H tnfluen ae This superionty is evident m human nfec
tions As shown in Table 46 the case fatahty rate in 118 collected
cases of wnfluenzal memngitis treated with sulfadiazine was 20 per
cent as contrasted to a 58 per cent fatality rate among sixty four
patients treated with other sulfonammdes Some of the patients 1n both
groups recened type specific antiserum 1 addition

The r ded dose of sulfad 1006 t0 01 gm (1tol}
gramns) per pound of body weight for cach twenty four hour period
One half of this dose should be given 1mitially by the imtravenous route
m the form of the sodsum salt dissolved mn a 3 per cent or lss con
centrated 1sotomse salt solution or one sixth molar lactate solution
One «ixth of the twenty four hour dose should be given every four
hours thereafter by admunistering the crushed tablets or a solution
of sodium sulfad by h tube If do es of the
drug are given by subcutaneous wnjection the calculated twenty four
hour dose may be divided nto three parts and admimstered every
eight hours but the doses must be controlled by determimations of
the concentration of sulfadiazine 1 the blood

Older cluldren and adults who are not critically 11! are best treated
by the oral method entircly smce the opportumty for the develop
ment of renal lications 1s derably less when sulft des are
not given parenterally Adults should receive 6 gm imbally and 1
gm every four hours

Streptomycin  Hewitt? found that the mayonty of strams of H
influen ae are sensihive to 2 5 micrograms of streptomycin per cc and
that all the stramns studied by him were gensitive to 10 nucro,rams or
less per co Since these concentrations are easily obtamable mn the blood
after intramuscular admimstration and 1n the cerebrospinal flud after
\ntrathecal myection H influen ae mnfections should he amenable to
treatment with this antibictic Reports by Alexander® and by Wemn
stemn® and our own climeal experience are 1 agreement with this The
fatality rate among forty mne patients treated with streptomycin was
16 per cent

Because of the poor penetration of streptomycn mnto the cerebro~
d 1 should be gnen by the mtrathecal as well as by the
lar route The dose 1s from 0025 gm to 00> gm once a

spinal flu
ntramuscy:
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day intrathecally and 05 to 20 ym ntrunuscularly dunn, a twenty
four hour penied (kg 12)

A comphcation of sireptomycn theripy which has been reported
by Wemnsten® 1s the development of or pneumona caused
by the Staphylococcus aureus Tlus 13 apparcntly due to the inlubitory
action of the antibtotic upon gram negative orgamsms wiich slufts
the balauce among the flora of the phary nx and thus wllons the staphylo-
coces to multiply and spread We have hhewise observed tlus phe-
nomenon during streptomyan thernpy When such an infection 1s
suspected search should be made for gram positive orgamsms by cul

o v e EilalselatlebalaTslalz{alelolalulnlunlal ela]eln

Fig 4> Temperature chart of a patient with Hemophilus nfluen.ce memnmitis
treated with streptomyein
Tle patient J C was an infant 1wo years of age n whom nausa omuting
aod low grade fever de loped one weck befare admision Nuchal nmdity and
weakness of the nght leg appeared on the day of a tm. 101 Cxamunation also shawed
a nasal dincharge. In e 1 1t | speimen of spinal Al ] leukocy tes were seen, but
0 organt ms W hen the nuchal ngidity became worse an 1 the chuld became stupor
ous tramuscular pemicillin therspy was begun, but 1t produced 1o 1mpro ement
1 forty-eight hours At this tme the cultures of the blood and unne which had
n taken on adwus. on grew a Type B I influen ae and treatment was shifted
1o streplomycin. The temperature fell and the toxiaty abated dunn, the next
forty-eight hours Recovery was complete and the pati nt was discharged on the
twenty thurd day after admis 100

turing the pharynx sputum and cerebrospinal fluid if they are found
peruciilin should be given in the doses recommended for those 1nfec
tions

Pemialin Since nearly all strains of H nfluen ge are resistant to
the concentrations of pemcillin obtained n the blood by the usual
th doses this antib 18 ot re

General Vleasures Headache may be relieved with aspinn codeine
or if necessary morphine Delinum 1if it seems to be exhausting the
patient should be treated with sedatines such as the barbiturates
chloral hydrate paraldehyde or morphine It 1s necessary to give large
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amounts of fluids smee these patients are almost invariably dehydrated
If sulfonamides are employed a sufficient amount of flud should be
adminmstered 1o restore hydration and to nsure a normal output of
urie
Suggested Schedule of Treatment 1 (a) When a tentative diag
nosis of II influen ae mumngiis 13 made  streptomycin treatment
should be started immediately m doses of 0025 gm daily by ntra
thecal mjection and 0125 gm ntramuscularly every four hours In
patients over ten years of age and m all extremely 1ill patients 025
gm may be given intramuscularly every four hours Likewse the
intrathecal dose may be 005 gm 1 patients who are very 1ll
(b) In view of the development of staphylococcic nfections m pa
tients treated with streptomyein alone the safest procedure 15 to give
sulfadiazince to all patients i addition to streptomycin On the other
hand 1f streptomycsn 1s not available or 3f expense 1s a factor and the
disease 13 muld treatment may be imtiated with sulfadiazine alone
Sulfonamide treatment should not be rehied upon alone m patients
under two years of age tn those who are comatose or deltrious or whose
spinal fluds contam more than onc bacillus per hih power field
The dose of sulfadiazine whether used alone or 1 conjunction with
streptomycin should be 0 03 to 005 gm (% to  gramns) per pound of
body weight followed by 006 to 01 gm (1 to 1} gramns) per pound
for cach twenty four hour period drvided into six doses at four hour
miervals
() When the prognosis 1s poor at the onset 100 to 200 m, of specific
rabbit antiserum should be given at the start of treatment along
with streptomycin and sulfadiazine The presence of any of the following
would indicate a poor prognosis
Poor general nutntion m an nfant
Coma or delinum
Extreme toxcity
Nerve paralyses monoplegia or hemiplegia
The %resence of mord than three bacill: in the pinal fld per high power
fielg
2 Forty-ught hours after therapy has been started (or svoner 1f
the patient appears worse) the condition of the patient should be re
evaluated If the temperature has beun to fall if the general condition
of the patient has mmproved if the cerebrospinal flud no longer con
tams orgamsms and the dextrose concentration has icreased the same
therapy may be continued If these evidences of umprovement have
not appeared 1t 18 best to add serum if 1t has not already been given
10 doses of 100 to 200 mg of protemn mtrogen If sulfadiazine alone
ed from the start streptomycn should be added and if the
ars very grave serum also
by the end of forty-eight hours the streptomycin senst

was us
prognosis appe:
Furthermore
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ity of the orgamisin obtuned before the start of treatment should
have been tested If the organsm s rusistant o more than § micro-
grams of streptomyein 1t 13 best ta give serum n addition to strep
tomyem and sulfadinzine

Addition 1l amounts of serum m doses of 20 to 100 mig of protewt
mtrogen may be given at daly nteevals i the pitient s condition
requites or il the patient s serum sn 2 dilution of 110 fails to produce
swelling of the ¢ ipsulcs of the causative orgamsms

3 10 after itial wnprovemcnt  there should be a subsiquent re
lapse s mdicated by a mise i temperature not otherwise explained
a conmderble wcrease W the spinal flud leahocyle count after 1t had
reachied normil or nourly normal lumts or 1 return of M wifluen ae
to the spund flud or blood srum should be piven smmedeately and
the dose of streplomyem merewsud m accordwice with the wn vitro
studies on the senmtivity of the mficting org, unsm

4 After the tumperature has dropped to normal and remuned there
for four or five days after the patunt s tovicty has decreased and after
the dextrose concentration of the spinal flwd f11s returned o normal
values and the bacterts have disappenred from this flwd and from the
blood the adnumstration of streptomyctt and sulfadiazine nay be
discontmued  [umbar puucture should be repeated one weeh later
and at wechly wtervals thereafter (or soontr if there 13 any suspicion
of a relapse) until the leukocyle count 13 below 30 per cu mm aud
all the other constituents are within normal hmits

Treatment of Complications When puralent otiis media or
siusiis 13 present the ctiologie orgamsms should be detormined by
culture wheuerer possible I the wfection s due ta #f inflaen ae the
therapy employed for the memngiis may be sufficint to take care
of it If the mfection 13 caused by other bactena pemaitlin should be
guen m addition to streplomycin when indicated Surgical drunage
m1y be needed in severe purulent infections

There 13 no treatment for paralyses of nerves monopicgia or hemu
plegia other than the treatment of the general infechion Improvement
of these conditions may tahe place dunng the patient s hospital stay
Or may oceur after months or even a year or two In other cases the
paralyses may be permanent

Aeule Laryngiis
In mfants and young cluldren H influen ae [requently causes a
severe often fatal infection of the larynx usually accompanied by
bacteremia
SraetoMs AND Siens

The discase usually starts abruptly The child may have a nasal
discharge or a shght fever for a day or so beforehand and an older
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child may complain of a mmld sore throat for a few hours preccding
the acute 1liness Then dysprea appears suddenly and withmn a few
hours grows to an alarming degree Hoarsencss and a croupy cough
pomt to laryngeal mvolvement The tunperature by this tme has
usually reached 102° to 104° I The most characteristic features of
the syndrome are pronounced prostration and shock out of all pro-
portion to the amount of local flammation

On examnation the sey cre respiratory distress 1s often made evident
by cyanosis and restnction of the mtercostal suprasternal and nfra
sternal spaces on mspiration The pharynx 1s diffusely red and the
top of the mflamed epiglothis can be seen Laryngoscopy reveals red
ness and edema of the true and filse vocal cords

Mediastimtis and pericarditis occasionally occur as a result of ex
tension

Lanoratory Exavinations

A blood culture should be taken n every suspected case since bac
teremia 1s almost always present Nasal and pharyngeal secretions
should be typed directly by the capsular swelling method An imnerease
m the leukocytes up to 42 000 per cu mm together with a mse 1o
the proportion of polymorphonuclears 1s present i nearly every case

Diacnosis

The rapid onsct of acute laryngitis 1 a young child with severe
dyspnea and prostration should lead the chmaan to suspect I
fluen ae as the cause Culture or direct typing of the laryngeal or pharyn
geal secretions or culture of the blood 15 necessary for certam diagnosts

Differential Diagnosis In sumple catarrhal croup and i laryngitis
due to infections by other bacteria dyspnea and prostration are not
present as they are m M nfluen ae laryngiis Diphthena can usually
be ruled out by the absence of a membrane although smears should
always be examined and cultures taken for C diphtheriae A retro
pharyngeal abscess can be felt on digital examnation Other conditions
which can be ruled out on the basis of the lustory are pertussis and
foreign body 1 the larynx

Pnocnosts
If the patients do not recerve specific therapy they become rapidly
worse and usually die within forty eight hours

TREATMENT
1 Continuous steam mhalations should be given from the start
9 Sulfadiazine should be grvern the same doses as for H influenzae

memngiis
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3 I type B or,misms are found speafic antiserum may be grven
also 1 doses of 100 mg of protan mitrogen or more

4 Although the use of streptomycin m this condition has not been
nported the results from this antbiotic should be excellent The
dose should be. 2 10 3 gm a dny divided mmto six intramuscalar myec
tions at four hour intcrvals

5 Tracheotomy should be douc promptly m )y ¢ise where aspliyaia
15 unminent

11 Influen ae Pneumonta

H tnfluen ae ws the etiologicil agunt 1 03 per (ent of pncumonias
m our patients 1t 15 a somewhat more common cause of pneumoma
m young children Durng epudenucs of virus anfluenza the number
of cases of pneumoma due to tlis orgamsm may micrease considerably
above these noncpidumic fiures Pathologically 1t 1s a bronchopneu
monia and 18 often bilateral ind widespread There are no distinguish
mg chuical charactenstics The onstt often 1s not so "brupt as iz pneu
mococeic prcumoma and the <putum s not typically rusty On the
other hand chulls and pleural pan may occur as in the preumococcic
vanielty The fover s iregular and usually ligh ‘The course 13 pro-
loned 1 and 15 re frequent lications There

13 usually a leuhocytoss wath an inerease i the polymorphonuclear
cells

TREATMLNT

Therapy with sulfonamudes particularly with sulfadiazine has been
fauly effcctive It should be given 1 the same manner as for pneumo
coccic pneumoma (see p 120) Durant® has successfully treated four
patients with streplonivein He used 2 10 6 gm a day wtramuscularly
and daily mstlled 00> gm diluted 1n 5 cc of physiological salt salu
tion into the trachea From our evperience we would recommend 2 to
3 pm pur day intramuscularly divided mto six four hour doses
without it heal it 1t 13 best to ad Ifad:
concomitantly

Other Infeclions Due lo H Influen ae
Envocanorris
H wnfluen ae 13 one of the infrequent causes of the subacute form
of endocardiis Diagnosis and treatment should be carned out m the
same way as for endocarditis caused by the nonhemolytic streptococer
(p 178) except that streptomyein 18 used instead of pemeillin
ArtHRITIS

When this occurs m conjunction with memngitis 1t 1s usually a
polyarthnitis Tn cases where memnngitis 15 not present the disease
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more commenly affects only a single joint When arthnitis 1s a part
of a generahzed mfluenza bacilus infection the treatment need not
be modified except that a daily dose of 3 to 4 gm of streptomyomn
should be admmstered 1f 1t 1s not already being given If arthnbis
1s present alone sumilar doses of the antibiotic should be employed

Rarer winfections caused by H influenzae are conjunctnitis pyehtis
and puerperal sepsis

References

Alexander H E Ellis C and Ledy G Treatment of Type-dpecific Hemorh
dlus Influenzae Infections n Infancy and Childhood J lediat 20 673
1942

Alexander H I and Ledy G Expenmental Investigations as a Basis for
Treatment. of Type B Hemoplulus Influenzae Mlemngiis i Infants and
Children J Pediat 23 610 1913

Alexander H E_Leidy G Rake G and Donovick R Hemophulus Influenzae
Meningitis Treated with Streptomycn JAMA 32 431 1946

—

s

w

4 Dingle J H and Sedman L R Speafic Polysacchande as Cutaneous Test
for Evaluation of Serum Therapy m Influenza Bacllus Memngitis Proc
Soc. Exper Biol & Med 46 34 1941

5 Durant T M Soalchuk A J Nowms c M and Brown C L_dteptomyan
Therapy m H Y JAMA 831
194 1946

6 Fotb Hemophulus Infh (i feifer Bacillus) Vlemngitis and

Tts Specxﬁc Treatment New England J Med 216 587 1937
Hewitt W L and Pittman \l Antibactertal Action of Pemaillin Pemscilln
X and on Pub Health Rep 61

I~

768 1916

Wemsten I, The Treatment of M Due
with Streptomyen A Report of Nie Cases New England J Med 235
101 1946

®



20 Alebsielly Pneumoniae (Friedlander’s Bacillus)
Infections

The Alebsiella pneumoniae or kriedlander bacillus 1s a short plump
gram negalive rod with rounded ends growing as 1 single bacillus
enclosed 1n a large capsule or as a pair of baulk surrounded by a single
capsule It 1s of lustorical interest hecause its discererer Prxedlmder

a

thought 1t was the cause of most 1s and thus p
controversy which ragud for many yews Numerous obseryvers even
tually & d that p were I'e ble for the majority

of cases of pneamoma and that Alebsiellae were only occasionally the
etiologic a ents We found them to be the causative agents in 0 6 per
cent of 2500 cases of pnmary bactenal pneumoma Today the great
practical unportance of Alebsiella pneumontae lies 1n the fact that the
chmcal picture of the acute pneumonit which 1t causes 1s stnkingly
sumlar to that seen m preumococaic infections Since the prognosis
and the treatment of the two diseases are not at all abhe the chmcian
must be prepared to differcntiate between them

Friedlander bacilli can be typed by agglutination precipitation and
capsular swelling methods and are thus diffcrentiated into types A
B C D Lk and a nuscellancous group ™

Bachr! 1 studying 198 cases of disease caused by thus orgamsm
found the majonity of infections to be i the gastrumtestinal tract
(sixty-one cases) the gemtourmary tract (fifty cases) and the bilary
passages and hver (forty six cases) The lungs and upper respiratory
tract were volved 1n twenty five cases and the female genutal organs
m six Other sites occasionally affected were the memnges and shn
He believes that primary pneumonia 1s a relatively rare result of 1n
fechon by the Fredlander orgamsm While the high mcidence of
gastromntestinal bibary and renal mnfections 15 just what would be
expected from an orgamsm which 1s a member of the colon group of
bactenna nevertheless 1t must be remembered that the acute and
chrome pulmonary 1afections caused by the Klebstellae are important
because (1) they are the only distinctive diseases which this orgamsm
causes and (2) because the acute form 1s easily mistaken for preumo-
cocac pneumomna or the chrome form for tuberculosis Furthermore
the pneumontas caused by the Klebsueliae continue to occur as frequently
as 1 former years whereas because of better samtation and better
surgical d. and f of the ahd 1 organs
are dummshing 1n frequency
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Klebsiella pneumoma 1s most frequently observed in persons 1a the
older age groups In 166 collected cases 73 per cent of the patents
were over forty years of age The disease has been observed 1n children
although mfrequently While alcoholism 1s mentioned as a predisposing
factor we have not observed 1t any more frequently 1n such patients
than 1n patients of the same age groups suffering from pneumococcic
pneumoma  As with the other types of pneumoma the Fredlander
vanety occurs more frequently during the colder months of the year

SymproMs AND SiGhs

The onset 1s hike that of pneumococcic pneumoma While an ante
cedent upper respiratory infection may be present the onset of the
poeumoma itself 13 most often sudden Solomon? noted a chull at the
onset in 63 per cent of lus thirty two cases a chest pain in 8a per cent
cough 1n 81 per cent bloody sputum 1 7> per cent and »omuting or
diarrhea 1n 28 per cent Malaise headache and prostration are also
frequent complamts

Dyspnea and cyanosis are the rule and are often present to a con
siderable degrec The sputum may be gray and tends to be mucoid
and tenacious Often 1t is combined with blood 1o a homogenous mx
ture Sometimes frank hemoptysis occurs The temperature may reach
a height of 104° or 105° F or 1t may not go over 102° F even 1n the
sichest patients Herpes sumplex 1s less frequent than in pneumococcic
pneumoma Other features frequently observed are delmum disten
tion and jaundice

Examination of the lungs may reveal the typical signs of consohidation
over one or more lobes More often the consohdation 1s characterized
by areas 1n which the breath and voice sounds are dimirushed or absent
mterspersed with areas of famnt bronchial breathing and pectonloquy
This 1s what mught be eapected from the nature of the pathologic
process Tlus consists erther of areas of bronct
or of a lobar consolidation which 1s often the result of the confluence
of bronchopneumonie patches Any lobe may be mvolved the upper
lobes as frequently as the lower Consohdation of more than one lobe
oceurs n two thirds of the cases The course may be fulminating with
death occurning by the second or thurd day or in the absence of specific
treatment may last a week or two Defersescence 13 more often by

lysis than by ensis

CuroNic PULsoNARY INFECTIONS

A peculiar feature of Friedlander s infection of the lungs winch 1s
seldom found 1 other acute pneumomias 1s the tendency for the m
fection to hecome chromic especially 1n patients over the age of forty
After several days of the acute disease the patient s condition 1mpros es
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partially but fever continues along with cough epictoration aud
chest pain Arens of consoldation remamn nd may extend to other
parts of the lungs Bronchiectasis and lun, abscesses often deselop
Solomon? sets four wechs ns the arbitrary pont beyond which 1 Fried
lander prcumonta should be considered chrome The longest duration
n any of lus cases was three years

A few patints apparcntlv develop the chrome form of the disease
msidiously and give 2 lustory of cough purulent green yellow or
dark ted sputum wregular low grade fuver anorexa malmse and
Toss of weight The majonty of patienis expenicnce the typical onset
of Kebsiella pucumonta but the discase does not ternmnate wathin the
expected tme The temperature becomes wreyular and for the most
part lower except during exacerbations The sputum inereases in quan
tity The areas of consohd iion mn1y reman the same or merease 1n
extent Signs of lun, ibsecss of bronchiectisis and of pleural flud
apper The flud may or may not become mfected Improvement in
patients not treated with sulfonamides or streptomycin may come by
slow lysis or may follow surgical dramage of a lung abscess or empyema
In some wmstances fever has persisted for months or years until the
patient was Jost sight of Death results less frequently than from the
acute form

Lanoratony ExaMInATIONS

Sputum and Blood In 2 smeir of the sputum lar,t numbers of
gram negative bacillk may be secn [he large capsules are brought out
more clearly when methylene blue stain 15 used The type can be de-
ternutied by the capsular swelling method Blood cultures are positive
i about 60 per cent of the patients Contrary to the experrence m
pneumococcic pneumoma  the prescnce of bacteremia does not alter
the pro,nosis matenally In the chromc form bacleremia s less fre-
quent occurring i less than 25 per cent of the patients

Leukocyle counts which are low or within the normal ran e are more
common than 1n the othcr forms of bactertal preumoma Dunng the
acute phase of the disease the leuhocyte count 1s below 6000 per cu
mm n one fourth of the patients between 6000 and 12 000 :n one
third between 12000 and 20000 1n one fourth and over 20 000 i
about one-eighth Complications such as lung abscess empyema ot
memngitis elevate the leuhocyte counts to between 15 000 and 30 000
per eu mm or more In chrome klebsiella pneumoma the leuhocyte
count 18 likely to be within or below normal imits except during the
acute phases of the illness or 1n the presence of purulent complications
The diferential count usually shows a high proportion of neutrophils
with an ncrease m the immature forms although i some stances
the relative percentage of monocytes is increased
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ROENTGEN LXAMINATIONS

Roentgenograms when taken carly will usually show an extensive
bronchopnuemoma Within a day or two when the areas of consolida
tron become confluent the density appears homogeneous At this stage
the X ray appearance 18 sumlar to that observed m pneumococcic
pneumonia except that the distribution of the area of consohdation
does not ly follow the marhings of the Iobes Areas
of rarefaction indicating abscess formation and signs of flud sug
gesting empyema may appear later

CovPLICATIONS

Abscess of the lung 15 the most frequent comphcation occurring 1
one fifth of the patients with acute pneumoma and three fifths of those
with chrome pulmonary infection The abscesses may be smngle or
multiple and are the result of nonputnid necrosis of areas of lung
tissue The sputum becomes mucopurulent and more abundant but
18 not foul unless the abscess 13 secondarily infected Continued expec-
toration of such sputum together wath a localized area of large mucous
rales may lead the physician to suspect lun,, abscess although a roent
genogram 3s usually needed to confirm thus impression

Sterile pleural effusions occur 1n one sixth of the patients with acute
pueumoma and less often 1n the chronic form In some mstances large
amounts of flud will be present while 1 others there will be a small
encapsulated collection

Empyema results from nfection of pleural fluid or from the rupiure
of an abscess In the latter nstance a bronchopleural fistula 1s some
tumes estabhished leading to pyopneumothorax and frequently re
sulting fatally

Other Complications Although bronchiectasis s reported nfre
quently 1t 1s probably common 1 the chronc form as 1s fibrosis of
the lung with delayed resolution Perncarditis occurs mfrequently

Among the complications outside the respiratory system memn
git1s 18 the most frequent Others are endocarditis arthritis and venous
thrombosis

D1AGNOSTS

Klebstellae should be suspected as the cause of any pneumoma with
chmeal features bl Iy of it
1s accompamed by early severe prostration abscess formation or Jeuko-
pema oraf the response to sulfonamide therapy 1s slow or poor Al
though a defimte diagnosis of klebsiella pneumoma must depend upon
direct typing of sputum by the capsular sweliing method or upon
culture of sputum blood or other flmds the tentatsve diagnosis may
be made if there 18 @ predommance of encapsulated gram negative
pacilli m smears of the sputum Since early streptomyan therapy 1s
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often 1mperative 1f the patient 13 to have a chance to recover treat
ment may be started on the basis of the stamned smear alone

The chromic form most nearly resembles tuberculosis espectally of
consohdation and abwcsscs are pruent m the upper lobes Primary
lung abscess L ! multiple 1nfarcts
and mycotic infections of the lunws are u(hcr conditions which may be
simulated If Friedlander s baailh are the cause of the mfection they
should be d ble 1 repeated sputum or m blood
cultures

Procaosis

Before sulfonammides were available three fifths of the patients with
the acute form and one-fifth of those with the chromc form died A
fatal outcome 18 more often encountercd 1n patients over forty years
of age n patients with extensive pulimonary invoh ement and 11 those
who develop pulmonary abscesses

TREATMENT

Streptomycin  Although the scusitinaty of the Alebsiellae to strepto-
mycin s vanable depending upon the stran tested most of the strains
are susceptible to therapeutically achievable concentrations “Most of
the patients with Friedlander pnenmoma who have been treated with
this antibiotic have made a satisfactory response The drop 1n tempera
ture and the chmcal 1mprosement are not so dramatic however as
those which follow the use of lim m
The temperature usually falls gradually over the course of three days
to a week and toxiaity decreases during the same period of time

An arbitrary dose of 05 gm of streptomyan intramuscularly every
four hours may be g en until the sensitivity of the strain can be tested
after which the dose should be mereased if pecessary n order to
obtam a blood concentration four to eight tunes higher than the senst
ity of the organistn Treatment should be continued until the tempera
ture has been normal for at least three days

Sulfonanude In testin, the cfectivencss of various sulfonamides
agast klebsiella 1nfcctions 1o mice found that sulfad
was considerably supenor to sulfapyndine sulfathiazole and suifaml
amde Schmidt® demonstrated that sulfamerazine was nearly as effec
lve as sulfadiazine We have found sulfadiazine to be very effective
1 patients with Friedlander pneumonia

Sulfadiazine should be given 1 full doses to pauents with erther
the acute or chronic form of the disease starting with 6 gm (90 grains)
and followed by 1 gm (15 grains) every four hours Sodium bicarbonate
should be admimstered concomutantly 6 gm (90 gramns) with the
imhial dose and 3 gm (45 grams) with subsequent doses Treatment
with this drug should be continued unti the patient has been free of
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fever for several days If the patient should be hypersensinve the
same doses of sulfamerazine may be substituted Since the other sul
fonamides are less effective they should not be uscd unless neither
sulfadinzine nor sulfamcrazine s avaulable

Combinations of Streptomy cin and Sulfonamdes Since not all
stramns of Alebsiellae arc sensitive to concentrations of streplomycin
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Fig 46 T hart of a patient with p f the left lower lobe d
by hlebsiella pneumonice Type A treated with streptomycin and sulladiazine
L L a woman nyed thirly eight doveloped substernal pam and cough pro-
ductive of white frothy spulum one weck before adnns 1on On admis.ion exami
nation revealed dullness dimim hed breath sounds and ubcrepitant rales i the
regon of the left lower Iobe and a pleuropen ardial friction rub Pemallin in wax
and ol was started m doses of 600 000 umts every twelve hours until a Type A
knedlanders bacilly was recovered from the sputum  btreptomycn was then
given 05 gm every four hours for six days but the temy erature contnucd to
spike and the physical findings remamned unchanged On the mnth hospital day
sulfadiazine was started with prompt drop m temperature for thrce days On the
twlfth day the patient developed nausea vomiting and fever Since the fever
was apparently due to the sulfad thns drug was d d and the tempera
tare agam sub 11cd after four days Recovery therefter was uneventful The higher
t3y pe prenmococeus winhi was found 1 the sputum along with the Klebsiclia orgam m
may have been contributing to the wfection of may bave been mercly a carnur
orgamsm

which can be attamed therapeutically and smce the seventy of the
disense demands that treatment be started before the susceptibibty
of the mfecting orgamsm can be detcrmined we feel that 1t 1s best to
admunster both streptomycm and sulfadiazine to all patients
Figure 16 shows a case 1 % hich this combination was quite effective
Pemerllin Since most strans of Alebsiellae are rclatnvely resistant

to pemcithn 1 vitro tius antibiotic 1s not recommended for these
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wnfcctions unless the wdividual stran responsible for the discase has
been tested and found to be scusitive to concentrations of pemcillin
which ean be aclicved therapeutically

Figure 47 shows a case 1n which the orgatusm was sensitive to pens
aillin and 1 which pemeiifin may have contnbuted to the prompt re-
covery

TDAYOF DISEASE 4,5 671819 10]11112[13[14] |
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| L
WBC X1000 238 l75] 73
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Fig 47 Temperature chart of a patieat with poeumonia of the riht lower lobe
caused by Alebsiella pneumoniae Type A trealed with sulfadiazine and penicill o

M H a\ groaged twenty fi e hid a hiead cold with cough three wecks bufore
almisicn three days bk re 8 T~ ion <& »t pawn de tloped and }is cough became
worse, He was found 1o bave typical gn £ ccnsolil tion ¢ er the left lower lobe
A roentgen gram reveal «f mcttied wfiltration 1 th s grea indicals e of a broncho-
pnturuonia The leukocyte vunt was 23 U per cu mm with 73 per cunt segmented
polymory honu lears and 16 jxr ent band form  Type \ Alebsiells preumoniac
was oblamed i pure culture fran the sjutum 1em alba inhibited growth of the
orFumam m & onentration of 003 umits per v Tle pati nt wus guen 00 000
uaits of penicdlin by cuntinacus satramuscular infu oa far the first twenty four
hours of hiosp itaization and ut the same time was tarted on 6 gm of sulfa Liazine
followed by 1 gm every four hours. Watln fourteen bours afler treatment was
started (te temperature ] 1fall nfrom 103 10996 F unl tie patunt apprared
much less toxic o furtter pen cillin was g1 «n but sulfadiazine was contnued
for three more lays The abnormal thy al gus d <a pesred from the chest by
the teath day after aduus on nd the | itient was liscbarged the followi g day
The excellent results 1n tlus case may b ve been due to the sulfadiazine alone or
to the womlmati n of sulladiwzine and pemcilin  nce this P riscular strain of
Rlebsiclia was moderately tensity € to pen ailln

Other Treatment The general me wsures wluch should be employed
m the management of Fricdlander s pneumomia are the same as those
outhued for pneumococcic pueumoma (sce page 11s)

Treatment of Local Comphications Abscesses of the lung may
clear up on medical treatment which may nclude streptomycin pos
tural draunage and bronchoscopy If this 18 not successful surgical
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fever for several days If the patient should be hypersensitive  the
same doses of sulfamerazine may be substituted Since the other sul-
fonanudes are less effective they should not be used unless neither
ifad nor sulf: zine 18 available
Coml 10ns of Streptomycin and Sulf Jes Since not all
strans of Klebsiellae are sensitive to concentrations of streptomyan
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Fig 46 Temperature chart of a patient with pneumonia of the left lower lobe caused
by Rlebsiella pneumonice Type A treated with streptomycin and sulfadiazine
a woman aped thirty es bt developed sub ternal pan and cough pro-
ductive of white frothy sputum one week before ndmi< 1on On admission examn
nation revealed dullness dimimshed breath sounds and subcrepitant rales 10 the
region of the left lower lobe and a pleuropericardinl friction tub Penicallin 1n wax
und o1l was started in do es of 600 000 units every twelve hours until a Type A
dl; s bacillus was d from the sputum Streptomyun was then
gnen 05 gm every four bours for six days but the temperature continued to
spike and the physical findings remanud unchanged On the minth ho mtal lay
sulfadiazine was started with prompt drop 1n temperature for three days On the
twelith day the patunt de eloped nausea vonutin and fever “ince the fever
was due to the sulfad; thig drug was d; d and the tempera
ture agam subsided after four days Recovery thereafter was uneventful The hijher
type pcumocaccus which was found 1n the sputum along with the klebsiella organt m
may have been contnbuting to the infection or xmiy have been mercly a carrier

organism

which can be attamed therapeutically and since the seventy of the
disease demands that treatment be started before the susceptibiity
of the mfecting orgamsm can be determuned we feel that 1t 13 best to
+dmimster both streptomycm and sulfadiazine to all patients
Figure 16 shows a case n which this combination was quite clfective
Pemallin Since most strains of Klebsiellae are relatnvely resistant

to pemallin m vitro this antibiotic 1s not recommended for these
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dramage may be necessary In extremcly persistent cases of chrome
lung mfection with Friedlander bacilli 1t may be necessary to remove
all the foar by lobectomy Empyema may be treated by aspiration of
the pus and the mstillation of streptomycin 1 the same way that
pemalhn 1s used for pneumococcic empyema (p 12) although the
type of pus present 1n Friedlunder ¢mpycma makes it more Likely
that surgical drainage will ¢v entually be needed The dose of strepto-
mycin given by intrapleural injection varies from 5 to 100 mg (o
concentrations of 1 to 10 mg per cc of 1sotomic salt solution) de-
pending upon the sensitivity of the mficting orgamsm

Focal Klebsiella Infeclions

MEeNInGITIS

The memnges are fortunately an infrequent site of wfection Ravs
meter® reported twenty mne patients from the lterature and one of
Iis own Only three of the cntire group recovered With the mtroduc
tion of streptomyein the prognosis will undoubtedly improve

Treatment given 1s streptomyein mtrithecrlly m doses of 0> gm
once a day and mntramuscularly m doses of 05 ,m every three hours
Sulfadiazine should also be given as in pncumococcic memngitis (see
p 130)

PerrTonNITIS

Friedlander anfections of the peritoneal cavity occur asa result of
extension from the gastromtestinal tract Perioppendiceal subphreme
or pelvic abscesses often result In many instances the Klebsiellae
are muxed with other orgamsms Large doses of streptomycn are
usually necessary 1n these cases from 05 to 0 7> gm every four hours
mtramuscularly

Urinary Iract infeclions may be caused by Klebsiellae alone or m
conjunction with other bactenia Obstruction 1n the unnary tract was
a predisposing factor 1n forty four of Bachr s fifty cases The reader
18 referred to the section on unnary nfections caused by gram negatnne
bacterra (p 126) for the methods of treatment

Oruer INFECTIONS
Cholecystitis and cholangitis are frequently the site of Llebsiella
infections Liver abscesses sometimes develop as comphcations In
addition to pneumomas other mfections of the respiratory tract
may be caused by the Klebsiellae such as otitis media mastoiditis and
sinusitis
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Glandular Typo Fis typu o sumd e to the wlocroglindular exeept
that no pri ey leston <an b detected

Oculo lindular Ivpe In the oculedindulic type the prumary
lesion 18 4 compuncbivitis apparcitly resulting from the transmission

Fig 48 Tularemua primary I»ion on fand (From VMackie Hunter sud Worth
tanual of Trcjical M dictne W B Saun Jers Company )

- J$\\_ \4

/

Fi» 49 Nodules along the Iymphatics 1n tufarema

of the bactena to the eyes by the hands Usually one eye 1s involved
rarely both Itching edema lacnimation photophobia and pan are
Dbresent m the eyes folloned shortly by enlargement and tenderness
of the preauricular paronid submaullary and cervical lymph nodes



21 Tularemia and Plague

The Pasteurellge are short ovoid gram negative rods or coccobacill:
which occur sigly and occasionally n chams Two organisms 1n the
group e pathogenic for man Pasleurella fularensis which causes
tularemia  and Pasleurella pestis which causcs plague Because the
etiologic orgamstus and the discases whieh they produce are bath much
ahhe we are considering the two discases n the sune chapter Tula
remia will be considered 1n detul wlile plague will be discussed briefly
since 11 1s encountured only rarely 1 thus country at present

Tularemia

Tularcmia 15 a discase caused by Pasteurella {ularensis It 15 trans
mitted by contact with or ingestion of mficted ammals or birds or
by the butes of ticks or mnsects Among 797 cases collected from the
Diterature handling or eating wild rabbits was responsible for the
fection 1n 89 per cent of the patients Bites by deetflies or ticks or
crushing ticks m the fingers nccounted for 6 per cent while the re
mainder were the result of bites or scratches from or direct contact
with a vanety of ammals ncluding squirrels opossums and cats
and rarely game birds Laboratory infections account for an occasional
case and epidemics have occurred from nfected drinhing water More
rarely the disease 1s contracted by someone while dressing the ulcer
of a tularemic patient

Parnorocy
The discase 15 classificd nto four chmical types ulceroglandular
glandul \! and cryptoge
Ulceroglandular Type In the ulecroglandular type 1 small red
papule appears at the pomnt where the bacturia enter the shin at or
soon after the onset of the general symptoms The papule rapudly
becomes pustular and sloughs away to lcave a punched out ulcer with
raised edges which heals slowly (Fig 18) The regional Iympl nodes
enlarge and become tender Sometmes as a result of secondary 1
fection red strcaks extend upward along the lymphaties In some
patients series of nodules appear along the course of the lymphatics
(Fig 19) In about half of the patients the lymph nodes or the nodules
along the lymphatic vesscls suppurate The lymph nodes may remain
enlarged for weehs or months Sometumes they shrnk to normal size
only to swell agam for a variable peniod of time
366
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telaruma than m any other discase \ nise m aggluting may begin
as carly os the eighth day of iltuess and usually oceurs some time duning
the secund weeh although it muy not take place until the third or
rarely the fourth weeh By that tuny the iter 19 af its masimum
whith mvy be anywhere from 1 3.0 to I 10210 or hugher It falls
gradunlly over the coursy of years often being shll present ten or
tnche years after the dissase In the absence of previous tularenua
a titer of at Jeast 1 160 or preferably nising titers should make the
diagnosts certain Lhere 13 ony exception scrums of patients with
brucelosis d tularcnma sometimes cross agglutinate  \ccordingly
scrums should always be tested agamst both organims whenever
ather discase 18 suspected The tter obtamned with the orpamsms
causing the discase will be lugher than that obtamned a, unst the heter
ologous orgamsm

Lather diagnows can by made according to Foshay * with an infre
dermal fest using 902 cc of a <pcaially prepared suspension of the
Wilied orgamsms A positine Teaction shows a zone of enthuma and
edema 1 em or more 1n diameter forty-eight hours after the injechion

In contrast to wany other distases cullures of the blood of the
pnmary lesion and affected lymph nodes or body fluds of 4 tularemie
patient seldotn yield the orgaman Although wocutation of guinea pigs
with these matenals 1s hhely to be successful Sputum mocolated mto
muce wil} often yicld the orgamsms In view of thie fact that a potent
Wierapeutic agent streplomyan 1s now avmbible eatly diagnosts 1s
perative in s vcrely all patients T such wistances the diaguo 1s should
be niade 1f possible by ammal imoculation before agglutinins appear

CoxrricaTioNs

Pulmonary Comphicatiuns Piieumonia occurred m 22 per cent of
tularemic patients studied roentgenologically by Blackford ! It 13
found 1 more than halfl of the paticnts with the crypto,eme form of
the discase In most cases the bactena reach the lungs from the primary
focus through the blood stream In rare instances tularemua may re-
scmble plague 1n that the orgamsms are iphaled and cause pneumoma
from the start The pulmonary lesions consst 1 a confluent broncho-
poeumonia 1nvoivin, one or morc lobes with focal areas of necroas
wluch often cause the formatien of single or muitiple abscesses

‘The onset of the pneumona 1s usually gradual and may take place
at any tune within the first two weeks of the tularemic infection Cough
1s almost wnvanably present Chest pain aud tenacious mucopurulent
sputum are each present m about half of the patients Patches of

hd and 1n cases 1 of entire lobes may
be detected by physical exanunation and x ray Fever 1s generally
high for from two to four weehs and dechmes by fyss The areas of
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The conjunctivae are swollen and bright red with scattered small
yellow nodules on the palpebral and occasionally also on the bulbar
comunctivae Later these break down to form ulcers Sometimes there
18 a gray translucent exudate over the conjunctivae The discharge
becomes mucopurulent and then gradually decreases, along with the
swellng of the conjunctivae after about three to five weehs Sub-
cutaneous nodules may be present between the eyes and regional
Iymph nodes The ophthalmic lesions usually heal without permanent
mmparrment of vision although dacrocystitis corneal ulcers and even
blindness are occasional sequels

Cryptogemic I'ype In the crypto,eme (sometimes called typhoidal)
type the pomt of entry of the orgamisms cannot be recognized and
the symptoms are entirely systemic

S1mprOMS AND SIGNs

The mcubation period 18 from one to four days 1 80 per cent of
the patients and one week or less 10 93 per cent The onset 1s usually
sudden with chills or chully sensations fever sweating maluse general
aclung and sometunes nausea and vomtmg In the milder cases there
may be nothung more than shght malaise 1nd a low grade fever and
rarely a patient expericnces no constitutional symptoms at all

The sy fi 1008 to all types are

1 The usual of a bactenal mf chulls fever sweal
ing malaise prostration arthralpa and myalma The temperature 18
usually uregularly remuttent occasionally nterrmttent or in some
severe cases Ingh and continuous There may be periods of low grade
or no fever followed by ugh fever Fever usually lasts two to four
weeks but complications may cause 1t to persist several weeks longer

2 Transient bactererma probably occurs 1 the first few days i
all patients In fatal cases the bactema usually reenter the blood a
few days before death and remain there

3 General lymphadenopathy occurs m an occasional patient

4 Cutaneous eruptions appear 1 about 10 to 20 per cent of patients
They are seen most often on the arms neck and upper part of the
trunk and take no distinctive form The lesions are most frequently
papular but may be macular vesicular or pustular The typical lesions
of erythema nodosum appear occastonally

LABORATORY EXAMINATIONS

The leukocyle count may reman withm normal hmits or may be
shightly elevated Rarely 1t 18 1ncreased to between 20 000 and 30 000
5

mm
pe’};‘; agglutinalion lest 1> perhaps more valuable for diagnosis 1
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Progrosts

Aq far s recovery from the distise 13 concernied  the prognosis 1s
good Before streptomyein was avaible 3 o 310 pur cent of oll pa
tits died Snee Uns antibiotic Ts come mto geterai use the autlooh
Lis beon even more fnvorible \s i most nfietions discises the hew
et ol 13 exaeted from the very youn,, and the older age groups Death
seldom oceurs m patients butwean the 1ges of ten wd thirty years
When certun factors we presnt  the prognosis 15 pooree  Among
patients with pncumont troitad nfore the dvent of streptomyan
for mstmee about 30 pur cunt died since tlus complication s miorc
frequent when there 15 punend disssmimtion of the bacterts {he
fatality was hhewise qraater o patients with the eryptogenic form of
the disc e \bout 20 per cent of these patunts dicd contrasted with
3 pur cent of those suflfenng from one of the other types

TREATMLNT

Streptomyen Rulatinedy low concentritions of sirecptonsyon imbibit
the growth of P fularensts in the test tube and cvert 1 curatne cifect
upon the expuomental disease 1 rodents® Fnough patients with tuly
renua hne now been triited to dumonstrate that streplamycin 1s
without doubt ihe most «ffective therprutic agent available for the
distase i humans Dunng the fiest month or two of the disease the
pitients almost wmvanably ro pond to slreptomyan therapy wath a
drumtic drop in tetperature Lo normal or ticarly normal Ieveds When
patients are treatad Diter than tln  the response s vanable possibly
owing o the presunce of crcumsenbud foor of nfiction winch are
not readily accessible to the streplomyan Howet and Hunts have
sliown that patients with the eryploeme form of the disease and those
with pueuoma respond as do paticnts with the ulceroglandular type

Relatnely smill duses of streptomycn are sufficient o overcomc
the discase From 0% 10 02 ym should be injected intramuscularly
every four hours (06 Lo 12 gm per dvy) If the pateent has a Ingh
continuous fever or extensivy pneumonsa or if he 13 extremely touce
farger doses such as 2+ 10 36 ym a day may be needud although
Tunt® obtamid vxcellent results in severcly 1 patients with preumona
with doscs of 16 gm a day or less Adimmstration should be continued
until the temperature has Tillen and bas remamed within normal or
nearly normal hnuts lor three or four days I relapse occurs alter
streptomyein therapy has buen discontinued a sccond course of double
the previous dose should be given

Primary Ulcers Primiry ulcers mty be svaked 1 a saturated solu
ton of maynesium sulfate or after prelimmary cleann, covered
with a stenile dry dressing and let alone They should not be wneised
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consolidation resolve slowly When definite cavitation oveurs the course
1s longer and the prognosis worse Before streptomyan was available
death occurred 1n about 30 per ccnt of the patients with pneumona
and m about two thirds of those with abscess formation

Pleural effusions are observed 1 § to 15 per cent of tulaiemic pa
tients sometunes alonc and sometimes in conjunction with pneumonia
Although large quantities of flud may be present and may continue
to accumulate w spitc of repeated clicst taps the condition eventually
clears up except m those patients who di of the underlying
preumonia

Acute bronchitis 18 obscrved 1 about 20 per ccnt of patients It 1s
of httle significance except that 1t usually leaves behind ey idences of
penbronchial fibrosis

Suppuration of the regional lymph nodes oceurs m about 30 per cent
of patients Aside from the fact that the disease lasts Jonger m these
patients this phenomenon is relatively ummportant

Other Comphications Pentomtis hepatitis pensplemtis menn
gitis encephahtis pericarditis and osteomyelitis are among the less
frequent complications Since they are evidences of extensive spread
of the bacteria they are accompanicd by considerable toxicity and
often end fatally

Dracnosis

When the patient has a manual ulcer or conjunctivitis fo,cther
with regional lympbadenopathy and a history of handhng rabbits
or other wild ammals the diagnosis of tularemia 1s very probable
But 1n patients who have an ulcer m less characteristic parts of the
body or m those with no local leston and only general symptoms of
asevere infection this disease 1s Iikely to be overlooked When tularerma
1s suspected regardless of 1ts form the diagnosis should be substantt
ated by il reactions 1ntrad ] tests and 1f necessary
moculation of ammals with sputum blood body fluds or materal
from ulcers

Dufferential Diagnosi~ Tlus depends upon the type of tularenud
present The local lesion may be confused with an ulecr caused by the
pyogemc coccr with syphilis or mthrax The glandular form s similar
to plague Nodules along the course of the lymphatic vessels may be
found 1n two other diseases sporotrichosis and sarcoidosts A careful
hustory bacteriologic studies of the lesion serologic and intradermal
tests will distmguish between the diseases mentioned The cryptogenic
m of the disease may simulate typhoid and undulant fevers plague
1 or the caused by other agents Here
ced upon laboratory procedures to make the differ

for
mahary fuk
reliance must be pla
enhation
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or no enlargement of superficial lympli nodes The course 15 fulmimating
and ends m death witlin a fuw days

Priman Pncumonie Pype  Tlus fonn occurs when the bactena are
ihaled as a result of contact with a patient with pligue pneumoma
or sometuncs after the shinmng of an mfected ammal It occurs oc
casionally as a winter «pulennc in some parts of the world The mcu
bation period 13 one to two days The onset 1s abrupt with a chill or
chully sensations followed by blood tinged mucoid or thin bright
red sputum It was considered to be v wrnably fatal before sulfonam
es were used

CourLications

Pneumora 1s a frequent complication 1n cases where 1t 1s not pri
mary It 13 ather a patchy or a confluent bronchopneumoma often char
actenized by frankly bloody sputum Pleunsy is often present also

Memngitis 0 halitis are lications which are
almost 1myanably fatal when they occur Ameng 203 patients with
plague reported by Landsborough 7 there were el ht cases of memn
gtis all of which were fatal in spite of sulfathiazole treatment \eyer®
has reported a case of chrome plague meningitis and has reviewed
the iterature on the subject

Memngisinus delirium and conyulsions are not uncommon 1 plague
m the absence of memngitis On the other Land 1if nuchal ngidity
abnormal logical signs or disturk of the are
present a lumbar puncture should always be performed In mempgitis
it will reveal the charactenstic features of a bactenial memngitis
cloudy flud which 15 under increased pressure and contains a higher
number of polymorphonuclears elevated proten content and de
creased or absent dextrose The color of the fluid 15 often a distmctive
canary yellow

Lasoratony EXAMINATIONS

The can be ob d 1 staned smears of
matenal from lymph nodes sputum blood and cerebrospnal flmd
‘They can also be demonstrated on culture and by gwinea pig 1nocula
tion The optimal temperature for the growth of the cultures 13 arcund
30 C Leukocytosis 18 present and the white cell count may reach
40000 per cu mm

DugNosis

The presence of fever toxemua and leuhocytosss m persons who
might have come n contact with infected rats or ground squirrels 1
hughly suspicious of plague In the United States this possibility anses
chiefly i the western states The appearance of buboes or of signs of
Pheumoma accompanted by bloody sputum makes the diagnosis more
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as mceision may produce clulls and fever—evidences of the pouring of
bacteria nto the arculation when the natural barriers are destroyed

Ese Lesions These are best treated by washing the conjunctnal
sacs at frequent ntervals with a warm  saturated solution of boric
acd and applymg dunng the remainder of the time hot compresses
of a saturated solution of magnesium sulfate diluted with an equal
amount of water

Lymph Nodes and Lymphaties Tl affected lymph nodes and
all others likely to be involved should be inspected and palpated each
day Those which show fluctuation should be nased sufficiently to
permit adequate dramage Painful nodes should be treated with com
presses of warm saturated solution of magnesium sulfate

Nodules along the lymphaties scldom need any attention umless
they suppurate 1n which event they should be ncised and dramed

Other Treatment Symptomatic ind supportive measurcs should be
carried out as 1n other infctious discases (p 15) Attendants should
protect themselves agunst wfection from open lesions even though
the chances of sprcad from man to man are shight

Sulfonamides and pemcillin are of no value 1n tularcma The speafic
antiserum developed by Foshay? 1s so much less effective than strep
tomyein that 1t will undoubtedly pass mnto disuse

Plague

Plague 1s a disease causcd by Pasteurella peshis and transmtted to
man by the bites of msects carried by rats or wild rodents and from
man to man by the whalation of nfected droplets

SymproMS AND S167\s

Bubontc Type \fter an imcubation penod of two to ten days there
15 an abrupt onset of fever usually with a chill or chilly sensations
and accompamed by malaise weakness bachache and headache A
local Iesion at the site of the bite may be seen but 18 usually not present
The Iymph nodes (buboes) are enl: 1 and tender especially in the
area dramed by the local Iesion Vomting diarrhea convulsions and
deliram may occur The temperature 18 wregular reaching peaks of
103° to 104 F 1n the average case

When fully developed the buboes are hard and tender and may
be as large as an eg, These typical lesions are present m about 75
per cent of cases Suppuration 1s common 1 patients who live long

nough
e R‘i‘ﬁd cases (often called Pesis nunor) occur 1 which there 1s hitle

or no toxema and fever and only onc small or moderate sized bubo
Primary Septicenue Type Tins 1s a vanant of the bubome type

1n which the nsect bite 13 followed quickly by a bacterema with httle
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Amon, baeterenme patwnts the difcrences were evea more stolan,,
the fatality rates beng 36 o3 and Y2 per cent respectively Huang®
reported that none of lus pitunts with bubomc plague died when
treatment with sulfydiazine was started bfore the thud day of the
discase Sulfonamudes arc less uifective m the primary seplicamie and
pumary pueumonic forms of the distase although a case of the lattcr
has been reported mwlich the patint recovered after sulfadinzine
therapy *

Streptomyen P pestis 15 one of the oreamsms which are quate
senaitive to streptomyen m vitro Wayson® showed that recovery
from experimentally mduced plaue wfection will oceur 1 the majonty
of nuce and gumcn pigs treted with streptomyan The results were
no better than 1f a3 yood as those obt uncd with sulfadazime I strcp
tomyain 13 used m human patients 1t s probable that lar,e amounts
would be needed such as 3 to tgm adyy divided mto six equil doses
and given miramusculirly at four hour mtersals

Serum  Anuplaue serum mde from horas s been axtensavedy
wsed i the st Althaupl the results obtamed have been fairly good
serum 1s not so ¢ffcctne 15 sulfonimides in lowering the fatality rite
and has been disphiced by other agents

Local Treatment Hol, wet dressings should be apphied to the
buboes When frank fluciustion occurs but not bifore they should be
wened
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Likely The orgamem should nlways be sought for 1 any suspicious
case by culture and guinea pig inoculation

Dufferential Diagno~i« The bubone form m its carly staes and
the primary septicenuc form can be mistaken for ny of the generalized
fevers particularly typhod fover typhus fever malana and other
tropical fevers Tularemin has forms which corrcspond to those of
bubonic plague and thercforc mmues 1t at all pomnts The pncumsonc
form of plague may be sumlar to pneumococeic and the other bac
teral pnewmonias Lymphopathia vencrcum and chancroid will also
produce swollen ingunal nodes The bubocs of plague develop more
rapidly are more punful and are accompimcd by far greater consti
tutional symptoms

Procrosis

Before the advent of the sulfonanudes ind of strcptomyen the
fatality rate for bubonic plajue averaged 50 per cent or more while
patients with pnmary pneumomc and primary septicemic plague only
rarely recovered

PrevENTION

A vaccine contamn,, 2000 million bactcria per cc should be given
10 two subcutaneous njections of 05 and 10 cc respectively a weeh
or ten days apart A booster injection of 16 cc 1s advisable at a later
time 1f exposure 1s unmment Although prevention 1s not absolute
immumization reduces the fatahty rate to about one-sixth of the rate
1 nommmunuzed persons

TREATMENT

Sulfonanndes Sulfadinzine and 1o a lusser extent sulfathiazole are
the most valuable therapeutic agents available at the present tune
Large doses of sulfadiazine should be ginen 6 gm (90 graimns) imtally
and 15 gm (22} grams) every four hours accompanied by 6 gm
(90 gramns) of sodium bicarbonate imtially and 3 gm (45 grains) with
each succeeding dose Intravenous wnjections of sodium sulfadiazine
may be given m the same untial dose followed by subcutanecus 1n
Jections contamung 15 gn (22} gruns) of sodm sulfadiazine every
exght hours or more often 1f necessary to mantain a blood sulfadiazine
concentration of 15 to 20 mg per 100 ec Proper precautions should
be taken agamnst the development of renal caleul and other compht
cations of sulfonamide therapy (ste p 62) Sulfonamude treatment
should be continued for ten to fifteen days after the temperature has
reached normal

The results with sulfadiazine i bubonic plague have been good
Waglet® observed a fatahity rate of 22 per cent 1n patients treated with

ed with 34 per cent among those who recenved sulfa

this drug compar
!hlazolceand 58 per cent among patients who received neither drug



ANTHRAN 377

surrounding the feson often ontunds over @ wide e of the body
When the lesion 1 o the neck the edem may exvtend wito the mouth
pharynx or larynx often with grave consequinces The local lesion
13 suldom Actually pownful afthvugh stching burmng and throbbing
sensations and a fuching of fullness are present The tegional vmph
nodes are swollen painful and tender

\fter the vescles rupture and beyin to dry the eduna begins to
subsnide Improsement 13 usually rapid from that time on Tenderness
of the regional lymph nodes disappears witlun a fow days

The general symploms assornted with the cutancous lesian may be
surpnsingly nuld  slthough ordinanly there are malase  hedache

R, o

F g 90 Typical eschar of o1 thrax on the eighth day of the disease The surruu1d.
1ng ves cles bave ruptured end dncd (From Flingson halull Bookwalt r and
Howe JANMA 13 110 1946)

Jomt pans and a shight or modcrate amount of fever Ellingson* found
general symptoms 1 five of lus twenty five patients
Gastromtestinal Type When the bacteria ave mgested  serere
1 p appear abd 1 pan ting and diar
thea The stools and voritus are cither bloody or have the typical
wice grounds appearance of chatged blood The temperature 18
elevated except when penpheral collapse supervencs a catastrophe
charactenized by a fall m the temperature a nise i the puise rate and
frequently death within 4 few hours
1ulmonary Type Breatlung dust from mfected wool ludes hair or
othier matenal may result in whatation of anthras bacrile followed by
bronchitis and patchy } 1 Although the onset may
be gradual 1t 1s usually abrupt with a cll or chilly sensations fever




22 Anthrax

Bacullus anthracis 1s a large encapsulated gram positwve rod with
squared ends It 1s of hustorical importance because 1t was one of the
first muer to be d and studied and of clmcal

gmfi because 1t 15 responsible for a sersous occupational disease
called anthrax Anthrax baaill are spore formers and are extremely
persistent 1t warm or moist contaminated soils whence they infect
ammals and produce discase m the skin the pharynx or m the tes
times Man becomes infected from handling discased ammals or by
contact with infected lides shins wool hawr or bnistles Anthrax 1s
not a common disease Only forty mne cases were reported 1 the
United States for the year 1911

The anthrax bacillus tends to attack three different areas in man
the shin the lungs or the intestines In the cutancous vanety (which
15 the most common) therc 1s exudation of blood and serum and co-
agulation necrosis 1 the subcutaneous tissues usually m a smgle
location In the mntestmal type hemorrhagic areas are found in the
small mtestine or cccum  In pulmonary anthrax patchy areas of hemor
rhagic consolidation are present in the lungs along with hemorrhagic
exudate covermg the walls of the broncl: Regional Iymph nodes are
mnvolved 1n all types

S1MPTOMS AND SIGNS

Cutaneous Type Among 937 cases of anthrax of the shin reported
by Legge® the frequency of mvolvement of the different sites was as
follows head and face 4o per cent nech 31 per cent upper extremity
20 per cent lower extremity and trunk each 2 per cent The incuba
tion penod varies from one half to five days The local lesion has been
vividly and suceinctly described by Lebowich® as follows It began
as a single small pale red papule on an exposed surface The lesion
rapidly enlarged duning the next forty-eight to seventy two hours to
reach a diameter of from 10 to 25 em with the development of a
central necrotic browmsh black eschar surrounded by an adjacent
ning of multiple raised monolocular pnk esicles and a diffuse and
disproportionate zone of soft doughy piwnk to red swelling

On the fifth or sith day of the evolution of the lesion the eschar
extends to clude the crusting vesicles around the penphery (Fig
50) The eventual size of the pustule may vary anywhere up to several
entimeters 1n diameter In the majonty of cases there 13 only
sionally there are two or more The edema

36

cubic ¢
one cutaneous lesion occa:
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surrounding the lsion often extends over 1« wide ara of the body
When the lesion 1s on the nech the edema may cxtend nto the mouth
pharynx or laryna often with grave consequences The local lesion
1s seldom actually pamnful although itehing burnin, and throbbing
sensations and a fechng of fullness are present The regional Ivmph
nodes are swollen painful and tender

After the vesicles rupture and begn to dry the edema begins to
subuide Improvement 1s usually rapid from that tune on Tenderness
of the regional lymph nodes disappears within a few days

The general symptoms associated with the cutancous lesion may be
surpnsingly muld although ordmnly there are maluse lcadache

Fie 20 Typical eschae of anthrax on the eighth day of the disease The surround
1 vesiles have ruptured and dred (From Elinwson hadull Bookwalter and
Howe JANMA 131 1105 1946)

Jomt pamns and a shght or moderate amount of fever Ellngson! found
general symptoms 1n five of lus twenty five patients
Gaslrmnlcsnnnl Iype When the bac(erm are ingested severe
appear abd I pain vomuting and diar
thea The stools aml vomitus are either bloody or have the typical
coffee grounds appearance of chan,ed blood The temperature 18
elevated except when peripheral collapse supervenes a catastrophe
characterized by a fall in the temperature a mse m the pulse rate and
frequently death within a few hours
Pulmonary Type Breathing dust from nfected wool Iudes hawr or
other material may result 1 inhalation of anthrax baalh followed by
h and patchy b } Although the onset may
be gradual 1t 15 usually abrupt with a chill or chelly sensatons fever
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and couh with the eapectoration of thin or foamy bloody sputum
Physical exammation will reveal bronchitis and bronchopneumoma
Dyspnea and cyanosis are pronounced Death often occurs in less
than a week

CompLICATIONS

These are not common Gangiene may occasionally supcrene upon
the local lesion and rarely i the heahn, of the cutancous type scar
formation may be so great as to require plastic surgery Memngitis
and memnngo encephalitis are rare comphcations characterized by
bloodvy cercbrospimal flud which contans anthrax bacilh They are
manifestations of overwhelmmg discase such as may be encountered
occastonally n patients with the pulmenary or mtestinal form

Lasorarony 1 xaMinaTioNs

It 15 surprisng that i such a severe infcction leuhocytoss 1s not
more proncuniced In many cases the winte blood ccll count 1s within
normal hmsts In others 1t may be increased moderately although it
15 seldom above 20000 pcr cu mm The percentage of polymorpho-
nuclear cells 1s mercased

Lilngson! cultured the orgumsms from the blood of three out of
twenty five patients with cutineous anthrax Positive blood cultures
are more frequent than this i patients with the cutaneous form just
before deatlr and in patients who have the disease i the mtestines
lungs or memnges

B anthracis can often be scen i stained smears and can be cultured
readily from the cutancous lesion ¢specially from the dlear flud which
1s aspirated from the vesicles If necessary the material may be inocu
lated 1nto gumnca pigs or mice When the pulmonary or intestinal form
18 suspected the sputum vomutus or stools should be cultured

Diacnosis

If the chuncian remamns alert to the suspreion of anthrax the Instory
of exposure and the appear uice of the leston usually make the dragnosis
of the cutancous form easy Lach of pam and the absence of pus are
charactenstic features Provisional bactenologic diagnosis can {re
quently be made by mucroscopie demonstration of the lar,e bacilh
which occur singly or 1 jomted pawrs Further confirmation can be
obtamed within twenty four to thirty sin hours by culture of the
vesicular flud

When the lungs gastsomtistnal tract or memnges arc mvolved
there 15 nothing 1n the climcal picture to distingursh the discase from
infections by other bacteria Anthrax may be suspected from a history
of exposure although exact diagnosis must rely upon bactunological

dentification
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leston duminishes within a few hours and that the control of ths edema
18 the most rehable critenon for determiming whether further serum
18 necessary

In view of the excellent results obtamed with the sulfonanudes and
particularly with penicillin - serum will probablv be discarded If it
13 employed proper precwtions should be taken before adminstration
to minimize the number and cxtent of serum reactions (sce p 33)

Neoarsphenamine Some effect upon the disease lias been obtamed
from the use of this drug although the results of 1ts employment are
dificult to cvaluate smce 1t has usually been admimstered m combi
nation with other agents Hodgson ® 4 for instance reported six deaths
among filty two patients trealed with serum alone and no fatalities
among filty five patients who recenved serum plus neoarsphenamne
He recommends 03 gm of neoarsphenamine on the first day of treat
ment 015 gm on the tlurd day and 1n severely 11l patients another
03 gm on the fifth day Pemailhn and sulfonamides have now caused
this drug to be outmoded

Sulfonamudes Scveral didferent sulfonamides have given benefienl
results 1n anthrax C old? treated forty two patients with sulfapyndine
sulfathiazole and sulfidiazine with satisfactory response n thirty mine
The other three required serum n addition before recovery ensued
He beheves that sulfathiazole 1s the drug of choice Response to sul
fonamides does not scem to be so prompt as that following serum ad
mmstration Since the response to penicithn is supenor the sulfonam
1des will apparently no longer be necessary There 1s no evidence that
combrnations of perncilin and sulfonamides give better results than
penicilhin alone

Other Measures Amon, the other therapeutic measures which have
been tried are x ray therapy and immunotransfuston The newer agents
now 1vailable will undoubtedly render y any further inal
of these doubtful mensures

Pattents with iternal forms of the disease may need fluds and
plasma to combat shock When pulmonary myvolvement 15 present
oxygen should be used for cyanosis or other evidences of resprratory
embarrassment (see p 17)
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Dufferential Dhagnoss The ol feson may b sunufited by 1w
abscess or carbuncle with o centril gangrenaus arc eesulting from
treatment with esclisrotics by n pingresous exteagemtat chmere nd
by aeerdental vaeeuna Hi tory and breterinlogie exammation will dear
up the drignoss i these cases

Procross

Before modurn mithods of trevtment were avmbible abont one
fourth of the prtients with cutancous anthrix died Thie internal forms
of the disunse wire much more varudent most of the e es of the gastro-
miestinaf type and practieaily all of the pulmonary tvpe bemg fitaf

TaraTvest

Femodln Enom satra expeennents B anthracre s bon found to by
moderately sensitnve to pamcilim The use of tins mtthiotic has been
reported i only a fow patients but the reports have ald been fisorable
In cutaneous anthrax the tempuntuse v unlls drops ripudy sfter
pemcltin therapy 5 started morc rapsdly  sn Diet than alter amy
ather therapeutse ot Trequenthy the tomportare o normat with
wtnenty four bours aftcr the first dose Murphy® treated three patients
and abserved prompt disappewrance, of the ervibema aud induoration
and rapid deving and deappoarance of the fesion 1 fingsont reported
excellent results 1 all Ins tneuty five patients tru sed wath pescsiin
The baeslls could no Jonger ba cultured from the loeat fsion in tuanty
three of the cases within forty-esaht hours after the I gitinmg of tret
meat

Dones of 10600 to 25 000 umts mirnwuscubarly overy three hours
scem to bhe satisfectory for the mverage cave of wutncous anthrax
When the patient 1 very toue when the baoth e eultured from the
blood «r when snternal forms of the diserse an present larger doses
up to § 000 000 units & day will he necessary  These larger doses may
be gnen by mternuttent wtrunuscular myections oF by contumous
ntramuseular or wmtray enous infusion

The results of triatment with pemedhn are 56 much more satss
factory than those obtamed with any of the other tharapiutie agents
that this antibiotic 18 recommmended for routine nse m ol Lases Therapy
should be continued for at teast five days of untdl the tempuratore 1
normal the systemi symptoms hmve disappeared the edemi has
started to subside nd the lesions are begnmng to dry

Speeific anfiserum has heen used evtensively i the past wath exerllent
results In lurge seres of prtients wath cutaneous snthrax the fatahty
tate was 5 per cent or less Serum 1s admsnsstered 1n doses of 200 to
500 ce every eght to twenty four hours untd the mnfection 19 under
cautrol Patients who ere very 1oxc or who have bactervma are gnen
the farger omounts Cold® states that the edema around the local
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Iesion dimmshes within a fen hours and that the control of this edema
18 the most relable criterion for determiming whether further serum
13 necessary

In view of the excellent results obtamed with the sulfonamides and
particularhy with pemraillin serum will probably be discarded If 1t
18 employed proper precnutions should be taken before admmstration
to mininmze the number nd extent of serum reactions (sce p 33)

Neoarsphenamine Some effect upon the disease has been obtamed
from the use of this drug although the results of its employment are
dificult to ¢valuate smce 1t has usually been admimustered 1n combt
nation with other agents Hodgson * 4 for mstance reported six deaths
among fifty two patients treated with serum alone and no fatahties
among fifty five pitients who recerved serum plus neoarsphenamine
He recommends 03 gin of neoarsphenamine on the first day of treat
ment 0 {5 gm on the thied day and m scverely 1l patients another
03 gm on the fifth day Pemeillin and sulfonamdes have now caused
this drug to be outmoded

Sulfonarmides Scveral different sulfonamides have given beneficial
results m wthrax Gold treated forty two patients with sulfapyndine
sulfathiazole and sulfadrazine with satisfactory response m thirty mne
The other three required scrum in addition before recovery ensued
He beheves that sulfathiazole 15 the drug of chowce Response to sul
fonamdes does not seem to be so prompt as that following serum ad
mimstration Since the response to penicillin 1s supenor the sulfonam
1des will apparently no longer be necessary There 1s no evidence that
combinations of pentetllin and sulfonarmdes ginve better results than
penicilln alone

Other Mensures Among the other therapeutic measures which have
been tried are x ray therapy and immunotransfusion The newer agents
now available will undoubtedly render unnecessary any further tmal
of these doubtful measures

Patients with mternal forms of the disease may need flmds and
plasma to combat shoch Vhen pulmonary imvolvement 1s present
oxygen should be used for cyanosis or other evidences of respuratory
embarrassment (see p 17)
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Part IV

BACTLRIAL DISEASLES IN WHICH
CENOTONXINS ARE A MAJOR FACTOR

23 Diphtheria

nY
LEWIS K SWEFT

Diphthenis or membranous croup 13 a specific disense caused by
the Corynebaclerim diphthertae and charactenzed by both local and
systemie lestons All lesions are the result of the action of a toan pro-
duced by the baciffus and of the tiuue response to the toun

Emorocy

The C diphtheriae or the hlcbs Loelfir bacillus 13 1 rod shaped
nonmotile argamsm that varies consider bly n size and shape Usually
1t 15 slonder and shightly curved though it may be straight YWhen
stamed by € ram s method 1t 1s gram positne and when stamed by
Ponder 3 or other diffirentiaf stuns 1t shows granulr polar bodies at
one or hoth ends often witl granuirtion between

The diphtheria biallus when 1t grows aither 1n the body or on
artificial culture medium . excretes a soluble substance that 1s extremely
poisonous to protophem Ths substance 1s the toun of dipbthenia
Strams of baaith differ 1 thur abslity to produce toun Those which
produce potent tovin are regarded as vwrulent while those producing
littie or no toun are avirulent

€ diphtheriae can be typed by culturaf ind fermentation reactions
into grares nfermedius and mfis types? with a few atypreal stramns
Watlin tach of these cultural types are several serological types In
general the cultural fypes differ consdershly n thesr virulence and
pathogematy the gratis tvpe produem  toxin both more rapudly and
1 much greater abundance than the mults or wnlermedius tvpes s *7
Also the graris type 15 much more prone fo tissue invasion and 1s
mOr reaistant to the bacterioidal power of whole blood than are the
other types Speafically however individual struns of any type mayv
be of extremely Iugh or low virulence so that graves strans may be
completely avirulent while mfis stramns mav be so virulent as to
produce malignant diphthenia The grares strams have been largely

381
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responsible for the extremely malignant and fatal epidemncs of recent
years 1n Furope and when recovered 1n such epidemics almost 1
vanably are highly ~virulent ¥ Conversely orgamsms of the graws
type have been reported rarely in Amenicn and frequently are non
virulent 8 There 15 no dunonstrable difference 1n the toxn excreted
by the vanous types of C diphlheriae and an antitoxin that 13 potent
against one type 1s potent agamst all 4

Patnorocy

The patholo,ic lesions of diphtherin are both local and general
The local lesion at whatever stte the virulent orgamsms arc tmplanted
m a nommmune host 1s caused by an outpourng of toun from the
orgamsms wlich grow n the cellular detntus on the mucous membrane
or m the wound Tlus toxin causes a local tissue necrosis which mn
turn promotes further growth of the bactena further toxin produciton
and greater extension of the local lesion

As the epithelial cells become necrotic there 1s a m irked outpouring
of fibrinous exudate from the blood stram mto the subjacent tissues
Thus 1s accompanied by some leukocytic infiltration and small hemor
rhages This exudation forms a membrane called the false membrane
On section 1t 1s found to be dense and composcd of layers of fibrin
with an admixture of leuhocytes red blood cells and bacteria Secondary
mvaders stuch as streptococer are often seen 1 the congested or swollen
subjacent tissues

The systemic lesions are due to the effects of toxin which 1s trans
ported from the local leston through esther the lymphatics or the blood
Wihen there 15 a severe deyree of toxerma there 1s some necrosis of
almost all tissues of the body The effects of thus necrosis are much
more pronounced 1n the more Iighly developed structures such as
the myocardium and the central mervous system with less damage
to the liver the hidneys the reticulo endothehal system and the other
viscera In the Iiver this results in disturbance of glycogen metabolsm
and secondarily of generalized carbohydrate metabolism In the hidneys
there may be serious nephritis though there 15 no climcal type of
nephritis that 1s charactenstic of diphthena The primary lesion 1n
the heart muscle 1s a tovic necrosis with cloudy swelling loss of muscle
striation and hyalne degeneration with a secondary nfiltration of
inflammation and fibrosis that lead to repur

The toxn attacks the central nervous system erther through the
mvoncural Junction up the permevral Jymphatics or along the neryves
Since there 15 a much greater concentration of toxin in the pharynx
and upper air pssages there 13 frequently an early unvolvement of
the cramal nerves especnlly those supplying the palate and pharynx
and less commonly the orbital nerves There 1s a widespread usually

late involyement of the nervous system m toxic patients who reeerve
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treatment Jate or m madequate amounts There 18 fatty deqencration
m the myehn sheaths of nvolsed punplicral nerves but central levions
are inconstant or albnent

Symprovs AnDp Siens

Incubation Period Diphthan usunlly becomes mamfest two to
four d1ys alter exposure to it but the icubation period may vary from
one to sevan davs Usinlly there are no constitutional symptoms until
there 1s consderable local 1nyoh ement

Local Symptoms and Sign< Diplithcettie lesions are found com
monly on the mucous membrane of the tonwls palate pharyne and
nisophiryne with less frequent localization in the nose Jarynx and
tracher Rarely there 1s extension to the broneln bronclioles nd ¢ven
to the pulmonary alveoli In rare snstances there 1s primary imolve
ment of the shin through supcrfil wounds or of the mucous mem
brane of the vaginy or eve

The early loc1l symptoms of pharynaeal mvelvumnent usually start
with imtation and pun 1 the throat the paun bang aggravated on
swalloning Occwsonnlly  however there 18 no pamn even 1 well
developed diphthernn The carlicst si,ns are ntense anjection and
hyperemia of the site ivolved There may be onc or many white or
eream-colored esions wlich grow rapdly and scon bucome confluent
The flse membranc so formed 15 at first whte or creamy n color but
as 1t thickens 1t becomes gray or gray oreen If there 1s hemorrhage
mto the leston 1t darhens until 1t becomes almost black As the lesion
advances there usually 15 greater soreness of the throat and the mem
brane increases not only 1n size but 1n thickhness even to a dipth of
4oromm T'dunymay be present at times to ~ rather extreme degree
though 1t usually 1s absent In some instances considerable force may
be required to scpirate the membrane from the underlying tissues
When the fale membranc 1 removed there arc small blieding areas
over the denuded surfcc

If there 15 local extension into the nasopharynx and nose the nasal
airways are clogged and a serosanguineous discharge appears at the
nares The discharge s often umlateral Viwuahzaton of the nasal
mucosa shows the sime type of grayish white membrane over the
surface If there 15 extension downward the larynx trachea and broneln
may be imolved With myolvement of the larynx there 1s hoarseness
with a harsh cough followed by nphoma On direct examimation a
false membrane 15 seen over the vocal cords and at times over the
entire glottis The membrane 1s not so thick or dark s that found m
the pharynx or fauces and 1t can be detached with greater ease As
the laryngeal 1 it there 15 di to marhed
edema which together with the membrane causes obstruction of the

normil airway
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responstble for the extremely malignant and fatal epidemics of recent
years 1n Europe and when recovered 1n such eprdemics almost i
vanably are highly virulent ¥ Comversely organisms of the grars
type have been reported rarely in America and frequently are non
virulent ® There 15 no demonstrable difference m the toun excreted
by the varous types of C diphtheriae and an antitoxin that 13 potent
against one type 1s potent against all 4

Parnorocy

The pathologic lesions of diphtherin are both loeal and gencral
The local lesion at whatever site the virulent orgamsms are amplanted
mn a nommmune host 1s caused by an outpouring of toxin from the
orgamsms which grow 1n the ccllular detnitus on the mucous membrane
or n the wound Tlus toxin causes a local tissue necrosis which m
turn promotes further growth of the bacteria further toxn production
and greater extension of the local lesion

As the epithehal cells become necrotic there 1s a marked outpouring
of fibrinous exudate from the blood stream nto the subjacent tissues
This 15 accompanied by some leuhocytic infiltration and small hemor
rhages This exudation forms a membrane called the false membrane
On section 1t 1s found to be dense and composed of layers of fibnn
with 10 admixture of leukocytes red blood cells and bacteria Secondary
mvaders such as streptococcr are often seen in the congested or swollen
subjacent tissues

‘The systemic lesions are due to the effects of toxin which 1s trans
ported from the local lesion through either the lymphatics or the blood
When there 15 1 severe degree of tovemia there 13 some necrosis of
almost all tissues of the body The cffects of this necrosis are much
more pronounced in the more ghly developed structures such as
the myocardium and the central nervous system with less damage
to the liver the kidneys the reticulo endothelal system and the other
viscera In the liver thus results in disturbance of glycogen metabolism
and secondarily of generalized carbohydrate metabolism In the hidneys
there may be serious nephritis though there 18 no chimical type of
nephntis that 1s charactenstic of diphtheria  The primary Iesion
the heart muscle 1s a toxic necrosts with cloudy swelling loss of muscle
striation and hyalme degencration with a secondary mnfiltration of
inflammation and fibrosis that lead to repaic

The tovin attachs the central nervous system either through the
m)oneural junction up the penneural lymphatics or along the nerves
Since there 18 a much greater concentration of toxin m the pharynx
and upper air passages there 13 frequently an early imolvement of
the cramal nenves especially those supplying the palate and pharynx
and less commonly the orbital nerves There 15 a widesprend usually

late imolvement of the neryous system 1n toxic patients who recene
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collr around the patient s neck The neck may be <o broad that there
15 a grdual tapcnng out from the head to the shoulder pirdle This
15 the socalled  bull nech

Fig 51 Types of lesions observed 1n cutencous diphthena {Avmy In Utute of
Pathology “os 639 and 633 )

Culanemu diphtherta was scen among troops 1 the tropical and

1 regions with during World Wer 11

The primary lesion 13 a small vesicle surrounded by a lar.e area of
erythema The lesion rapidly undercuts and becomes an ulcer with
an extremely tenacions fibnnous membrine It then spreads and en




381 EXOTOXINS IN BACTFRIAL DISFASES

The evidences of laryngeal involvement are quite distinct as a rule
The voice ts hoarse or the patient may be completely aphome If there
1s partial occlusion of the glottis the respirations assume a metallic
or tubular quality There 1s a hoarse deep seated cough that can be
explamed no more characteristically than by caihng 1t croupy As
the glottic opemng 1s reduced the patient becomes restless and anvions
and dyspnea appears There 1s retraction of the intercostal supra
sternal and infrasternal spaces the accessory muscles of respiration
are brought mto use and cyanosts becomes evident The pulse remams
strong at first (unless there 1s an extensive nasopharyngeal diphtheria
with pronounced toxemia) but as the dyspnen increnses and fatigue
commences the pulse becomes more rapid of lesser volume and ir
regular If there 15 an assocrated toxic nasopharyngeal diphthena
heart failure comes sooner and more rapidly As the patient s strength
fails the retraction of the chest becomes less and the breathing may be
less stertorous and apparently easier The face however remams
cyanosed and congested and the pulse continues to farl Restlessness
recedes and cyanosis deepens as a fatal termination approaches

Therc are few symptoms from tracheal i olvement that are not
mashed by the usually concomrtant laryngeal diphthent As the broncht
bronchioles and alveol are 1mvolved however there develops 2 more
difficult respiratory exchange with a rapid grunting type of respira
tion rales over the involved areas and at times all the signs and svimp-
toms of 2 pneumoma

W hnle laryngeal and tracheobronchual diphthena often are secondary
to or are accompamed by pharyngeal or faucial diphthena it 1s of
the uimost 1mportance to remember that mvolvement of the Jarynx
or trachea may be present when there 1s absolutely no membrane m
the visible oropharynx If the story and clinical picture suggest
diphtheria of 1if the d of diphthena cannot be excluded the
condition should be apprased by direct laryngoscopie or broncho
scopic examnation Direct cultures should be made at this time

Local or regional involvement 1n diphthena is accompanied by mn
volvement of the cervical lymph nodes 1 many patients The cause
of this involvement may be either the diphthenia toxin C diphtheriae
1tself 1n some 1mstances of gravis infection or a secondary pyogenic
mvader such as the hemolytic strep or the staphyl
If the ongmal lesion 1s on the tonsil or fauces the antenor cervical
nodes are more prommently 1mvolved If the postenior pharyngeal wall
1s prunarily affected the nodes of the posterior chawn are those attacked
On palpation the nodes vary 1n size from that of a bean to a hens
egg they are often hard and tender usually with considerable perinodal
mnvolvement Unless there are secondary pyogenic invaders the nodes
remain discrete and there 1s httle tendency to suppuration When
~treme 1 olyement of the lymph nodes there 1s a veritable

there 1s €
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General Symptoms and Signa The syvstemic symptoms of diph
theria vary greatly with the virulence of the mfection and the site
of the keston If the lacal lesion 1s implanted on a rdatively nony seular
surfice as the anterior portion of the nisil septum or the lrynx or
trachea there 1s little absorption of toun aund there are few svstomie
symptoms 1 on the other hand the local leston 15 implanted on a
relatively more vascnlar site as the nasopharyny there v much greater
absorption of toin and the systerme symptoms are much more scvere

The milder early systene symptoms of diphthera are shght fover
maly ¢ and headelie As the disease becomes more severe wethness
and pallor may be noted and the pulse becomes rapid usually out of
proportion to the fever The temperature usually remauns between
100 and 102 F by rectum but tumperatures s hih 1s 101 and
10° F my b recorded The hiort usually 1 normal earhy n the
disewse but it my 1 toue patients devdlop arrythinas and other
changes manifest by electrocardiogrim The climeal mamfestations of
heart diseasc early in diphthena usually are overshadowed by the
severe general toxerma that s concurrently present

Late Symptoms and Signs The late systenue mamfestations of
diphiheria may come on at any time dunng convalescence up to s
oreven ten weehs fter the onset of the diease They are redated chiefly
to the nervous system and to the circulatory system The oervous
system 1nvolvement 1s a tonic neuritis winch oteasionally results in
generalized paralysts As there 1s greater concentration of toxin ner
the Iocal lesion than i the systemic arculation m the acute disease
and as the toxin enters the central nervous system through the myo
neoral gunction as well as along the lymphaties the first evidence of
paralysis usually 1s encountered 1n the palate and pharyngeal muscles
A nuld palatat paralysis without other evidences of diphthentic neu
nls 1s seen comtnonly in patients with moderately severe diplithena
who are treated on the tlnrd to the fifth duy of the disegse Palatal
paralysis causes a change m voice with a nasal quahty to plionatton
and regurgitation through the nose The palate may deviate to one
side or hang motionless 1f there 1s complete paralysts Pharyngeal
involvement produces difficulty 1n swallowing or complete loss of deg
lutition

Shortly after the onset of the palatal or pharyngeal paralysis there
may be visual disturbance from imolvement of the crantal nerves
stupplying the extra ocular muscles Thus results i loss of accommoda
tion and often in diplopia Simultaneously with or shortly after the
development of ocular manfistations there may be a loss of deep tendon
reflexes without sensory smvolvement all over the body followed by
weakness or paralysis of any or 41l stmated muscles When the dia
phragm and the intercostals are 1molved respiratory failure results
D’aPh;agmauc paralysis can best be detected by splinting the ribs

4
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Iarges by necrosis of the surrounding tissues reaching a size that vanes
from 2 mm to several centimeters The margin 1s sharply defined
declivitous mdurated often rolled and occasionally undermmed * Usu
ally there 15 n area of induration and dscoloration of the shin about

>3 AL S

Fig 22 Tvpes of lesions observed m cutaneous diphtheria (Army Institute of
Pathology Nos 2001 1 B and 2003 1)

the lesion The lesions almost always occur on the legs or lower portions
of the body They frequently are multiple but may occur singly In
some 1nstances the diphthena orgamsms may im ade wounds or other
abrastons of the skan All the late general mamifestations of the disease
may occur with cutaneous diphthenia
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apperr before the ughth do Tnanstanes of eardy beart unolyement
the guneral tovenn usaally overshiadows am oadience of acute cardrs
There are fever ond tachyrardiy but the rotlessuess Oanows and
cough are mare often due to the sovere diphthentic toxenmn than to
orcultory falure Deivdr ttion wsunlly moa promament manfestation
There v a disturbam e of enrboliydrite mctibolim assocmted with
the toxennun At first s results o vpnd utdization of ghoogen but
s thre 19 epparent suppression of asubn forantion and o
abihty of the tsnes 1o ust dextrone resulting an o fow blood suar
content The blood pressur. romains normal and the heart sounds
are a3 A rule distinet and regulie unles death s immment

Late cwculrtory fulure which wstally occurs from the seeth do
onnard myy follow a period of appareatdy satsfictory convalescesice
The earbist signs of mvofvement are pnven by the e trocardiogram
This will show changes 1 the T waves i the conduction mechamsm
or i both The abnormat T waves will be found to be ether diphasic
woeleetric or wmyerted The changes appaar first 1 Lead HH later in
La2ds 1 and § The chinges w the conduction mechamsm wall vary
modegree from shobt profongation of the PR antenval to complute

neular or nt ular bloch or both  As the electro-

cardiogram ¢ be used only ot mteratla howeser at s necessary for
the chinenn to recogmze the exly chineal signs of late myocardnl
damage This requires frequent auscultatory obsenvations of the heart
At tunes the first sound may bi sphit or 1t may become soft nd be
replaced by a systalic murmur that 18 beat heard to the left of the
sternum Any srregulanty of rhythm may trhe place but that most
frequently encountired 18 a proto-diastolie gatiop

Figure 51 lusteates 2 cose o which death cceurred as a result of
apparent myocardint farlure

Later durmg apparenth good comvalscence the patient may
suddenly develop epi, stric or precordial pan with vomiting pallor
and profuse swering The blood pressuze iy b normat or may be
moderately elevoted or depresssd At first there may be tachycardia
but the heart then slows and becomes wregulor H complete hrart bloch
develops the pulse will drop to 48 or less per nunute EFollowiag heart
bloch death may come rapidly or there may be a period of several
days wnhs cireulatory fasture In the Jattor sstance there will be cardiac
difatation cyanosia b rales enbarpement of the hver epigastne
pasn and vomiting I there 13 myocardial msufficiency wathout block
there will be an wmcreawng tachyeardia There may be alternate penods
of hradycardsa and tachycardia as huart block appears and diappears

Assousted with the late myocarditis there may be and often 1s
pripheral eirculatory fasfuse Thus results from a \asomolor paralyss
and 15 brought about by imvol t of the or
molor and plates of the pirasympathetic necves of thc splanchme
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with the hand and observing the motion of the abdomen on mspira
tion or by placing the hands firmly below the diaphragm and pal
pating the movements on attempted inspiration When the diaphragm
1s splinted with the hands the extent of intercostal movement can best
be judged through careful nspection

Figure 53 shows the course of a patient who developed complete
motor paralysis seven weehs after entry mto the hospital

As recovery progresses m diphthenitic neuritis there 13 a recesston
of the less severe symptoms followed gradually by mmprovement n
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Fig 53 Temperature chart of a patient with diphtheria 1 whom complete motor
paralysie developed
a Negro girl aged four wa admitted on the fourth day of illne s Fxam
nation showed a membrane on both tonsils ani the soft palate bloody muco-pus
comimng from the nose and moderate cervical ademtis She was given antitoxn
0000 umts intramuscularly and o0 000 units intravenously and respon led well
although the pulse remamed rapid and wregular On the sixteenth day the elctro
d showed shght 1n the T waves and a soft systolic murmur
was heard On the forty-eighth day she developed paralysis first of eyes then
of palate and she al o lost the deep tendon reflexes On the fifty third day she ba |
complete respiratory paralysis and paralysis of degluttti n She was treated by
aspiration tube feeding and artificial respiration 1n a respirator She made a good
recovery On di charge sbe had a normal electrocardiogram but palatal paraly 15
and ab ence of tendon reflexes persisted

those sites of more severe mvolvement Visual accommodatien palatal
function and the deep tendon reflexes are the last to return to normal
as a rule

Cardiac mamiestations in diphtheria may occur as early as the third
day or after six to ten w eehs have elapsed The earher the cardiac
symptoms appear the more severe they are The cardiac changes
usually are the result of the action of the toxin on the myocardium
and 1m extremely rare mstances are the result of either an endocardits

or peniearditis. The symptoms of early myoeardial inyolvement usually
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appear before the cghith dry Inomstunces of easfy heart i shaoment
the peneral foxems usually ovenhadows am endence of aeute it
There are fever and tachyesrdys but the restlessiess (vanews and
cough are more often due ta the severe diphthentie toxema then &
arethiory fmlsre Dihindrution usaafls 1 a promunent mamfestation
Theee 1 o destutbanee of sarbahadmte mashol mossocotd with
the toremsy At fint this results wy mpud atihzation of glhveogen but
fater there 15 apparial suppres son of wsufm formton and an o
winlity of the trsues to wwe dovdnoes resolting an o fow bhod su ar
content The blood pressure ramams normal and the heart wound
are as a rule distinct and repulie unbess death  immnent

Late arculatory fulure which wsonlhy occurs from the sth dn
onwsrd mmay folfow o persod of apparentiy satnfictory vt afewesncs
The earbest sizus of involviment are gnven by the el trocardiogram
Thas will show changes 1 the T waves 10 the condaction mechun m
or w bath The alnosmal T waves wilt i found to e esther dephane
wo-eleetne or mverted The chringes appear first w Lead HH tata
Levds 1 and [ The changes 1o the conduction mechman wadl sary
i dezree from shight prolongation of the PR tenal to comphte
auncoloventrseular or intrmentncatar block or both 35 the electro-
cerbogram cn bx used only ot intenvals however it s veeessary for
the chimenin 1o recognize the early chimseal signs of hite myocwrdiat
damrge Thus requires frequrent uscultaters obsenations of the hert
A tumes the fisst sound mmy e spht or it may become soft and b
feplaced by a systohe murmur that 15 best heard to the left of the
sumum \ny mc«ulam) of rhythm mry take plce but that most

1 to-hastolic gallop

Fmre 59 lasteates @ case w which death oceurred as a result of

apparent myocardsal fadure
ter dunng appireath good comvalescence the patient smay

suddenly develop epsgastric or precordial pan with yommting  pallor
and profuse sweating The blood pressure mw bo normal or may be
moderately elovated or depressed At first there may be tachycardia
but the heart then slans and becomes irregmlar 11 complete heart block
develops the pubse will drop 1o 48 or less prr manute Following beart
block death may come rapdly o there may be a pentod of several
days wsth esreulatory falure In the fatter wstanee there will be cardiac
tilatation evanons bassl rales of the tner ep
pan and vormting IF there 15 myocardial wisnfficiency wathout block
there will be an increasing tachycardss There may be alternate periods
of brads cardia and tachyeardia aa heart block appears and disappears

Associated with the late myorarditis there may be and often 13
peripheral ewculatory failure This results from a »asomotor paralys:s
and 18 brought about by i3 ! of the aral
motor end plates of the paresympathetie nerves of ﬁle splanchmc
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vessels It 1s a part of the polyneuritis and usually comes on simul
taneously with the other evidences of polyneuritis and paralysis Ac
cordmng to Wesselhoeft?® this 1s the commonest vascular syndrome
occurning 1n diphthenia and even m the presence of advanced myo-
carchal damage tends to overshadow disorders ansing withmn the heart
The clincal mamfestations arc marked pallor producing an ashen
gray or alabaster Lke color The patient especially 1if he 1s a child
develops a pecuhar and charactenstic frightened looh The shin be
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Fig 54 Temperature chart of a patient with diphtheria who died as a result of
myocardial fallure

C W a wlute gurl aged three was admitted on the third day of illness There
was a membrane over both tonsils the uvula and part of the soft palate moderate
cervical adenitis and moderate bleeding, from shght trauma duning the exanunation
Antitoxan was given n a do e of .0 000 umits ntramuscularly Nasal hemcrrhages
occurred on the fourth day and purpura of the skin on the sixth day The blood
showed prolonged bleeding and clotting times bo clot retraction and a reduction
1n the platelet count The patient was treated with small repeated tran fusions
The pulse slowed and the patrent died suddenly apparently of myocirdial failure
Necropsy was not obtamed

comes cold and there 1s epigastric pain and vomiting The heart be
comes tapid the blood pressure falls and all evidences of shock appear
as the blood accumulates 1n the dilated and engorged splanchmc vessels
Only 1f heart block 15 present will the heart chambers have time to
fill and a perceptible pulse be mamtained Death may occur rapidly
or the condition may continue for several days before death or re-

ve
w]rr?z'abxhty of the pace maker which causes evemng tachycardia
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persistent zelatne tachyeardn bradyeardin or  offert syndrome s
a mild but nnnoysng errdiovaseud e disorder occosionally encountered
i the fate comaleseent stage of diphthenn®® It may perstat for one
to teo months 1t may have sts ormn i the stnas node ot w1 pire
sympathibie vagus nerses

CospricaTions

These usunlly nee himited to the respitatory tract Hronchor
15 by far the most senous This usunlly 53 o rxed 1ypr of snfection
from secondory mnadirs more commondy the beta bemoly e strepto-
coccus or the pnewmococcus Occasionally  particubily when there 18

i trachicol find dsphth the v may be due
only ta the diphth bacillus P maore £ thy follows
Jaryngeal diphthiena espearilly an patients who have required trache-
otonry

The symptoms are continued elovation of temperatare and pulse
with rapud resprrations s reversat of the normal respiratory rhythm
producing a pausc after inspiration folloned by an expratory grant
The physical findings are those of & dilfuse bronchopneumonsa Often
the mast retmble disgnostic mgn s the rapud  grupting respreton
comanonly with evanosts There iy be arers of duliness to percussion
and medsum snd fine crepiant safes on auscultation Breath sonnds
shaw httle sanation from the normal except in patients with confluent
whalverment when they become bronchsal i chargeter There 1s usually
a pofymorphonuclenr leuhoey tosis with a shuft to the left The roent
genogram mrry show serttered areas of mfiltration but even an well
mirked coses 1t may appear enlirely normal

Olilis media ss scen Trequently 1n diplithersa 1t may occur at any
tme even well into convalescence though 1t nsuntly 1s present 1 a
eatarrkal furm from the begintung §t probably results from secondary
mading pyeme orgrasis beng cwght in the occlueded eustachian
tube with penipheral propagation Occstomatly the diphthena biciius
13 the only infeeting oryatmsm The symptoms of otstss medin are those
of foser and resthossness and m older ehildren ohtie pom The dag
nosis must he made by aspection of the tympanic membrane

Lavonarony Examamions

16 diphthera 13 suspected in o patunt the orgamsms may he ionh
almost immediately by examinng a fim from the lesion stmned

by Ponders or any other differestial st However much more
certun dwgnoses can be established by mahing proper cultures These
are obtyined hy the use of cotton tipped appletors apphed under
the marmns and aver the surface of the fale membrane The apph
cator 13 then passed lightly over the surface of Lonfller s serum stands
or preferably over tellunte agar mnce the colomes growing on the
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vessels It s o part of the polyneuntis and wnsually comes on simul
taneously with the other evidences of polyneuritis and paralysis Ac
cording to Wessclhoeft?® tlus 1s the commonest vascular syndrome
occurnng n diphthena aud even m the presence of advanced myo-
cardial damage tends to overshadow disorders ansmg within the heart
The climcal mamfestations are marked pallor producing an ashen
gray or alabaster the color The patient especially if he 15 a child
develops a peculinr and charactenstic frightened look The shin be

oav o nuness | 3[4 [5 [e 7 |8 [s [0 iz 13 [1a [1s
103 ANTITOXIN E
o2 20000 U
RESTLESSNESS
TeMPERATURE 'O! AND YOMITING g
100, |
99,
EY) +
140 4
130, p
1204 B
PULSE o ]
tool i
20
20 .
| HEMORRHMAGE + 4+ 4 e
TRANSFUSION + + +
COAGULATION TIME °
BLEEDING TINE %
PLATELET GOUNT 4009 —
DAY oF LNESS |3 |4 |5 |6 (7 |8 ]9 Jio 11z (i3] ]

Fig 53 Temperature chart of a pattent with diphtheria who died as a result of
myocardial fathure

C W a white girl aged three was admitted on the thurd day of illness There
was a membrane over both ton il the uvula and part of the soft palate moderate
cervical ademitis and moderate bleeding from shght trauma dunng the examnation
Antitoun was given 1n a dose of 20 000 umts intramuscularly Nasal hemorrhages
occurred on the fourth day and purpura of the skin on the suxth day The blood
shoswed prolonged bleedimg and clotting times no clot retraction and a reduction
m the platelet count The patient was treated with small repeated transfusions
The pule slowed and the patient died suddenly apparently of myocardial faiture
Necropsy was not obtaned

comes cold and there 1s epigastric pan and vomiting The heart be-
comes rapid the blood pressure falls and all evidences of shock appear
as the blood accumulates 1n the dilated and engorged splanchmic vessels
Only 1f heart block 1s present will the heart chambers have time to
fill and a perceptible pulse be muntained Death may occur rapidly
or the condition may continue for several days before death or re-

covery
Irntabihty of the pace maler which causes eveming tachycardiz
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prsistent relitne tackyeardin bradyesrdie ar  effort syndrome 1§
& muld but annoymg cardiovaseulie disorder occasionally encountered
w the tite consalescent stage of diphthent ¥ U myy porsist for one
to two months I may have sts ongin m the simus node or i para
sympithetic yogus proves

ConpLications

These usually are luntted to the respuatory tract Bronchopreumonia
15 by far the most sepous This usundly 13 @ mned type of infection
Trom secondary smvaders mote commonly the beta hemolytic strepto-
soceus or the ;mcmnom«:us Occasxoml};, particutarly when there 18
extensive trac) diphith the 2 m1y be due
anly 1o the diphthenia baatlus Preumonia more frequently follows
hiryngeal diphtherin especrlly 1n patients who have required tracke-
otony

‘The symploms are continued elvabon of temperature and pulse
with rapid resprrations a reversal of the wormal resprratory rhythm
producing o pouse afier wsprrabion followed by an cxpratory grust
The physicat findings are those of o diffuse bronchapneumoria Often
the most relibie dingnostic sign s the ropid  gronting respreation
commonly with cyanosis There may be arevs of dullness to pereussion
end medim and fine crepitant rmibes on auscultation Dreath sonnds
show hitle vartion from the normal exeept s patients with conflaent
svolvement when they becorme bronciuat wn charcter There is usnally
u polymorphonuclear leukoeytoss wath a shuft to the feft ‘The roent
genogram may show scattered areos of mfiftration but even n well
marked cases 1t may appear entsrely normal

Otifes media 13 seen frequently w diphthenn It may occur at oy
time even well into comalescence thouzh 1t wsually 1 present m 2
eatarrhal form feom the begmnmg 1L probably results from secondiry
uading pyogeme orgramsms bang eught in the accluded eustachmn
tube with penpheral proprgation Occasionally the diphitheria baailtus
ts the oaly infe The of otitis medin are those
of fuver and Icﬁllﬂssness nd m o\der ch:ldrcn otitic pan The diag
nosts must be made by wspretion of the tympinse membrane

Lazonarory Laastaarions

¥ diphthenia 1s suspected 1 a patient the orgamsms may be dents
almost immedintely by examuning a Gfm from the lesion stawed

by Ponders or any other dilferentit stwn  However much more
certain diagnoses can be established by making proper cultures These
are obtamed by the use of cotton tpped appheators applied under
the margins and over the surface of the false membrne The apph
cator 15 then passed helitly over the surfice of Loeffler s serum slants
or preferably over tellunte agar snce the cofomes growmg on the
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vessels It 15 1 part of the polyneuntis and usually comes on simul
tancously with the other evidences of polyneuntis and paralysis Ac
cording to Wesselhoeft?® this 15 the commonest vascular syndrome
occurring 1 diphthena and even 1n the presence of adsanced nyo-
cardial damage tends to overshadow disorders ansing withm the heart
The chmeal mamfestations are marked pallor producing an ashen
grny or alabaster like color The patient especially 1f he 1s a child
develops a peculiar and charactenstic frightened look The shin be
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Fig 54 Temperature chart of a patrent with diphtheria who dred as a result of
myocardial faillure
C W a white grl aged three was admitted on the thid day of allness There
was a membrane over both ton 1l the uwvula and part of the soft palate mod rate
cervical ademtis and moderate blecding from shght trnuma during the examation
Antitoun was given 1n a dose of 20 000 units intramuscularly Nasal hemorrheges
occurred on the fourth day and purpura of the slin on the suxth day The bl
showed prolonged bleeding and clotting times no clot retraction and a reduction
m the platelet count The patient was treated with small repeated tron fv 1on%
The pulse slowed and the patient died suddenly apparently of myocardual failure
Necropsy was not obtamed

comes cold and there 1s epigastric pamn and vomiting The heart be
comes rapid the blood pressure falls and all evidences of shock appear
as the blood accumulates in the dilated and engorged splanchne vessels
Only 1f heart block 13 present will the heart chambers have time fo
fill and a perceptible pulse be maintained Death may occur ropidly
or the condition may continue for several days before death or T

covery
Irntability of the pace maher which causes evemng tachycarda
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spection with full de prission of the tongue "The diphthenti membrane
Wendy man bon multiph foct resembling n follieubyr tonssthiis and
wman be thn snd transporat Tt stage there wall b conderable
wyechion of e pharysee Thisafter the Tesions corlesce more or less
wpdhy and the fabe niembrane may become thichar The chare
ternsie volor of the false mumbrane wiff be a grayish white but hah
steess ean be Jud on the color pur o s vewhent diphthern bl
mv be cultnvated from festons that vary from dewd winte 1o cream
greensh gy dieh brown green or Blich  Fhe darher eolors saally
depend upon humosrhiae mto the Jeson or upon the prsesee of
secondany smywhing org waans

The dxation of the lesian 15 of consderabl smgartance Vihik
diphtherm o often be Brfitarsl o 18 not uncommen 1o have o em
fater leqon This ws cxtrumely suqestive st mast of the sy
biting diseascs produce Inaterst Jesons  \gun  diphthen: may be
and often 15 confined o the arvy of e tonatls As w rule however
as the tesion spreads st tmnsgresses the bordeps of the, hymphod tieue
and appets on the pbiars the hitcrnl o posterior phryageal walt
or on the pabe aud wvely The diffuse spread 15 not found elyire
tensticathy 1 other conchtions There wsautly 13 ne wheration of the
throat m diphthera as may b found e Vicents wfiction There
13 a rather charactunstic fetid oder 1 patients with diphtherty that
may be au and to dingnosss

The general symptoms af diphthersy are fawhy charactonstic The
ferer whule st may be hed from the effect of scondanly mvading
orgavms as nsully sheht or moderate Fhe pube howeser ssum
duby tapud and s ms mstanees shaflow  Thete often 15 considerable
pllor of the shm nud mucous membranes

Mfferential Diano 14 of Pharv,edd Thphthena  Fhe grodest
ificults s the differentnil duagnows of pharyie st diphthena s m
relattan 1o folheudar tonssthtts pervtonsithir abscess searded fever Vin
cent's angnt syphsdiy wfechions mononucleons and rarely 1o the
bullous typc of erythrnt multiforiae

Follicular lonsedlites ofter causes eonfusion 11 the diagnosts of diph
therta T both discases the tonsils are wmtemsely njccted and may be
covered with mute arers of exudnte of »ith a membrane In the
stage of thpbtherss m which s confusion 13 more bhely to cust the
membrane more often will be of a paarly gray cheacter rather than
the yellowish pus of fotheuk ! and the diphthentic b
will be less camly dislodged than will the exudate of tonsdlstis In
tonsidlitty the fever 18 Iugh while 1 diphithenn 3t 13 shght or moderate
Ath 1 1 1y present ;n dipt with i fever
but occurs eardy in folhcular tonsithiss only when there 13 a high fever
However many mstances & chmert dingnosss cannot be made I
there 15 2 bustory of contict or il the lesion 12 present m & young non




392 EXOTOXINS IN BACTERIAL DISEASES

latter suggest the type of diphtheria bacillus (whether graps nler
medins or milis) and this mformation may be useful i chncal wmter
pretation  After twehve to twenty four hours meubation the cultures
are identified by microscopic examination and also by colony form
on the more sensitive and specific tellurite plates ¥

A more rapid culture diagnosis may be made? by taking the culture
on a sterile cotton swab impregnated with stenle undiluted and un
heated horse serum to which no preservative lias been added and which
has been flamed hghtly to obtain a surfice coagulum Cultures are
obtaned i the usual manner the swabs are 1ncubated for from two
to four hours erther 1n an 1ocubator or 1n 2 vest pochet and smears
are made directly from the swabs Accurate results are obtamed quickly

In laryngeal diphtheria without pharyngeal mvolvement cultures
taken from the nasal passages and pharynx are unreliable and frequentiy
give false negative results In this situation as m all others cultures
should be taken directly from the area mvolved It 1s also important
to remember that a negative culture does not exclude diphtheria nor
does a positive culture establish the diagnoss in all cases About one
fifth of the mitial cultures taken from patients with chmcal diphtheria
are negative Healthy carners of virulent diphthena baeilh are common
However 1 the presence of an acute inflammatory process and a
culture positive for C diphtkeriae the patient must be treated s 1f
he had diphtherza until there 1s defimite proof to the contrary

The tellurite reaction by which a cotton tipped applicator dipped
m a 2 per cent potassium tellurite solution 1 40 per cent glycernme
gnes a dark color to the membrane when touched onto the false
membrane without touching the tongue was first introduced by Man
zullo ** More recent mvestigations' cast serious doubt on the relin
bility of this reaction since false negative reactions were obtaned
16 per cent of 100 consecutive cases studicd Sevcral mnvestigators also
report a high percentage of false positive reactions

There 1s no typical hemogram in diphthena the leukocytic response
varying with the seventy of the disexse Diphthena docs not alter
the skun reaction to the tuberculin test

Dracnosis

The diagnosis of diphthena depends primanly upon an accurate
Iustory and a complete physical examnation Since the throat symp
toms may be shght 1t 1s most important that a careful nspection of
the throat be made an mtegral part of every exammation As most
young chldren object rather violently to having their tongue depressed
deeply 1t 15 preferable to complete the rest of the examination before
inspecting the throat Tlis should be done gently at first often with
out the use of a tongue blade until all information to be so ganed
can be achieved This must be followed by a complete but brief
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when there 1y a ngh fever wlnle 1t 1s o frequent ewrly mamfestation
of diphtheria As 1n acute follicular tonsilhtis the dingnosis frequently
can be made only by bctenal culture In this sstuation 1f the disease
has been present for over forty-eight hours the patient should be
treated for diphtheru without awating a conclusive dingnosis

Vincent s angina frequently simulates diphtherin There often 1s a
greemsh gray paeudomembrane that elosely re embles the local leston
of diphtherra Thus usundly 15 confined 1o the surface of the tonsil
bowuser or ol most to the lower edge of the palate and the wabh
There 13 frequently an uleeration <o that the surface of the pscudo-
membrane 15 bilow the surfare of the true mucous membrane I the
membrane 13 scraped off it 19 removed with groat difficulty and the
site wsundly bleeds freely  As a rule there are asocated uleers on the
gums or the buccal mucosa Serapings from these lesions when stamed
for ten or fifteen minutes with 1 per cent methylcne blue show the
typieat fusiform baoilh and spinllae Furtliermore there 13 more fever
w13 wsual i diphtherta the pul ¢ 15 less rapid and albuminuna
rarely 15 present

Syphtlts can also produce lesions closely resambling, those of diph
theria In sypluhs the lestons ysually are multiple and ulcerative nd
m the majority of patients they will be associated with a secondary
sypilitic rash The temperature and pulse as a rule wiil be normal
The dingnosis can bu proved canclusively by dark ficld examination

Infections I 1s more ¢ 1 fused with diphthena
than 1s generally rccogmzed The disease frequently starts with a
severe angma often with 2 piteln exudate on the tonsls or on the
hymphoid tssu¢ of the pharym Ceneral lymphadenopathy usually 1
present If the oral lesions persist after adequate serum therapy for
diphthenia and particulady if cultures are found to be negatwe for
diphtheri1 careful hematologic and heterophil antthody studies should
be made to exclude nfcctious mononucleosis

The bullous type of ervihema muliiforme 1s a rather rare disease
although many such pitients are reported from ssolation hospitals
where they have been sent because of suspected diphthern There are
extensive oral lesions as almost the whole buecal mucosa 15 pecrotic
with a gelatinaus appeacance The sppeirance suggests that the huceal
mucosa the tongue and the pharynx have been bathed 1n a strong
solution of lye The diagnosis 1s confirmed by the finding of the bullous
lesions on the body and by the distinctly different oral pathology

Differential Diagnosis of Laryngeal Diphthena The most serious
condition that must be diffcrentiated from laryngeal diphthera 1s
aeute laryngotracheitis or tracheot Titis Like diphtt thus 18
an affliction of young cluldren The temperature 1s lngher as A rule
and there 1s a greater leukocytosis There s the same aphoma however
and 10 severe mstances the same evidence of respiratory obstruction
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immunized c¢hild st usually 15 safer and more conservatnve to ane
antitoun ymmeditcly while m other patients 1t usually s safe to
awmt the results of culture If this latter course 1s elected the throat
should be inspected agan within six to twehe hours to observe the
progression of the lesion If the follicles are becoming conlescent treat
ment for diphthena should be mstituted immediately
Peritonsillar abscess usually causes little doubt as to diagnosis The
patient has great difficulty opening s mouth and there 15 marhed
unilateral swelling of the pharynx We have scen diphtheria combined
with perstonsillar abscess however and if there 15 a membrane that
will not remove easily with a swab cultures should be made and the
Ppatient should be gnen the henefit of serum therapy The operatne
scar after ncision of the pentonsiliar ahscess often resembles
diphtheria as docs the operatne site after tonsillectomy In these
conditions however the membrane does not progress beyond the
border of the wound and a short period of observation will clarify
the diagnosis
Scarlet ferer may present serious difficulties n the diagnosis of diph
theria In tlis disease there often 15 an apparent membrane on the
medial surface of the tonsils that closely resembles that of diphthena
In such patients there usually are a Ingh fever a well defined scarla
timform rash and charactenstic oral findings The latter include a
strawberry tongue enantham on the palate and accentuated pent
faucial injection and are quite characteristic of scarlet fever
However while there may be no ddliculty mn diagnosmg secarlet
fever the two diseases may be present concurrently and the problem
of eliminating the possibility of diphtheria 15 extremely acute Insucha
situation 1f there 1s a faucial membrane that does not wipe off easily
or that extends beyond the tonsillar margins the patient should be
treated as having concurrent diphthern and s-arlet fever In those
patients with scarlet fever 1n whom there 1s lesser toxera or 1n whom
the typrcal scarlatimform rash 1s not present the tongue will show
desquamation around the edges after the second or third day and
complete desquamation with the typteal raspberry appearance with
enlarged papitlae after the fourth or fifth day Earher m the course
there usually 1 a punctate enanthem on the soft palate and the fauces
are finely mjected with a marked penfaucial accentuation of the
redness Furthermore the exudate on the tonsils in scarlet fex er usually
15 soft and wipes off with case In diphtheria on the other hand there
15 less redness of the fauces and pharynx especially a short distance
beyond the membrane there 1s an absence of the punctate motting
of the soft palate and the tongue winle often coated [ails to show
the enlarged papillac The presence or absence of cervical ademtis 15
of little sigmficance as 1t may be present both diseses Albumlnurln
mny occur 1m both diserses bnt it occurs early m searlet fever only
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when there 1s o fugh fuver wiale 3t 38 o frequent early mamfestation
of diphtheria As sn acute follicular tonsilhitis the dingnosis frequently
can be made only by bacterl culturc In this situation if the disease
has been present for over forty-eight hours the patient should be
treated for diphtheria without awaiting a conclusive dingnosis

Vincenl s angna [requently simulates diphtheria There often 1s a
greenish gray pseudomembrane that closely resembles the local Jesion
of diphthenia  T'lns usually 15 confined to the surface of the tonsil
howerer of at tost to the lowmer edge of the palate and the wvula
There 15 frequently an ulecration so that the surface of the pscudo-
membrane 1s below the surface of the true mucous membrane If the
membrane 15 scriped off 1t 35 removed with great dificulty and the
site usnlly bleeds freely As a rule there are assoated ulcers on the
gums or the bucel mucosa Scrapings from these lesions when stuned
for ten or fifteen minutes with 1 per cent methylene blue show the
typerl fusiform bieilh and spinihe Furthermore there 15 more fever
than 15 usual w diphtherin the pulse 15 less typed  and alburminuna
rarely 1s present

Syphulis e also produce lesions closely resembling those of diph
theria In syphilis the lesions usunlly are multiple and uleerative and
m the majority of patients they wilt be associited with a secondary
syphilitic rash The temperature and pulse as a rule will be normal
The diagnosis ¢n be proved conclustvely by dark ficld examination

Infectious mononueleosis 15 more commonly confused with diphtheria
than 15 gencrally recogmzed The discase frequently starts with a
severe angin1 often with a pateliv exudate on the tonsls or on the
Iymphotd tissue of the pharynx General lymphadenopathy usually 15
present If the oral lesions persist alter adequate serum therapy for
diphtheria and particularly 1f cultures are found to be negative for
diphtheria careful hematologic and heteroplul antibody studies should
be madc to exclude nfectious menonucleasis

The bullous type of erythema mulliforme 1s a rather rare disease
although many such patieuts are reported from 1solation hospitals
where they have been sent because of suspected diphthena There are
extenstve oral lesions as almost the whole buccal mucosa s necratic
with a gelatinous appearance The apptarance suggests that the buccal
mucosa the tongue ind the phiarynx have been bathed m a strong
solution of lye The diagnosis 15 confirmed by the finding of the bullous
lesions on the bedy and by the di tinctly different oral pathology

Dufferential Diagnosis of Laryngeal Diphtheria The most serious
condition that must be dnl]‘eren!mted from laryngeal diphthena 1s
acute laryngotracheitis or L Like diphithenn this 1s
an affliction of young chldren The temperature 15 higher as a rule
and there 13 a greater leuhocytosts There 1s the same aphoma however
and 1n severe mstances the same evidence of respiratory obstruction
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The differentiation usually can be made only by direct lary ngoscopic
exammation 1 which the examner will see an acutely mjected Inrym
wnstead of the diphthentic membrane often with tenacious mucopuru
lent exudate from the trachea Cultures from the larynx should be taken
mmediately and moculated on both a Loeffler s slant and on tellurite
agar and blood agar plates If there 1s any doubt as to the etiologic
diagnosis or if facilties for laryngoscopic exammnation are laching
diphthenia antiserum should be given immediately

Spasmodic croup often causes concern m the diagnosis of laryngeal
diphthena The condition comes on at mght however suddenly m
an otherwise well child—a tram of symptoms rardly seen 1n diphtheria
If there 15 2 hustory of previous attachs between which the chuld has
been apparently well 1t usually 1s safe to rely on pallintne measnres
until the results of culture can be obtained

Simple laryngitis such s that seen 1n common respiratory nfections
or antedling measles or pertussis often suggests diphthena There
nsually will be rhanorrhen however and 1n measles hoplik spots and
Ierimation will be present Congenital laryngeal stridor 1s found only
m very young infants and will date from birth The wnfant wll be
i normal health except for the laryngeal cron Acute laryngospasm
1s a part of and will be associated with other evidences of tetany
These are carpopedal spasm a posttive Chvosteh sign and rachitic
beading of the ribs Retropharyngeal abscess should be recogmzed by
careful physical examunation This must include digital palpation of
the posterior pharynx Also if flevion of the nech produces respiratory
obstruction a retropharyngeal abscess 1s strongly indicated Edema
of the glottis can also be recogmzed by careful physical examination
including direct visualization of the larynx A foreign body should
be suspected 1f there 15 a sudden onset of dyspnea If the foreign body
13 radi 1t may be r 1 by xray e ton In doubtful
cases laryngoscopy or bronchoscopy must be performed

Procnosis

At the present time the prognosts of diphthena vames mversely
with the duration of the disease before treatment and the age of the
patient It 1s altered remarkably by the extent and location of the
Jeston and by the type of infecting orgamsm Fortunately 1nfection
with the grauts type of C diphtheriae 1s rare n the Umted States a
fact that contributes matenally to the better prognosts here

In the preantitoxin days accordmg to Ker' the fatality rate from
diphthena vaned from 20 to 10 per cent with 20 to 235 per cent bewng
evpected 1 good hosprtals Recently Togasaka® has reported only 48
per cent deaths among 753 patients The fatality rate varied from
41 6 per cent for infants under one year to 2 5 per cent for patients
aged ten to fifteen years (Table 47)
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The duration of llness before treatment 18 of extrame umport nce
in formulating the prognosis m any gnen patnt For those mdiniduals
who recerve adequate therapy within the first three days of the disease

TABIT 2
Casr FATALITY AvonG 3 1 aTipnTs wiTit Disiroienta
Age Nunber £ Nwder | Care Fatalite
(yoars) T ahvents Ded Ter cent)

Lewtlan1 Tl ne
[ 29 Tw T T s
59 paty T{A -
w11 80 - -3 -
Toantover 214 F‘)

Total 3 18

Among 54 patients with Lull neck there were .1 deaths Amon 54 patients vmh
eesp ratory obstruction 48 tud tracheotomy Among these 48 there were  dest

the mortality 1s remarkably low wlule the greater the duration aver
three days the more senous the outlook (Table 48) Patients who
Trave been il for one week or more without antitouin survive only f

TABLL 48

Farautry Rates rno 1 DipRTHERIA Accm\bwc 70 tHF Day o8 Wman seruu Was
1 INGECTED IN P )1 Con PeutnvE Cases

Dav of Hiness Pats ots Denths ]i Fereentage of M falit
N e R A A
Seont T e T T
Third BN 16 T
Fourth T e 1¢ T ow
Fifth a1 138 e
Sueth 16 5t Zos
Seventh 30 B 1655
Vater 371 ) T

Total 8 91 16 s

therr 1nfection 13 10 a rclatively nomvascular situation or 1t the m
fectng orgamsra 18 feeble The reason for ths 1s that onee towin has
been fixed 10 the tissues 1t 18 beyond the reach of antitoin If there

-
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hng been extensive absorption of texin the outlook for the patient 15
much worse

The location and character of the leston are also of great significance
mprognosts In the cases reported by Tognsaki?* there were fifty four with
respiratory obstruction Among these tracheotomy was done on forty
eight of whom twenty two died The larynx 1s relatively nonyascular
however with httle absorption of toxin Therefore the ncidence of
heart failure and paralyss 1s rare n these patrents and 1f they survive
tracheotomy their prognosts 18 good

The nasopharynx on the other hand 1s quitc vascular allowing
free absorption of toxin The ncidence of myocarditis and paralysis
18 much greater especially 1f treatment 1s delayed and the mortality
18 much greater (Table 19)

TABLE 49
I oF Panavyais A 10 7ite DAY or Finst Insection or
ANTITOXIN 1
Day of Hilness Patients Cases of Paralysis Percentage
Fisst 142 3 21
Second 1026 53 51
Third 1015 98 5
Fourth 6ol 9 uz
Filth 306 36 101
Sth 134 19 ur
Seventh 19 13 109
Tater 115 5 43 -
Total 358 3.0 59

Cardiac cases with no other form of paralysis are ex':ludcﬂd
b

Physical findings that mdicate a severe mnfection are hemorrhages
bull neck and shoch Hemorrhages 1n diphthena are of two types
true purpura with massive subcutaneous hemorrhage and hemorrhage
from the mucous membranes only The former indicates an almost
nvarably fatal process the latter a very severe discase though with
some chance of recovery Bull neck may be due to either the diphtherna
toan or to secondary mnyvaders It 13 of grave proynostic import Among
fifty four such patients in one scries ¢ there were twenty-one deaths
The prompl use of chemotherapy 1n combination with antitoxin how
ever may brghten the outlock for these patients

Many patients who do not recerve treitment for diphtherta until
late 1n the acute phase of the disease present a picture of shock when
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they arc seen They are pile and waxs with a rapud feeble pulse and
a low blood pressure This usunlly 13 cvidence of either scvere toxemin
or myocardial fmlure and 1s an cxtraordianly bad prognostic omen
The occurrence of heart failure Inter i diphthena s also of grave
importance though o 1t 1s detected early by electrocardiogram and
is treated appropriately the outcome 1s much more fnvorable than
1f1t 1 allowed to duvelop until it can be recogruzed chnienlly Paralysis
18 an extremely annoyn, compheation but rarely threatens hife of
there are [acilities for the treatment of prralysis of respieation and
deglutition

There 15 one final factor of the utmost smport e i the prosnosis
of diphtheria Treatment must b carly for maaimum effect and yet
reatment must follow dingnovis Therd 15 at present o most regrettable
tendency on the part of many prictitoners to admintster sulfonanudes
or pumaillin to all patients with sore throats often without cireful
examinition Tlns results in delnyed dingnosis and an incrensed mor
tality that would be pres entable if due care were exercsed

PrevenTion

This may be secured by either active or passive immusization
Active immumty 1s mwdueed by the admmstration of toxin antitoan
mixtures or of toxod The toxoid may be given 1 the flud form or
after alum precipitation Tovin antitoain has been replaced to 2 large
extent by tovoud The chief disadyantages of toxn antitoun were the
slow and somewhat uncertam de\elopmeut of ymmumty and the
dauger of sensitization to scrum from the antitovin used Both these
disadvantages are overcome by toxord although rexctions are mort
frequent_especinlly m adults and in cluldren ovur seven or eight years
of age Systemuc reactions to toxord are extremely rave m infants and
young chuldren though there may be local redness and induration and
shght fever for one diy When alum precipitated toxoid 15 used a local
subcutaneous lump may persist for several weeks Occasionally such
local lesions suppurate and cause stenle abscess

The current practice of the writer 15 to give an active mmunity to
all infants 1n the second half year of ifc preferibly begmming at the
seventh month by injecting three doses of alum precipitated toxod
at monthly intervals (For comventence a combinition of diphtheria
and tetanus tovaids and pertussis vaccine 18 used since an immumty
to all these diseases should be induced and smce immunity to multiple
antigens 15 induced as well or better when they are given i combina
tion as when they are given separately 1! 7 Reactions to the comb:
nation seem to be no greater than to the individual antigen ) The
dosage 15 adjusted to contain one immumzing dase as standardized by
the National nstitute of Health and vares from 05 cc to 10 cc
depending on the potency of the particular product used Booster doses
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has been extensive absorption of toxin the outlook for the patient 15
much worse

The location and character of the lesion are also of great sigmificance
mprognosis Inthe casesreported by Togasaki *there were fifty four with
respiratory obstruction Among these tracheotomy was done on forty
erght of whom twenty two died The larynx 15 relatively nonvascular
however with little absorption of toxin Therefore the imadence of
heart fulure and paralysis 1s rare 1n these patients and if they survive
tracheotomy their prognosis 1s good

The nasopharynx on the other hand 13 quite vascular allowtng
free absorption of toxin The madence of myocarditis and paralysis
18 much greater especally if treatment 1s delxyed and the mortahty
1s much greater (Table 49)

TABLE 49
INCIDENCE oF PARALYSIS Acconpineg T0 THE Dax of Finst INJECTION OF
TTOXIN ¥
Day of Iilness Patients Cases of Paralysis Percentage
Frst 142 3 21
Second 1026 33 51
Third 101 98 96
Tourth 6al 23 112
Fifth 326 36 101
Sixth 134 19 141 _
Seventh 119 13 109
Later o El 43
Total 328 320 89

Cardiac cases with no other form of paralysis are ex(‘lude';l

Physical findings that mdicate a severe infection are hemorrhages
bull neck and shock Hemorrhages in diphtheria are of two types
true purpura with massive subcutaneous hemorrhage and hemorrhage
from the mucous membranes only The former indreates an almost
snvanably fatal process the latter a very severe disease though with
some chance of recovery Bull neck may be due to erther the diphthersa
toxn or to secondary mvaders It 1s of grave prognostic import Among
fifty four such patients in onc series®* there were twenty-one deaths
The prompt use of chemotherapy combmation with antitoun how
ever may brighten the outlook for these patients

Many patients who do not recerve treatment for diphtheria until
late in the acute phase of the disease present n picture of shock when

——
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they are seen They are pafe and waxy with a vapid fieble pulse and
adow blood pressure Fins nsusify 13 evidenc of etther severe tovenma
or myorvedind farlure and 13 an extraoedmanly b prognostic omen
The occurrence of hewt faulure Iater i diphtheria s also of grmve
mportance though if 1 18 detected ewly by clectrocardiogram and
15 trented appropriateh  the outcome 13 much more fworible than
if it 15 atlowed to duvelop until it ¢ an e recogmzed clinically Paalysis
13 an eviremely annoving comphetlion bt raredy Mreatens ke of
there are farhties for ihe trentment of paralyss of resparnbion and
deglutiion

Therc 15 one final factor of the utmost wportance i the pro,nosis
of diphthera Treatment must be carly for myumum effect and vet
treatment must follow dragnows There 13 at presunt & most regrettable
tendency on the part of many practitioners to adnumster sulfonmdes
or pumailn to afl patunts with sorc throats often without carcful
evimnation This results i didayed dingnoss and an imcreased mor
tality that would b preventable if due eire were exerased

Prensstion

Tiis may be secured by ether actne or pasne immumzation
Active immunity 1s mduced by the admimstrition of 1oun antitaon
mixtures or of toxord The toxod may be guen m the fluwd form or
after atum preapitation. Toxn antitoxsn has been replaced to a Lirge
extent by toxaid The chul disadvantages of touin antitoxin were the
slow and somewhat uncertun dovelopment of immumty and the
dauger of senaiization fo serum from the antitoun used Bath these
disrdvantaes are overcome by toxoid although reactions are more
frequent expecrally an adults and in duldren over smyen or aht years
of age Systemic reactions to toveid are extromely rare i snfants and
Young cluldren thouzh there may b Joeal redness and induration and
shight fever for one dny When 2lum preamitated tovoid 1s used a local
subcutaneous fTump mav persist for several wechs Oceasionally such
local lesions suppurate wnd cause stenle b cess

The current practice of the wriler 1s o give an active mmumty to
2l mfants in the <econd alf yeur of Wi prefcrably beginmng At the
seventh month by njecting three dowes of alum precipitated tovord
at monthly intervals (For convemence 4 combination of diphthenn
and tetanus toxords and pertussis yacene 1s used since an mmnmLy
to all these discases should be 1nduced and smce immumty to muluiple
antigens 13 induced 18 well or better when they are given 1 combina
tion as when they arc given separately # 57 Reactions to the combt
nation scem to be no greater than to the mdvidual anbigen )® The
dosage 15 adjusted to contam one smmumzing dose s standardized by
the Natwnal Institute of Health and voncs from 05 ¢ 10 10 ec
depending on the potency of the particular product used Booster dases
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are ginen at two years and when the chld enters school These are
necessary because the immumty ongimally developed 1s not permanent
but subsides gradually over a few years time Tmmumty 1s stimulated
rapidly by such repeated injections

If immunization 1s nceded by patients of ight years or over, aluni
precipitated toxoid 15 1bandoncd n favor of flmd toxoid A prelimmary
test of sensittvity of the pitient to toxord 15 made by mjecting 01 cc
of toxoid diluted 1 20 1n saline solution ntradermally ® If there 15 a
local rea of redness of 1 cm diameter or more witluin three days after
the mjection the patient 1s sensitive to the toxoid In such a situation
the patient may be immumzed by graduated doscs of toxoid beginmng
with 01 cc subcutineously Injections should be made at ntervals of
five to ten dnys and should be increased gradually to 02 cc 03 cc
05 cc and so on depending upon the amount of reaction unnl the
complete immunizing dose 1s given If there 15 no reactton to the ntra
cutaneous test within three days the imjections may be given s full
amounts usually three injections of 10 cc ¢ach 1t fourteen to thirty
day tervals If there 15 2 severe reaction to the shin test and to the
first subcutaneous dose of 0 1 cc 1t 15 well to test for sensitivity to 2
toxin antitoxan mixture or to abandon the projected active wmmum
zation entirely

After the completion of a course of active immumzation the state
of immunity m the patient should be determined by 2 Schich test*
Thus 1s done by njecting intradermally 01 cc of 1sotome salt solution
contmning 1,50 mmmum lethal dose of diphthena antitoun Tins 18
best done with a tubercuhn syninge through a 27 gwge necdle The
test should be rexd m five to seven days or if a control test of heat
mactivated toxin 1s used after forty ught hours A posttive test 18
mdicated by an area of induration and discoloration of 10 em or
more at the site of the tnjection Staimng at the site of a posttive Schick
test my persist for weeks but eventually disappears A positnve test
mdicates that the pauient 1s susceptible to diphtheria A negative
Schick test as demonstrated by Phair*® means that the patient either
has arculating antibody 10 the blood adequate i amount to neutrahze
the toxin or has the ability to produce such antibody rapidly wd
thus ndicates an immunity 1o diphthena

Passve immumity to diphtherin may be wmduced by mpecting ante
tonin 1n doses of 1000 to 2500 umts subcutaneously or intramusculrly
This gives a temporary 1mmumty that lasts for two or three wechs
1 most patients though diphtherin hns occurred as early as the ses enth
day after such n dose This procedure 15 used puncipally to protect
contacts of diphthena patients in where adequate facihities
for ymmediate cultural studies are not availble

The present concept of the management of contacts with patients
sullermg from diphthent s as follows a Sclhuck test should be done
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mmediatels on all patients At the same time nose nd throat cultures
<hould bx made as outhined on page 391 (hiboratory dinznosis) Repeat
nose and throat cultures should be made on all contacts at intervals
of twenty four to forty-ezht hours until at kst three negatnve cultures
have been reported afier the lust conlael with a case or earner If pontive
cultures are obtmined on Seliuch positn e indiniduats antitoun i thera
peutic doses should be admumstered immediately (at least 10 000 units
intramuscularhy) 1T positive cultures are obtuned on Schick negatine
individuals they sliould be 1solited a9 carners until their carmer state
has been ehiminated

TREATMENT

The major objectives 1 the treatment of diphthienn and the agents
to attawn them are as follows

Obpect ve tgent
Neutralizatk o of 1oun Antitoxin
Control of eecon lary nf vten Peniallin an 1 or Sulfonamudes
e of sy temic effect ¢l toun Dextrose mitra enou by
Absolute rest.
Rext Ml sedaty e
Quiet
Matenance of a ¢l ana rw v Aspiration
Int sbation

Trn Feotomy

s has been emphasized and re-emphasized the successful application
of these thernpeutic techmques requires early diagnesis This in turn
requires 1 complete history and physical examinaton at the earhest
possible moment In prctically all patients treatment should be based
on chimeal apprasal alone While bacterniological culture 15 extremely
mportant for confirmtion of diagnosis 1 only rare stances s 1t
safe to delav spraific treatment until the bactenological diagnesis s
been made

Antitoin The only specific trentment for diphthie ra 1s the antitonn
Ttus 15 the only agent that will neutralize the toxin of diphthena and
its use earhy tn the discase 13 imperative The dosage employed yares
with the duration of the disewse the site and exvtent of the lesion and
the general condstion of the patient The rule of thumb schedule now
employed 1t the Gallinger Mumeipal Howpital 1s outlined in Table 0
These dosages are considerably hizher than those recommended by
the older writers * 1° but there 15 no hnown barm from even more
massive doses of antitoun Since the viculence of the orgamsm 1s never
known when the antitoun 13 beng ginen it 15 thought best to gue
adequate amounts to neutralize the maximal quantities of crrculating
wtitoun The full dove should be given imtially A repiat dose 15
rarely used

There are scveral factors of importance to be remembered in ad
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are given at two years and when the chuld enters school These are
necessary because the immumity originally developed 1s not permanent
but subsides gradually over 2 few years time Immunity 1 stmulated
rapidly by such repeated injections

If immumzation 1s needed by patients of exght years or over alum
P d toxerd 15 abandoned 1n favor of fluid toxend A prelimmary
test of sensitivity of the patient to toxoid 1s made by jecting 01 cc
of toxord diluted 1 20 i saline solution intradermally * If there 15 a
local area of redness of 1 em diameter or more withn three days after
the mjection the patient 1s sensitive to the toxmd In such a situation
the patient may be immumized by graduated doses of tovoid begnmng
with 01 cc subcutaneously Injections should be made at imtervals of
five to ten days and should be increased gradually to 02 cc 03 ce
05 cc and so on depending upon the amount of reaction until the
complete immunizing dose 15 given If there 18 no reaction to the mtra
cutaneous test within three days the injections may be given 1 full
amounts usually three injections of 1 0 cc each at fourteen to thirty
day intervals If there 1s a severe renction to the shin test and to the
first subcutaneous dose of 01 cc 1t 1s well ta test for sensitnsily to a
toxtn antitoxin mixture or to abandon the projected active immum
zation entirely

After the completion of a course of active immunization the state
of y)mmumty i the patient should be deterrmped by a Schuch test 2
This 1s done by injecting ntradermally 01 cc of 1s0tonuc salt <olution
contaiung 1/50 mimmum lethal dose of diphthenia antitoxin Ths 13
best done with a tuberculin syringe through a 27 gauge needle The
test should be read in five to seven days or 1f a control test of heat
mactivated tovin is used after forty ught hours A positive test 13
indicated by an area of induration and discoloration of 10 ¢ or
more at the site of the injection Staimng at the site of a positiv e Schick
test may persist for weeks but eventually disappears A positive test
indrcates that the patient 1s susceptible to diphthena A negative
Schick test as demonstrated by Phair ' means that the patient erther
has etrculating antibody 1n the blood adequate 1n amount to neutralize
the toxm or has the ability to produce such antibody rapidly and
thus mdicates an immunty to diplitheria

Passtve wmunity to diphtheria may be induced by myjecting ants
toxin 1n doses of 1000 to 2200 units sub: Ty or mt larly
Tlus gnves a temporary mmmumty that lasts for two or three weehs
11 most patients thongh diphtheria has owcurred as early as the sev enth
day after such a dose Tlis procedure 1s used principally to protect
contacts of diphthena patients in communities where adequate facthies
for ymmechate cultural studics are not available

The present concept of the management of contacts with patients
1ng from diphithena 1s 23 follows a Schich test should be done

suffer!
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in these situations they should be given 1 the same dosage as that
n which they are employ ed 1n similar conditions 1n patients not suffering
from diphtheran

Pemicilin C diphthertae ss shghtly scnsitive to the action of ponie
Mlin 2 Pemaillin does not neutralize the diphtheria toxin however and
1t cannot be rdlied on as the treatment of choice We lve seen several
patients who were given pumallin before the diagnosts of diphthienia
was made In no instance nmong thost secn did the drug appreciably
alter the course of the disense This expeniunce hns been shared by
others < Pemcillin 1n doses of 20 000 to 30 000 umts eviry three hours
however will eiminate or greatly reduce the bacterial compheations of
diphthenia but 1t will not affect the late manifestations of the discase
that are due to the action of diphtherin toxmn 7

The experience 1n treating the diphthena carner state with pemallin
has been varable harelitz? gave doses of 20 000 umts of pemcillin
every two to threc hours to eighty patients with diphtherin The drug
was continued until three successive negative cultures were obtained
and w1s resumed rmmediately 1f positive cultures were obtained within
five dmys after the drug was stopped By this method 92 > per cent
of eighty patients carrying the diphthena bacillus during conyalescence
bhad permanently negative cultures within ten days after the onset of
treatment This was in contrast to 7 8 per ¢t nt negative cultures within
the same time among forty two control cases and 35 per cent of £o7
patients treated without perucillin by other observers Hodes 2 on the
other hand found that pemicillin made httle if any difference 1n the
treatment of approuimately 200 patients with diphthena

Int; Dextrose Sol One of the most important
adjuncts to serum therapy 1s mntravenously sdmimstered dextrose solu
tion Tins 1s used n an attempt to mitigate the effects of the toxin
on the more vital structures of the body The use of dextrose stems
from the work of Schwenther 2 As outhned above n diplitheria there
13 a general toxerma with not only neuritis and myocarditis but also
tovic nephniis hepatitis and mvolvement of all other tissues of the
body There 15 a disturbance of carbohydrate metabolism mcluding
glycogen storage so that there 1s at first a severe hypoglycemia and
later a hyperglycemia This leads to secondary nterference with the
nutntion of the more vital or,ans as the heart and the central nervous
system The use of a high protemn lugh carbohydrate diet and of mtra
venous dextrose solution helps overcome the disturbed carbohydrate
balance and promotes better metabohsm generally (The use of plasma
or amuno acid solutions to aud 11 this process has not been tried ) Intra
venous dextrose solution 1s used thercfore 1n all patients with extensive
nasopharyngeal diphthernia m those with extenstve cervical ademtis
hemorrhage or severe albumuinuna and m thos¢ patients who are
treated after the third day of illness In ulin to cover the dextro e
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mumstering diphthena antitosin The antitoan 1s contained 1 horse
serum and whale the ncw er methods of preparation have greatly lessened
the dangers of serum reaction they have not elimmated these dangers
To further mmmmize the hazards of the admmstration of ths foreign
protein the patient must aluays be tested for possible scrum sensi
twvity before antitoxin 1s given This procedure 1s given on page 33

The choice of the route of admimstration of serum merits comment
The usual procedure 1n mild or early cases of diphtheria 1s by intra
muscular myection It should be remembered however that the ant:
toun 13 absorbed slowly when 11 s miven by this route nd that the
matumum blood concentration 18 attained only after ten to twenty four
hours Therefore the local lesion of diphtheria may enlarge during tins
time and when seen the following day the membrane may by more
extensive than when the treatment was given For thus reason if there
18 danger to the patient from a shight spread of the membrane or from
the continued circulation of free toxin at least half of the serum must

TABLE 50
RECOMMENDED ScHEDULF OF ANTiTOXIN DoSAGE
Dosage in Unils

Site of Lesion {fumes £000) Route of Admtnustration
Nose 5-10 Intramuscular
onsils 10-20 Intramuscular
Tonsils and pharynx 30-60 Intramuscular and
(early) imtravenous
Larynx 30-10 Intramuscular and
mtravenous
Larync snd pharynx $0 100 Intramuscular and
ntravenous
Rull neck or with 80-150 Intramuscular and
hemorrhage mntraepous
T ate (after 3 days) 80-.00 Intramuscular and
ntravenous

be given by intravenous injection The mtrivenous route 15 used
laryngeal diphtheria 1n extensne nasopharyngeal imolvement when
there 18 extensnve cervical ademuis when hemorrhage »s present and
m all patients treated after the third day of illuess In our opimon
even when all tests for serum sensitivity are negative 1t 18 preferable
to gnve the serum diluted vath 2t least twiee its volume of 1sotonic
salt solution or with 10 per cent solution of dextrose Some authorities
advise agamst the use of dextrose to dilute serum because a fine pre
apitate may form that will either block the needle or cause a reactron
1n the patient We have not encountered these difficulties and stnce
the mayority of our pitients who require intravenaus serum also require
dextrose have used tlus diluent frequently
Salfonamudes These drugs have no wnfluence on the d|pl|l|n’n’:
bactllus and must not be relied upon for the treatment of diphtheria
ating sccondary bactenial mvasion or the

are of value 1n tre
They h as pneumoma or otitis media When used

bactertal complications suc|
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13 made ot lenst once a wodh with electrocardiographic tracings and a
complete neurologieal apprasal If by these standards the patient
15 found 10 be free from all cardiac and nervous mamfestations at the
end of six weehs 1t usuntly will i safe 1o alfow hum to have moderate
gradualed activity even though such nuumfostations may appear
several weehs later In that anstance they will be less severe and ean
be recagmzed and treated before senious consequenees develop

Treatment of Laryngeal Diphtherin Al patients with laryngeal
diphthena as well as these with respiratory obstruction 1 whom
diphthena cannot be ruled out should have the same trentment as
that outlined abore The exceptions 1o tins policy are those dependent
upon the fact that there s fess toue absorption from the Iarynx than
from the plaryny Iutravenous dextrose solution and the most ngmd
rest u ually are not required 10 a patient with the local kesion confined
to the larynx Decuse of the dangers of sulfocation from a shghtly
expanding lesion lowever all patients with Jaryngeal v olvement
<hould be given at lenst Tinlf their antitoon by the intravenous route

The need to avord sedation 1n paticuts with laryngeal diphthena
ments special comment In these patients respiratory obstruction with
consequent respiratory fmfure from exhiwstion 3s an ever present
possibility and mennee If sedatives are used 1 such patients the en
dences of exhaustion often are mashed as are many of the_evidences
of abstruction It behooves thie careful physian therefore to soothe
the child by other means and to mvoid ll sedation with the greatest
care Opuates are ubsolutely biwuned and even the mildest of sedatives
are to be used only under the most pressing circumstances

The ideal treatment of respiratory obstruction from lryngeal diph
thenain 2 farge well equipped hospital has beun outhned by Neffson 7
This includes frequent gentle aspiration of the larynx through direct
laryngoscopy whenever (vidences of obstruction to respiration or of
exhaustion become evident Suction should be used whenever loose
membrane mucopurulent evudate or other removable matenal 1s
causing the obstruction Tntubation by direct visnalization should be
used when the obstruction 1s caused by subglottic edema Tricheotomy
18 used when the intubation tube 1s repeatedly blocked or coushed up
or when the tube cannot be removed within three weehs tme The
successful applic wtion of this treatment 1equres 2 shilled laryngoscopist
to be tmmediafely avarlable at all tenes Since many hospitals treat
oo few patients with this dicorder to wareant the mamtenance of &
trawed laryngoscopist on immediate call at all times the procedures
that may be used i them are somewht different

All patients with laryngeal imvolyement are placed 1n a steam tent
and piven moderate doses of expectorant drugs If there 1s any doubt
asto thed Tary 1sdone After sensitivity
tests they are given antitoxn 20000 to 10 000 umts with half the
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one umt for each one or two grams of dextrose 15 advocated by some
physicrans  but 1s of questionable value We do not use 1t

The dextrose solution may be given in concentrations ranging from
10 per cent to 50 per ccnt but as these patients usually require con
siderable amounts of flud to prevent or correct dehydration the lesser
concentration 15 more frequently employed Our practice 1s to give
young cluldren mnjections up 10 10 cc per pound of body weight (20
cc per hg ) twice a day until the evidences of toxemua begin to lessen
considerably then once a day for several more days This treatment
18 rarely employed for more than a week or ten days The maximum
amount of solution given at one time to a child of five or six 18 250
t0 300 cc Lnough 1sotonic salt solution 1s given along with the dextrose
to supply the major electrolyte nceds This1s 1 gm a day for a cluld
of one year and 2 gm for a chld of five

Rest All patients with diphtheria should have complete bed rest
This 13 essential to reduce the metabolism of the patient and thereby
to munrmize the effect of the toxin on the critical tissues If the patient
18 restless or m pam mld sedatives may be used to promote rest
These include bromides chloral hydrate paraldehyde or some of the
more rapidly acting barbiturates They should be used with caution
however and never i the presence of respiratory obstruction (sce
the following section) The more potent drugs especially morplune
should be avoided assiduously as they may cause too marked depression
of the patient

In patients with severely tovic diphthena the rest should be complete
with the recumbent position being mamtamed This also should include
careful nursing of the patient with no voluntary motions allowed lum
The patient should be attended hand and foot He should be fed
bathed and treated with the utmost caution This extreme solcitude
must be mamtaned for two or three weeks when myocarditis may be
sudden 1n onset and lethal i effect During this time electrocardio-
geaphic tracings should be made frequently at least once a weeh I
the tracings are normal after two or three weeks the rigid precautions
may be relaxed shghtly but bed rest must continue to be enforced

The length of the patient s rest period depends upon the durafion
and severity of symptoms at the time of ndmussion In our opron
two weeks 1s a mmml period of rest for any patient with chmical
evidences of faucral diphtherin In muld uncomplicated cascs of tonstllar
nasal or Jaryngeal diphtheria also thus peniod 1s adequate In those
patients who have more, seyere nasopharyngeal mvolyement however
especally 1f there 13 marhed cervical lvmphadenopathy a hemorrhagie
tendency or evidences of shock at the time treatment s given the
penod of rest must be prolonged up to ught or ten weehs or more
Since the more profonged periods of rest are requiced by the late mam

festations of diphtheria careful re-evaluation of all such toxic patients
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through the day and remove the tube at mght The following dav f
the patient still 1s unable to swallow the tube 1s re-inserted through
the other nostnl Tlus iterrupted use of the stomach tube 13 resorted to
to prevent erosion and ulceration of the mucous membrane by the
tube

1f there 1s paralysis of the museles of respiration the patient should
be placed 1n a mechanical respirator and treated exactly as af he had
poliomyelitis 1y ohang these same muscles Figure 53 shows a patient
successfully treated in tlus way These patients and those wath lesser
degrees of paralvas should have bed rest until ther paralysis dis-
appears and there 13 a return to normal af all tendon refleves

The myocarditis of diphtherin e be treated best by the prophyl
actic intravenous adminstration of dexdrose solutions n the towc
stages of the disease to minimize the effect of the toxin on the heart
After there avc evidences of myocarditin hawever absolute rest wath
the least possilie voluntary activity must be enforced Adequate fluds
must b given to prevent dehydration and <hock and 10 per cent
dextrose solution may be given intravenously Tlus must be 1 amounts
withm the tolerance of the cardiovascular system If however there
13 vasomotor paralysis and splanchme diltation large doses of dex
trose solution or of plasm1 must be given to overcome the shock In
this Iatter situation  particularly f the blood pressure 15 reduced
pitressin 025 e¢ to 10 ce may be given hypodermically every eight
bours until dhuresis develops 1 Digitalis 13 to be avoded as are all
but the mildest of sedatives Serum 1s of no value after the late mam
festations of diphitheria have deseloped

Treatment of Complications The complications of diphthena
usually are due to sccondary mnoding orgamsms the Sleeplococcus
hemolylicus the staphylococcus the pneumococcus the Hemophlus
ofluen e and so forth The diseases caused by these organims are
treated by the approprate chemotherapeutic agents usually without
modification
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dose admimstered intravenously If the patient rests quietly with thiy
regimen he 18 watched closcly and only supportive treatment 1s used
If however there 1s evidence of respiratory obstruction tracheotomy
15 considered Thus 18 delayed 1 most patients as long as the patient
15 not restless or cyanotic the pulse 1s strong the respirations are
full and there 13 no evidence of excessise fatigue If the pulse (when
cheched every half hour) begins to mount or fall 1n rate however
when resprrations become shallow or irregular or when the aeration
of the chest becomes reduced operation 15 mandatory and must be
performed at once Intubation has been abandoned in this hosptal
chrefly because of the danger that the chuld will cough up the tube when
a shilled operator 18 not available to replace 1t and secondly because
of the rare patient whose obstruction persists so long that laryngeal
stricture results from the irrrtation caused by the intubation tube n
the discased Jarynx

Peniliin or sulfadiazine or both are used as an adjunct treatment
to control the secondary invaders 1n all patients with respiratory ob-
struction These are employed 1 the customary dose given for systemre
nfections

Treatment of Cutaneous Diphtheria Antrtoxn should be given
as soon as the dragnosis can be made by exther clintcal or bacteriologic
means The dose of antitouin should vary from 20 000 to 100 000 umts
depending upon the extensiveness duration and severity of the iliness
The considerations outhned above should govern the mode of admmn
wstratron of serum and other general treatment

Local treatment 1s also of value Elevation of the extremity to pro
duce better curculation 1s defimtely indicated as 1s the appheation of
compresses of warm 1sotomc salt solution contumng from 250 to 500
umts of pemeillin per cubic centuneter This usually will clear the
lesion and produce healing within a short time If this 15 meffective
forcible removal of the membrane once or twice a day with con
tinuatton of the compresses has been advised

Tr of Late Manfe 1ons The neuritis of diphthenn
causes danger to Iife only when the muscles of deglutition and respt
ration are mvolved In these mstances death formerly resulted but
1s no longer wevitable unless there 1s a comendent severe myocarditis
If there 1s paralysis of the muscles of deglutition the patient should
be placed sn the Trendelenburg position and aspiration should be
instituted as needed to mamntamn a free airway and to prevent an aspt
ration pueumoma This may be employed every few munutes if there
13 exces.tve salivation thongh this usually 1s not esscntial If there 13
evcesswve saltvation or vomting the patient s nutrition should be main
tamed through parenteral feedmgs However if these symploms are
nt fcedings can be by gavage It 1s our usual practice o
asal tube exch morning give food and fluds at ntervals

not presel
mnsert a



25 Gas Gangrene

Among the brall: wluch grow 1n wounds under anacrobie conditions
there are severil which secrele powerful exotoxins The destruction of
muscle tissue by these exotouns the proliferation of the anserobes
and the general toxemin wiueh result mahe up a clssical chimeal syn
drome called gas gangrene

Most important and most frequently encountered among the orgamsms
wluch cause gns gangrene are Clostridium welchar Clostridium oedemaliens
and Closiridutm sepicum MacLennan® found them prescnt n 56 per
cent 37 per cent and 19 per cent respectively of 146 cases of this
disease acquired from war wounds in the Middle Last dunng World
Var I Any one of thuse anaerobes may produce the disense by atsell
although usually they are associated with each other or with other
aerobic and anaerobic bactern an the wound Chsirdium fallax
Closiridium  bifermentans  Clostridium  huslolylicum  and - Clostridium
sporogenes are found less frequently They take part in the mixed
mfections but seldom produce the discase alone

It 15 1mportant to note that the presence of these organisms in an
inferted wound does not always result in the development of gas gan
grenc Some of the factors contributing to the necrosiy and anaerobiosis
necessary to produce the diseasc are (1) deep puncture wounds or
Iaceritions which extend down into the muscle (2) the presence of
foresgn bodies such 13 clothing or dirt (3) devitahization of tissue
(1) infection with other bactern and (a) insufficient or Iate surgical
treatment of the wound

Northe states that amon,, his patients certanly 72 per cent and
probably 100 per ccnt had dunage to a major blood vessel e empha
sizes the ymportance of arterial damage as a factor m producing the
disease Since these Nctors are all common to battle wounds gas
gangrene 13 one of the camp followers of wars It frequently accom
pames compound fractures Occasionally 1t develops 1 an infected
uterus after dehvery or abortion It may ocedr after amputation of a
bmb m a patsent with artenosclerosis or diabetes

Macfarlane® states that the toin destroys the structural framework
of the muscles It 13 probable that both the bacterial toun and the
degeneration products of the affected muscles airculate 1n the blood
and together contribute to the patient s toviaity In addiion the 1n
tramuscular 1jection of the toxms of C! uelchi and Cl oedemaliens
m dogs was followed by damage to capillaries with subsequent loss of
plasma nto the muscle and subcutaneous tissue? * This resulted 1n a

41
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intra utenine mfection material for smear and culture should be ob-
tarned from the cervix

The leuhocyte count 13 usually elevated with a proporttonate 1
crense 1n the granulocytes Anemua develops rapidly dunng gas gangrene
and 1s often profound

In many instances gas 18 obvious 1n a roentgenogram of the wound
before crepitus can be felt

Dracnosis

Certun chinical eriten are neces.ary for 2 diagnosis of gas gangrene
pam swelling and tenderness m the vicimty of 4 wound accompamed
by crepitation on pressure 1nd the exudation of the charactenstic
watery fluid contaming gas bubbles and by general toxemia The
chmcal diagnosis should be confirmed by the demonstration of the
orgamsms 1n smear and m cultures In the c1se of intra uterine infec
tion tovemia and foul serosanguineous discharge may arouse the sus
prcion of gas gangrene although cervical smear and culture will be
necessary for the diagnosis

Differential Diagnosis In erysipelas and celluliis the charactenistic
odor and discharge the sensation of cremtation and the bubbles of
gas will be absent In addition erysipelas shows a sharp Line of de-
marcation with no 1molvement of the deeper structures In traumatic
emphysema there 13 1o edema and no toxema

Bacteremia caused by any one of a number of different organisms
entering through 8 wound must be differentinted by the lack of the
charactenstic local s1gns of gas gangrene and by culture of the infecting
orgamsms from the blood

Procnosts

The varies doushy ¢ ding upon how soon and
how efficiently treatment 1s given In most groups of war casualties
the case fatality rite approuimates 50 per cent unless treatment 18
given early or unless other circumstances are extremely favorable
When the wound 1s 11 an area where the muscles have good collateral
circulation such as the lower leg or the atm the prognosts 15 much
better than i areas where the collateral cireulation 1s poor or excision
of tissue 13 more difficult (such as the thigh buttock shoulder or back)

PRrEVENTION

Many cases can be prevented even when the wounds are dirty and
are not seen untl relatively late if antitoxin contasmng at least 10 000
Cl uelchu umts 10000 CI seplecum umts and 1500 € oedemaliens
uniis 1s given intramuscularly and exaision of all devitalized tissue 13
carried out Local application of sulforamrdes 1n the wounds will pre-
vent the disease mn some cases at least under experimental conditions



422 EXOTOXINS IN BACTERIAL DISEASES

decrease n plasma volume and a fall m cardiac output If these events
also occur 1n human infections 1t 15 easy to see why the typcal pic
ture of shock 1s often present

SympTOoMS AND SiGNs

In 90 per cent of cases the clhimcal evidences of gas gangrene appear
within a few hours to a week after the miliction of a wound Occasion
ally the symptoms may be delayed for several weeks The prodromes
are often a sense of heaviness in the affected part followed soon after
by pan swelhng and edema of the affected part and rapidly increasing
toxemia

In the early stages edema and tenderness and sometimes a watery
drscharge are present around the wound Within a few hours the edema
mcreases A thin dirty pmmk or blood tinged watery flmd trickles
from the wound and pressure around its edges yields a sensation of
crepitus and bubbles of gas Pervadmng the surrounding atmosphere
18 an odor which has been vaniously described as mousy musty sich
emngly sweet or resembling that of dried fish The shin becomes white
from the tension of the edema In the severer cases the shin 1s dis
colored red and then dark and 1s covered by numerous blebs The
muscle when exposed appears dry and brick red

The temperature may not nise above 102 F 1n muld cases whereas
m more severely 1ll patients it reaches 103 to 105° F The pulse rate
1 increased often out of proportion to the temperature elevation
General toucity 1s a charactensuc feature When 1t 15 fully developed
the patient 1s restless and apprehensive His face 1s pmehed and gray
The pulse 1s rapid and feeble and may be yrregular The bloood pressure
15 low Coma or delrum may supervene before death

In a smaller proportion of cases the bactena of gas gangrene produce
only a localized abscess contaning foul pus with no evidence of m
volvement of the surrounding muscles and little general touaty

COMPLICATIONS
The usual comphcations of wounds may be present such as hemor
rhage pulmonary nfarction and secondary infection with other

orpansms

Lasoratony axp X Ray ExasunaTions
A smear of the wound exudate stamed by Gram s method will show
a vanety of bactena i most cases with a predominance of large
gram positive rode Even if bactena are few a thorough search will
almost always yield these charactenstic orgamsms The Clostridia can
rated 1 broth cultures with the use of anacrobic

demonst:
Df::ﬁogz within twelve to twenty four hours In the case of a suspected
m
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real evidence thal st s the shohtest aud 1o recorvery Do controlled
studies Jrnve been tnade of the effict of < rays upon patients while
the studies of 1rbt upon expersments! gas gpangrene infections show
conclumvely that x ry srredintion had no demonstrable effect upon
Cl nelehut mfections whether used alone or 1h conjunction with setum
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Pemeilhn may also aid 1n preventing the development of gas gangrene
probably by controlling the growth of other orgamsms i the wound
Pemerlim alone cannot be relied upon to prevent the disease however
since gas gangrene has des eloped 1n spite of the use of moderately large
wmtramuscular doses prophylactically

TREATMENT

Anluozin has repeatedly been shown to be a life saving measure
when combined with adequate surgery Macl enpan® found that among
sixty six patients treated with serum with or without sulfonamides
m addition the fatality rate was 32 per cent as compared with 79
per cent among forty seven patients who recened either sulfonamides
alone or no speaific therapy The vials obtainable commercially each
contain a therapeutic dose which 1s that amount of serum which
contains 10 000 umts each of Cl uelchu and CI sepficum antitoxin
and 1500 units of Cl oedematiens antitoun Small amounts of CI
sordelltr and Cl histolylicum antitoxin are often included 1n addition
Ten or more therapeutic doses  should be given mtravenously follow
mg the p {ures for the ad ration of serum outhned on page
33 These doses should be repeated everv twehve to twenty four hours
of mp: t 15 not satisf: Y

Pemcillin Since the Closiridia are quite sensiive to pemcilln this
antiiotic has been widely used While 1t 1s probably the wisest course
to admmster pentcillin in all cases 1t should never be used as a sub-
stitute for antitoun and adequate surgical cleansing After surgeal
mtervention pemallin should be sprinkled in the wound Langley ?
using doses of 20000 umts every two hours intramuscularly along
with the two other measures mentioned had a case fatality rate of
115 per cent 1n mmnety six cases On the basis of experimental studies
Altemerer® recommends 8 million or n ore unmits a day

Sulfonamides These were formerly mvcn oraily to all patients and
also placed 1n the wounds Since the advent of pumaillin we see no
reason why they need be given systemically They may be used locally
m combination with pemucillin of desired

Surgery Nothing can take the place of exrly and thorough surgical
treatment All devitalized tissue should be removed all pockets opened
and all dirt and debnis removed Sometimes this may call for extensnvc
stripping off of muscles and sometimes 1t may require amputation of
a Iimb Pemallin alone or with a sulfonamide may be sprinkled 1n
the wound after the required operation has been completed Irregular
or deep wounds should be left open The affected hmb should be m

mobilized and hept warm Tight dressings or casts shou'd not be used
Transfustons should be gnen to correct the anerma if the hamo-

13 below 70 per cent or 105 gm
v therapy has been frequently advocated although there 13 no

globin
Xra
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day for adults and proportional doses for cluldren The total dally
dose 1s drvided 1nto four equal portions and 1s admumstered after each
meal and at bedtime Good results are obtained only when the urme
kept at a pH of 55 or less Accordingly the admimistration of alhahs
should be avorded and the piI of the unine should be tested with mtra
zine paper from time to ttme  The fluid 1ntake should be restricted to
1200 cc per day

Since mandelic acid somettmes produces renal wnitation 1t 15 un
wise to admunster 1t for periods evceeding fourteen days Its use 1s
madvisable 1n patients who have a blood urea mitrogen of more than
50 mg per 100 cc  and care should be exercised n the treatment of
persons 1n the older age groups

TABIT 51
Bictenis Causine InpECTIONs OF TiiE Uninany TRACT anp REconvEnpeD
TREATMENT
D ug Recommended
Causative Organism
Firat Choree Secon Choice
Fschertet wa colt
Aerobacler aerogenes !
Alcaligenes facealts Sulfonamides
Pseudomonas aerugunosa or Streptomycin
Paracalon bacills Mandel cac d
Other gram negative rods
Profeus rulgaris Sulfonamides Streptomyctn
St eplococens faecalss Pencill n Mandehe acid
Other nonhemoly tic {alpha and gam
ma) streptococc: Sulfonsmudes
Strepfococcus haemolyficus or Pemaillin
Staphylococct Mandelic aeid

Sulfonamides Many unnary tract infections caused by the gram
negative bacilh will respond to sulfonanudes The same 1s true of many
infections due to staphylococar and streptococer with the exception
that Streptococeus faecalts infections respond poorly In Table 51 we
have ded that the sulf be used first 1n nfections
caused by the gram negatnve rods because of their cheapness and the
ease of admustration We beleve that sulfadiazine 1s the drug of
choice because of 1ts Ingh effectiveness and low toviaity but there 1s
Iittle to choose between 1t and the other drugs recommended sulfa
merazine  sulfacetimide and sulfathinzole Sulfonarmdes should be
given 1n a dose of 3 gm (45 gramny) mmtially followed by 1 gm (15
gramns) every six hours Proportional doses may be given to children
With these doses renal complications are rare and are avoidable if the
unne 1s alkalmzed and sufficient amounts of fhnd are given




26 Miscellaneous Bacterial Diseases

Infeclions wilh Orgarusms of the Coli-Aerogenes Group and
Related Bacteria

Certam bacteria present mn the intestines as parasites under special
conditions are potential pathogens These include especially several
gram negative nonspore bearing rods Escherichia colt Aerobacler aero-
genes the paracolon baulli Profeus wulgarts or morgan: and Alcaligenes
Jaecalis

These or may be resy ble for primary bacteremia pert
tonitis pyehiis pyelonephnus cystitis and less frequently menmgitist
and pneumonia

They may be present usually with other orgamsms 1n ulcers of the
shin or mucous membranes Felty® found that the portal of entry n
E colt bacteremia was the uninary tract n sixteen cases the female
gemtal tract m six the intestinal tract 1n two a wound infection 1n
one and undetermined in three cases Urinary tract infections are often
preceded by obstruction at some point in the urnary tract such as
that due to congemtal lesions previous infections alon, the tract
prostatic hypertrophy or pressure from external masses The particular

or } ton of or causing the infection m the
individual case can be determined only by culture of the urnine In a
study of the effects of treatment with streptomycin ® the gram negative
bacilh were found 1n the following frequency m infections of the urinary
tract

Escherichta eolt 151 patients.
Pseadomonas aeruginosa 36 patients
Protens valgares 28 patients
terobacter aerogenes 22 patients
Alealigenes faccalis 5 patients

TREATMENT OF Uninany INFECTIONS

Before the advent of the newer chemotherapeutic agents many of
these mfections responded to treatment with alhalis or methenamine
ot to the ad ration of large of fluids alone

Mandelic Aaid Tlus 1s a substance which when admimstered by
mouth 1s not metabolized and 1s excreted unchanged 1n the urine
It has a bacteniadal or bactenostatic effect against the gram negitine
rods considered in this section and also agunst Shigellae Salmonellae
and Streplococcus Jaecals Tt1s usually given as calerum or ammonum
mandelate (Table 51) n doses of 10 to 16 gm (150 to 210 grains) a
176
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develop a lugh degree of resistance to streplomycin m a short time
Finland® demonstrated mereases i resistance of more than four thou
sand fold 1n prtients under trentment for urinary tract infections These
accurred 1 some cascs within twenty four hours after the start of
streptomyem treatment Resistance 15 especially likely to develop if
obstruction 15 present m the urmary tract 1f the infection 13 caused
by more than onc orgamusm or if the urne 1s not hept alkahne

Pemcilhin  Penscillin s particularly helpful in the treatment of
urmary tract snfections caused by streptococar or staphylococer In
most cases the sulfonimudes or mandchic acid may be used first because
they are less expensive and easter to admimsster but 1 severe mfections
caused by staphylococer and Lemolytic streptococer and 1 all Sireplo-
coceus faecalts infections penicillm should be used from the start The
dose vanies depending upon the seriousness of the infection The smallest
doses recommended are 25000 umts every three hours or 300 000
units m o1l and heeswax every twenty four hours Much hugher doses
are needed 1n severe mfections

Pemcilin s of less value 1n unnary tract mfections caused by the
gram negative bacilli although large doses may be effective agamnst
many strans as shown by Helmboltz 7

Summary of Treatment of Unnary Tract Infections 1 A
culture should be taken before the start of treatment

2 The presence of obstruction or other pathology m the urnniry
tract should be searched for If 1t 1s found plans should be made to
take care of 1t while the patient 1s under treatment

3 As shown m Table ol either sulfonamdes or mandelic ad may
be used 1if the infecting orgamsms are gram negative bacilli with the
exception of Profeus When Proleus 1s present selfonimides are the
drugs of chowce If they are not successful streptomyem should be
given

4 If staphylococet or streptococer with the exception of Sireplo-
coccus faecalis are the etiologic orgamsms mandelic acd or sulfona
rudes should be tried first followed by pensciliin if they are unsuccessful

5 If Streplococens faecalis 13 presunt penraillin 14 the drug of choice
although mandeltc acid may be tried first if desired

TREATMENT oF MENINGITIS

Streptomycin therapy should be started as soon as the diagnoss 1s
made Doses should be 005 gm once a day intrathecally and 20 to
30 gm ntramuscularly for each twenty four hour period divided
mto six four hourly or eight three hourly 1jections In patients under
twno years of age these doses may be halved

Since most of these organisms are sensitive to sulfonanmdes also
and since the infections are usually severe 1t 15 best to give sulfa
diazine 1n addition Oral doses for adults are 6 gm (90 grains) initrally
followed by 1 gm (15 grams) every four hours and for chuldren 0 1
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Streptomyemn  Most of the gram negative rods are nhibited by
concentrations of streptomyemn which are readily obtamable thera
peutically Doses recommended for urinary tract infections are from
1to 3 gm per day divided into six intramuscular doses at four hour
mtervals The urine should be hept alkaline since streptomycin worhs
best m an alkalme medium Ve have recommended in Table 51 that
streptomycin be used after a prel y tral with sulfc les and
mandelic acid because the antibiotic 13 more expensive than sulfonam
udes and must be admimstered by injection Furthermore since
bactena often develop resstance to streplomycn rapidly 1t s best
not to employ 1t until the infection has been carefully studied Ob
structive or other pathological conditions present 1 the urinary tract
should be removed before streptomycin therapy 1s started or prepa

TABLE 52
Doses or Drucs Usep rv URINary Tract INFFCTioNs
Drug Dose
Mandelic acid 25104 gm (37} to 60 grams) four times
1ven as calewum or ammomum & day and proportional doses for chuldren
mandelate Keep unne acid and restnct flmd to
1200 cc. per day

Sulfonamdes 3 gm (4 grans) immeduately followed
Guven as sulfadiazine sulfamerazine by 1 gm_ (15 grains) every six hours day
sulfacetrmide or sulfathiazole and mght and proportional doses for
children Give 6 gm sodium bicarbonate

with the initial dose and 3 gm with each

subsequent dose Gnve 3000 cc of fluds

per day and proportional amounts to

children

Streptomycin 02> to 07 gm intramuscularly every
four hours day and moht heep urme
alkaljne

temailin 15000 to 50000 umts intramuscularly

every three hours

or
300 0090 units 1n ol and buoswax aatra
muscularly once or twice per day

rations should be made to correct them winle the patwent 1s beng
treated with streptomycin Obstruction 1n the urinary tract and path
ological changes such as tumor stone polycystic kidney or chrome
nephritis are the most common causes for the farlure of streptomycin
therapy Other obstacles to success are

1 The presence of resistant organisms Resistant struns of any of
the gram negative bacterin may be encountered Tlis 1s particularly
true of Ps aeruginosa and poor results arc often obtuned 1n nfcctions
caused by this organism

2 Mixed fections These ordunnly do not respond so well as
\nfections by a single organism

Failure to alkahmze the urine

i The development of resistance during treatment s bns been

stated 1n the chapter on Streptomyain (see p 93) bactena tend to
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gm (3 gran) per pound of body weight and 006 gm (1 gram) per
pound for ech twenty four hour period

There 18 no unanmity of opinion as to whether local or general
therapy 1s preferable or whether the two should he used together
Intraperitoneal implantation of sulfonamides has been followed by
serious reactions among which hepatitis has been espeeially frequent
Expernimental and clinical evidence is accumulating winch demonstrates
tht the systemic route 1s as good as or better than Jacal implantation
and that no advantage 1s to be gamned from the use of both routes
Sulfidiazine given systemically appears to be the method of choice

Teniaallin Because streptococer and staphylococet are often present
pemaillin kas been employed and has been very successful when large
doses are used Crilet admimstered pentullin to fifty patients with
peritomitss of appendiceal ongin All the patients recovered Half of
them developed intr1 abdominal masses at some time durimng the course
of the diseas. all of which resolved completely dunng treatment
The dosage winch he finally establuhed as being satisfactory was
100 000 umits every two hours for six days or longer 1f clmcal signs
of peritomtis had not subsided by that time folloned by 100000
umits every four hours

Sucplumvcm Hirshfuld® has treated five patients with pernitomtis

d with st vem in doses of 1 to 6 gm a dav

Three patnents received pemcilin also These three and one other
patient recovered The remamng patient was found at autopsy to
have pyelophlet and hver ab Hirshfeld also admimstered
streptomycin to srx patients with peritonitis following the perforation
of ulcers All six recovered Five recened pemcillm in conjunction
with the streptomycin One patient who had perforation of a carcmoma
died after recenang 2 gm- of streptomy em a day for thirteen days

Combined Therapy In view of the diversity of bactena commonly
present in pentomtis due to ton from the mal
tract the best results will probably be obtaned by the use of more
than one therapeutic agent Zintel®) produced peritomtis 1 dogs by
opening the appendix 1nd admimstening castor ol Only 6 6 per cent
of the untreated ammnls recovered while the following survival rates
were obtaned with the various therapeutie agents

Systemie streptomynn - $peromt
Local sulfaniamide system ¢ sodium

sulfadiazn end systeme pemallin 400 per cent
Sy tem 600 per cent

Syt meoy nelhn and system ¢ streptomycn 70 0 per cent

Although the difference m the results obtamed with the last two
combinations 1s not statistically sigmficant 1t appears that systerme
therapy with full doses of pemaillm and streptomycm 15 the most
satisfactory method at present availible for the treatment of peritomtis
due to fecal contammation
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gm (1} gran) per pound of body weight for each twenty four hour
period  One half of this amount 1s given wutially followed by one-
sixth every four hours The same 1mitial doses may be given intra
venously 1n the form of the sodum salt followed by subcutaneous
fusions contaimng 15 gm (224 grains) every eight hours 1 adults or
one-third of the twenty four hour dose every eight hours for children
Complete detals of admimistration can be found in the discussion on
Menmgococcic Meningitis (p 217)

By the end of forty-eight hours after the start of therapy the strep-
tomycin sensitivity of the orgamsm should have been determined If
the organism 1s resistant to more than 5 micrograms of streptomyein
the dose should be incrensed up to 6 gm a day intramuscularly and
01 gm intrathecally The admmstration of streptomycin and sulfa
diazine may be discontinued five to seven days after the temperature
has subsided provided that the patient s towieity has decreased the
dextrose concentration of the spmal fluid has returned to normal values
and the bacteria have disappeared from this flird and from the blood
Lumbar puncture should be repeated one weekh later and at weehly
mtervals thereafter {or sooner if there 1s any suspicion of a relapse)
until the leuhocyte count 1s below 30 per cu mm and all other constit
uents are within normal hmuts The general measures employed are
the same as for other types of memngitis (see p 221I)

The results obtamed 1n these types of memngitts are not spectacular
even with the best of treatment The poor prognosis 1s probably due
to the fact that the infection 1s already an overwhelming one by the
time 1t reaches the meninges Recovenes from Escherichia coli menin
gitis have been reported however after treatment wath sulfadiazine?
and streptomycin !

TREATMENT OF PERITONITIS

Penitomus following perforation of or operation upon the gastro-
intestinal tract 18 usually 2 mixed infection contumn, especially the
gram negative rods of the coli aerogenes group and al<o streptococct
and staphylococct The prognosis which was formerly grave has been
mmproved somewhat by the use of the sulfonamides and considerably
more by the employment of pemiaillin or streptomycin

1 les Various sul des have been used both locally
and systemically n the treatment of peritonttis Sulfamlamide sulfa
thnazole and sulfadzine especially have been used locally Amount«
up to 10 or 12 gm are dusted 1nto the perstoneal cavity lumping bemng
avorded Sulfathiazole and sulfad; have been employed systemi
cally The latter 18 the preferred drug at the present time because of
\ts Jower toaaty An mmbal mtravenous dose of 6 gm (90 gramns) of
drazine 1s piven imitially followed by 15 gin (224 grains)
by subcutancous nfusion or 1 pm (15 grans) of
four hours by mouth Chldren should receve 003

sodium sulfa
every eight hours
sulfadrazine every
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gin (4 grun) per pound of body weight and 006 gm (1 gram) per
pound for e 1ch twenty four hour period

There 15 no unmimity of opimon as to whether locil or general
therapy 15 preferable or whether the two should be used together
Intraperitonenl implantation of sulfonmmdes hns been followed by
scrious renctions amot,, winch hepatits hns been espeenlly frequent
Lypunimental and clsnteal evidence 1s accumulating which demonstrates
that the systemic route 1s as good as or better than local implantation
and that no advantage 1s to be guned from the use of both routes
Sulfadiazine given systemucnlly appears to be the method of choce

Temalhn Becwst streptococer and staphylocecer are often present
penmiailin has been employed and bas been very successful when hrge
doscs are used Cnle' admumstered pumellhin to fifty patients with
pentomtis of appendiccal ongin All the patients recovered Half of
them deyeloped ntra abdomnal masses at sote time during the course
of the disease all of winch resolved completely dumng treatment
The dosage which he finally established 18 bung satisfactory was
100 000 umts every two hours for six days or longer 1f chncal signs
of pentomtis had not subsided by that time followed by 100 000
awts every four hours

Streptomyein Hirnshfidd® has treated five patients with penitomtis
following appendicitis wath streptomyein in doses of 1 to 6 gm 2 day
Threc patients received pemcillin also These three and one othcr
patient recovered The remaming patient was found at autopsy to
hiave pyelophlebitis and hiver abscesses Hurshfeld also admunistered
streptomycin to s1x patients with peritomtis following the perforation
of ulcers All six recovered Five recenved pemallin in eonjunction
with the streptomycin One paticnt wlio had perforation of a carcinoma
died after recenning 2 gm of streptomycin a day for thurteen dys

Combinell Therapy In view of the diversity of bacteria commonly
present in peritomtis due to contimination from the gastromntestinal
tract the best results will probably be obtuned by the use of more
than one therapeutic agent Zintel® ) produced pentonitis in dogs by
opemng the appendix and admumsterin, castor ol Only 6 6 per cent
of the untreated ammals recovered while the following survival 1ntes
were obtamed with the various therapeutic agents

S¥ temic streptomyan 2 4 per cent
Local sulfamlamid ~ systemic sodium

ulfadia tac 8nd aystemic prmcithn 10 0 per cent
Systemicstreptomycin plu 1} e above coml ination 600 p T cent
System ¢ p mc [ln and systemn streptomycin 00 per cent

Although the difference i the results obtamed with the last two
combmations 15 not stitistically significant 1t appears that systemic
therapy with full doses of pemeilln and streptomyein 1s the most
satisfactory method at present asulable for the treatment of peritomtis
due to fecl contamnation
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gm (1} grun) per pound of body weight for each twenty four hour
period  One half of this amount 35 given mutially followed by one
sixth every four hours The same mtinl doses may be given mtra
venously in the form of the sodium salt followed by subcutaneous in
fusions contammg 15 gm (22} grains) every eight hours mn adults or
one third of the twenty four hour dose every erght hours for childeen
Complete details of admimistration can be found in the discussion on
Memngococeie Memingitis (p 217)

By the end of forty eight hours after the start of therapy the strep
tomycin sensitivity of the orgamism should have been determined If
the orgamism 19 resistant to more than 5 mucrograms of streptomycin
the dose should Le increased up to 6 gm a day mtramuscularly and
01 gm trathecally The admmstration of streptomycin and sulft
dizine may be discontinued five to seven days after the temperature
has subsided provided that the patient s towicsty has decreased the
dextrose concentration of the spm-l fluid has returned to normal values
and the bactern have disappeared from this fluid and from the blood
Lumbar puncture should be repeated one week later and at weekly
tervals thereafter (or sooner if there 1s any suspicion of a relapse)
until the leukocyte count 1s below 30 per cu mm and all other constit
uents are withm normal Immts The general measures employed are
the same as for other types of menmgitis (see p 221)

The results obtained 1 these types of memngitrs re not spectacular
even watl the hest of treatment The poor prognosis 1s probably due
to the fact that the mfection 15 already an overwhelmmng one by the
time 1t reaches the memnges Recovenes from Escherichia colt menin
mtis have been reported however after trcatment with sulfadinzine?
and streptomyem !

TneATVMENT OF PERITONITIS

Penitonitis following perforation of or operation upen the gastro
intestinal tract 1s usually a mixed infection contamng especially the
gram negative rods of the coh aerogenes group and also streptococer
and staphylococer The prognosis which was formerly grave has been
improved somenhat by the use of the sulforamides and considerably
more by the employment of pemallm or streptomycin

1 des Various sulfc des have been used both Iocally
and systemically mn the treatment of peritomitis Sulfamlamde sulfa
thiazole and sulfadazine especially have been used locally Amounts
up to 10 or 12 gm are dusted 1nto the peritoneal cayity lumping being
avorded Sulfathiazole and sulfadiazine have been employed system
cally The Iatter 18 the preferred drug at the present time because of
Wts lower tonaty An imtal intravenous dose of 6 gm (90 grans) of
sodiumm sulfadiazine 1s given mtally followed by 15 gm (22} grams)
by subcutaneous infusion or 1 gm (15 gramns) of
four hours by mouth Clnldren should receive 003

every exght hours
sulfadiazine every
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gm (3 grun) per pound of body wetzht and 006 gm (1 gramn) per
pound for each twenty four hour period

There 13 no unammity of opimon as to whether local or general
therapy 1s preferable or whether the two should be used together
Intrapenitonenl implantation of sulfonamides hns been followed by
sertous reactions amon, which hepatitis has been especially frequent
Txperimental and climcal evid it} lating which d
tht the systetnic route 1s as good as or better than local implantation
and that no advantage 1s to be guned from the wse of both routes
Sulfrdiazine given systemucally appears to be the method of choice

Peatallin Becnuse streptococar and staphylococet re often present
pemeillin hag been employed and has been very successful when large
doses are used Crile* admmustered pomeilllin to fifty patients with
perttomtis of appendiceal ongain Al the patients recovered Half of
them developed 1ntr1 abdominal masses 2t some time during the course
of the disease all of wlich resolved completely duning treatment
The dosage which he finally established as bemg satisfactory was
100 000 umts every two hours for six days or longer if chimeal signs
of pentomtis had not subsided by that time followed by 100 000
units esery four hours

Sll‘eptonncln Ihrshfdd® has treated five patients with pentomtis
foll with st yein 1 doses of 1 to 6 gm a dav
Three pauenls received pemeaillin also These three and one other
patient recovered The remumng patient was found at autopsy to
have pyelophlebitis and Liver abscesses Hirshfeld also admmstered
streptomycin to six patients with peritomtis followmg the perforation
of ulcers All six recovered Five recenved pemallin i conjunction
with the streptomycin One patient who bad perforation of a carcinoma
died after recenving 2 gm of streptomyain aday for thirteen days

Combined Therapy In view of the diversity of bactena commonl)
present 1n pentomtis due to from the gast:
tract the best results will probably be obtaned by the use of more
than one therapeutic agent Zintel?) produced pentomitis 1 dogs by
openung the appendix and adnutstening castor oit Only 6 6 per cent
of the untreated ammals recovered while the following survnal rates
were obtained with the vartous thernpeutic agents

System c streptomycin ~Tdperent

Local sulfamlam de system  sodium
sulfad azine and systemic penteillin 400 per cent
plus the ab 600 per cent

Systermi p niallin and sy tem c streptomycin =00 per cunt

Although the difference i the results obtamed with the last two
combinations 1s not statistically sigmficant 1t appears that systemic
therapy with full doses of pemcillm and streptomycin 1s the most
satisfactory method at present available for the treatment of perstonitis
due to fecal contamnation
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gm (1} gram) per pound of body weight for each twenty four hour
peniod One hilf of this amount 1s given mtially followed by one
sixth every four hours The same imtial doses may be given ntra
venously m the form of the sodium salt followed by subcutaneous m
fusions contaimng 15 gm (22% grams) every eight hours in adults or
one third of the twenty four hour dose every exght hours for children
Complete details of admmstration can be found 1n the discussion on
Memngococere Memngitis (p 217)

By the end of fortv eight hours after the start of therapy the strep-
tomycin sensitivity of the organism should have been determined If
the orgamism 18 resistant to more than 5 micrograms of streptomycin
the dose should be ncreased up to 6 gm a day mntramuscularly and
01 gm mtrathecally The admmstration of streptomycmn and sulfa
diazine may be discontinued five to seven days after the temperiture
has subsided provided that the patients toxicity has decreased the
dextrose concentration of the spinal fluid has returned to normal values
and the bacteria have disappeared from this flwd and from the blood
Lumbar puncture should be repeated onc week later and at weebly
intervals thereafter (or sooner 1f there 15 any suspicion of a relapse)
until the leukocyte count 1s below 30 per cu mm and all other constit
uents are within normal hmits The general measures employed are
the same as for other types of memngitis (see p 221)

The results obtained 1n these types of memingitis arc not spectacular
even with the best of treatment The poor prognosis 1s probably due
to the fact that the infection 1s already an overwhelming one by the
time 1t reaches the menmges Recovenes from Escherichia colt memn
oitis have been reported however after treatment with sulfadiazine®
and streptomycemn !

TREATMENT OF PERITONITIS

Peritomtis following perforation of or operaton upon the gastro-
intestinal tract 1s usually a mixed infection contaming especrally the
gram negative rods of the coh aerogenes group and also streptococct
and staphylococer The prognosts which was formerly grave has been
mmproved somewhat by the use of the sulfonamides and considerably
more by the employment of pemalln or streptomycin

Sulfonanudes Vanous sulfonamides have been used both locally
and systemically 1n the treatment of pertomtis Sulfamlamide sulfa
thiazole and sulfadiazme especially have been used locally Amounts
up to 10 or 12 gm are dusted mto the peritoneal cavity lumping being
avorded Sulfathiazole and sulfadiazine have been employtd system:
cally [Che latter 1s the preferred drug at the present tune because of
1ts lower tovieaty An nitial intravenous dose of 6 gm (90 g‘rams) of
sodium sulfadiazine 18 given mmitally followed by 15 gm (22} grans)
every eght hours by subcutancous nfusion or 1 gm (15 gramso) 0(;[
sulfadiazine every four hours by mouth Children should receive
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gm (3 grawn) per pound of body weizht and 006 gm (I gram) per
pound for each twenty four hour penod

There 1s no unammity of opimon as to whether Jocal or general
theripy s preferable or whether the two should be used together
Intrapenitoneal mplantation of sulfonsmides has been followed by
sertous reactions among wlich hepatitis has been especrally frequent
Expertmental and climeal evidence 1s accumulating which demonstrates
that the svstermic route 1s a3 good as or better than local implantation
and that no advantage 1s to be guned from the use of both routes
Sulfadiazine given systemically appears to be the method of choice

Penailin  Because streptocacer and staphnlococcs are often present
pematllin has been emploved and has been ven successful when large
doses are used Crle' adminstired pemallin to filty patients with
pentomtis of appendiceal ongin All the patients recovered Half of
them developed mtr1 abdominal masses at some time during the course
of the discase all of which resolved completely duning treatment
The dosage which he finally estiblished s bewng satisfactory was
100 600 umsts every two hours for six davs or longer if chaucal signs
of peritomtss had not subsided by that time followed by 100 000
umts every four hours

Streptomvyein Thrshfild® has treated five palients with peritorntis
followng appendicitis with streptomycin tn doses of 1 to 6 gm a dav
Three patients recenved pemcilin also These three and one other
patient recovered The remaiming patient was found at autopsy to
have pvelophlebntis and liver abscesses Hirshfeld also admimstered
streptomycin to six patients with penitomins following the perforation
of ulcers All six recovered Five recenved pemailln 1n conjunction
with the streptomycin One patient who had perforation of a carcinoma
died after recerving 2 gm of streptomycin a day for tlurteen dyys

Combined Therapy In view of the diversity of bacteria commonly
present in peritomtis due to ton from the t
tract the best results will probably be obtained by the use of more
than one therapeutic agent Zintel®? produced peritomtss in dogs by
opening the appendix and administenng castor ol Only 66 per cent
of the untreated animals recovered while the following survival rates
were obtamed with the various therapeutic agents

Sy t m cstreptomycin 27 4 per cent
Local sulfamlam de system sodium

sulfad azin sn1 systemte pemallin 40 0 per cent
Svst micstreptomycin plus th above com! nation 60 0 per cent
Systemic peniellin and system ¢ streptomycm 00 perc nt

Although the difference in the resulls obtamed with the last two
combunations 15 not statistically significant 1t appears that systemic
therapy with full doses of pemcilln and streptomycm 15 the most
satisfactory method at present available for the treatment of pentonitis
due 1o fecal contamnation
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TaraTMENT OF OTHER INFECTIONS

Successful results were obtained with the use of streptomycin m
forty-one cases of bacteremu due to gram negative bacilli of the types
considercd 1 tins chapter? wlile scventeen patrents showed no im
provement under this therapy Abscesses otiis media, empyema
osteomyelitis wound nfections and puerperal sepsis have been treated
successfully with streptomycin The general prineiples of antibiotic
therapy must be followed here the estabhshment of dramage when
thus 1s needed and the use of methods wlich will snsure adequate con
centrations of streptomyein at the place where the bacteria are lodged
Tlis may require local admimstration 1n some instances systermc ad
mmstration i others and a combinttion of the two routes in certan
other cases It otheér bacten1 are prescnt in addition to those of the
coly group p Ilin or sulfc les should be used i con
Junction with streptomyan

Pseudomonas Aeruginosa (Pyocyaneus) Infeclions

Pseadomonas aeruginosa (Bacillus pyocyaneus) 1s a slender gram
negatne rod most commonly found 13 a secondary mvader m super
ficsal wounds and clsewhere It 1s well known to chinicrans because of
the blussh green pus 1t produces Upon occaston this orgamsm may
enter the blood stream through the shin the genrtourmary or gastro-
mtestinal tracts or from the middle ear Bactererma may be compl
cated bv endocarditis or meningitis Before the advent of the sul
fonamides such infections were untformly fatal

TRFATMENT

Sulfonamides and streptomycin are beneficial 1 pseudomonas n
fections the latter being the drug of choice for the severer infections
The treatment of urinary tract winfections caused by these orgamsms
has been discussed along with the infections caused by the coli aero-
genes group (p 126) Iu cases of sepsis Jarge doses of streptomycmn
are needed usually from 3 to 6 gm a day In pyocyaneus memmngitis
we have used successfully 0 25 gm intrathecally every twelve to twenty
four hours along with intramuscular mjections of 05 gm every three
hours

The entire subject of Ps aeruguiosa infections has been excellently
reviewed by Stanley ©° to whose monograph the reader 15 referred for
further mformation

Streptobacillus Monliforms Infections
(Rat Bite Ferer, Haverhill Fever, Erylhema Arthribienm
Epidemicum,)

wlus montltformus 15 a pleomorplie  gram negative organ
as an mterwoven mass of slender filaments and
d bacllary bodies Some of the filaments show

Streptobac
1sm which appears
chams of coccod an
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sphenical oval fusform or club-shiped swelling The 1ndependent
duiscorvery of the orginm by a number of different nvestigators has
resulted 1 o varsets of otlier nmes assigned 101t such s Streplothriz
murts rallt Aclinomyees putees and Harerhulha multeformas The organ
1m 18 a common mhilstint of the nasophnrync of rats the bites of
wineh arc the most frequent method of tranmtuing the oraanim to
man Weasel bites have also been ncnmunated  One ¢pdemic has
bren reported 1 winch the wfiction a3 traced to vopasteorized itk
or wec creun™ in Hav ol Massachu ity

For mam yoims the discise caused by thes argansim was confused
with the rat bite fever cansed by Sprrellum mnus (ealled Sodohu
Japan) Although st s now been difimtely estabfished that thes
ar¢ two distinct diseises coused by diferent etiologmic agents 1t 1s
difficult and sometimes impossible to diffcrentiate them upon chimenl
grounds afone " Tins will b considered 1 more detnl under Differ
entinl Diagnosia

The di ease occurs at all ages although 1t 1s especially Iikely to
ocenr m young cldren and infants Richiter™ has <hown that most
pursons are hitten by rats wlale they are asleep Tlus accounts for the
fact that wfints and young cluldeen are attacked more often than
persons n other age groups and that the commonest sites are the
fingers and hands next the fiet followd Dy the fice and head
and finally the forearn and shoulder

Sryerors anp Sicns oF Rat Birr Frven Dur to Streplobacillus
Vonliformes

The figurcs gven i the following paragraphs refur to twenty six
bacteniotoically proved cases collected from the hterature The m
cubation period wis fe s than forty eight hours n six eases between
three and ten days 1 ten crses over ten days n mine eses and un
known 1n one case Although the red streaks of lymphangitis some
tmes appered one to suveral days after the bite  the local lesion
usually healed withiout comphcitions  Generalized infection was evi
denced by chills clully sensations mnluse and rash or in young children
only by fever and irmtabilty An eruption was obsersed n 8> per
cent of the cases most often composed of small maculopapules which
faded on pressure and mither confined to the face and the extremities
or more prevalent in those areis It often mvolved the palms of the
hands and the solcs of the feet Petechial and purpunc lesions were
somelimes seen especinfly on the extremities The fover was wrregular
ramitient intermittent or rddapsing and varied from 1 slight amount
to temperatures of 101° and 105 F

Arthatis was prosent i 16 per cent of the eqses Usually more than
one joint was mvolved In the patients observed before pemailfin was
availble the arthritis often lasted for months or vears
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Regional lymphadenopathy was fawly frequent General Iympha
denopathy or enlargement of the spleen was less common Edema of
the voca! cords and of the extrenuties and subcutaneous abscesses
were occasionally seen

SyurTous AND Siens oF THr Iribrvic TyiF (] nyTHEMA ARTHRIT
1cUuM T'PIDEMICUN)

These are based upon the rcport of Place ¥ who studied an epidemic
which mvolved eighty six persons After an incubation pertod of one
to three days the onset was abrupt usually with 2 clull vormting or
a severe headache Chills were present at some time in the disease 1n
25 per cent of the patients vormting in 61 per cent and headache
56 per cent Fever varied from a shight amount up to a temperature of
105° F It was charactenstically present 1n two distinet courses sepa
rated by an afebrile penod of two to three days Rash was observed
mn 93 per cent of the patients and may have been present and un
recogmzed m the remainder In general 1t was sumilar 1n distnibution
and appearance to the rash of rat bite fever Arthritis sore throat
cough and dysphagia were also encountered

Laporatony Exammations

The blood culture 1s the most smportant diagnostic test It should
be positive 1n every case when proper procedures are employed These
methods as well as the characteristics of the orgamsm have been
completely descnibed by Brown !* The same author has also devised
an agglutmation test by means of winch he obtuned titers of 1 1280
to 1 5120

The leukocyte count 1s usually between 10 000 and 15 000 per cu
mm  although 1t may be within normal lmits or may nse as high
as 30 000 per cu mm

Diagrosts

The history of a bite by a rat or other rodent the number and fre
quency of the general symptoms compared with the bemign appear
ance of the local lesion the charactenstic morbiliform or rubelhform
rash and the polyarthritis when present should poiat to the likehhood
of rat hite fever due to Sireptobacill liformis Absolute d
can be made only by cultivating the orgnmsms from the blood Tius
15 especially true mn the eprdemic type Antigens for the agglutination
tests are not usually available 1n most laboralories

Differential Diagnosts Vehile mamy authors have attempted to
dufferentinte the streptobacillary and spirtllar types of rat bite fever
upon chincal grounds we agree with Brown' that it 13 impossible to
make the distinction m a particular patient without recourse to lab-
oratory procedures It 1s probable that the streptobacillary form s
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the onr more frequently encountered in the United States while the
spinillar 1s more provalent i the Onent The Sperddla can be obtaned
by moculation of the patient 8 blood mto gumen pigs or white mice

Individuat fentures of rat bite fuver may cau e confusion with other
diseases The rash must be differcntiited from that seen in measles
Cerman measles typhowd and salmonells fevers typhus and Rocky
AMountain spotted fevers mentngococeie wnfections and the bacter
emins

The arthnitis may resemble thit which occurs n gonococere or
meningococeic mfections brucelloss shigelln dysentery acute rheu
matic fever and acute rheumatod arthnus

Procrosis

As far as [ife 18 concerned the prognosis 1s good 1ven before the
advent of pemcillin nearly all the patients recovered On the other
hand the morlndity was n serious fuiture since 3t mvolved weeks of
fever and sometimes months or years of arthritis

PrerentiOv

There 13 no method of preycntion except the ehmunation of rats a
public health measure wlhich should be pursued diligently and re
lentlessly 1n every commumty n order to prevent thus and other dis
eases

TREATMENT

None of the measures used before pemallin proved to be of any
value These included arspt and the sulft des Pemailhin
has a speafic effect upon the orgmism and usually produces :m
provement i the disease Altemeier! found that the Strepfobacillus in
one case was sensitive to less than 0 0o umt of pemellin per cc and
10 two otlier cases to between ) 0 and 0 10 unit per cc Sprecher™ en
countered a relatnely resstant strain which was sensitive to 0 80 umt
of prmeillm per ce but which was extremely sensitive to streptomyan

At least twelve patients with the streptobacillary form of rat hite
fever have been treated with pumaillin including three by Altemeser®
and four by Wheeler 5 Although rather small doses have been em
ployed successfully 1n some cases 1t 1s bist to give at least 20 000
umts intramuscularly at three hour mtervals and to continue this
dosc until the temperature has been normal for two days With these
doses the temperature should begim to fall witlun twelve to twenty four
hiours and 1n most instances should be wittun normal Lmuts m forty
eight to seventy two hours The toviaty and rash usually disappear
early while the arthntis subsides more gradually Relapse occurred
I two patients who recerved smaller doses than those recommended
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In each 1t T ded to further p Hin therapy Subeu

taneous abscesses m1y require surgical drainage

Onc cace of eprdemic Streplobacillus montdifornus wmfection has been
reported™ 1n wlich the response to 30 €0 umts of pentallin every
three hours wns unsatisfactory When the orgamsm was found to b
susceptible to streptomyein and 03 gm of ths antibiotic was admmn
wstered at three-hour ntervals the fever dropped and the symptomss
subsided Although 1t 15 likely that larger doses of pemcillin would
hmve produced 1 favorable response thus case lustrates that some
pattents with Streplobacllus montliforms infections can be treated
most «atisfactorthy with streptomyan

Glanders

Clanders 15 2 disense of horses donkeys and mules wlich 1s caused
by small slender gram ncgative rods called Pfetfferella malles and 13
occastonally communicated to man It 1s found among persons who
work around the ammals mentioned and develops from contact with
infected nasal discharge or with pus from the ulcers and pustules
Rarels 1t 1s transmutted by 1inhalation

DYMPTOMS AND SIGNS

The chinscal course 1n man may be acute or chromc The former 15
charactenized by fover with or without chills severe prostration a
mucopurulent nasal discherge and sometimes a gencralized pustular
eruption  Wenhness headache anorevia and jomnt pams are other
mamfestations It terminates fatally within one to three weehs

In the chromc form nodules develep i the shin muscles and bones
with hard swelling of the regional mphaties The cutaneous nodules
may ulcerate

Howe'® has reported six cases of glanders acquired 1n the laboratory
apparently by the respiratory route The incubation period varted
from ten to fourtcen days The onset was tsidious mn five of the six
patients Headache general achuing low grade fever and fatigue were
the common symptoms Chest pan photophobia clulls and nuchal
ngidity were sometimes present Circumscribed or irregular areas of
density were present mn the chest roentgenograms of five patients
Onh one patient exlubited leuhocytosis The disease Jasted from three
weehs to mne months All the patients recoyered after recening sulfa
diazine Other details regarding this rare disease will be found 1z the
references aited ¥ 7 1°

LABORATORY F XAMINATIONS

Stauned smears made from the pus or discharge from the lesions of
man or ammals usually show the orgamsms intracellularly and extra
cellularh  They can be obtamned by culture or by oculation nto
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guwen regs The orgamsm can olso he eultured from the biood Agglu
tipation and complemcnt fivation tests are positive sn most mstances
Howe ™ considered an muglutine teter of 1 320 or lugher or a comple
ment fivation titer of 1 90 or fugher (o be diagnostic He found that
the mallun shin test hucame postne as antibodies devdloped For
this prpose 01 cc of & 1 16000 dilution of commercal malfetn wrs
myected wiroruioneousty The test was cansitered postne of an aren
of erytbema of 10 e or tnare nwas presunt forty-cicht hours feter

Discnosis

A Instary of contact with horses or mules 10, ther with the focdd
Irssons omd the signs of an nfeetion should mahe one suspictous of
glanders  Bacteriolome dingnosss of 1he st and of the human
Jewons aoglutimation compliment fivstion ami wtracutancous tosts
are confirmaton

Progrosis

Few human patients secovered hefore the adsent of sultonarmdes

Trearv Nt

Sulfadsazine has been found to be an effectsve therapeutic sgeat m
esperimental ammals and 1 human spfections 1t should be ghen
10 doses of 6 gm (90 grnns) unmediately followed by 1 gm {Ia ,runsy
every four hours

Rotulism

Clostridinm boindinim s a spore-bearwag  pram positne wnaerabic
rod The fulminatimz hghly fatal discase crused by the powerful
exotosta of ths saprophy bie orgrunm 1 cafled botubsin The Crusative
orgamsm muliphes i food which has bicen wnperfeetly preserved by
smoking pickhug or canning and then afloned to stand for some time
This permsts the Towim o be formed hefore tht food 1 eaten When
the toun 18 abworbed from the gostromtestal tract 1t apparently
acts by paratyzing the nurve endings at the myoneural junctions
Tiny doses of 001 mg or Jiss may be fatal for man

€l boluhnum orgomsms hve been divided wnto soveral types eatls
of which produces its specific toun Only type A and B touns have
been found wn man

Stsrrovs awp Stens

The meubation period tn most cases 15 abput eghteen to thirty sn
hours the evtremes being two hours to three or four days In about
one-tlurd of the patients grstromtestinal disturbances appenr first
nausea vomuting diarthex and abdominal pam Later i these cases
a0d <t the onset an the remander come the ey 1dences of nerve e olve
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ment Particularly frequent are the cye signs diplopia ptosis and
dilatation of the pumls Difficulty 1n swallowing speaking and breathin,,
and dizziness are also common Other nerve paralyses occur less often
Along with pronounced prostration and rapid pulse there 18 a normal
temperature and a clear sensonum Death comes from respuratory
farlure strangulation or arcultory failure If the patient recovers
the nerve palsies clear up slowly

Lanoratony Exavivations

Injection of the suspected food into mice will produce paralyses
and death

Diacnosts

Tlhs can usually be made from a lustory of eiting improperly pre
served (usually home canned) food especially 1f other persons have
eaten the food and have developed a similar discase The suspected
food 15 hkely to have had an abnormal appearance or odor to have
contamed gas bubbles or 1o have come from bulged cans Such foods
and also even normal appearing foods if they seem to be implicated
should be examined if they can be obtauned

Dufferentral Diagnosis Other diseases which cause simmlar neuro-
logical symptoms must be differentiated from botulism These include
pohiomyelitss encephahitis 18 | by i bella
donna methyl alcohol and other substances

Procnosis

One half to two thirds of the patients dic unless they recerve serum
early 1n the course of the disease

PREVENTION

The only way to prevent the disease 1s to cin food properly and to
refrain from eating any food which does not appear to have been proper
Iv preserved or wiich gives the shghiest appearance of bewng spoled
Such food should not even be tasted since even a spoonful may con
tan enough toxin to cause death It must be emphasized however
that even apparently unspotled food may on rare occasions contain
the toxin

TREATMENT

Polyralent serum contaimng antitoun aganst types Aand B ttmr;
should be grven as early 1 the course of the disease as possible ™ ! #
After the precautions agamnst allergie reactions have becn taken (see
p 33) 20000 umts should be mjected mntravenously This should be



MISCFLLANF QUS BACTFRIAI DISEASES 139

repeated every eight to twelve hours until there are defintte evidences
of recovery

If symptoms begin within a few hours of the ingestion of the food
the stomach should be Invaged with a solution of .odium bicarbonate
A lirge enemn should be given Secretions should be aspurated from
the pharynx and from the larynx when necessary If paralvsis of the
respiratory muscles occurs 1t 1s imperative that the patient be placed
m a resprrator immeditely
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1ppendix

Delerminalion of Sulfanilamide* in Blood and Urine

Rrcents

1 A solution of trichloroacetic acid contumnz 15 gm dissohed 1n
water and diluted to 100 cc

2 A 01 per cent solution of sodium nitrite

3 An aqueous soluhion of N (1 naphthylethylenediamine dihydro-
chlonde contaning 100 mp per 100 ec Thus solution should be kept in
a dark colored bottle

4 A <olulion of saponin contuning 6 > gm per Ier

2 4N hydrochlone acid

6 A solution of ammonmum <lf imate cont umn, 0 o gm per 100 cc

~ A stock solution of sulfamlamide in water contaimng 200 mg per
Iiter Tlus solution c1n be hept for several months in the 1ce box The
most comyemuent standards to prepre from the stock solution are 1
05 and 02 mg per cent To prepare these o 25 and 1 ce of the stock
solution plus 18 ce of the 13 per cent solution of trichloroacetic acid
are diluted to 100 cc

Procedure for Blood 2 cc of uxalated blood are imeasured mto a
flash and diluted w1th 30 cc of saporin solution and after 1 or 2 minutes
precipitated with 8 ce of the solution of trchloroacetic acd The free
ulfanilarmide 15 determined in the filtrate as follows 1cc of the sodum
mitnite solution 1s added to 10 cc of the filtrate \fter 3 nunutes standing
1ee of the sulfamate solution »s added and after 2 minutes standing
Fec of the solution of N (1 naphthyDethylenedianune dihydrochlonde
18 added The unknown 13 compared with an approprate standard
which has been treated as above Tlus companson can be made 1mme
diately and no change 1n color 1s observed for 1 hour or more To deter
mine the total sulfamlamude 10 cc of the filtrate are treated with 05
cc of 1 N hydrochloric acid heated 1n a boiling water bath for 1 hour
cooled and the volume adjusted to 10 ce The subsequent procedure 13
s stated above for determining free sulfamlarmde

Procedure for Urine Protewn Tree unne 15 diluted to contan about
Tt02mg per cent of sulfandlamde and 50 cc of the diluted unine plus
S5cc of the 4 N hydrochlonc anid are diluted to 100 cc 10 cc of the
Product of tlus second dilution are treated as a blood filtrite for frer

The sam procedure 15 used for vther sulfonam des In such cases the standard
1 made up with the drue to be determuned

t Sample and reagent volumes can be proportic nat ly reduced togr ¢ th- m numal
smount { filtrat meces ary for an acc wrate rolor compary on

s
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sulfamilarmde and 10 cc heated without further addition of acid for
total sulfamlamide If the unne contans protemn 1t 1s diluted and
treated by the procedure for blood *

A photoelectric colonmeter may be used The reader 1s referred to the
article by Bratton and Marshall! for the techmque

Pentcillin Assay (Modified Rammelkamp Method )

1 If the specimen to be assiyed 1s hnown to be contamunated st
should first be sterihized 1n a Seitz or stmular filter

2 Using stenile technique place 02 cc of tryptose phosphate broth
m all but the first of a seres of twelve small tubes

3 Add 02 cc of the serum or flud bemng tested 1n the first tube
02 cc 1 the sccond tube and mix Remove 02 cc and place m the
third tube mix and remove 02 cc  and continue this procedure to the
twellth tube discarding the last 0 2 cc

4 Make a duphicate series using a standard solution of 5 umts per
cc of pemailm mstead of the unknown serum or flud

5 To all tubes add 05 cc of a 104 dilution of a twenty four hour
culture of Streptococcus hemolylicus C203 1n tryptose phosphate broth
contaimng 1 per cent Type O blood

6 Calculations

Unknown Tube 1 2 3 4 5 6 7 8 etc
Dilution 1 12 14 18 116 13> 161 T18
Growth (example) 0o 0 0 + + + +

o
Standerd Tube 12 4 o 6 7 et
Umits of pemc 1 05 02> 012 0063 00312 00156 00078
illin per 0 2 cc
Growth [ 0 0 0 [ o -+

Since 0 0156 umit of pemaillin per 0 2 cc or 0 078 umt per c¢ nhibits
the streptococcus stram n the standard series then tube 1 of the
unhnown i which the strep 15 also nhibited an
equivalent amount of pentctlin 1e 0 078 unit per cc

0078 X 8 (dilution correction) = 0 625 umt per cc m the unknown

Slreptomyein Assay®

B cireulans 1s a mesophibc motile aerobic spore beanng micro
orgamsm It grows well at temperatures between 30 and 47°C forming
floccules which make the end pomnt in the scrial dilution test relatively
easy to determine It1s sensitive t0 015 mucrogram/ml of streptomycin
base Broth cultures are quite stable mnd may be preseryed m screw cap
bottles under refrigeration for periods of one month with no appreciable
loss 1n sensitivity

Bratton A C and Marshall E h Jr New Coupling Component
(a:s%l‘ro;:jaf:::ine Detesmmation J Biol Chem 198 o344 1939 by permission of

the suthors and the publisher
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“Techmque of the Test Amounts (0 5ml ) of the modified nutrient
broth are placed i stenle Wassermann tubes and senal dilutions by
hahes made by adding 0 > m! of the fluid being tested to one of the
tubes and carrying 05 ml by senal dilution for the desired number of
tubes The first tube 1n the series contains 05 ml of the solution under
test only A standard 1s prepared for companson by diluting a strepto-
myein salt of known potency 1n broth to contam 10 micrograms of the
base per milliliter This standard 13 senilly diluted 1n the same manner
as the body flud under test One and one half mulliiter of a 1100
dilution of the test orgamsm 11 broth 1s then added to all tubes after
which they are incubated overmght The last tube 1n winch no growth
oceurs 19 considered the end point

“The concentration of streptomyein sit the unknown s then determined
by comparing the end pomnt with that of the standard An example 1s
given n the table sn which 1t will be noted that the standard com
pletely mhubited growth of B ecrrculans 1o the filth tube Since this
represents 10 micrograms the scrum tested contains one fourth 2s
much or 2> microgrims the unne wlich caused complete ihibition
1n the fourth tub¢ contamed 5 micrograms X 50 or 220 micrograms ml
To determine lower potencies it 15 necessary to vary the dilution sertes
of standard and unknown *

TABLF 1
Tenr No s
Fem
12 3 ¢ a6 1
Standard o 0 0 0 0 + +
0 o (2 + + + +
Unne 1 50 o 0 o 0 o+ 4+ o+
References

1 Bratton A C and Marshall E k Jr New Couphin» Component fur Sulfanila
mide Determmation J Biol. Chem { §337 1939
Rammetkamp C H A M thod for Determining the Concentrat on of Pemcillin
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Quoted from Price C S Nielson J h and Welch H The E timstion of Strep-
tomycin ta Body Fluids Sc1 nce 10356 1936 by pernus. ion of the publish r
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