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in Moy 1964 1 was a houseephysiocian in the City Hospital,
hberdeen, when an oubtbrosk of typhoid fever bogan. This
hospltel is the Lever hospital for Aberdeon and consisghbs of
savoral separabed wards with a tobal of 2%1 beds., Bovauso
of & shoritage of senlor sbaff 1 was involved ln aduitting
and caring for the vast majordty of the typhoid nationts

during purd or all of theiy sty in heospitsl.

Yy dubies weve pordly cliplcal and partly aduinistrative,

A "yphold Co~ordination Centre" waa estoblished, of which I
wan dn charge; bhoe funoltions of this centre were inliially

to facilitate the admisalion of patients by goneral praobitioners

bo the various hospitels ipvelved and to advise the gonerel
practitioners and the Hedical 0f0igors of Heaslth by telepbone
of 21l positive laboratory Dindings, Later the same centro
controlled the elearance programme of all typhold patients,
comordineted the oliniaal trial of awpleillin which wus
conuugted in & different hospitels, and maintalned o vecovd
of all labovatoxy investlgetions performed afuer the patients

were dischevged fron hospital.
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i oubbreal of typhoid fever ovcurred in a ocouatry in
ghioch this disease Ls comparatlvely ware and is gerdainly nob -
endeanic, | “he chanog that the course of tho &:‘Lﬁ%eaﬁsa Was
influenced by provious excosure to typhoid indfeobtion was slight,
Hhen the weallh of data which aocumulated during bhie dime Wi
finally examined Ll scemed to me that usoful ovidonce could be
obtained from this oubbreak which might conteibube, by woey of
cartain linited conclugions, to the wodern knowledge of typhold
fover and have sone influcnce on prosonb-dey belled aboub the
Sigcaso and its treatmont. Thie thesls fg thevelovro g sevies
of short discussions on several aspects ol typhold fover, cach

Lllustbeated by exemples froa the Absrdeen oubbiask of 1504,



.
- 3% =

TABLE _OF CONTENTS

SEOTTON PAGE
LIST OF TABIES ix
LIST OF FIGURES i3
Is ;

(A) A short general history of typhold fever 1

(1) Differventiation of typhoid and other fevers 1

(ii) Uode of spread of typhoid fever 6

(113) The typhoid bacillue 9
(iv) Recognition of the carrier atate 12
(v) Immmisetion against typhold fever 15

(vi) Treatment of typhoid fever 17
(B) The incidence of typhoid fever 22
(¢) Higtory of typhoid fever in Aberdeen 26
(D) ‘The pathogenesis of typhoid fever 33
(1) Route of spread of infection 38

(i1) Role of endotoxin - 41
{iii) Mechanisms of resistance to infection 42

11,

(4) Source of date and method of working 49

(B) Cavge of the outbreak 50



w o

SECTION PAGE
(C) Development of the. outbresk 53
(1) Tn time - '- 53
(11) In space 55
(D) ':Admiéaian‘of.patianxa to hospital 56
(1) Criteria for admission o 56
(11) Patients in whom the diagnosis was not 4o
L R . - confirmed
(111) Other patients admitted during the 63
outbhreak
(B) Outwome 65
(1) Criteris for “"clearance." 65
(i1) Ineidence 'of carriers 67
(F) Some characteristiocs of the patients 68
(1) Age and sex distribution . 68
(i1) Social baekground . 68
(111) Ineubation periods L 70
(G) Some clinical featuves of the outbreak 72
(1) Presenting symptems - 72
(11) Ocourence of early gastro-snteritis 74,

(141) Some cbeervations on physical signs 75

{1v) An ssgessment. of the severity of the 7
illnens

(v)  Complications . . - .. . 84
: (H} Conclusione . ‘ 93



SECTTON
118,

PAGE

95

(A} Present day treatment of typhoid fever 96

(B)  Tweatment of typheid fever in Aberdeen 98

- (1) Treatmont of thé inltial illness
(11) Treatwent of relapse

- (111) Response to tremtments

{1v) Some side-effects of traatmontl

(C) The problem of relapse in typhoid
o fever treated with chioramphenicol

(1) Incidencs of velupse

© (14) Faetors which affect relapse
{131) Discussion '

(ﬁ)'; Chiaracteristics of the patients in
-+ fberdeen who relapaed

(%) “Post~iireatment pyrexia

IV. = Dmmunisation against typhoid fever

(A).!i The history of antityphoid immunisqtio?Aﬂ

(1) Introduction of immmnisation
- (41) Preparation of vaceine
(1i1) Freservation of vaccine

 (iv) Straine of typhoid bacillus used
in vaccine

98
100
101.
106

110
116
111
120

129 .

134

140

141
143
144

145

(v)  Method of ddministration of vaccine 146

(vi) Strength of vaccine

151



Y

SRCTTON | | PAGE
(wii) Dosage of vaceine 151
(viii) Asgessment of the proteetive'value

~of antityphold immunisation 153

(8) ~ The effects of previous antityphoid

‘ immunisation
o in Aberdesan 167
(c) "Frovoeation typhoid." 177
v, , 181
(4) Asypptomatic typhoid excreters 192
(1)  “Precocious® typhoid carriers 182
(311) “Heslthy! exoreters 184,
(B) " Symptomless typhoid bacterasmis 197
(&)  Discussion 189

VL. - _Antibody i

(A) Tatimation of antibody response 195
(1) Widel's reaction 195
(11) Time of appearance of aerum.antibadie$a7
(111) Variations in entibody response 198

(B) Patimabion of antibody response in
patients in Aberdeen 200

(1) Data on which the sssemsment is based,,

K

(11) Herological response related to the
rduration of the illness . 08

(11i) Diagnostic Widal reactions 202
(iv) Discharge Widal rewctions - 203




w Vil -

S0 1'.0 z "AQE
{v) TFollow-up Widal reactions RO4,

(vi) Mosessment of the overall antibody
regponse in differant groups of

patients 205
1+ Pabients with no messurable sntibody

responGe 206

e Pat¢ents with minimal antibody
: | response 209

3. Pabienty with delayed antibody
. résponse 210
vIT The, byphold ocarvier: 213
(A) The carrier state | 214
| (1) TIncidenee of typhold carriers 2t
(11) Treatmont of btyphold etrrieove 215

(111) Classification of typhoid carriers? !/

(8) The site of chronic infection 223
(c) A olinieal tris) of sppicillin in -
: aonvaleacent exoveters. -
(1) Conduot of the trial . 235
(11) Avalysis of the tidal. 255
(D) . Purthér teertment of convalesvent exersters 238

(1) Prolonged. treatwent with ampieillin 238
(41) Other treatment of aonvalescent excveters <39

(r) Characteristics of convalescent sxereters 24
irn Aberdeen

(m) . The rate of nabursl cleoarvance in canvalesea%g
excreters in Aberdeen 24

(¢) - Chrenie typhoid carriers in Aberdeen b



“w iR =

SBOTTON PAGE
VITT  Summery and conolusions 250

T 206y
11 ‘ 213
ol | 281
v | | 265
v ' : 267
VIX 293

Acknowledeenents 296

Referoncon



s gi'x .

LIST OF LABLES

dection I
1e Cases of enbaric fever admitted to the London Fever Hospltel,
Glasgow Royel Infiymexry and Hdivburgh Royal Ianfivmery until 187(
2+ Aumaeld death xaﬁ&a:ﬁxém\ﬁyphai& per 100,000 populabion 1870 «1x
35 Pivee-year average incidence of typhold fever in Scotland,
e Vorld incidonge 6f typhold fever and death rates per 100,000
population in 1962,
Be Inéid@nc@ off fyphoid fever in selected counbtries and death
ratas per 100,000 population in 1962,
6e Cases of "Fever' admlbtted to hosvital in Aberdeen from
1835 = 1839
7« Some comparisons bebween outbresks of typholid fever in 1936
and 196L., | |
8. The incldence of typhoid Pever in Aberdeen and surrounding
districts from 1935 « 186k,
Secbtion IT
9, Histowy of exposure to infechion given by 507 pabtientss
10,  Reasons for admlission to hogpltal showing subsequent
confirmetion of dlagnosia,
11,  Subgequent copnfirmation of diapgnosis in patients adwitted
Tor reagons obther then positive isolation.
12. Proportion of inooulated patients in each diagnostic group.

134 Age and sex distribubion of the proved typhold pebients,




LT S T
the  Porcentage dlstribution of ocoupied and wrelived adults in Aberdeen

oity and in the btyphold population by sex distinguishing
goelal olass.
15, Comparisons of the incubation periods of 378 typhoid patients,
16 Fyequency of elindcal feabures in the 469 typhoid yaﬁiénts,
17, TLevels of 310 white cell counts on admission, distinguishing
"severity of illnesst,
18, TSoverity of 1llneass" of typhold patients distinguishing age
and sox,
19 In@iéemﬁe of coMplications in 469 Lyohoid yaﬁiénta.

20, Detells of imitial dreatment used in Aberdoen Typhoid Outhreak 1964

21, Tweatment of patlents who wlapsed in Aberdeen " " "
22, Aosessments of tvestments " " u "

234 Relapse rabes in chlovomphenicol tresbed typhoid fever, quoted
by various gliniclens,

2he  Compardson of patients who relapsed with ether typhoid patients.

25,  Conparisthh ol patients with "pogt-treatment pyrexia” with.other
typholid patients.

264  AlL children with a severe initial infectlon treated with

chlopvemphenicol,

27. Results of Army Field Triel 190L « 1908,

28,  Typhoid straing used in the Brilish Army veceines 1933 - 1960,

29. Comparisons of the incidenes of enteric fever in 1914 = 18 and
Boor Wars,

30,  The yesults of field trlals of acetong~dried and heat-phenolised




) i -
dried vaceine§,
e Distribubion of the types of vaceine received by inoculeted
adults showing dabes of last injection,
32s Comparison of inovgulabed snd unineoulated patients.
Seetion V
33s Casos of typhoid fever dlagnosed during the ilncubatiion Qeria&.
3&,A Laboxatory findings in four cases of sympbomless hactercemia. -
Seotion VI )
35, Rate of occurence of positive agglutination reactions in
succesaive weeks of iliness,
364 Serological findings in the Flwst 10 cases,
57« Comparigon of patienty who aﬁowed no antibody response with
| patients who showed a "normal rasponne,”
38,  Comparlson of patients who shaved a delayed antibody response
with patients who showed & "normgl" vesponse.

Seobion VIT

29, The assessment of the results of the clinlesl trial of
smploiliin,

40  Age distribubion of olinicel trial pablents compared with
all typhoid fevér patients and all convalescent exoreters.

4. Comparison of 159 convalescent exereters with other typhoid
patienbs,

L2, Deotalls of 6 typhoid carriers resulbingfrom the Aberdeen‘

typhold outbresk 196k




LIST OF PICURES

—

Y R : ¥ .Repo:@te& incidence of ’!:y;;;ihéi& fover in the city and
camﬁsj of Aberdeen 1900 = Oh,
‘be Reported desth rate from typhoid fever in the city and
county of Sberdsen 1900 - Gl
2e .Incidence of typhold fever in Lberdeon and dlsbrict 19356 ~ 63,
3* The route of apread of typheld infeetion within o host.
cas Rouwbe of invasion of the blood stream by baoteris,
be  The subsoguont rewcxerebion of bacterla,
e Freguency of capes by deles of eabing sugpect food « 331 acases,
5e  Troguency of cesesg by detes of onselt and hishory of exposuras
6o Vap of Abeordeen showing the digtribublon of btyphold pablenis.
7o The vabe of admission of typhoid patients o hosplial during the
outbreak dlstinguishing subseguent confirmetion of diaguosin,
Ga  The proportionate age and sex distribuvion of the typhold patieont:

compared with thabt of the population of Aberdeon (Census 1961),

e

104

Temperature chart of o patient Yreated initially with chloram~
phenilcol,

" ot il o aapicelliine.

n t " t gephaloridine,

i " * whe suffered a "loxic orisis! on rolapse,

" i " who 4id not respond well to antiblobic
treatment.

Response of 5, typhi in infected tissue cultures to antibiotic

treatments  (Souwrce Hopps ek ale 1961 J. Immunol).




Seation IV

15« The effecbivenedss of aoetone~divied and heatephenoliaed
vacolnes as obasrved in coubtrolled field triels in British
Gulana, Poland, UsS.5.,R. and Yugoslavia,
(Source Cvietanovie & Uemirn, Bull, W.H.0,1965),

16, The olinicel course of two volunteers who suffered
asympbomatic typhold bactersemia, (Source Snyder
&b als 1961.)

17. Megn level of "H' agelutination tltres on admission to
hogpibal welated to day of clinical illnesa.

Section VIT

18, The treabment of 159 convalescent excretoirsz and oubcome.

19« Natural rate of cleavance in 42 pabients,




BECTION I

AN I M W

A SHORT REVIEY OR TYPHOID UEVER

In this introductory seation the history of dyphoid
fover since ita reocogrition as o fever distinel from obhor
sontinged fevers is reviewsd, The growth of knowledge aboud
typhoid fever is outlined with regeard to 1ts epldeniology,
its osusativo owganism, it prophylaxis end dreetumont, and
ite povslstonce Iy way of the cawwior state, The incidenco
off byvhoid fever in Britain snd in Aberdesn in perblcoulay and
the low incldonce in those pextbs compered with other parts of
tho worldd is discusgoed., The present knowledge of the
pathogonssis of typhold fover ard of the resation of the host

to dnfection is brielly doscribod.




SEOTION T

Ae A SHORD GENERAL HLSTORY OF TYPHOTD TEVER

Pew diseases have masqueraded under ag mony namess or
have engenderad as much argument, as typhold fever, IMurchison
(1873) seys theb as varly as 400 B.C. Hippocrates described “many
cases of fever of the conbinuel type characterised by diarrhoca,
offensive watery stools, hiliows vomiting, tympenites, abdominal
paing, ‘red rashes', eplstawxias sleeplessness or o tendency to coma,
a degcription whichy in the present dsyy can hardly he bettered.
For mony cenburdes, howevay, typholid was confused with other

fevers, wder the generic name "Continued Fever",

(1) DHE DISTINGTION OF TYCHOTD FROM OTHER CONTINUED FEVERS

Although astule cobseyvers were aware of several varieties
of contloued fevery 1t was not uatil the late 16th century that
distinet dleeases were describeds Typhus fever had long been
rocognlsed but sinces like a1l fevers, it presented in many different
waysy 1t had several other naness such as Yspotted fever' and "gaol
f'eveor”, each of whioch was thought to be a separate diseases In

1659/




1659, Thomas Willis described & fever which differed from typhus
in being less contagious, showing Pewer skin eruptions but more
complications, and being accompanied by ulcers in the suall

intestinesy this we now know to have been typholds

Brom thls date ony, therse were a few observers who
believed that typbus and typhoid were two distinet dlseasea.
Gilohrigt of Dumfries in 173 wrote an esssy on "Nervous Pever'
which was an accurate desesription of typhoid as distinet from the
"melignont fever of hogpital', i.o. typlws. A8 recently as the
eoxdy pert of the 19th centurysy howevewr, any conbinued Lever
accompanied by dollriun was called "typhus fever',y At this tine
both French and British clinicians begun a deboiled investigation
of the pathologleal findings in cases of fever, It is easler to
undgratend the subsequent contyoversy betwoen these two clinical
" soheols of thought if it is remembered thet in France there was
only one endenic disease of this kind ~ typhoid, while in Dritein

there were two « typhus and typhoid, the former being more prevalent.

In Prance, Prost in 1804 published autopsy £indings on
over two hundred petients and described intestinal wleers which he
sald were common to all feverss In 1813, Pebit and Serres said thatb
these lesions were confined to the ileum and ealled the fever
assooltatbed with them "lg :E‘i?z:vm en’tsé&r@»-mésan-tzfa/ﬂqua" to distinguish

this/
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this from ordinary enteritis. Bretonnesum in 1820 went s stage
further end stated that the lesions were confined to the glands of
the ileum, i.0,. the Peyer's patches, He gonsldered, vightly, that
they were due to a specific inflommatory pelson and accordingly
named. the condlition "aothiéhenﬁé}ite“, leos tumour of the intestine.
He also affirmed that the extent of the leslon did not depend on the
severity of the associated fever, In 1829, Flerre Louis collated
the findings of the French School and nemed the disease "la Fiovre

typhoide" which merely meens the fever resembling typhus,

The I'rench were elso swere of the skin leslons of typhoid

fevers Chomely in 1833y gave an excellent deseription of them thuss-

"The eruption, wiioh is peculler to typholid fever,
conglstys of small roseé-colouvred spoiny disappearing
on pressure, from half a line to two lines in
dlameter, round, not herdly elevated; scabibered
over the ahdomen sssesevssethere should be et least
fifteeon or twenty."

Heanwhille observers in Brltedn, lnstead of finding iuntestinal
lesions in all fatel cases of fever, could demonstrate them in only o
fowe Subton in 1806 deseribed an outbreak of fever in vhich the
bowels were inflamed and gengrenous in fatel dasos, and Hewetts in
1826y deseribed ten cases of "Pollicular ulceration" of the bowel
limited to the Peyer's patohes, aud stated thet these were the seme

disease/




“ how

discase as the dothiepenterite of Bretonmeasu, But these observations
were unusual, and such lesions were thought by most workers in Britsin
to be merely o complication of typhus fever, IHowever, in 1836 Robers
Perry, & Glasgow physician, seld that dothiensnteritis "may occur in
comblination with the confaglous typhus aboul onee in every six cases

or exist ag & discaese per se'y and stated thet in the latter type of

case thore wes ne'byphus-eruption’s Hig work was continued by Stewart
whos in 1840, was the first person in Britein to publish o tlear
diffeventiel desoription: of ¢he two diseases, He snelysed cases in
FLagsgow and Bdinburgh and distinguished between typhus aad typhoid
with regard to cause, olinical features inclﬁﬂing skin rashesg®, @nd
anatomical lesions., He sald thaty while typhus was assoclated with
poor and c¢rowded living condiil ons, typhold fever often sppesred in

country areas and in welleventilated houses,

Stewoxrt was noty howevers, the firaﬁ porson in Burope to state
that there were two separate discases in Britain, 1In 1836 Lonbard
from Geneve visited mseversl towns in Britain and Irelsady and observed
that there were "two distinct and separate Tevers', one of them identical
with the contagious typhus, which in France was epldemic, the other &
gporadic discase idenbicel with the endemie typhoid fever or

dothienenteritis/

% oAn interesting comment is mede by Patedek (1955) when quoting Stewart's
description of the two diffevent red wrashesi Patrick says: "the modern
voadeyr of these controversiel wriltings is struck by the late eppesronce
of eny reference to the typhus rashs bthough not by the early failure to
notice the slusive spols of typhoids A possible resson ls bthat the
typbus petechiae were hidden smong the bibtes of lice and fleas which
must have been very comaon",



dothienenteritin of the I'venchs  Undversel orvedit for the first clear
diiferontiation goes outside Hurope to Gerhardt of Philadelphia who,

in 1857 pointed out the difference betwsen the contagious Lyphus
fever with its petechial eruption and the intestinel dlsease typhoid
faver with 1ts rose~goloured spobs. He insisbed that “the distinctive
charaeters of the two dlssases are such as in practice could not allow

thenm to be confounded",

Back in Britaeiny medical workern were slow to acoept the faot
that dyphold and typhus fevers wore dlffevent diseaseay, but were
finelly conwvinged by Willlam Jennew whos between 18492 and 1850 analysed
66 conen of continued Ffever end dvided them into 23 cases with ileal
legions end 43 without, Uls masterly comparison of the two groups
included the elinical obgervatiaas of gradual onset and longer duration
in typhold fevers Iits rose spobs as cpposed Lo the “mulbe#ny rash' of
typhuss and epistaxis; intestinal haemovrhage, abdominel distension
and v atery stoolsy all of which were present in typhoid end 2bsent in
typhuay,  He himself hed suffered from bokh diseasesy and he pointed out
that eooh gave proteéction from o further atback of the same, bubt not
from the other illness, Moat dmportant of ally he showed that the cases
admitbed to the london Pever Hosplial cwme from different areas ab
differont times and that one fever Ald not commmicate the othar, Thus,
at Last, he left no room fox doubt thabt thore were indeed two distinct

fevers, typhus and typhoid.




(14) MODE OF SPREAD

Until the 19th conbturys the general consensus of opinion .
wos that typhoid fever was not conbtaglouny although Willis din 1659
gompared the gaatm“m‘hasﬁmal uloers which he found ln some casesn
of fevor to the pustules of verdols and inplied its possible spread.
From these ulesrss Muoh of the controversy which then arose was
engendereld by the use of the word "contaglous® in two separate weys:
Tivrstlys in the literel sens¢ of spread by touch or contaot and,
segondly, in the more generel meaning of spread from ohe person Lo
anothey by any uneans. Typhold fever is contagious only in the

second Sense,.

The first evidence thet typholid was communioceble was
peoduged by the Frensh writer Leuret in 1828 vhen he desoribed an
onbbrealk of typholid in Naney snd showed that overy case could be
traged to a stranger who had visited the city while suffering fron
the dicease. Gendron reporied o simliler instance in France in 1834
and paid that rmost cases booane infected either by Living beside, or
by handliing clothing or ubensils ofy a typhoid patient. However,
these writers were unable ’1:@ say howr the infecbion was emitied from
one pebient and acquired by the next, and few ¢linicians accevted
their findings. Gay (1918) states that of those who did, Constalt,
in 1847 was the £lrst cleaxly to implicate the excreta as the vehicle

of/
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of spreed of infection and that Riecke (1850) showed that some
outhreaks could be traced directly to the ingestion of drinking

water that had beon poliuted with seweges On the other side of the
Atlentic, Flint observed an outbreak in Boston, Massschusetbss in {845
and noted thet it eppeared to have been due to the ingestion of water
Lrom a well which had been "polsoned® by a stranger who had died of

typhoid fever while stoying at the loocal inn,

The findings of fthe French workers were summarised by
Piedvache in 1850, He concluded thot typhoid wae contagious, but
only in so far as the word implied n spread from one person to anothor,
by whalever meansd he was atlll uncertain as to the oxact mode of

sproad, and most oliniclans remained unconvinced,

In the neantiney William Budd in Englond hed scen many small
outbresks of typhold and had come to the same conslusion; but Budd,
probably the main contxibutor Yo modern uwnderatending of typhold fever,
took the matter much further, In 1856 he sald that “the sewer mey be
looked upon in fact as & direot continuation of tha diseased intestine",
He asserted thaty in the majority of outbresks whigl he haed seen, the
infeotion had occurred by overflow of sewpge from &n infected cess-pool
to o noarby drinking well, tho water in which was then consuned by
people who developed typhold fever shortly af tevwards, e gove
detailed accounts of ¢oses to support this elaim end he also aifirned

thet nilk wes sometimes Tthe vebhicle of spread.

Budd/
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Budd reconmended the following precauntlions to prevent the

sprend of typhold fever:

"4, Thet for the fuburey &1l the discharges from the fever
patient should be received on issue from the body %o
vessels conbalning concentrated solution of chlowride
off #ing,

2. That oll infected bed oy body linen should, immediabely
on its vemovaly be pleced in water strongly impregeated
with the sane agonte

%s That the water closet should be flooded seversl times
a ey with 1t and that some ehloxlde of lime should be
placed there to serve s & source of chlopide in the
gaseous forms

Andy lastly, and by woy of furthey precsution, that so
long an the fever lants the walter c¢loset should be used
exelusively as & receptacle for the discharges from the sick,

In his book published in 187% Budd quoted instances wheve
o vonvalescent patient had caused an outbresk, but sald, "in what
form the infeotion still lurked - whether in articles of wearing
apparel sseveene Or whether in the form of specifilc exuviae from
which the dliseased intestine may not have entirvely cleared itseld,
L confess myself uneble to nay"s  This appears to be the first time

that/
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that it wes reallsed that infeotion could be byransmitbted even after

the acube stage of the illness had passed.

Despite Budd's clesr exposition, conbroversy was still
widespread and this is illustrated by a quobtation from Murchison who,
in the seme year, soid, "all evidence iz in favour of the view that
the frosh evacuations ave harmless and that the poisen is developed
during their pubtrefaction', Howevers it slowlybecame accepted that
the theories of Budd were correct, and these hove fomed the basig

off our present-day knowlodge of the mode of apread of typhoid fever.

(i41) THR TYPHOID BACILIUS

In 1873 Budd wrote thal "there is a growing belief that the
specific germs whiah cause contegious feovers arve in veality so maeny
living species's In 1880 Eborth discovered the typhoid baeillus in
the organs of cases who {died of {yphoid fevery Klebs, whe algo

identified it in that year; gave it the name Bacteriunm (B) typhosus.

Three years later Galflky oculbured B typhosus outside the body, and
singe then i1t has beon possible to obbain asbsolute proof: of infoution
in suspected cases of fLypholds In %he following few yeors B,typhosus
wos igoleted from the living person or from {the exceretsa by & number of
people =~ from faeces by PPeiffer (1885), from wrine by Hueppe (1886),
from rose spobts by Neuhaus (1886), and from cireulating blood by
Vileluy/
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vilehur (1887). In 1890 Gilbert and Girede ilsolated B.btyphosun
from the gall bladder of typhold pabients sulfering from acube
cholecystitis, o finding which grenbly aided the undsrstending of

the pathogenesis of typhold fevers

Be Lyphosug is now known 4o be a member of the group of
Intestinal pathogens celled '‘Salmonella’ and, therefore, it is now

more usuelly referred to as Solmonells (S) Gyphi, It is a rod-shaped

Gran-nogative motile aeyobic organism which does not Pemment lactose
or guerose, In gnblgenic structure it contains "HY or flagellor,

00 or somatics ond Vi anbigeus; and these components stimulsate the
production of specific enbibodles when the typhold bacillus invades

o host organism. The quentity of these sntibodien in serum ig
measured by a test developed by Widsl in 1896, The 'H' (houch)
meoning "breath" fommg, and '0° {obne hauch) meening "without breath®
oy non-gpreading fomms wers flrst demonstreted in B,proteus by Well
and Felix In 1917 In 1920 Well and Pellx described the some factors
in 8a typhl and established that the heot-lobile 'H' antigen was Tound
in the flogella of the orvganisms while the heabtwastoble *0' antigen
gristed in the body or somas In 1924 Pelix ghowsnd that the 07
onbigen was vespongible for the pathogeniclity of 8, typhl. Velix & Pitt (193
digooverad a second somabtle antigen in some strains of §, fyohl and
nomed it Vi (for virulence) since he conplidered that it was rosponsible
foyr the virulence of those strains which conteined it. It has since
been suggested (Bhatnogar eb al. 1938) thet Vi antigen oxists on the

surface/
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surface of the soma of the organism fomming o protective layery and
it is responsible for virulence only in as much as it protects the

pathogenic '0Y antigen from destruction. (Pelix and Pitt 1951),

In 1957 Archer and Whitby, using live vaccines representing
the '0' and Vi antigens, showed that the Vi antigen was responsible
for the repid death of mice from “intoxlcation”, whereas the 0!
antigen was rosponsible for death afber four oy five doys of illoess

with typloel pathologiceal changess

Tn 1924 Avkwright detected 'wough' (R) forms of pathogenic
jntestinal bacterise These forms are spéntaneously agglutinable in
physiclogical saline, vheress there are other steble forms which are
‘smooth' (8)s He solso showed that these forms could interchanse, 8§
to B by prolonged incubsation in one medium and B to 8 by frequent
transfers from host 4o host, This phenomenon is cherscteristic of

e byphd, and is known as § » R voviatlons

In 1956 Cvalgie and Brandon found thab wmnii-Vi bacteriophages
(viruses which grow in and destrey bacterle) could be grown which were
specifioc for their strain of origin and thus could be used for
identification of different stralins of becterias Thils was the basis
for a pystem of classification of 8, typhi colled Viwphapge typing,
developed by Creigie and Yen (1938), This system is of immense value

in epideniologyy as 1t can Link otherwise unconnected cases to a

gonmon)/



comnon source, There are; to datey 72 different 'phoege-~types of

Se. yphi (Wilson and Miles 1965)e

R RSTARME,

Tn 1896 Acherd and Bonsagude isolabed an organiem which
produced an infection resenbling typhold fever but less seveye.

They ecalled this bacterium B, paratyphosus, since it was sindlar o

Be typhogsus but produced different sugar reactions. There are

several varieties of Bs pavabyphosus, or Selmonalls parabyphi, as 1t

is now generally knoviny but only 3. pevebyphi A and B cause hunan

infections which are likely to be sonfuged with typhoid fever,

(iv) RECOGNILION OF THE CAMRTER STATE

Buddy as esxly as 1873, was aware theb typhoid fever conld
be spreoi even after the ond of the acute illness, He wrobe, "I
hove seen so mony instonces in which fevewr has broken oub in a Lamily
Jiving in o previously heelthy neighbourhood soon after the ervivel
of a convalescont, that I am guibte sure that patiocnts so far recoversd
comnot olways be salely allowad to mix wlth obthers without precauntion,
In the case roferrved to, 4ll trages of aoctual fever had disappesyed

and diarrhoee had long ceaged,

The dlsoovery of the 4yphoid bacillug in persons suffering
from coube typhoid fever was followed closely by ite isolation from

the excrete of individuels who had recovered. Chentenesse (1891)

found/
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found 8. Gyphi in the bile of a woman undergolag a gall~bladder
operation oight months ofter en atback of typhoide In 1895, Lasarus
found bacllli in the fagces of a patient b4 days alter the end of the
povute 4llnoss and HortonwSmith (1897) found them in urine 70 days
after 1linesss Thus it came o be realised that a convelescent

carvioe state could also exiab,.

In 1899 Houston reportod a ease of typhold eystitis of three
years' duration in e woman who had not suffered recognisable typhoid
fovere She had nursed a c¢hild with diaprhose who diedy and shorbly
afterwards she developed intermittent frequency and dysuria; <©three
years later Houston isolated typhoid baeilli from her urine and her
serum showed "a positive renction®s  Houston wrote that il proves
that the bacillus mey ocouy in the tissues, aod the bleod semm give
Widel's resctiony without the infection which we recognise ag typhoid
fover vesulbing," 1In 1902 von Drigelski and I, Conradi, on the advice
of Robert Koch, who had found cholara vibrios in symptomless personsy
eranined healthy contachs off typhold patients end found organisags in
the fasces of four of thens Ip the same year Kochy who was probably
the fivst porson really to appreciste the denger of the carrvier stote,
begon o highly successful campeign to investigete and prevent the sproad
of fyphold fever in HBouth~West Gemeanys e meinbtained {that the typhold
haciliue was no longer viable after it left the humen body and that

infaction/
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infsotieon was direct from man to men and, therefore, iIf patlionts and
coavelesoent carriers wers debocted and isolated, the gpread of
infection would ceases To this end be seb up several bactericlogicsl
leboratorivs whose function was 0 isolate ¢ases and followeup their
contactse  The results of this canpeigns published in 19128, smw@t?_
that the incidence of typholdd had indeed £allen enormously, bubt it

also demonstrated elearly the existonce of many chronic carriers who
could remain unidentified and be a mource of infection. Klinger (1909)
for euemples found 434 cnrriers during the cempaign in & population of

Just over two millions

The gpidemiological significonce of the carrier state was at
last recogalsedy and throughout furope attempts were made 4o identify
Byphold cerylors aand prevent them from spreading the discases. In
If:ng;lm& the Avmy set up two cemps in 1909, similar to those oxgenised
by Koch in Gemeany (Dowson 4965) while in Scobtland Drs Ae Ledingham in
1908 found 3 caxriers in sn esylum in which typhoid fever had beon a

reouriing problem for meny yesys (Ledinghan and Lodinghan 1908).

Thus two public heslih measures gould now be enforceds
fivatlys the preveantion of mpread of infeciion, beth by improved
drainage systems ond by purdfication of likely souvees of infeotion,

for example watery and, secondly, the surveillence of typhoid carriors.

(v)/
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(v) DTHIUNISATION AGAINST TYPHOID FEVER

A third possible means of preventing the spread of
infection was introduced at the turn of the century, In 1896
Wright in Britain, sod Pfeiffer and Kolle in Gemany produced a
vaceine consisting of & killed broth culture of typhold organizms,
Wright inoculated British troops in India and the Boer War, and
claimed a reduction of 50% in both the attack rate and the mortaliby
from typhoid fevers After much initial doubt and argument Wright's
vaccine, slightly modiflied, was accepted by the British Army and
given to the majority of troops engaged in the First World War, It

- appeared to be successivl in reducing the incidence of typhoid fever
amongst the troops and its use was continued in all the British

Armed Forcas,

The vaccine Pirst used was prepared by killing orgenisms
with heat ond preserving with phenole In 1943 a new vaccine was
introduced in the British Avmy in which the orgenisms were killed
aud preserved with aleohol in oxder to meintain a high level of
the allegedly protestive Vi entigen (Felix 1944), During the next
five years, however, there were several serious outbresks of
typhoid fever amongst personnel imnunised with either or both of
these vaccines, and in 1948 a field trial of both vaccines was
orgeniced by the Amy. Unfortunetely the incidence of typhold
fovey
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fover omongst troops fell suddenly and the trial was a fallure, so
in 1954 the fivst of a serdes of field trials was set up by the
VWorld Health Orgenizations Iis aims wore to discover:
(a) whether immunisation afforded any protection
pgainst typhoid fever,

(b) if so, whether any one vascine gave better
protection than another,

and (o) whether the effect of the vaceine in man
sorresponded to the vesulis obtained
in laboratory tests,
The results of the first two btriels indicated that,

for the vaceines nused aleoholised vacelne gave no obvious protection,
whilat heatephenolised vacoine wap 70 per cent effectlive in protecting
Individuals agalnst an atteck of typholid feverse This demonstrated
clearly that there was little or no correlation betwesn the findlngs -
in maﬁ and those with leborabory tests, since the latier suggested
thet miygh highexr protection was uonférreﬂ.by aleoholised vaccine,

(Felix, Reinsford and Shokes, 1941.)

In further trials in Yugoslavie and in British Guiens in
1960«62 it was found that & third type of vaeccine, namely scebonewdried,
gave a 90% protection against an atiack of {yphoid fever, as opposed to
700 with phenolised vaceine, (Yugoslav Typhoid Commission, 19643

UsKe Typhoid Panel, 1964.)

Thus/
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Thus, it would eppear, fivstly, that the use of
entityphoid veccine in man is Justlified end, secondly, that
acatone-dried vaceine gives betber protection than the phenolised

preduct, both being move effective than slooholised vacoine,

(vi) [THE TREATMENE OF TYPHOID FRVER

Until the dimcovery of the antibloetic chloramphenicol,
and. of its value in typhoid fever (Woodward et aly 1948) meny
different treatments were advocated, bult none proved of real benelfit.
The c¢lessicel cold-bath treatment which was used in Roman times was
8till in vogue at the turn of this contury (Hare, 1898). If the
temperature rose sbove 102,2°F. the petient was immersed in & bath
of water at 68°F, for sbout fifteen minutes, This corteinly
roduced the high fever and sweat loss, and gave symptomatic rellef,
Opiun was alse widely used, both to sedate the patient and to
counteract the intestinal symptoms of typhoid fever, Salt wes given,
both extemally and iontemmally, by nany clinlclians during the 19ih
Century (Reid, 1827), but this Pell iuto disuse during the carlier
part of this cenbury., With the gppreciation of the dangefa of salt
depletion (Marriott, 1947) the use of salt on a rather more secientific

basis was resintroduced in the 4940%a,

Seruny
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Serum therapy was appavently first used in 1895 by
von Jaksch and Walger who injected inbo patients the serum of
rocovered casea of typhoid fever (Gays 1918)., Aubowserum
therapy was also tried, i.es subcubaneous injection of the
vatlent's own serumy, and was flleged to be sometimes of value 1f
the level of eirculating antibody was high at the time of withdvawidl
of the serum (Koenigsfeld, 1915). Chantemesse (1898) claimed good
regults with antitoxin prepared from a soluble exoboxin, while
Besredke (1906) esserted that the serum which he prepsved Lrom
endotoxin was much more effective, After Pelix and Pith (41934.)
discovered the Vi antigen, Felix prepared & serum conbaining lavge
amounts of '0' and Vi antigeny, end reported that it wes of value in
the treatment of typhoid Pfever (Felix 1935)s Several oﬁhar
obaervers agreed with this finding, for example Cookson and Facey
(1937) used it in & large ountbreak at Bowrmemouth in 1936 and found
that 1t decressed the extent of toxaemia, However, Bell (1937)
obsexved that it did not veduce mortality and eould be dangerous
and even fatal when given intravenously, as was reconmended, It
was never completely accepted as a method of treatment, and fell

into disuse with the introduction of antibilotics.

Vaggine therpopy wos also trled by many workers after

Fraenkel (1893) first used suboutaneous injections of killed typhoid

culbures./
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cultures.s The resulis varied congiderably; some observers thought
it of value, others found it dangerous (Gay),; ond it wes nob
gencrally adopted for use, In recent years it has agaln been used
in an atbempt to stimulate entibody preduvction in the fave of anti-
thiotice therapy, since the latter is beliloved to suppress the
Pormetion of entibodies (Moxmion 1952). This espeet of its use will

be discussed more fully in Sectlion III,

In general, thansy the only accepted treatment for typhoid
fover available in the first helf of this century was symptomatic,
with rest, fluid diet, and good nursing care to keep the patient
gomfortable and maintain his strength., With the dimcovery of
sulphonamides and penicillin, these were hopefully tried, but with
l1ittle or no offect. Then in 1948 Woodward gt al.described the
gsuceessful treatment of ten cases of typhoid fever with chlovamphonicol,
and this drug becawe the trogtment of choice for the acute typhoid
illness. Other antibiotics hove since been tried, either alove ox
in combinaetion with ochloramphenicol, for example synnematin B,
(Benovides 1955) and chlorbtetracycline (Huckstep 1962), but none is ap

effective as chloramphenicol alone.

Chloramphenicol brought about a dramatic fall in the

mortality rate from typhoid fever, It also increased the problem

of the typhoid rolepse (Smadel ot al.1949). lHodern research is now

A AN AR TP
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directed. to the solution of this problem, which will be considered

in greater detall laber in this thesis.

Tregtment of the chronig carvier state by conservative
methods has been unsuceessful up to the present time (Christic 1964)
Surgical treatment, in the form of cholecystectomy for fzecal carriers
and nephrectomy for urinary carviers 1:E only one kiciﬁsay is affected,
has been mederately but not uniformly successful in curing the chronic
typhoid cerrier. Vogeloang and Boe (1948) summarised the rosults of
cholocystectony performed by several workers and sbtated that it cured
approximately three~guaprters of cérriex*s; Drainage of the hepatic
duet, to allow free flow of bile, was Pivst performed successfully

by Dehler (1907, 1912) end has since been recommended by several
workers (Garbatts, 1922; Whipple, 1929)s In 1960 Brlik and Reitler
curad three carriers, operabed on because of biliaxy colic, by
cholecysteoctomy with dreinage and irrigebion of the common bile duct
for one to three months, and 1t seemed possible that this coubined
nethod might eure a hilgher perceuntage of ceryiers than either o . ¢
operation alone. Howevers some carriers willl not submit to operation
and others ave not suffioclently healthy to withstand i'{;', and the search

has contlmved for o congewvative ocure of the carrier state.

A new antibioticy ampicillin, which was discovered in 1964
(Rolinson and Stevens) preved to be effective in stopping excretion
in & muwber of chronic cavriers (Bullock 1962, .Troy, 1963
Christie 1964) and it was hoped thaet the carrier stele could at last be

cured./



gurad. In view of thisy a ¢linical trdal of smplcillin in the
temporary carrier state was conducted in Aberdeen, in oxdexr to
discover whether it was offective in preventing {the ocouwrrence of
the chronic carrier stabe. This will be desocribed in Section VIT
of thig thesis, TIn the event ampicillin has not proved to be as

successful as vag bhoped.

The main problems, theny as regavds the trestment of
typhold fever in Britailn in 1964 ave those of the prevention of

relapre and of the chionic carrler state.

e dane o o a0
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(B) TH® INCIDENCE OF 9IVPHOID PEVER

The incidence of typhold fever in Britain, before it was
regognlsed as o separale éntiﬁy, is difficult to essessy because of
the multiplicity of descriptive terms used for contlinued Levers,

It would appear thet it was epidemic im Britain in the sevenbeenth
centuxy. Willis (1659) described three consecubive severe outbreaks
in 1657 - 59, the second of which was infivenza end the other two
autunnal outbresks of typhoid fever, He eppoavently had seen uo
similor disecase before. Howevewr, typboid had become endeuic in
ceriain arveas, especially large oltics, by the nineteenth century,
presumably because of the sumbey of unrecognised carviers. Perry
(1836) statod that one in six cases of fever in Bdinburgh had the
intestinal lesions of typhold. In 4873 Murehison said that

Menborie POVETeeseseds ondonic in the British Isles, but ia

appavently most comuon dn Englands move common in Irelend then in
Scotland, and in Scotland moye comuon on the weet then on the capt
coast," e tabulated the number of oanes adultted to the London
Pever Hospitel and fo Glesgow and Edinburgh Infirmeries fvom the first
year in sach place that it wes distinguished from typhus in the records
vntil 1870, and showed that there was little decrease in incidence in
that time. Thego figures, shown in Table I,’nm doubt reflect only

a small and varisble proportion of the sctual incidence. He also

pointed/
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CASES OF ENTERIC FEVER ADMITTED T0 THE LONDON FEVER HOSPITAL

GLASGOV ROYAL LNFIAMARY AND EDINBURGH ROYAL LHE!BMARY
£noM THE TIME THEY WERE FIRST RECORDED UNTIL 1870

EAR r Lemgan lE‘;LASGQ,}? ’gm;gguarm
FEVER HOosPITAL | ROYAL INFIRMARY § ROYAL INF{IRMARY

1847 7 127

{848 |52 : 7

1849 158 ?

850 137

1 854 234 44

1852 140 154

853 212 45

18454 228 92

1855 el 145

1856 149 , 163

1857 2t4 157

1858 180 17

1859 176 87

1860 95 o1 41

1861 164 ' 36 35

1862 220 79 79

1863 174 56 67

1864 253 40 140

1865 523 89 « 67

1866 582 68 69

1867 380 99 120

1868 459 224 104

1869 369 i 31 79

1870 595 105 69
TOTAL* 5 988 d 002 880

Source: MurcHison, C, (1875) "A TEFAZ%&%R?¥ATI, 9}12 Yo FEVERS OF
womoIN THES ANn THE SUBBEQUENT FOUR YEARS, THE A M §SIONS INTO
THE CITY GLASGEV FEVER HOSPITAL ARE INCLUDED WITH THOSE

INTO THE {DYM,. NFIRMARY,



L2 g 2 :’5 .

pointed out that typhoid couvld still be epidemic in areas where 1t
had besn unknown for yeors, and he added that "these opldenics ave
Local and civeumserdibed.  Sometimes thoy are confined o a singlo
house or village" ~ a ¢lear indication that they were cavsed by

PAEYLETY .

With the Improvement in sonitation and waber supplies
which followed the Public Health Act of 1875, there was a marked
fall in the incidence and nmortality of typhoid fever, as evidenced
by the annuel death retes for Scotland end for Bugland & Wales
showvn in Teble 2, This decroase conbinued, until thexe were no
deaths in 1950, Table 3 shows tbe Lfive~year average incidence in
Scotland gince 1900. I{ is Interesting to note that there were
three marked decroases in incidence; +the first, between 4905 and
1910, when the carvier state became recognised, and the other two
during and after both World Wars. It sesms reasonable to think
that the lest two were due to the large number of immunised oxe

sservicenen in the community.

After 1920 any occurvence of typhold fever where mors than
one cese was notificd was called an outbreaks; that is, typhoid fever
is no longer consldered endemio in any arca of Britain, It is still,
however, e comnon diseese in many arveocs of the worldy particularly in

the/



TABLE 2

ANNUAL DEATH-RATES FROM TYPHOID PER 100,000 POPULATION

1870 = 1950

L AR S AL GO MR Y

YEAR ﬁEATHIRA?HS PER EGB,GQG POFULATION
- EnsLAND &AWALES f¢ Sceraémm
1870 38,8 35,9
1880 26,1 | 35,8
1890 (7,9 193
1900 17,6 14,4
1910 4,2 5.9
1920 1.4 2.2
19350 0,8 0.5
1940 0,3 0,3
1950 0,0 0.0
1960 0,0 0,0




TABLE 3

L e Y s T

FIVE=YEAR AVERAGE INCIDENCE OF TYPHOID FEVER IN SCOTLAND

5=YR,PERIOD | AVERAGE NO, OF CAses Ioo,OgngoissarloN
1900 = 04 3,967 89,2
1905 = 09 2,507 52,7
1910 = 14 469 30.9
1915 » |9 e o
1920 « 24 6l 12,5
1925 » 29 459 2.4
1930 « 34 448 9.3
1935 « 39 401 1.6
1940 = 44 106 2.1
1945 w 49 47 0,9
1950 = 54 17 0,5
1955 - 59 {7 0.3
1960 = 64 82 1.6
* AGGURATE FIGURES NOT AVAILABLE,
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the highly populated developing areas of &frica, Asisy South

Amerien and the Far Bast, The actual incidence iz difficult to
assess correctly, becsuse of poor motiflcabtion in many of these
areas, as 1s shown by the unbelievably few notificd cases in Africa
and Asia din 1962 (Teble 4)e Tor exsmple, the high incidence and
particularly the desthevale which is wecorded foir the continent of
Americe 1p a coubination of the enmormous ineidence in Soulth Americe
and accurete reporting ia Norxth Americay as mey be seen from the
selected breakdown of incldence shown in Table 5,  This teble shows
the two countries in each gontinent which have the highest and the
lowest incidence respectively., These figures also indicate that the
high incidence in endemic areas dees not glve rise to natural lmmunity

sinee the mortality is corrvespondingly high.

1t used to be said that the incidence of btyphold fever was

highest duving end after the dry scason. While thies mey still be true
in areas with poor sonlisbiony in Britein at leest an epidemic mey occur
at ony time if any comestible becomes infected. Theve have been
seversl major outbresks in Britain in the last thivby years - one
nilk~borne {Bournemoubhs 1936) one weber~borne (Croydons 1937) and one
from ice-cream (Abexystuyihy 1946). The source of anobther oubbrealk in
n hospitel (Osweslry, 1948) was uncertain at- the bime that it occurred.
There have, however, been several outbreaks in the last ten years, now

xnown/
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WORLD INCHIDENGE OF TYPHOID FEVER AND DEATH RATES

pEr 100,000 PoruLATION - 1962

! | Y]
NuUMBER T CASES PER ‘ DEATHS PER
couNTRY oF 100,000 100,000
CASES POPULATION | POPULATION
AFRICA 35,545 l 19 0,03
AWMERICA 44,929 11,00 0,56
ASTA 40,420 2.41 0.04
EUROPE 40,270 9,45 0,04
OGEANTA 407 2.47 6,0t

SOURCE: WOoRLD HEALTH ORGANIZATION,
EPIDEMIOLOGICAL & VITAL STATISTICS
REFORT, 1962,
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JABLED

INCIDENCE OF TYPHOID FEVER IN SELECTED COUNTRIES

AND DEATH RATES PER 100,000 POPULATION -~ [962

' NUMBER OF CASES PER | DEATHS PER
COUNTRY . 100,000 100,000

CASES POPULATION ¢ POPULATION
ﬁFRJCA w JaAaRe 18,682 (P) 68,4 () +
NIGERIA 788 (P) 2.2 (P) 0,1
AS1A - JORDAN 649 3746 1.0
JAPAN 310 l,0 0,0
AMERICA = CHILE 5,688 46,1 2,9
UeS.A. 608 0.3 0.0
OCEANIA = TonGa 259 392,4 3.0
AUBTRALIA 38 0.4 +
BUROPE -~ lTaLY 16,759 33,5 +
NORWAY 2 0.1 -

EnNGLAND & -

UALES 130 0.3 0,0
N | RELAND 2 0.1 “
EVRE 20 0.7 0.0
SCOTLAND 13 0,3 -

SOURCE:s YoRrLD HEALTH ORGANIZATION, EPIDEMIOLOG ICAL
AND VITAL STATISTICS Report, 1964, 17, 430,

(P) =

INCLUDES PARATYPHOID

+ = DATA NOT YET AVAILABLE =

» = NIL OR MAGNITUDE MNEGLIGIBLE,
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kanowa to have been caused by infected cens of meat (Pickering.
1954y South Shields, Harlow and Bedford 1963, and Aberdeen 1964.)

end 1t is now presumed that this was also the source of the outbieek
at Oswestry. These cans are believed to have besn Infected when
unehlorineted wabter was used duyring the provess of cooling, Thus
modern techniques have brought with them new problems of public

herlth and epidemiologys
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(C) 7THE MISTORY OF 9YPHOLID IRVER IN ABERDEEN

Bven before the menner of s}gmgd of disesse wes proporiy
nnderstood, Absrdemn led the field In Seotland in spplying isclation
and quarantine restrietions. Gibbets were sometimes used as early
as the 15th contury to enforde thcmé measures, end Aberdeen
suffered far less from plague then did other titieos and larvge towns

in Scotland {Ferguson, 1950)s

In the firsbt balf of the ninebeenth century "fever" wos o
deadly dlsease in Scoltlends The Livst Reglstrer-tenevel's deteiled
amwal report, published in 1861, gave an snalysis of causes of death
in 18553 in this he found that the zymotic diseases were the chiel

cause of death, typhus fover beling the mest prevelont of this group.

There were three severe ouitbresks of "fever" in Britaln in
the nineteenth centuyy before 1840, oand these affectod Aberdeen uo
less thon eloewhere. The worst of these was from 1835 to 1839,

The muber of pases treated in hospital in Abexfleen in these five
years is shown in Teble 6, and this wes no doubt only o smell pavh
of the eotual incidence. It 1s probable thet in Aberdeon, as wan

observed by Perry In Rdinbunrgh and Lombard In Dublin most of these

cases/
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CABES OF "FeviER" ADMITTED T0 HOSPITAL

ABERDEEN, 1835 o 39

YEAR NUMBER OF CAGES | NUMBER OF DEAVHS

1835 616 24

18358 684 42

1837 1,307 16

1838 1,272 44

1839 I,508 65
SOURCEs FenausoN, T. (1958) "sScorrisn

SOCIAL WekFARE 1884e10)4an
EDINBURGH & LONDON




casos were typhus, but o few were typhoid fevore

Drainage = Until the 1860's the general public regarded
fover as an act of Gody to be accepbed with resignation, but there
then bogan a veformetion in sanitetion and hygiene throughoud
Seotland, and 1867 bx'ougmfz the Pirst Public Health (Seotland) Ao,

o summation of Public Hoslth and Sanitory Acts elready oxisting in

i

Englond & Valoss Waker supplies in Abewxdesn had been extended and
roplenned in 1866, and from 1867 onwards a larger end more thorough
sygtem of draingge was adepheds In 1869 Colonel Heoxy Nrskine made
a gonbraet with the Town Council to esbablish the firet "sewage Lfarm"
in the North~Bast by utilising part of the Cify's sewage. ‘he naxt
fou yeawrs saw furdher exbtension to waber supplies and ventilation of
the sowers, and in 1879 Aberdeen's Sanitary Depavtment becama a
sepavate eatltys One of ive fiwst actions was to institute in 1880
a system of dally cloansing, and bto abolish ashepits and privies;

in this it wag ten years ahead of Glasgow and Dundoe,

In 1895 four large sewage farms were brought into operation
in the Deeside aren of Aberdeenshire, thus greatly decreasing the
pollubion of Aberdeen's waber supplys which came from that area. Two
further sewage farms were completed in 1906 and by 1912 most of the
large houses on Deeslde slso hed new drainoge laid bo prevent crude

sowase from flowing into the River Dee.

PUBLIC/
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(1) PUBLIC HEALOH

The veporbing of infectlous discases wes initisted in
1881, In 1882 the Medleal O0fficeor of Health of Aberdesn, Dr. W.H,
Simpson, in & peper read to the Aberdeen Philosophical Sosiety,
sumnayised the heelth of Aberdeen in the previous twenty«five years,
He sald "good dreinage hes had o most wonderful effeot, especially
on two diseancess vize Typhoid fever and Phthisiss 1in one case by
preventing conbaminetion of the soily in the other by drying the
goil®, mnd be observed thalt most citles in Britein end in Rurcpe had
roooched the same conclusion. Certainly the number of deaths from
the fevers in Aberdeen during 1870-81 wos 582, as opposed to 1,277
in the pregeding twelve yoars = "a great and steedy decline”

(Simpeon).

With esch succeasive epldemic in the 19th century, more
heds vere added to Aboerdesn Royol Infirmory, first opened jn 4742,
and. in 1844, o faver house wan establiched; but this wos not nearly
enough, and in 1875 & specleal hosgpital for infectlous discoses was
built, This same hospital coped with the majordty of typhold

patients in the 196k outbrenk.

Thuapy in the latter holf of the 19th century, steady
progress was made towards o cohesive Public Health and hospital
systeme Thore had been an "Officer of Health" in Aberdeen since
1862, but in 1884 this was combined with the posts of Police Surgeon,

Feveyr Hogpitel Superintendent and other part-~time appointments undewr

the/
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the title of Medical 0fficer of Health., In 4896 {the Medigel OFficer
of Health of Aberdeen County, Dr. J. Po Wolbh; proposed o cenbral
baoteriology service fov the use of both Loecal Authorities and
madical prectitioners in the sreas  The proposel wes adopted, and
the scheme {lourished and served 2ll of the Noxth~Bast of Scotlaand -

until the dntroduetion of Reglonal Hospitel Board Aress in 948,

(41) THE INCIDENCE OF TYPHOTD FEVER IN ABERDEEN IN THE 20th CRNIURY

The incldence of Yyphold fever In the Glty of Aberdesn, oo
in other aress of Britalny fell remarlebly in the early yeaers of the

20Lh century, as oan be geen inm Figures 4 () ond 1 (b).

At the turn of the century the incidence in the City was
raelatively highs fLrom 18081 90:% inclusive the annusl average was
7 casens There was o oolnoidentel rise in cases in Deeside ot
the beginnlng of this perliod, due to infected millk al Aboyne, and
ne doubt theve wes some pollutien of the city water supply despite
the lrrigation forms., Many cases in varlous parts of Aberdeen
vere due to infgoted milk supplies, but the Medicsl Orficer of Health
also noted that, 0f 145 cases notified hetween November 1900 and
iareh 1901, pone could dafinitely be traced to sither milk or waber,
and that the incldeonce was evedly spraad over thoese months, Lub
oocurred dn only & few dlatyiclts of Aberdesn. (M.0.He Ropowty1901).

Unfortunsbely/



REPORTED INCIDENCE OF TYPHOID FEVER IN THE CITY AND

COUNTY OF ABERDEEN 1400 - 1864
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Incidence from 1900 - 1920 icludes Paratyphoid.
250 o

Cenuty incitlenee in 1964 ncludes cases from neighbourlag counties.
240
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Pige 12 « Reported incidense of Typhoid Fever
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REPORTED DEATH RATE FROM TYPHOID FEVER IN THE CITY AND

22 COUNTY OF ABERDEEN 1900- 1964
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Unfortunately he ativibuted this to "heightened susceptibility in
the presence of infeching cases’, and not. as would no doubt have
been correct, o the production of many carriers in the previous

Two yearse

There wese three opidemics in Aberdeen City in the Lired
hall of the century which are worthy of mentions The firgt, in
1912, was prosumed to bo mill~borne, although the Nedical (fflcexn
of Health made & good cese form o wabtex-borne infection due to o
drain bursting into the Aiver Dee somo miles from Aberdecn (Hays1912)e
Inventigations of the filvst ceses suggested thaly a creamncyry which
had supplied several milk dealers might bo the common source, end
three doys efter the begimnlag of the outbreak this creomery
wadervook to aterilise 2ll millt ilasuveds Furthor enquiry led to one
perticular Paxm which supplied the oreamery and anothey delwy; tho
faymer's mother had had typhold fifty years previously, bub after one
negative stool specimen at this time she refused further examination,
Thon 1% was discovered thet a probable case of typhold fevery, who had
not had faeces specimens examined, had been in Aboyne Hospitel,
Deoside, foxr two months before the heglaning of the outbresk, One
month befowve the outhresk a dvain between the hospltal and the sewegoe
fam had bursty and sewage from the hospiltal had overspilled into the
River Des at o point nine miles sbove tho aity woter resservolr. A

Lengthy/
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SOME COMPARISONS BETWEEN OUTBREAKS OF TYPHOID FEVER

i 1935 anp 1964

e

FACTORS COMPARED | 935 §964

) AT AR .
NUMBER OF PATIENTS PER HOUSEHOLD 2.2 1.5
PERCENTAGE OF SECONDARY CASES 28,0 0.0
RELAPSE RATE 20,5 18,3
MORTAL ITY RATE 17,1 0,6
MEAN DURATION OF STAY IN HOSPITAL 50,0 58,6
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lengihy apromond Polloucd betwoon tho ¥edical 0ffloors of Health
of Abevdeon City and Counbty as to whether Lt was a milk-boime
cutbreals from tho fernor? o mother dn Abordeon o o wator-bhorne
outbrosle from thoe pabtient in sboyno. Naithor sourdo wes ever
provad, bull the consonous of opinion was that tho oubhveak ves

mil-horne.  The Paob thaet mont patients wore aged % - 25 yoars

wordd tond bo suppert this view

4 totel of 101 cases wes involved, of vhom 97 were
hogpitaiiocd, The mortelily wes 10 cogos, It is inborosting 4o
note that thore wes o anall conourrvent outhbrozk of parotyphold
fover, toballing 13 cesagy 2 petionte suifered from both
dimeasos with a shoirt dntorvel bolucen., Hovoral typhold coses wora
treated with btyphoid vacsine, which appoared to roduce tha

temperature and shorten the fobrlle illnens.

A second lavge oubbreak ocourved in 1918 vhen o dalry
farmerts wifo osuscdl g milk~-borno outbreak affcobing 97 persons, of
whom 1 died (i), AL those cases were edunitbted to hosnitel,

whoro bhaoberiologionl examination showed in aboul halfl of

then o mixed infection with 8, byphosus and B paretrphosus B,  Tho

Pexpont & wifo wes renoved to hoaspiteld In the CLfth wveolt of the
outhrenls, but a furthor 30 capes ocowrred. Duilng this outbroak
prophylactle inoounlation of 72 contacts in infected houscholds was

porformed/



porformed, and none of them devodoped typhold fover. Hovovor,
nono OF than wosaposed to infocblon aftor bolng Immunised, end
thely froedom feon Lllness shonldd not negesserily bo atteibuted

to thoe effoot of the vacoine,

The thind ouibireak of typhold fover bto ho monbionod otourred
in 1935 whon there were 39 cason, of wbon 6 died. he
aovrce of Infection wes 2 spell shop vbove o women 'had boon 131
for soveral weckss 28 of the patientn had salon coolkod
tripe or "pobled head? bouveht from thore, Whon tho monbers of
this houachold uowe testeld as conbacts, the womant's brother wag
found Lo be oxoreting 2, typhd dn focoen and weine, Ho had a history
off guatitio Lrovble during the provious sovon yoois, and vwes romoved
o hoopitald Lo obsorvation and btreatmont am a possiblo chronio
coxvice, Howeovor, four days loler ho developed povers typhold foven
and died on the Oet day of Lllnoss, 16 is probeble that the
positive specimens woro obtelned during the inoubation poriod,
rathor than that he wep o obwonlo typhold caviier, This oubbreak was
wold documented by D D. Bell (1937) ond some intoresting comparisons
mey bo mede with tho 196k ontbroak, It was one of the firet cutbrooks
Imown o be dus o infouted oold cooked meots and tho gquentity of food
i tielly infeobod wos ypreobably muoch more then the six pounds o
gorncd bhoof incelninetod in the 19064 cutbreak, Yob modern sales

teohndquos/
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tochniquos of supormeriabs end plicing-nochines vesulied in 469
proved gases in 1964, as opposed bto 39 in 1935,  Other compavisons
ave showm in Tablo 7.

There wvore I foocal garviors dolected ap a reauli of
The outibwonk, 2 of vhon weve cueed by choleoyastoctony, The third
carkier vop the woman uwho fivat boecame 111, and sho was alwo a
urineyy coryvier; urine s;poce:imené vemained positive aftor dholosyoteotony
and she dled following naphwoabony,

purdng this outbrosk Di. Le Boll conducbed o controllod
treiel of Ydster Iinmbituto antiitypohold seivm in the troatment of byphold
fovar, Thore was goest dntorest ot fhat dime in ovelving o gorum
sultable for treosting byphold snd Pollx, anong a'&héx's , hod reported

A

promising rosults with fthe Ligtor Institubo serun, whioh oontained '0f
and Vi entibodies (Polix 1939)., However, Dw. Dell, with 19
gasos and 20 contwols, foumd it to be of ae value in redusing
fevor and dndood to Do at btlwos dangerous waon glvon intravonously,
ns wag rocomumonded by the memafecturers (Boll 1937). |

weom 19355 wabil 1964 the City of Aberdeen wag remnyhably
ree feen typhoid fover,  No ceges aand no carvelors woro nobified in
Aberdoon botueon 1993 and 1964, alithovgl theve were sone aoses in btho
supPounding diotelots,

(112)/
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(13d) TG THCIDENCE O TYPIOID TUVIR TN ABBKDFEN COUNTY

Aberdeoon being the foocal point of, and the mein shopping
centire fors the Norith-~BEast of Scobtlend, it s adwviseble Lo consider slso
the incidence of typhoid fever in the counties of Aherdeen and Kincardine.
At the turn of the contury there were frequent sporadic outbreaks in both
countien, end typhold fever appearad Lo be endemic in a number of fawmes

Forguson (1958) attributed this to the periodic emptying of the ferm middon.

In 1907 in Poterhead there occurred o proionged and widespreoad.
outbraak involving 4235 cases over a period of four months, the largest
recorded epidemic of typhoid fever in the North~East before 1964. Such
was ibLs exbent thot the immediate conclusion reached was that it was
water-bomey ospeclolly since several of the town wells end burns were found
to be highly polluted with fascal contaminant®, although no typhoid bacilli
were founid, Furtheor investigetions revealed, however, bthat the same
milkman supplied 87% of the cases who took 11l in the first two woeks, and
it was finally esteblished that the nource was the mother of a moid=servant
at the milkmen's farms The givd had pursed her family during an undiagnosed
illness six months previously, ond elthough herxself never 1ll, had transported
the germ back to the form. Two weeks later the mother was found o have
Bebyohi in her urine, although not in her stools w probably the first uvinery

carrvior identified in Scotlend. (Hay 1908).

The Medical Ofiicer of Health of Aberdeen City, Dr, Matthew Hay,

compared/



CITY OF &AnerbEry CBURTIES LBERBIEN  AND HINCARDIRE
YEAR | . ] *
HeOF | PHAGE o oo on oo RO O0F - oz
BEBEAEAESR - fE S a7
cases | Teee i 7 iR KES
i935 35 HOB0S LEE OUTEREAK -
1936 - 1 | Hean Tusrur Cuite, {(GRANEOTHER KHOWK CARRIER)
1 OLBUTLBRuR BECAME A CARaIZR {sSEE CiTy §945)
1937 4 UEMBERS OF CYCLING CLub witH 5 uEMDERS ] I HYEAERIE ADULT WALE,
ONE SIED, ] SELLAVALRD ADULT BALE,
1938 - -
1939 H L.2 § Gimy, BriocE oF DEe & OLD DEER CAarIZS FRom 15192,
: iz FETERESAR € DIED: CARRIER SUSPECTED, ROT PHOVEN,
! OELLAVAIRD ADULT uALE (DIED), SOURTEISANE ¥CHAN WHO
CAUSED CASE &H 1337; sue saAp #AD TydMOD
40 vEARS PREVIGUSLY iR JEvon,
H HL.OUELDRUY BROTHER=INaLAY OF CASE IN {3365 cannizh
wAS THE movHER {TyprotD 1517}, w0 THER
BECAME NESATIVE ir 1949,
{1940 - t FRASERBURGH TIED
1944 - t STRATHOON ADULT FOHALS,PREVIOQUSLY HAD TYPHOID IR
Russia 1916, Pus FAOR BONE ABSCESS
GRE® 3,TYPH1, {I4PERFECY Yi)
$542 - 3 BAUD A YEHBERS OF Ong FARILY {ONE 0I1ED)
§ BALLATER & ADULT MALE FRoM ARNY CAMP
1943 - -
§044 2 Eql CHILD WHC HAD SEEH GAMPERG AT TARLAND L FRASERBURGR E CuiLD ASED & (AT LIGHTHOUSE}
1948 ] 2 CHILD, CRANDDAUGHTER OF DLONELGRSE -
PATIENT {sEC 1936}
2 + LLULY WALSS, MOME FRACHE ARROADS ONE DIED,
{546 i £ | aouLT marg f IKVERURIE Eod | ACULT WALE
§1947 6 & ADULT FEMALES i ROvAL HSuTAL HOSPITAL ~
ONE GIED, SOURCES A PATIENT BED BAS
] UNTYEE-1, o ARALEY QLEARS wwmmwnw%wm.o FRoM HOLLAND
[ 548 § g in GABTHDEES APPEHDICECTONY PERFORUELD, 3 FODEOOTE, £t i GERSATRIC LUNIT; CAUSE:CARRIER FROM
STONEHAYER, ixscH, AGED §4, ¥ny DIED, OHE CASE
BECAUI A CARRIER AND OIED IE AN ISCLATO
uniT in 1952,
4 FRASERCURGH A SOURCE: CARRIER ¥HS HAD TYPHDOID IN GLassow
i 19§58, SBE DISD LATER,




CITY GF ABERDEENM

1949 Elt i& ROYAL HENTAL HOSPITALIONE WAS A&
CARREER AND THE OTHER BECAME SO3
ARE STILL IN AN ISGLATION UNIT,
§950 ot iN GARTHDEE = CritD
, E.t In ST, CLEMENTS = AGULT FEMALE
1951
§952 ADULT MALE = SOURCE UNKNIWNjUHTYPEABLE
1953 o | CHILD » CENTRAL ABERQES:
§954 HEAR E CHILDBEN WHOSE GRARDUOTHER HAD TYPHOED N
ABERDEEN INCIA 30 YEARS PRE¥IOUSLY, SHE BECAME
NEGATIVE in 1955,
$955
1956 ADULT MALE HOMC FROM HOLIDAY IN
[RELAND; UNTYPEABLE,
1957 PETERHEAD Fol GIRL,
1958 ETERBEADR Ful ADULT FERALE, GRANDMOTHIR OF 1957 GASE
tn PETERHEAD (DiED),
§95¢
§960 PETERHZAD Foil ADULT FEMALES;FRIENDS OF [957 CASE, ,ONE
STILL CARRIER IN 1961, i
1961
1952

fo63
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gompaved this oulbreslk in Poborhicad with the ono in the ity in 1912
1 5 Py

ne & and,
poinbed oub that, slthough bobh starbed with the sane mumbor of ceses
‘i;}:l{‘:’ "" REY

ksl
dwat bwo woeks, lack of isolation feciliiles in Folerhead had been

lavgoly woapoppivie for the enowvmous difforonce in tho extent of tho {wo
oubbrocks, (Hay 1912).

Dite o ,P, Yalbh, fHodianl Offlcor of Bealth Pop Abordeon Counby at

thod tino, was conoerned aboubt the problen of typhold carviors, and in
1918 ho wrobte to 2ll ¥Fedical O98iocry of

03

Lran
ke

wilcng Lov inform

108
W,
Bl

Headth in Doglond and gcotlond,
on abouh known ¢aryiers bebweon 1908 and 1948,
wore surprisingly fow in Scotlands

hepe

ho bimsoldl ned discovored 20 in
Ahexdecnshire duwring thls period, but only 11 more wore on recond in tho
wogt of 3 pe theso 11, b w wenifolire, whore Hr,
A. Ledinghon, Mediosl Offleor of Heelth, wes also koown Lor hig great
Lotorest in bypholio carplors,

angrloand end Walos, oxoluding

The Pipgoros winich Dy. Woblt rvesived {av
London, showed a fell fran 5,342 in 1900

to 1,465 in 1916, {'Ii?akan ferom bhe pocosdn off 5
Departnont) «

S Ak

bordoen Gowmiy Health
Tho lav

avie

off 25

gogt outhreak dn tho county of aAbomdeen after 1907 wag one

cages in 1920, vhen 2 more corviors wovo Mopntified,

in
1929 thove was an oubbroak of 17 ceses in an outlying avea, whon Onco
again o covvicr wank Pound.

Ag can ho sesn from Mguro 1 (a), cusos apard
from thoge outbrecks wore sporadic.

negpiteo the much-used reoad and rell compundcontions betwoon Abordeen
ond/
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and ibs survounding districts, There has been Little comnection
between the towvm and countyy incidence of typholid fever in the last
thirty years. The incidence of {4yphoid in Aberdeen, Kincardincshiye
ond Aberdecushire since 1935 is detalled in Tablae 9. The informabion
is derlved from records at the Reglonal Laboratoxy, City Hospitel,
Aberdeen, The most recent cosss, namely those lu Peterhead since
1957, ore all sppavently connected. Unfortunately the woman who
became 111 in 1958 died before it was possible to ascertain whether
she was & caraxier from the 1939 cutbreak andy, since tho latier outhreak
Just preceded the discovery of 'phage-typing, no connection could be
esteblished by that mothods The one patient who was still & carriew
in 1964 has not been tested since, but no more cases have been

reporved from Peterhead.

At the present time there are only two knowmn carvlers in
the North~Fast of Scotland other thon those ariasiang Lrowm the outbreak
in 1964,  (Medical Officers of Jeallh, 1965)s One i5 & womaen who
had typhoid fever in Russia morve than twenby yoars ago. In 1967 a
wonan £yom England who had been visiting this person developed typhodid
fever, 'phage-type N, and a specimen of stool from the Russian yielded
Sebyphi of the same 'phege Lypes end she ls still known to be excroting
bacilli. The other is a nan who vrecently came to this aven, and who
hos been e known corrier of S.Lyphl 'phege type T for some btwenty years.
He was discovored when he infected his sony, but although still axcrotbing

bacilli/



bacilll has nol glven rise to any further koown cages ol typhold

favers

Thiss then, was the kuown position as regerds typhold
Pever and typhoid cerriers in Aberdeen and suxrounding distyict

garly in 1964
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(D) THE PATHOGRENESIS OF TYPHOID TEVER

(1) TEE ROURE OF SPREAD OF INEECTION

Bearedka in 1927 sald, "no mabtter what the portal of
entry of the virus may be -~ whether oral, intramuscular, intravenous,
of aubconjunctival = the organ that enters in reaction with it is

always the sames The wirus invariably travels towerds the intestine'.

Typhoid fevers like all Salmonells infections, is acquired
netorally by the ingestion of the crganisin, although it has been
nroducad axpa:r'imentally by the subconjunotival route (Sedan ond
Hormovm, 4924). Neter (1950) found Salmonellae in the nascpharynx
and throat of two infecied ch:i.ldre_n, but his suggestion that such
infeotions could be airboime has wreceived no supports Von Drigelskil
{1904) found that 40% of cases in one outbreck had faueisl inflammation
and he culitured Hetyphi fron the tonsils of many of these cases, hub
it ds generally believed that the maejority of bacilll enter the host

via the intestinal lymphatics (Wilson and Milesy 1965),

Orskov ond his coeworkers (1928=-1932) did a great deal of
experimental, work to ascervain the exsct route of spread of infestion
from the intestine, This vas swamarised by ledsen in 1937, who
presented it clearly in diagrammatic formy as shown in Figures 3(a) and

3(b)o/
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2(b)e

In the experiments of Orskov and his co-workers, & number
of mice were fed with Gaertner bacilli at the same time and killed
at inter¥als, in order to determine the mode of spread of infection
From the time of ingestion to the time of excretion. The results
showed thet the first sites of bacteria oubtside the ‘intestinal
canal were simzltaneously the submoxillexy and mesenterdic lymph
gﬁ].ands,' Thereafter it took two days in nice for the organisus 40
reach blood, liver or spleen,. This primary bacteraemio was shortw
slived, ladsen stated that "only relatively few .baoteria'enter the
blood stream in the early phase of the bacteraemia and they ave
quickly removed from the blood by the fixed phagocytes, especlally
in the liver and spleen, to a lesser degree in the pexipheral lymph
glands", The experiments showed thet the bacterie multiplied
within these orgens and af'ter several days were also found in the

blood stream, this time in large numbers..

Turther experiments with mice feod with B, goartryeke showed

thet o few bacteria were Tound in the inteatine in the firvst twentyw
sfour hours after infeotion, none from the third to sixth days, ‘and
increasing nunbers thereafters The upper sections of the intestine

were invariably the first to become infected. These experiments

wore/
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were reopeated with other bacilli, inoluding 3. typhl, and the
findings wers the same., Nadsen stabed that "1t seems reasonable
to think that the bile passages pley on e ssential role in the
secondary appearance of thé microbes in the intestine, even when

the infection takes place by way of the mouth".

The consensus of opinion to~day is that thig is indeed
the mechenlsm of spread of infection within the body of the host,
that is.ﬁhaﬁ typhold fever is primarily a bectercemia. I'rom the
blood the boeteria spread to other organs, then reburn to the blood
stream and thence to the gut via the billery systems It is thought
that the incubation period corresponds to the phase preceding the
secondary inwasion of the blood streom and intestine from the sites
of proliferation in liver, spleen and Iymphatic glends. (Wilson

and Miles, 1965).

Orskov also noted that with all bacteria there were some
cases whore infection dld not spreed beyond the regional lymph glends,
Hadsen's theory was that there is a blockade at these glands; 3if it
ig overcome the infeotion passes to the blood stream to become
generalisedy but if the blockade is permanent then the infection
vemaing localised. He was uncertain as to the nature of the blockade,
but regarded it as part of the natural defence mechonism, It is now
believed that this is so, and that the Liret stage of the fight sgainast

infection/




i

Blood
Stream

ARSA L Lty MY
M\

PRI R
////// WAV L LAYy NIRRT \

AN gt anae

|l

N
D
N
N
)
N
N
g
-~
N
N
-
)
-
)
-
-
~
~—
-
-
-
-
—
oy

°

-] i o

- M - — .m [:H]

& omlim o
. ") rfffrfad’//ﬂ!if!‘!"i’iﬂ!dltﬁf!ﬂ!’!‘!—il!iﬁiﬂl WERLILILRATLRLEL M .m
- 4_ o
o b\ ¢ JUSUBULID > =
= X 10 Lrexod d \? 82
R K Zodwa,, apesorg | SEE
! g &) / R m )
£3 8 2
20 AL B D s VN A Y b Sl Y
@ A RRCR _.._...__._._._..._...,.,:.r ’//:f?__ XN u,zau;.” AW n,w”...

5 1 \ A Y At AN
TR N A A A R T TR R Y

19eL], 9A1Is881(g

cof invesion of

« route

the blood stream by bacteria,

Fige 3a « The roube of spread of {typhoid inflection
within a host
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Ilge 3b - The route of spread of typhoid infection
within a host - the subsequent re-~exoretion
of bavterio.
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infection takes place at the lympholid tissues nearest Lo the site
of" entry of bacteria, in & mancer which will be desecribed later,
The regionel lymph glands ave tho first mejor aggregation of
lymphoid tissue which bacteria encounter during their invasion of

the hoste

(41) THE ROLE OF ENDOTOXIN

It is thought that the symptoms of typholid fever are
produced by the release of endobtoxin from the bacteria, altlough
the evidence at present aveileble is largoely circunstantlal.
FPavorite and iorgan (1942) produced typical symptoms in man by the
intravenous injection of endobtoxin, and Morgen (1948) then showed
that tolerance to endotoxin could rapidly be induced by giving daily
injeotions of endotoxin, He also found that tolerance to endotoxin
was present during convalescence from byphoid fever and persisted
for variable periods up to sizx months from the time of infection
(Neva and Moxgan, 1950), The latteor finding was confirmed by
Greisman gk gl.(1963)s during their studies two patients,with
indueed typhold bacteraenie which was asymplomatic, did not develop
toleronce to endotoxin (Snyder gt al, 196h), which suggested that the
presence of aymptoms was esaential for the production of tolerance.
The gotion of endoboxin~producing symptons is, however, non-gpeocifio;

for czanple, the seme symptoms are produced by endotoxin to L. cold as
to B typhi.
(231)/
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(441) 0B NECHANTAM OF RESISTANGE T0 TINFECTION

In genewral terms the exvent of any infection in & host
depends on the balence of tho host~parasite welationship, If the
host 18 stronger, the organism will either be refused entyy or be
overcome inside the host and Ynomal" heslth restoreds I the
parasite is strongey, the host will be either bemporarily or

rermanently overwrun and illness or death ensue,

There are two main lines of defence agalnst infection

within & hosok,. These are:s

(1) the removol of bacteris from blood and tissuos by
colls which heve the power to ingest then,

Theus wlls are ¢ glled phagocytes leating cells")
(Metelnikofly 18687).

(2) the bacteriostatic ond bacteriocidal components

of hody flulds,
The moat importent of these hunorsl elements in
typhoid fever is the specifio antibody which is

produced in the presence of the becterial
entigens of 8, typhi. (Von Behring end Kitasato, 1890).

(1) There ave two main types of phagooytic cells The first of
these to teke part in resistance to infection is the mobile or
"wendeying" cell whioh moves to the initial site of infection in

the/
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(1) Contds

the tissues. These calls may be polymorphonuclear leucocytes

or large mononuclear leucocytbes, often celled "macrophages',. .[n
eddition to these mobile ¢ ¢lls, there are fixed phagocytic cells
which are found mainly in the ondothelium of the simusolds of various
orgens such as liver, spleen, hone-marrow and iymph nodes, These
cells constitute the reticulowendothelial system (Lschofi, 1924).
It hos oleo been showmn that other ¢ ells, for example centrilobular
liver cells s may act as phagoeytes iIf a large quantity of foreign

materiel is introduced into the body (Lison and Smilders; 1948),

When the boctordum is taken up by the phagooytic cell it
is tempororily devitalised (0litszl gt al, 1964). One of three things
mey ‘then happanse

(2) the bacterium is killed ond digested by the phagooyte
(b) it remains statie within the phagocyte
(e) it multiplies within the phegocybte after a period
of resty and mey oither overpower it ond be
released or remain within the cell until it
diec naturally and is broken up

Wilson (1953) demonstrated a fourth outcome, nemely that the phagooytes
nay @ject viable bacterla and themselves remain viable. Suter (1956)

in a veview of the phagecyte-~pothogen relationship desoribed it thusiw-

"The/
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YThe Anteraction betuoon phagoaytes and pathogens. ...
includes migration, phagooybosts and atbompls ab
intracellular digeation, Any deviation Dwom this
hasto nebiorn nust bo oxsdalined by tue peculisriiies
off the woathogen, the vhazoayte, or tho enviromment in
vt it the intoraction fakes place, Loavivosnenbal
influonces san be uon~gpeclilo or gpocilic, and affoecd
Cbhe viabillhy of thoe pathogen or ite ingestion., The
robilstanca of bhe oathogen fo the iotescellulow
enviroemrent detornines ite Lato alMber 44 hes Deon

wngestad

auber desoribed three verdsbions of phagecyte-nathogen

velationshiy vwhich dopand on which eavizomoent boe bastowiun prefora

VARG T
Thus, obligato o&Eraﬂceltfi.u}m' pabiogons oapnot survive intrecelivierdy
whoress obllgnte donbrocollolar vathopons oanmot SUIvVIVEe erbDg-

reellnlarly, o stated that bl vas o facdiative intracellula

\'n'rd rus oA

1.

ravosite, that is, 1t mey suevive or proliferato eivthor oxtra op

..

dintracelivlexly,  This was flest dononstrabed by Goudpaptvore in 1937,

vhon ke fouad typhold bacilli within plasma colls in intestinal Lyephoid

Gome of the facbors which indluence the phagooybe-puathogeh
rolationshin have besn Jescnstpated in labovatory onimals, 4 vizalont

pteain of I, lyohl wos shown To survive dnlracelluloerly within phagooytes

wuﬂrw.&;m‘.ﬂ'ﬁ

whore en avizdlend opgenien wes casily destroyed (01itzki el al. 1964)

PR

pakborgl
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Oakberg (1946) demonstrated penetic differevnces in the ability of
phagocybic cells to digest the orgenism. More recently in

Adeloidey South Australis, wo:ékem have shown in vive that macrophages
are heterogeneous in respect of their ability to kill basteris cnce
they are within the macrophage, and that this heterogeneity is due

to the presence of some inceompetent macrophagos (Jem;in, Rowley and
Augins, 1964)s Envirommontal differences, such as body temperabure,

hove been shown to affest phagooytosis (Belly 1949).

(2) Antibody is a speeific envirvommentol factor which affects the
phagooyte~pathogen relationsghip. The site of antibody production
depends on the route of Infecbiont in oral infection the lymph glands
of the intestine are the first site of antibody production, whoreas
the spleen, lungs and bone-marrow are the first plecoes where antibody
is rouvnd after inbtravenous infectlon (Doan, 1940). It is thought
that antibody is formed in tho plasme cells of lymphold tissue, the
bm toerdiel antigen being baken up by the cells from the tissue {Juid
(Cooms gt als 1955)e The prosence of bumoral antibodys whethex
produced by infection oo Ly dmmunisation, is largely rosponsible for
immunity to subsequent infection. Whon the baoterium .cﬂme.ﬁz in
contact with &znti.bm}y the latter agglubinates its own entlgen in the

bacterium, surface antigens belng the Lirst to be agglutinated.
tis ]

ss/
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A early as 1916 Rous and Jones showed thoat inbrascllular
organisms wore protectod Lrom the action of humoral antibody.
Jenldin and Rowley (1963) have further demonstrated in mouse
exporimeonts that the prescnce of humoral santibody increases not
only the rate of uptake of hacteria by phagooytic w:&.ls but elso
the obility of these cells to destyoy the basteria once the latter
hoave heen ingested. If both these i‘:ln&ingrs sve corraect, humoral
antibo&y miet act by sensitising the bacterds both Lo ingestion vad

to killing by the phagooybic cells,

Jenkin, Rowley and cosworkers heve also studied the theory
of s ellular as oppesed o humoral iwmunity. This idea was £irst
propounded by ILurde in 19423 when he obgerved that mononuclesr
phagocytes of lumumised onimals dnhibited 'bhelinultﬂ.plication of
bacteria in the sbsence of immune body fluids, Rowley, Turner and
Jenkin (1964) showed that impunity to infection with §,typhimaciun
in mice oould bo trensferred either with cells or with servm, and
suggesbed thet acquirzed cellulay lumunity to Infeetion is due to the
presence of cellebound antibody, If this concepl is coxreots, then
the measurement of dmmuwaity by serum eantibody assays ig in no woy'

a true indicetion of the lovel of immunity In the tissues.

Thig/
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This, then, is o brief outline of the state of our
present knowledge sbout typhoid fever. . Many probleme remain to
be solved with regeaxrd to the prophylaxis and treetment of typhoid
Lover, i the precise reactlion between host and pathogen iz notb
yet completoly wnderstoody nor the effoct of chemotherapy on this

1O8C Lo,

In the svbsoguent sectiona of' this thesisy an altempt

ie made to eluclidate some aspects of these problems.

i Ko e 10 0 B
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SECTION II

THE OUTBREAK OF TYPHOID FRVER

IN ABERDEEN IN 496k

PR

This section describes the epidemioclogy of the
outbreek of typhoid fever in Aberdeen in 4196). from the time
that the first case was adwitted to hospitale The control
of the admisslon of patients to hospital is discussed, and
the criteria for "clearance" are outlined. The typhold
patients are described with regard to their age, sex and
social background, and some clinical features and
complications are noteds In particular, the effest of the
gseverity of the initial infection on the subsequent course

of the disease is examined,
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As SOURCE OF DATA

The information on which the following account is
based is derived from two main sources: hospital records and
cpidemiological summary sheets designed for the outbreak.

Data from these were cross-checked and doubtful points were
¢larified by patients at the followsup clinies. Genexral
practitioners willingly provided any further information
required, Any Jdiscrepency bebtween date glven here and in the
Report of the Departmental Committes of Enquiry (1964) is due

to corrections made by patients at the later clinics.

HMathod of Vorking

'he Chi-Square test with Yates' correstion was used for
most caloulationd, which are to be found in the mppendiFas,
Bxpected numbers are shown in brackets.  Where numbers were too
small or were unsuitable for the chiwsquare test, the fourfold
table teat, using the hypergeometric distribution or a comparison

off proportions, was applied instead,

The t-best was used o measurce dlfferences hetween means.
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Significant levels of differences were lunbterpreted,

28 followgsw

P < 0,056 -~ "posslibly significant”
P < 0.0 ~ "glignificent"
P < 0,007 or leass -~ "highly" or "very significant".

Where the probability of the difference ccourring was
groater then 0405 (1 in 20), chance was taken to be the more

1ikely explenation and the difference was conaiderod "not significant".

Only caleulations which showed a significant difference
are included in the gppendixes, unless o non-significant

distribution was considered to be pertinent.

Be THE GAUBE OF THE OUIBREAK

On May 19th, 1964s an agglutination titre to Jetyphi 'H*
of 115120 was obtained from the serum of o student who was i1l in
Aberdeon Royal Infirmory. This was followed the next dey by the
isolation of . typhi from the blood of this and one other patient,

also a atudenty in the Infimmary and of two housewlves who were

patlents in the City Hespital, Aberdeen. By the evening of 22nd

Meay there were 13 confirmed and 5 probeble cases of {typhoid fever
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in hospitals from 5 households. As the mumber of admissions
inereased so 4id the dlspersion of cases until all aveas of the
oity were affected, DBotween 16th May and 31st Julys, 540
pationts were aéxﬁ.tted to hospitel suspected of haviag byphoid
fever and 4 further cases remained ot home, 0f these 540
patients, 37 dld not have typhold fever and e further 38 did not
have the diagnosis satisfactorily confimmed; %hat isy there were

469 proved cases of typhoid fevers

The outbreek was caused by S, typhi 'phage~type 32;.:.\
At the time of Hlie oubtbreak this strain was thought to have occurred
in Britain only once before, in a woman in Greenock in 1955 who ate
dulse sent to her from Northern Ireland.  Subsequently, howevery
Dry By Sy Anderson of the Central Enterle Reference Lahoratory at
Colindale rew~exeumined the orgenism which had coused e hospital
cutbresk at Oswestry in 19480 and discovered that thils was, in fact,
also 'phage~type 3.  The first positive isolation from all
patients in Aberdeen was sent to the Enteric Reforence lLaboratory
for *phage-typings ALl but 6 of these were §,‘ JLyphi ‘phage-type 3.
The remeining 6 were 'phage-type Ay which is the parent 'phage~type:

it is believed that Lhese 6 had reverted from 'phagewtype 3h. (Milne

Report, 1964.),
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In an sccount of the previous outbroak ot Oswestry in
1948, Felix and Anderson (1951) commented on several unusual
foaturess These were:
(1) a.high incidence of symptomless excrebors
and. "precocious carriers’,
(2) long incubation periods,
(3) a low case~fataliby waba,
(L) & low incidence of the chronle
coxpior state,
It will be shown laber thet there was o cortain similexity between

the incidence of fthepe Lentures in Oswestry and ia Aberdecn.

The ordiginel vehicle of inflection, namely a can of
corned=beel imported from South Awericas has been discussed at some
length in tho Report of the Departmental Commithoe of Enquiry (1964),
headed by Sir David Milnes A1l the avallable evidence, albeit
cizeumstantial, polinted to the infection of {the can during cooling
with unchlorvinated river-water in South America. It also indicated
that the infection was spread from one cold meat to ancther by the
maching which was used to slice all cold meats sold in {the shop
concerned, As o rosult of this Reporty food-hygiene regulations

wora rewoxamined and food-conning prosesses were carefully studied.
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A "eyphold patient" ls defined as one who contracted
typhoid fever in Aberdeen and hed at least part of his investigations
carried out theres. A further 8 persons contracted typhoid fever
while visiting Aberdeen but were treated elsewhere: 3% in Glasgow,

2 in Newcastley 2 in Dundee and 1 in Turonto. All were shown to

be infected by the same 'phage-type of S. typhie

Go THE DEVELOPMENT OF THE OUTBREAK

(1) Development in Time

The outbreal tovk the shape of a single woave, and there

were no proved secondary cases.

The £irst 30 patients gave & history of ecabing, amongst
other things, ocold meat from a supermavket in the West End of
Aberdeen Cityes The types of meat incriminated were various, but
17 of the 30 had eaten corned-beef’y the first date of buying being
the 6th of Mays. In ally, a history of eating £ood from the shop
wes given by 391 pabtlents covering a period of 18 days. The number
of patients known to have eaten infected food on each individusl day
is shown in Mgure L. Of the 391 patients showns 375 ate cold meat

and 18 ate frvite Tt is intervesting o note the increesse in sales
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of cold meat at each weekwend, These sales were higher then
usual since, unfortunately, there wos a cornad-beel sales drive
during the fivst week of infeetion! It is probable that, although
the organlsm was never igolated Lrom the shop, infection on
saleable goods would heve conbtiaued to spread the disease had not
the public stopped buying food there after 23rd May, Some of the
histories of oexposure obtalnsd ffom patients support the view thet
the infection wos disseminated throughouwt the shop. For example,
a ¢hild of A.jears was taken to the shop by hex mobther, who bought
no foods  The child, however, was repyinanded for licking the
hand=reil at a food countor, 'The child latexr developed typhoid
fovor, although no one else in the fanlly was effected and she had

no other contact with o calo.

The history of exposure to Infection of the 507 patients

ig shown in Table 9s

Those patients with a history of "Lamily contact" all
beoome ill at approximately the same time os the rest of their
households It isy thereforey assumed that the orgenism was passed
by mechanical transfer {rom the original sources and not via the
excreta of an infected onses Thus, these were not cases of

secondary sproad.




ABLE 9

e A

HISTORY OF EXPOSURE TO INFECTION
GIVEN py 507 PATIENTS

ATE FOOD FROM INFECTED SHOP ~ MEAT 373

~ Fruit 18
FAMILY CONTACT ONLY 32
NO KNOWN EXPOSURE TO INFEGTION 84

TOTAL: 507

LT er it




FREQUENCY OF CASES BY DATES OF ONSET AND HISTORY OF EXPOSURE

30

28 -
26 - [] Ate food from infected shop { 378 patients )
E No history of contact or of eating suspect food

24 4 (58 patients)
22 g . Family or close contact (20 patients )

20 =

18

16 -

Number of patients giving a history.

10 §
8 4
6-
4
2-
1M
LI L U A L B | LI LA L L L L L N L L L L
5 7 9 11 18 15 17 19 21 23 25 27 20 31 2 4 6 B 10 12 4 16 18 20 22 24

Date of onset of illness May 1964 June 1964

Pige 5 = I'requency of Cases by Dates of Onset and Histoxry of
Bxposures
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NUMBER OF PATIENTS ADMITTED TO HOSPITAL MAY - JULY 1964.

Cases confirmed 465 (]
Cases suspect 38 =
40 = Cases disproved 37 [ ]
540
E|
B
3 104
s 30
2
o
bt
= 2
g
=
o
ks
g 10
g
=
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Aolom o .
16 21 26 1 5 10 15 20 25 30 5 10 15 21 25 30
May June July 1964.

Figure T

The rate of Admission of Typhoid Patients
to hospitel during the outhreal,
distinguishing subsequent confiymation of
diagnonis,




In Figure 5, which relates history of source to date
of onset of illnessy, this dete is taken as the first on which any
symptom attribubteble to typhold was f'elt, but eéxoludes the short=
:1lived diarrhoea vhich occurred in 6 patients. very soon after

eating Infeoted foods.

The date of becoming i1l was debermined accurately in

456 patients,

(1) The Development in Spose

The fiyst cates admitbed to hospital ceme from widely
divergent aress ol Aberdeeny with &iffevent water and milk supplies,
At one point in the first few doys it appeared that the patients
wore sited along one of the five maln water supply routes, bub with
the inercase in cages 1t hoceme obvious thaet the mejority came fronm
the ares of Aberdeen survounding the incriminated supermerkeb.
This shop wes situated at the more prosperous end of the shopping
centye which was porved by all the main bus roubes, and cases
ceourred in all the suburbs of Abordeen. Figuve 6 shows the
digstribuiion of cases in the oity. Patlents came from 309 house-
tholda in the oity, that is, less than 0.6% of the 58,000 households
in Aberdecns, Aberdeon is still the main shopping cenbre for the

North~last of Scotland, and a further 42 cases came from 33 housew
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tholds in the surrounding dlstriots, some as far as 70 miles

from Aberdoens

Do THE ADMISSION OF PARTENTS 10 HOSPITAL

Tigure 7 shows the rate of admission of byphoid patients
t0o hospitaly distinguishing cases subsequently confimed., This

graph excludes the last patient, who was admitted on 31st July,

There were four other cases not adwitbed o hospital,
gl of whom were agymptomeblc and were tested s contaots. The
sora of three of then showed a significant rise in 8, Hyphi U
agglutination and the fourth cese had 8, typhd isolated from facces.
This Llest patient refused further examination for some time but was
later persuaded to cowoporate, when six weekly stool ond urine
spocimens were negotive, but she had S, typhi H serum agglutining

et 1:25 dllutione

(1) Cxlteris for admission to hospital

The £first patient was admdtbed to the Ciby Hospital,
Aberdeen on 16th Hay, 1964 with pyrexia of unknown origin. A% the

some time there were bwo studenbs in Aberdeen Royal Infirmary with




the some diagnosis who were subsequently confimoed as having
typholid fevers  In the next few days 2 patients were admitted
with suspected appendicitiss 3 with'sastro-enteritis" and 3 with
pyrexio of unknown origing all of whom later were found 4o have

typhold feover,

After tho £irst positive diagnosis on 20th Moy rumouw
of the outbyresak spread, and a further L5 cases wore aduitted to
hospital beforo official notificabion of the disease was given on
25th Ney by the Public Health Authorities. Thereafter thoe

admigsion rate rose rapldly.

Prospective hospitel patients werc exzamined and/or tested
at homey elther beconse they were 111 or as contaocts of a suspected
cases. Lt soom becane obvious thal some typhoid patients were
presenting with only o mild illness similar to "influenza'y and alseo
that thore wore many ex~servicemen who had had T.A.B. vacclae in the
rogte  chudy 0 admit patlents on the grounds of githor clinicel
picture gpr posibive serum agglutination tests without supportive
evidence might have led to porsons being admitted in ¢rror. In
order to avoid this, lhe general prectitioners wore glven certain
lines of guldance by the hospitel and laboratory steff for cases

where the Qlagnosis was not certaine These weretlw=
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(&) If the patient was exbtremely ill, immediate
edmisgion to hospital was indicated,

(b) If the patient wos not so i1l that & fow hours®
deloy would be bharmfful, it would be helpful
to have serum antibody assays pexformed before
admission, in an atbtempt to0 separaie proved
anl suspoct typhoid cases in hospitel.

(e¢) Tf the patient was only mildly i1l or was well
but hod a positive Widal reasction when fested
es o oonbacdt, It would be vealusble o know
whether or not he oy she had previously been
immonised. I theve had been no Immunisation,
admission wes indicateds In lmmunised cases 8
repeat Widal test wos Lo be done in & few days’
time ond the petient then admibted if o
significont rdse in serum antibody level had
oceurrodle

ALL admissions G0 hospitel were assayed thvough a
central offices ALl positive basteriolegical or serological
vesults were telephoned from that office to the genoral practitioner
concerned and to the appropriate Medical Officer of Healthe The
former dealt with the patient, eilther by ervanging his adwission or
by taking o further blood specimen in a few days'® timey while the

lattor dealt with the contacts of sach new cascs

On the basis of the sbove suggestions, +bthe following

oriterla Tor adnission as a ¢ase OFf typhoid fever were suggestedi

1+ Any combination of (a) suspicious sympboms
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(b) a history of exoosure Lo
infection

Lzt S 2 S

1s0s consumption of food. from
the susgpected shop or family
contact with a knowm case.

(o) & positive Widal's resction
v REAE

le0e any Gitre of merum
agglutination in an uninooulated
porson and a vise in titre of
morve than one tibe in a previously
inoculatad peraon,

It should be stoted heve theb, in view of the Ilncreasing pressure
on laboratory services, only an abbreviated teast of 5. typhi I

agglutination to a maximum of 4:400 dilution wes possible,

2o Loolatlon of the organism from gny specimen of blood,
fascen oxr urine.

Tsolation of 8. bypbd from any one specimen was considered
to be Alognostio of typhoid fever in that patient, Tn the initiel
oneslaught of odmlissions, however, e clear clinileal piobure of
typholdd combined with o dlagnostic level of seruwn egglutining in the
uplnoculated was taken as sufflcient proof of the disease ands while
a Pow of these poatients gove & positive lsolation of 8, iypbhi cither
on relapsc or during vonvelescence, some remainad only clinically

confirmeds A case was comnsidered o be confirmed clinically when

therve wero typiocal signs of typhoid fever, that is, rose spots and
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splenomegalye A cose was clogsificd as "nol confirmed” when the
clinical pivbure, although sug{gex;'tiva of typhoid fevor, was not
diagnostle aend when, in the uninoculated, there was no supportive
serologlcal evidendes In the indeulaﬁed patienty the presence
or even an increase of serum agglubinins was not congidéred in

itaself bto be Alamostics

Table 10 shows the reasons Lor adulssion of the B0¥
gonfirmed or probable cases of typhold fever, and Table 11 shows
those subseguently confirmed in cach groups. There were sevon

maln cntegories on vhich admisslon was basedie

1e "symploms alone

2, Yoviptoms » Vidad?

3e  "symptoms 4 history"

whadipain

380 patients (75%) wero admitted for these three
reasons, only Th (14%) severe cases being adnitted
on the grounds of symptoms alones Of these 3580
pabients, 356 (94%) were subsequently confizmed.

This may be interpreted in ong of two woys: flrstly,
thot symptoms sufficlent to warrant admigsion to
hogpital wore seldom wrongly disgnosed at howey o
seocondly, thet in palients with obvious symplons,
bacteriologleal oy serological proof of btyphoid
infection was ossier to obtain than in patients who
were less 1lla

4o "hiotoxy 4+ Widal"

5 "Widal %0!}8"
6« "history along"




REASONS FOR ADMISSION T0 HOSPITAL.,
SHOWING SUBSEQUENMT CONFIRMATION OF DIAGNOSIS

r f
NUHMBER NUMBER
AL

REASON FOR ApMISSiON OF PATIENTS CONMERMED
POSITEIVE 1SOLATION: g2

- BLOOD |

w CLOT 28

- STOOL 62

- URINE i
SYMPTOMS ALONE 74 66
SYMPTOMS AND HISTORY 143 |38
SvupTOMS AND WWIDAL 163 152
HISTORY AND VW 1DAL 18 0
WIDAL ALONE 4 2
HISTORY ALONE 9 6




TASLE |

SUBSEQUENT CONFIRVATION OF DiAGNOSES

I8 PATIENTS ADMITTED FOR REASONS

CTHER THAN POSITIVE !SotATlonS

§Eﬁsom FOR ?aﬁF!RMﬁ?iﬁﬁ oF Di1AGHOSIS DIAGNOSIS
ADIISSICH CLINICAL BACTERIOLOSICAL Kot TOTALS
&am625len 1 RES:PSE Bciggigas LORFIREED
SYUPTONMS ALCHE 17 47 2 0 3 74
SYNMPTOUS AND HISTCRY 7 125 3 3 5 143
SYuPToMS AND YIDAL 37 103 4 3 it i63
HISTCRY AND WIDAL G 8 i H g 5]
¥ DAL ALONE e g 8 H P 4
HiSTORY ALONE ¢ & 0 ¢ 3 9
TOTALS: . 63 294 81} 5 38 411
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22 patioats (U%) were admitied becauss of a positive
Widal reaétlon with or without o histopy or exposure
to infestlons In exactly half of them the diagnosis
could not be confimmed by subgsequent laboratozy tests.
ALL of these had had T,A:8. injectlons in the past,
although at the: time of sdmission thig was sometimes
not knovme. Only 9 pationts (27%) were admlited solely
baconse of & history of exposure to infection. A1l
of these were admitbed, for soclald reasons, with other
menbers of the same femdlys In three the suspicion of
typhold could not ha confizmod,

e SR LI PR N SR oy s el
7« "positive isoletion

In 92 cases (187%) 8. typhi was dsolated before admission

0 hospital, Oneo of the fixst patients had a blood

oulbure performed ot the request of his generel prectitioner,
but in all other cases clot ¢ulbure was perfoimmed routinely
on gpecimens of blood sent fox serologye In 28 patients
(6%) a positive olot owlture so obtained was the resson for
admissgion Lo hospital,

A further 62 patients (12%) were adultbed because of
positive faecos oultures Only one patient was admitted
because of Ha typhi found in urine.

Ashoroft (196)) stated that "$he protection given by
raccines from bacteriologlical dlagnoslis camnot be aspumed to be
identical with protection from infection', end he also helieved
thet dmmuoisetion modified the course of the disease, making clinical

diagnogsls difflienlt,

The confuslion cansed by previous imuniseblon when the
dlagnosis wes uncertoin is illustrated by the number of wnoonfimed

cases who had had T.A4Bs vaceine in the past, nemely 28 of the 38
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cases who remained only suspect (see Todble 12), The distribution
of incoulated end uninoculated patients in the three dlagnostic
grovps was compared, and showed significantly more immunised
Individuel s amongs% those baoteriologienlly than smongst thosoe
elinically confimmed (2 = 25.72 P < 0,0005) and also more amongat
those clinicelly confizmed then mnongrs'i;. those ia whome the diagnosis

remained unproved (22 = 11460 P < 0,001).

(11) Patients in whom the diagnosis of typhoid fever was not confinmeds

There were 38 patients in whom it was not possible to oblein

-,

sotisfactory proof of typheid infections It hes been steabed already
bthat in those who hed been proviously inoculated, S. typhi I
agglutinetion was of doubtful volues The weason fox this is that
gven o vise in titre might have been due to an snamnestic or none-
sopecific reaction caused by some other febrile illness. Lo these,
as in most other casesy §e typhi "O" ogglutinins wore not asseyed on
admission because oi‘ praasure of work in the leboratlory;  some were
done lober hut were nogatives and all were nogabive on dischorge,

>

Howover, of these patients one had S. typhi'0' agglutinins at 1250
dilution at threc-month follow=up exominetiony ond seven had S
Lyphl 0 apgglutinias ot 1325 to 131100 dilution at six-month

followsup examinations The finding of '0' agglubining supports




ABERDEEN TYPHOID

Tapee 12

OUTBREAK,

1964

PROPORTIONS OF JNOCULATED PATIENTS IN EAGH [IAGNOSTIC GROUP

e : —
DIAGHNOSTIC CONFIRMATION NOT
" CONF § RMED TOTALS
e BACTERIOLOGECAL ¥ = CLENICAL

INOGCULATED 61 { .2) 26 ( .4) 30 ( .8) 19 ( ,2)
UNIHOCULATED 342 ( ,8) 38 ( .6) 8 ( .2) 388 ( .8)
ALt TYPHOID

PATIENTSS 403 (t,0) ' 66 (1,0) 38 (1.0) 507 (1.0)
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the suspleion that these indlvidnals didy in fact, lave typhoid
fever, since it 18 rare to find '0' antibodles except where there

has been recent infection (Felixz, 1930).

Clinical sxeminabion in all 38 capes was negative as
regards typhoid fevery One patient had transient hepaotomegaly
whichy howevewr, might have had enother cauge, sand eleven of these
pationts wera as&mybmnatﬁ.a; The x*afneuinﬂ,ér wore not severely
ills  bheir symptoms could have been atiributed to upper
reaspiratory infections; urinevy infections gastro~enteritis and
gimilar ailments, although no othor orgenisms were isolated. A

history of exposurs to infection was given by 26 of the 38.

Suspicion of infection must wemain in these patients
gince thore were other proved capes whose aymploms were Ldentical
andy, a8 will be showm latery othor proved cases who showed no
antibody vospounse, It is likoly that, had there been an opporbunity
to observe and test alll patients moro closoly, the diagnosls of

typholdd Lover might have been confimmed In a groater numbewp,

(334) Other Patients adnlttod to Hospitael ducing the Outbhresk
There were 37 patients safmitted to hosplial during the

owtbreak in whom the diesposis of typhoid fever was entertained
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but finelly dlscardedy 7% of the 540 pabtients adnitlbeds ALY

but 8 of these were admitted ondy by reason of symptoms. OF
theso 8, 3 were noonghen whose mothers were suspected oy

contirmed cases prenatally, 3 obthers had positive ogglubtinailon
reoctlong which were lator felt to have been erroncous, and 2

ware contacts adnitbted fox socigl reasons, There were 10 cases

of gastromcntorltis (colled "nonwspesific” bhesause of the absence of
auy positive laboratory findings despite repeatod testing)e OF
the rest, 4 had severe uppor rasplirstory infection, 2 had proved
B, coli weinary infectlony 2 had méasles and 4 rubella., The
remaindeyr had z:ml intevesting variety of conditions, for example
empyene of gall-bladder, stephylococeal sepbticaemia, rqyomidﬁ.eﬂ.
infarcetion, subarachnold haecmorrhage and solpingltis. One man who
worked for o refvigeration compony hod phosgene poisoning, and a
child whose "best frxiend" had btyphoid fever was proved bachorio-
slogleally to have Somne dysontery. COne meu demanded sdmission
begaune hls wife and son were proved cases of typhoid. Often the
admission of theso pablenbs was more 10 allay anxieby on the part
of either pabiont or general practlitionery bul 1L one considers the
exbont of the panic engendered. in Aberdsen, it ig on the whole

remarkoble that there wore nobt meny more suohi ¢asede
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CONCTLUSTONS

From the welatively small number of pabients who did

not have typhoid fever, the criteria for admlssion to hospital
which were used in this oultbreal appear to be Justified, bui they
roquive weasonable home oircumsbonces and good comoperation hetween
practitioners and hosplitals The ebbreviebed agglutination reaction

1sed heva was done in olx hourss and few patlients woere too ill %o
avralt the resull befdro admissgions The General Post 0ffice
provided & conbinuous delivery service of specimens to the
laboratorys and spesiel olinics were ovganised by the general
practitionera for the testing of conbtoctss In o less wellsdoctored
aroay more work would have bad to be delegated to the Public Health

Medlcal Officerds

EBe THZ QUTCOME

WA WA T S e S -~

(1) Cydteria for "Cloarance®

The majority of the pabients wore eonwidorably improved
affter a fow days of treatment and some difflcuvliy was experienced
afgor the flvst week in detaining patieonts who had an uncomplicated
convaleseonce in ‘beds This "sonse of wollsbeing end eagemmess o be

up and doing"” wag also obsorved hy Torrens (1923) in many typhoid

patients during the Tirst World VWary and is not apparently a



particular featurs of chloramphenlcoletreated Lyphold fover.

It became obvious that even greater difficulty would axise in
persuading patients Lo remain in hospital for a protracted
“elearance” programme. It wass bthevefores arbivrarily decided
that all patlents should obtaln only Three consecutive negabtive
specinens of both fascen and urine at foursday intervals helore
heing dlescharged from hompital, and thalt the 3:031&;3.51:111{; negabive
gpesimens required would be obbtained after discharges The firnt
specimen was teken fouy olear doys afber the end of treatment for
the scuite illnens. The number of consecubive paived negebive
specimens veguiyed after discharge depeuded on the exbtent of each

patientts contact with food and the genoral public.,

There were three oategories of such conbuctise

1« Erofensnional foodhandlors who had to svbmit 9
congecutive negative results at woelly
intexrvals before being allowed o return
0 Woilka

2+ Housewlves, school teachers and other individuals
with meny contaclts required 6 negative npocimens
at weekly intoxvals.

3e ALL other patients required three such palred
specinens before boing consldered to be
eleared of infectlons

It was also decided to continue to test all patients ab

intervals over the following two years in order to inerease the
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chances of identilying ony Intermittent carviers who might

vesult from the outbreaks Accordingly, a "followeup® programme

was agreedy consiating of threo paired specimens of facoes ond

urine at weekly intexrvals repeated at 5, 6, 12 and 24 months

after discharze Lrom hospital. Specimens of faeces were taken

after the administyation of a saline purge. Samples of blood

were taken from sach pationt st the time of discharges This wes
for estimebion of sexm agelutininsg inoluding Vi antibodys and

algo for oxpmlnabion of the bleod piciture, in view of the possibility
of aplastic ennemie following chlorvamphenicol therapy (Hodelingson,

495h)o

- (43) The Tnoidonee of the Carrien State

Thore were 159 convolescont oxoreters (33.956) of whom
5 at least beocame chrvonic faetal carviers., “Thesge cerriers will be
discussed in detail in Section Vile There weve two temporaxy
urinary excreotorss but none knovm who became chronlc carriers, The
chirronic carrier rate of approximately 4% is remarvkebly low. Ik
will be conslidered leter whether thid was & feature of the orgoniamy
sincc one of the same 'phage~type algo produced & very low carrier
reteo at Osvestyy in 1948, or whether 16 was o resuld of the

treatmont used in Aberdeen.




Iy SOME CHARACTERISTICS
OF THE PATTENTS

All subsequent date in this thesis are based only on

the 469 patients in whom the dimgnosis was proved.

(i) Age ond Sex Distribution

The age and sex dlstributions of the 469 proved typholid
patients are shown in Table 13, There was a preponderance of
young women in the 15 « 29 age group, the reason for this being
the number of young, single women who were on a reducing diet of
oold meat end mlad. Figure 8 shows the proportionate age and sex
digstributions of the cases compared with those of the population

of Aberdeen (Consus 1961).

(11) Sociel backzground

The Sooial Class distribution of the employed, adult
typhoid patients showed that 29% were in the Registrar Generol's
Soclal Classes I end IT, as opposed to only 15% of the employed,
adult population of Aberdeen city at the 1951 Census, This
corresponded with o relatively high incidence in the more prosperous

waxrds of' the city.
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AGE AND SEX DISTRIBUTION OF THE PROVED TYPHOID PATIENTS

e

AGE GROUPS . o g i Qg

N VEARS MALES FEMALES BoTH SEXES
0 o 14 53 55 108
16 « 29 37 59 126
50 « 44 57 38 15
45 = 59 26 60 86
60" AND OVER 29 45 74
ALl AGES i82 287 469

e : ; TV TR mm————




MALES FEMALES Age
70+

65-69
Typhoid
Admissions 60=64
aberd 55-59
erdeen
Population % 50-54

Fige 8 = The proportionate age and sex distxdibution
of the Typhold Petients, compared with that
of the Population of Aberdeen (Census 1961).




CERCENTAGE DISTRIBUTION OF OCCUPIED AND RETIRED ADULTS 1N ABERDEEN
CLIY AND N THE TYPHOLD POPULATION

v DY SEX, DISTINGUISHING SoCIAL CLASS

Dot DR e erd SR Y S e

. MALES FEMALES
20040L, CLASS - | Tveuoto - " TvpHolp
Y popuLAT 1ON § Y POPULAT 10N
! 3.5 715 0.9 2.6
R 12,1 20,0 17.8 28,7
Pt 53,1 52,5 52,0 2.2
14,3 12,5 16,7 13,9
17,0 1.5 12,6 2,6
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The living conditions and food habits of the {yphoid
patients were studied ln order to obtain a pioture of the social
hackground of the outbreack. The relatively large number of
patients in Social Classes I and II was reflected heres 69% of
the patients had o bethroom in their house and 824 had continuous
hot water.s A washbasin beside the lavatory was availeble to 74%

although 29% shared o levatory with other families.

90% of patients maintained that food was not kept in
their houses f'or longer than three doys; only one patlient confessed
to keoping food for longer than a week. ITase of transport in
Aberdoen made it possible for 78% of patients to have their mlid-dey
neal ot home, and the some number stated that they seldom ate outside

their owm homes.

The nudber of young people lnvolved in the outbreak
produced a large number of oontacts; 43% of patients had more than
30 personal contosts each day. More than 20% were schoolchildron,
ond there were quite a few young glvrls who went to dence hells., In
the event, about 10,000 contaots were tested, many of whom went
voluntarily to thelir generael praotitioners, butbt none was found to

have contracted typhoid fever through contact with a known case.
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only 104 of patients had been obroad in tho provious
2 years, and none of these had suffered amy iliness while sbroad,

Thig, tho typieal tyvhoeld potient omenped »o a quioteliving

citigon with exeollent facilitics fov pevsonal hygiceno,

(233) Imcubobion Periods

The ingubation period of typhoid fevor is usually 10 - 4

Goyn hat incubabion pericis as ghort sz 9 days and as long ag 35
Gaye heve been wocowded (Wilson end Nilen, 1965). It is somobimes
gifPicull to asuortaln a abely the date of onsot of illnoss: in
shin oubinenic thore wexe & natients who had shori~Llived disvrhoon
within 12 bours of conswming jnfocbol food, bub whe hai no
goneralised illnesy ab this sboges. Phis Andtileld symoton was prosunably
aonsed. by local iveitation in the gul, and theveflove wos discounbed in tho
calowlation of tho ingubatilion period,

Pwo patients bad an Incubetlion perlod of only 2 days, and
7 had an incubation voriod of 3 dayws, Theve were 7F
notionts with an incubation period of ¥ doys ok loez. AV tho othew
ond of the scelo thero wore 1 patiendts with an locuintion pericd of
20 daye or move, the longost cerbain one being %9 days., Tho last

votlont of thoe ouwtbrock had iwliial disyrvhoea fov ong day and thon

an intervel of BG deyes before ho becume 1L, but the faot that he
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had joundice and eplgastric colle at this stage suggests that
this was & cholangitis following e very mild indtial infection.
Details of 378 incubation pexlods are shown in Appendix 1T (g,
and o summary of the mean incubation perlods relabed to diffoerent

factors is shown in Table 15.

The e an incubation periods of adults and children were
not significently diffevent, The inoubablon periods of patients
who relapaed and of temporary carriers were not significantly
different from those of other petionts, nor were those of patients

who hod been immunised.

It was thought that the incubation period might very
with the dose of The orgenism lngested, & large dose producing
clinical iliness more quickly than o small onee. The dose of the
orgenlen could not be gssessed, but sinee this, in tum, might be
redoted to the severity of the initial infection, the length of
the dincubation period was correlated with the severity of the
initiel infection in 2ll patients in vhom it was eertein. The
only obvious conclusion which ocould be drawn was that there were
proportionately more patients with a mild illness on adnission
whose incubation period was longer than 21 days. However, &

long incubation poriod eglves rise to the suspicion that thexe
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SUMMARY OF MEAN INCUBATION PERIODS IN 578 PATIENTS

Wit A Higrony ofF EAtTiIng Iwreoren Fooo

WY

f} ) ) 1
' ap MEAN INGUBATION
NUMBER .PeRton (oAYS)
ALL PATIENTS 378 13,1
ADULTS 300 ’ 12,8
CHILDREN 78 14,4
RELAPSE 86 12,2
0tHER 292 5.4
I NOGULATED 57 12,0
UNINOGULATED 321 13,1
ERCRETER 144 12,9
OTHER 254 1342
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wos en asymptometic initizl infection, and that the patient
was edmitted in relapses and little importance can be abttached

to this finding.

CONGLUSTONS

Incubation periods were examined to discover whethey
they differed accowding to oage, the ocourvence of relapse, the
temporavy carviey stete, end the lLimunisation state of the

pationts, No significant differences could be demonstrated,

A possible comncotlon was shown between a mild

infection and & lomg incubation peridod, but this must be regarded

with cauvtion.

Ge SOME CLINICAL FEATURES OF THE OUTBREAK

(1) Presenting symphoms

Hoat patienus were admiltled to hospital towards the
end of the first week of illness, the mean doy of illness on
admission being 6,3 days with a range of 2 to 27 dgys. The
olinieal history glven by pebients veried with suceessive
weoks of the outbresk. Potients who were admitted in the firat
week of the outbresk had in the mein a history of headache and

malalse for 12 = 24 hours before the onset of severe goastroe
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enteritic symptoms lasting for 2 - U days, Classical symptonsg
of typhoid fever followed a dey later, that is, high fevexr, dxy

coughy severe headache and abdominel pain aad distension.

The severe dliarrhoes which occurred in 44 petients in
the first weelt of illness is more ofben seen in the Lirst gtoges
of pavatyphoid fever and is unusual in typhoids A few stool
cultures taken durdng the period of dlarrhosa goeve a heavy
growth of S, typhi, ond no concomlitent pathogens were Pound to

aceount for the diavrhoes.

Petionts admitted in the socond weck of the outbreak
showed tho more typical slow onset of illness. A mild,
influenzaslilte ilincss for 2 « 48 houss wags followed, sometimes
immodiately, but move frequently after a perviod of remission of
2 = 35 doys, by classiocal typhoidal symptoms. A similar afebrile
period of remlssion was observed by Marmion (1952) in some cases
in Dgypts Hoadache and high fever were almest invariably
present; only two patients in the outbrealk had a purely gastroe
tenterltic iliness. Sore throat and vomlting were unusual in
adults but were smen in children. During the second week, the
first patient to have a positive faeces specimen but only a mild
iliness was edmlitteds This particulsr patient, who had been

inmunised in 1940=45; did not at eny time heve pyrexis above
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99°F. but relapsed after dlscharge from hospital and was

veeadnitted with a positive blood culture olthough afebrile.

Trom the third week of the outhrenk onwards, ’cﬁe—;-re
wore progressively more patients admitted because of positive
isolations from blood cloty Pgeoes or urines of the lest 30
potients admitbedy 17 had & peﬁitive facees culture befors
adnipslon. Some of thesce patients weve symptonw-fyree and gave
riso at firat to nueh discussion as to the verasity of the
loborotory Pinddngss Ofher controversial cases were admitbed
ot this time, for exemple six porsond who had Just been

imauniged. Tour of them were latexr proved to have {typhoid feveor.

The incidence of signs and symptoms on Aberdeen

patients in shown in Toble 16.

ii) The Ogourrence of Initial Gastroeonterdtis

Wilson and Miles (1965) stoto that "the typicel
symptoms of the discase noy be pregeded by aocute gestyomentoritls
coming on shoxbtly after consuuption of infected wabter ox food.
These early sjmptoms moy pess imperceptibly during the followlng
woek or so into those charactoeristic of enteric fover, or thore
mey be a vemiasion before the enset of enteric gymptomsgy ox thero

mey be a eomplete and lasting rocovery." The cause of this is
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FREQUENCY OF CLINICAL FEATURES IN THE 469 PATIENTS

SIGN OR SYMPTOM FREQUENGCY Pﬁgﬁﬁgggea
HEADAGHE 315 80,0
FEVER 368 78,5
MALAISE 331 70.6
RESPIRATORY 182 38,8
DIARRHOEA 195 41,6
CONSTIPATION 185 39,4
ABDOMINAL PAIN 160 34,1
HUSGLE BAIN 120 25,6
VOMETING 7 24,9
ROSE SPOTH 234 49,9
SPLENOMEGALY 196 41 ,8
HEPATOMEG ALY 76 16,2
EPISTAXIS 99 21 1
BigoRr 81 17,3
MENING I SMUS 62 13,2
DEAFNESS 60 12,8
DEHYDRATION 45 9.6
DEL 1R UM 37 7,9
MENSTRUAL DISORDERS 17 3.6
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uncertain, but @ possible explanstion is given in Section V,

(page 190 ).

AL three types of early gastroeenteritis ocourrved in
Sherdoens  Two poltients, one of whom wes the {irst typhoid
poationt admitted to hospital, had diarrhooa, starting a few
hours afftor eating infected foods  In both cases the dlowrhooca
contlnued for 4 -~ 5 doys ond then both begame i1 with
goneralised typhoidal symptoms. Four other patients vere knowa
%o have had diarrvheen without systemic illness vriﬁhin 12 houps of
exposure to infection, followed by a period of remission of 5 = 10
days before the onset of typical typhoid fever, One woman ate
jellied veal, had aocute diarrhoea and vomiting for 12 hours, and
did not develop typhoids whereas her som ate the same meal and
developed typhoid fever 8 days later. None of these patients
had stool specimens taken duying the initial dlarrhoea. There
is no obvious factor common to them with regard %o date of ealing

or quantity and type of cold meat consumed,

(i11) Some Observations on the Physicel Siems of Typhoid Fever
The physical slgns observed in this outbresk were in

the mein those of classical early typhoid fever. The inclidence
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of rosc-gpots and splocomogely was velevively high, probably
becaunse of - the carly sdnission of paticnts. Meningismus was
gommon in the eorly cases » the first patient of the outbreak
had o lumboyr puncture performed bacauss of marked meningeal

irrdtations Two features deserve speoial mentionte

Al

1% has long been seid in textbooks that
bradycariia relatlve Lo pyrexia is vsually found
at leanst in the first weok of typhoid fover.
Howevery Goy (1948) déseribed "o slow pulse of
100=110" and by this cxriterion "bradycaidia mey
cerbeinly ocours The findings in this outbroeak
wore that the pulse vote, even in the first week
of illnosg, was usuwelly proportional to the
height of pyroxia. The nmean pulse rate on
afmission was 106 per minute, with o range of
from 72 por ninuvte in afebrile patients to above
140 por minute in 111 patients, In ohildren tho
mean pulse rate was 122 per minute with o ronge
of 95 per minube to above 140 per minuto. It is
interesting to note that earlier observers, for
example Jonner and Pudds did not £ind bradycerdia,
although the faster pulse noted then mey have been
cansed by tho dehydration and toxicity of the later
gtages of typholds

(2) Leugopenis.
Iewcopenia was not found in as many patlents

as expected although patients might have been
admnitted bofore 1t had time to develop, and low blood
counts during the administration of chloramphenicol
might have boon due Go its possible suppressive effect
(Seott et al 1965)s A white oell count was performed
in 310 cases on admissioni +the results of those are
shown in Table 17, Thero was no constant reletionship
between severlty of illness and the level of the white
¢ell counts
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TABLE |

[t 2

|

LEVELS OF 310 WHITE CELL COUNTS ON ADMISSION

DISTINGUISHINGYSEVERITY OF JLLNESS"

wer il

. ‘ _—
LEVEL OF , SEVERITY OF ILLNESS
! e D * I - ¢ o
#HITE CELL COUNT Mo MODERATE SEVERE ' ToTALS,
LEss THAN 4,000 15 15 34 64
4,000 7o 5,000 i3 : 2l 48 82
5,001 T0 8,000 38 28 62 128
ovin 8,000 {5 8 I3 36
TOTALS: 84 72 157 310
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Baner (1951) commented on the difficulty of
{tlagnoaing typhold fever in children, since so meny of thenm
showed atypical clinical features and no leucopenie. Oue cose

in Aberdeen 1lluntrates this very wolltw

A gixl of niney with no history of ewposure to typhold
infection, was admittod to hospital because of a sixedoy
history of fever with rigors, hendsche, listlessness end
sove throats A throat swab gave & growbh of Staph. albus
only, and her white cell count was 10,850 with 73%
neutrophll polymorphse. Blood, focces and urine ouliures
on four suesossive days revealed no organisms, A course
of oxytebragycliney which had been started before
admlssion, was continued for 5 deys, snd hexr temperatire
gettled on the third dey of this treotments . However, it
reouryed 6 dsys lebery reashing 102 Fs  Sexum agglutination
at thio ptage showed only 5, Lypni 'H' agplubinins to a
dilution of 1125, but the Paul Dunnell test was positive
40 o dilution of 1:16; tho while cell count was 65900
with 6GO% neubrophil polymorphs. Blood culture was

- nogabtive, but five days later 8, typhl was isolated from
her fueooss She responded woll to ehl orvamphenicol therapy
and convalescence wag vneyventiul.

(iv) Lo Assessment of the Severity of the Tllness

The severity of any dllness lg difficult to express
agcuratoly, and typhoid fover 1s more dAifficult {han some because
ivs severdly appoears to vary with differont strains in different
outbwroaks (Maymion, 4952)s If a classification of "soverity"
ia baosed selely on clindesd dmpression, it will lueviiobly vary
with different ohservers. With ¢hloramphenicol thevapy the

illness is suppresaed after a few days of treatment, and the
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sigas of sevewe Loxaomia wlth meobeordism =nd "the typhoid sitate"
aro soldom seeny  Any clossification should, if possible, Dbe
based on measuyshle factors which mey Be compared in diffeveont

outhrooks and which do nol show subjectlive variabion.

Asheroft (1964)s duwing o £ield trdal of TuleDs
voocines in Britlsh Gulann, grouped his cases of typhold fever

asccording to the severdty of tho illness, thugiw

(2) Bevers « o1l doaths, rolapses and cases
with complicobionte

(b) Modevate = all gases with a tomperature
of 1007F. and over for 4 doys
o mo¥Yaa ‘
(e) Mild + all other csses including those
' not admnitted 4o hospital.

While this classiflication allowed comperison with
other outbraeakss it was felt thet it did not adeguetoly desexibe
petients who were exbremely i1l on adnission to hospibal but who
bad no complicationss Moreover, in mony cases the hemperaturo
was redueed to nermal within 4 foys by ohlorvemphenicol Thorapy.
Accordinglys Ashorofi's definition was modified, end the
Tollowing is the cleseifdcetion of the severlity of the complete

1llness which was used in Aberdcens



(o) Scvere = all pabiogts with a demperatuve of
abhove 1027F. for 2 days or morao,
andt all capeg of deoth, relopse or
conplicatlon.

(b) Modevate~ o1l patients gith e temporsturo of

100033‘. to L027F, for 2 doys or more,

(o) Mild = oLl other coses with aymptous

[ogE S TR

(4) Agymptomatic = o1 patients with no mynptons

[

Hovevar, casas of death, relapse, or oomplication conld not be
dncluded in the olapsifilocation of “geoverdity® when iLis effeot
on Yhe couwrse of the dlsease (For exomple, on the incidence of
relapae) was considered. It was, therefore, deolded for this
purpose to olossifly the severity of the initisl infeotion
according only to the embent of the inltial pyrexias In theory
thig meent that coses of death, relopue or complication might
have two differvent olassificobions of peverlidty = one based on the
indtial Llinexss and one on the overall course of the diseasc,
In practloe, only a fow cases of deeth, relapse or conplicotion
were not severely 111 on aduission. Tn order wo dlstinguich
the use of the two oatvegorics, however, the terms “severity of

the initiol infestlon® and "severdty of illness® have been used,

The nuber of patlonts in esch group, distinguishing
age ool sex, s showa in Appendix IL.5(s)e The poverity of the

11lness/




is dndicated thusie

Asymptomatie = 0
Mild = 1
Moderate = 2
3Severo w3

Poblo 18 shows the percentage apge ond sox distributions of
patients with @lffovont deogroes of severity of illness.

Because of the disparity in numbors bhetween cach group,
gymptomless and nild canos are shown together, ap are moderote
and sovore cases, or the same wveason, symptomless and mild
cosed are grouped together in most of tho subsequent caloulabtions
of diffevonces ln degress of severity of illness velated to
vaxious factorss All saleulations which showed a significant

dgifference are 40 be found in Appendix IIIL.

It mey be seen from Table 18 thalt there was a
slanifinont difforence hotwoon the sexes in the severiity of the
Ineos, 307 of melop having esymptomatic o mild typhold fever,
as opposed to 1674 of fomales (= 1149y P < 0,01)s  Whon
this sex diffexsade was oxewlined in age groups it was found to
he Jjuast significant in only the two ege groups 45 « 59 and
60 and ovow, elthough the same brend wep seen in oll age groups.

There was no differonce in Yseverity" between malos of different
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"SEVERITY OF TLLNESS" OF TYPHOLD PATIENTS

BLETINGUISHING AGE AND SEX
PERGENTAGE DISTRIBUTION,

MALES } FEMALES
AGE BRoups w “Ga.-mﬁs_.c OF SEVEAITY @mg;mgﬁ:, gmmmymm.
ot 1 o233 | 0.1 | 2.3
0«14 215 79% High 89%
15 « 29 RHb 13% | 54 85%
30 = 44 30% 10% 26 T4%
45 w 59 465 54% 20% 80%
60 &oveR 38% 62% | Bty Y 3
ALL AGES: 30% 70% 1 6% 84%

T e e e g : ey
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age groups or of females of different age groups.

It will bo shown in Seotdon IV thet previous

inmmandsation appeared to niblgate the course of the disease.

The compoarison of the severity of the 1livess in age and sox
gronps waa, therefore, repeated for uainocvlabed pationts only,
It was found that thore was no saignificant difference in
severity botwoen unilnoculeted moles end fomalesn either a9 a
whole oxr in separate age groupss. It would appoer, thereiore,
that the sigunificont difference in the aumber of males and
females aged 45 and over wheo had only a mild illness was due to

the faot that many more of the males were imnuanised.

I wes thought thet patients who wore move severoly
121 dnitially might talke longer to respond to treatment, The
duretion of pyrexiv on treatment and the severdty of the initial
infectlon wore compaveds Since mosdh of the patients who had a
mild illness hed, by definitlon, elthexr no pyrexis or pyrexio
for Jless then two dsys, the comparison was restricted to
"moderate” and "sovere" cases. It hes elready been stoted that
in patients trvested with empiolllin, the temporature took longer
to sebtle and, theroforey only those patients treated with

chleramphenicol were considered., It was found that the mean
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duration of pyrexia in patients wno had a severe inlitial
infection was significantly lenger than in those who hed only

o moderate initlad infeotion (b = 24h P € 0,02),

It might be cupected that those patients whe cte the
inditielly infected meat would have o lavger dose of ovganisms
and. posslbly o more severe inltiel infections When this wos
examlned for those patients who ate on the 6th and 7th of ley
it was found that, of 26 patients, 21 were severely ill initially
ond 5 had o noderato initisl infection, This woesn o higher

proportion of scovere coses than expected.

T was otabed by Longohempt and Carbonel (1950) that
patlents who hed a mild illness on admisslon were more Likely to
relapse then othersy whoveas Rowlend (1964) found that patients
who ware gsevorely ill on adnission had o significantly higher
volapso rate. In Aberdeen thevre wore very significantly fewer
patients thon expected with o mild initlel infootion whe

rolapsel (z® & 22,08, P < 0,0008),

It hags been sbabed previously that typhold patients
whe suffer a mild iliness or axe w0t i1l ab all mey exereto
typhold bacilli for a long 4ime (Section L)e However, whon

oconvolescent exoreters and obther patlents in Aberdecn wore



compared for severity of the initiel infeatliony it wes found
that vexy significenlly fewor patients then arpected with a mild
initlal infection continved 10 ewcrete typhold bacilli during

oonvalescense (3° = 15.33, P < 0,0005),

CONGIISTONS

The Severity of the Initlal lafection was shown to be

rolated to soveral factors, thmsse

(o) Men were found to bo less severely 111 than women,
but this was shown to be an effaect of previous
Inmunisation, 8inge there was no difference in the
goverity of the illness betweon uninecdlated males
and femaled.

(b) Pobionte who wore mevercly A1l on adnisslon 4o
hospital took significantly longer to respoud o
trootment thon pationts who were only modewately ille

(¢) Potients who were sovercly 111l on adwission wora
plgndficantly more likely to relepse than were other
petieonine

(4) Patients who wewo severely ill on admission were
slgnificantly more 1ikely thaa other patientls to
become convalesoent ewevetors.

It must be cmphasised, however, that while it is
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possible 4o caupave the effects of diffeyent degrees of severdty
of the dnitiel illness within one outbwesk, ne scoursie
comparisons can be made between diffexent outbreaks until a
satisfactory classificotion of the sevexity of the typhoid

ilinons is universally agieed.

(v) Complicabions of Typhoid Fover
Mﬁ.wsg:wm.-rr Wk ¥ L 1S

o SRR Lente £F R BT 2

The abdominal e mpliocations of typhoid, namely melacna
and bowel pexforation, are unusual nowadays hecauvse of early
hospitellisation ond chloramphenicol thorepy, but toxic effeots
are atllld sometimes sean, for @xmmp;@ myocarditis and peripheral
nouwritise There are also the results of imnobilisatlon, namely
thrembowenbolic and chest complications, which coubinue %o ooour

in susceptible individunlas

The incidencce of complicatlons in Aberdeen ls showm in
Pable 19« It moy be soen that alopaecis during convelescencot wes
observed more frequently then hes previously been reportedy
probably becanse the patients were reviewed throe months aftey
dlscherge from hospitel. Tun sane ehildren it amounted to almosgh

totol baldnessy in other patients it wes merely excessive hali-



[ NOIDENCE OF COMPLICATIONS IN 469 TYPHOID PATIENTS

COMPLIGAT fOR NUMBER Pﬁggﬁgzgae
DEATHS 4 0.6
CLINICAL RELAPSE 86 18,3
OeEep VENOUS THROMBUSIS 10 2l
FULMONARY EMBOLISM 9 1.9
CARDIANG FAILURE 8 1.7
PERIPHERAL NEURITIS 8 1o
PNEUMONIA 7 1,9
CHOLECYSTITIS 5 Fa3
ARTHROPATHY 4 0,8
SUPERFICIAL PHLEBITIS b 0,6
MYOCARDITIS 5 0,6
"PsycHos st 2 0,4
MYQGCARDIAL INFARCTION 2 0.4
MELAENA ‘ | 0,2
CEREDRAL INFARCTION | 0,2
TYPHOID SKIN UBLEER } 0.2
SPINAL OSTEOMYELITIS | 0.2
ALOPAECHA a20 46,9




iPalls In 211 patients bealihy halr grew again within three

monbhs, end one bald man scguived a slight grouth of new halr.

The inclidence of other compiications is similazr to
thet reported in other outbroaks. Home of these complications
will be consldexed in detaill in this Section, ond velapse and

post=treatment pyrexie will be dlzeussed in Seetlion III,

(A) DEBATH

Theve were ¥ doaths, giviag the very low morbalily
robe of 0.6%. Two of those who dled wore "poorerisk®
patients, while the third was vexy ill ab home for 14 days
before she allowed a dootoxr Lo #ee hew,

The details of these pationts ares as followsi=

Patient No.26k was o frail women of 60 who was admitted
on the 8th doy of illness. She lived alone and was
boxde and vowy dehydrated on admission, with hepetow-
saplenomegalys she also hod a pronvuneed Paxkinsonien
tremoxts  She was glven dntyvavenous fluids and
chlopamphenicol, but collapsed 24 hours lateor: B.C.G.
wan suggestive of mypoardial infarction, bul she also
had a blood ures 0F 150 mg.% vhich continned to rise.
Despite stimulants and digoxin given introavenously,
she died on the Pollowing doy.  No positive ilsolation
of Se byphi was obtained, bub sho had 8, typhi 'O
serum egglutining ot 13400 dilubion. A posbemorbem
was not poxformoed.
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Potient Noe229 was slso a slim woman of 6Q who was
admitted on the 144h dey of illness vhon she was vexy
toxic, dehydrated and deliyxiouss She hed been in
bed with gastrowenteritis for 10 deyss only rising to
propawe food for hor husband and brothor who were also
serdovsly 111} 5he had a positive clot eulture on
admisgion with seron H egeludtining to & titre of 1:50.
She was given inbravenous .fiuids tor b daysy with
chloremphenigol 3 gne por doy Zoo 3 deys then 2 G. per
dey for 5 daya and 41 G, pey day for a fuwxther 7 days,
the meen dally dose belng 3% ng/Kge body weight., Hew
tomperaturs became normal on the Sth doy of treatmente.
Howgver, she suffered a severe relopse 6 days latoer
with proved typhold bactoraemis, She was given
gmploillin 4G, per day but collapsed suddenly 3 days
loter and dled,

Al poste-mortem, she was found to have had & lLeft
femoval veiln thywombosis with bileteral puwlmonary
emboli.  Typhoid bacilli were isolated from liver,
spleon, gali~bladder, blood and intestine (first ond
second. parte of ileum, and rectum).

Paliont Nodi20 was & wellebuilt man of 76 who was
originally admitted to hospital bstause of a positive
olot culbwre found when he was tested ag a conbaot,
Hip only symptoms at that time were of aa acuie
bronehitis, slthough hise blood still gave a posilbive
culture after 6 days, Widal's resction was negatlve
except for S povebyphi B '0' agglutinetion to &
ibwe of 13100 Wies temperature responded within 3
deys o chloramphenicol 2 G, per day and this was
continued fox 14 days to o tobtal dose of 22 G.
Howevery he developed mild congestive dordiac failure
towords the ond of trectment and, although this
vegponded to diuretics he developed broncho~pneumonia
a woelk later and died, despite antibiobi¢ thoropy.
Pogt=moxrten was not poerformed.
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(3) LEBEATNA
The only patieat to have gorious ahﬂomiﬁal complicaw

stlons with melacua wag o boy of 11, Patlent Noel72, who was
one of the firvet patients o be sdmitted, At that time, his
6th day of illuessy he hed both fwueces and blosd culture
positive end o Widal teat showed §. typhi 'H' antibodies at
421600 dilvtion and S. Paretyphi B '0' entibodies at 1:100
dilutions He woes very toxic, with delirium and dehydration,
and responded only siowly to orel chloramphenicol: eofteir 2
days this was ochanged to on intvevenous infusion. On the
following doy hs showed the classical sudden f2ll i
temperature and rise in pulsge assoslabed with inbestinal
bleeding: his blood pressure dropped suddenly butl was
medntained with intravenous hydwrocoritisone.s He continued
o bleed intermittently foxr two days wlth ¢ fall in
haomoglobdn to 60%s but with transfusion of A pints of blood
hig condition fmproved ond his progress thovealter was

uneventful .

(0) CHOLECYSTIVIS

None of the 7 patients who had oholecystitis had a

previous history of flatulent dyspepsias All were between
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ages of 30 and 66, Six were women and two of them becamne
{5e) ot

convalescent carrlors and will be discussed further in Section -

(D) BEEGNANGY

A Poetol deotherate of 60 ~ 80% was recorded in 60%
preguont woman sufferding from typhold fever before the
advent of chloramphenieol (Stovenson et als 1951), bul
the rapld reductlon in pyrexie with this drug has
considerably reduced foetal mortalitys Howevery Schaohier
(1956) quoted three eases of nourco-psychiatrlc disorders in

ohildren whose mothers had Gyphoid during the 1st and 5th

months OF Progoncyes

Four potionts during the Aberdeen outbrask were
pregnants one was ob 42 weelts gestation, onother et 16
weelks end o thlrdy, who wad a symplomleoss excrebor, was
32 weoks prognant. A1L hove since deliveved normal
healthy infonts whoso development to date eppears o be
-noxmale  The fourth prognent pationt, Nos 190, was
admitted from the anie-natel olinic on the second day of
illness, anf was deliveved of e normal healthy baby on

the following dey. The baby showed no entibodies in coxd
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blood, but this was not surprising sinece the mother's
Widel roaction was also negotilve, although her blood

end foeces cullures were positive. Her tempervatuvre foll
slowly, resching normal on the 9th doy of treatment with
chloramphenicoly the neen dosage being 32 mge per Kz. body
woiélr&; ver dey for 4l doys, but she suffered a vegy severe
relapse 10 days after the end of tresbments She was
given o furthew 1k days of chloramphonigol in o dosage of
25 nge per Kge por days 10 which her temperature responded
aftar 2 duys. She rolopsed again 29 doys after the end of
the second courge of treabtment ond wes agoein trested with
chloremphenicol for 1k deys. She continued to excrete
Se. Byphi for a further two months but Linelly cleared

sponbancousiy.

Thig pationt is interesting in that at the time of her
Tirst rolopse, stood and blood culbture showed S. typhi resistent
0 ehlorawphenicol, while a vaginel swab ot the same time showed
Be. byphi songitlve t0 the seme druge Sho was ellorgic to
ampieillin and treatment with chloramphenicol was, thoreforc,
continuod, to whioh she wespondod symptomatically. ALl Purbther
positive isolations showed orgenisms sensitive to chloramphenicol,

The beby was woll and developing normally when seen at the age of

9 months.
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(B) ARTHROPATHY

(®)

There were four women who had painful joints with
negative X-Ray findingss In two the shouldex joint was
affected; one had a palnful, swollen knee and the fourth
had "tender toes", that is, peinful, swollen metacarpo=

sphelyngeol joinbtse A11 four resolved spontaneously.

SOME UNUSUAL COMPLICATTIONS

The last potient to be admitted to hospital,

Patient No.535, was a man of 65 who ate fruit from the
infeotad shop on 15th May, 1964 and had diarrhoes on the
following day for 24 hours, Thereafter he was well until
10th July, 1964 when he had symptoms of oholangitis with
fover and Jaundice for 3 days. Ie remained "off colour"
until 27th Julys 1964, when he developed high fever and
was admitted to hospital on 318t Julys. Clinicaelly his
condition rhsembled the late stages of typhoid fever and
he had. serum agglutinins to 8. typhi 'H' at 1¢1600 dilution,
ond to S. paratyphl B YH' at 1:50 (he had been immunised
in 1918); no '0° antibodies were demonstrated.

He responded slowly to 44 doys of chleramphenicol
therapy but his temperature begen tc rise again 24 hours
after cessatlon of treatment and on 20th August, 196k
blood culiure was positive (on the seventh sub~culture).

He responded well to treatment with tetracyocline end was
discharged from hospital on 218t September, 1964,  Shortly
afterwards he began to have hackache which became
progrosslvely worsey X-Ray of spine on 10th Decerber, 1964
voveoaled osteomyelitis in dorsal vertebrae 9 and 40, He
wos operated on on 29th December when resection of the 10th
rib reveeled some necrotic bone whichy when cultured, gave

a scenty growth of S, typhi. Convelescence was uneventful
and he was discharged home on 26th March, 1965,

At no time were typhoid bacilli isolated from facces



or urine in this patient. His serum agglutinins to

Se typhi 'H' remained at 121600 with an occasional
variation of one dilution, while 8. typhi ‘0!
agglutination was negetive until post-operatively when
it rose to a dilutlon of 1:200, It is inberesting to
note that his level of serum Vi antibodies at the time
of’ his ro-admission and for a month before that was, ot
13640 dilution, one of the highest recorded in Aberdeens
Dre B« 8, Anderson (personal communication) has also
observed the asscciatlion of persistently high Vi
egglutinin lovels with typhoid infoectlon of bone.

A second patient, Nos 9, who gave a positive
isolation of 3 typhi from an unusual site was a woman
of 75 with proved typhelid fever, who developed a
superficial thrombo-phlebitis of her left calf on her 13th
day in hespital, An ulcer developed over this area while
she was gtill having chloramphenicol and a sweb of the pus
ahowed a profuse growth of S. typhl; the ulecer responded
well to topicel ohloramphenicol,

The third patient with en wnusuel complicetion was a
mon of 43, Pationt No, 455, who was admitted to hospital
on 166h July, 196 with proved typhoid fever. He hed en
vneventful stay in hospitel oxcept that his E.5,R. before
discharge wes 58 mm; he was asked to vremain in hospitel
to have this investigeted but was very anxious to go home.
Two weeks leter he had sudden severe left-sided chest pain
which recurred a week later, IHe wos treated at home with
penieillin and streptomycin becauvss of lobar pneumonic.
A wocdk later he had a third attack of leftw-sided pleourald
pain accompanied by rusty sputumy but he recovered sufficlently
to voturn to work 3 weeks laters Then on 8th Octoher, 1964
on hig 120tk day of illness, he was admltted Lo hospital
because of recurront fever with rigors end abdominal pain,
and blood culture on 10th October, 196 wes positive for
Se typhi. Chest X-Rey showed irregular left basal
consollidation, and sputum culbvre revesled a bheavy growth
of B, coli, although no typhold bacilli could be isolated.
It seems very likely that such a late relepse was caused by
relnfection from a foeus in lung tissue which had been
infarcted following o pulmonary embolus. Serum agglutination



- 92 -

to B typhi 'H' remalned ot a dilution of 1:800 from

the time of first diseharge until March, 1965, and Vi
agglutinetion on re-adniszsion and sinee was to a dilution
of 131603 on 10th July, 1965, the chest lesion was
improved but otill showed a possible atelectactic patch.

Thore were 48 petiants who suffered one oy more
complicaticns{fee Appendix IT.4s). There was no significent
difference in the sex distribution of these and other pationts,
but very sigaifilcantly more of them were aged 60 or over
(2 = 53434y P < 0.0005), 'This is to be expected, since the
incidonge of thromboeembolic complications is usually higher in
older pablentss and a large proportion of the observed complicew
stions woere of this nature. There was also a significant
difference in the duration of pyrexia on inltial treotment between
these and other patients, both for severely and moderately ill
cases (1 = 245 P < 0,02 and 6 = 2,76 P < 0,09 vespectively),
although there was no significant difference in the severity of
the ilnitial infectlon or of the dosage and duration of inltlal

trogtnent.

This, it would sppear -~ as might be expected « that
typhoid patients over the age of 60 who do not respond quickly
to antibiotic treatment are more likely than other patients to

suffer complicabions.
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s, CONCLUSIONS

L]

The Aberdeen typhoid outbresk of 1964u was yemarksble
epideninlogically, in that one can of meadt produced in South
America was presumed to infeol approxinately 500 persons in
Aberdeen, The hospital oontrol of the outhreak was greatly
aided by the formation of a co=-ordinating centre to communicato
with general pracliltioners sad medisal of'ficers of health.

The deoth ratey at 0,6, and the incidence of chronic carriewvs,

at 1%y wero both low.

The oliniecal Peaturaes observed in this oulbreak weve,
in the main, those of clossicel typhold fever, but severe
diavvhoea in tho firat wedk of illness waa seen mors Lfrequently
then 1s usued in typhold fever, DBradyceydin and leucopenio

vere rayrg,

Patlenus who had a severe initiel typhold infection
wore slowar to respond to treatment than other patients and were
more likely 1o relapse and to become oonvalescent excretors.
Previous immunisesion was found in general ‘to mitigate the

severity of the complete illneass.
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Complications occurred more often in older patbients
who were slow to respond to treatment. Abdominal complications
were rorey but thrombo-enmbolic episodes accounted for

approximatoly helf of the complications which were observed.




SECUIITON  XIX

WHE  THROATIENY OF TYHHOID TEVIR

In this section, the moderyn treatment of acube
typhoid fevor is outlined end the troatment used in
Aberdeen ia desceribeds  The problems of the typhold
rolapse, which is belieoved to bo aggravated by prasent-doy
troatment, s exemined, and a possible explenstion of the

gffect of chlovemphenicol on relapse is discusseds

The chayecterdistics of thoe petients in Aberdeen

who velepsed arxre oullined,
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Ay WHE TREATHENT OF WTYPHOID FEVER

Chloramphenicol is still undoubtbedly the mosh
effective drug in the treatment of acute typhoid fevers It
greatly reduces the mortality rate and modifies the severity
of Llp illness. However, it is not the ideal treatment, since
the rolapseerate in typhoid fevor hos increased with the uge of
chloramphenicol (Woodwerd et al, 1948, iarmion 1952 and othevs).
1t also carries o esnald bub grave zisk of producing aplesia of
the bone marrow (Hodghinson, 1954)e Smick ot al.(196M)
cotimate this wisk consevvabively at 1:60,000, While these

factors by no means oulweigh the advantages of using chloxemphenicol,

a safer but equally elfective drug would be proforable.

In 1961 a new oantibiotic, ampicillin, was introduced
(Rolinson and Stovensy 1961)s It was found to bhe bactericidal

0 Se byphl in viltyo and sccoxdingly waes used in the tregtment

of chyonic carviers, lInitially the drug was given fox only 1
weok (Trafford et gl.1962), bub Bullock (1963) found thak only 3
of 7 carviers remained hegabtive after treatmont lesting for 12«21

dayss Christie (1964) Hreated 8 chronie carriews with inbros

mascular anpiclllin Tor 1 week followed by 12 weoks of oreal
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Trestment, combined with probenicid to inhiblt olinination of

the antibiotdo by the kidneys (Walker and Hunters 1951). In

7 of the cgrriers 2ll specimens became clear immediately and were
still negative a yoar laters The sighth carriex hed a further
course of trvatment and the result was uncertain at tho time of
writings In view of tho success in moat of these carviers, it
was hoped thet amplelillin would be sucgessful in the treatnend
of the acdte Aliness as LU was not known to have any serious

side~eifoctse

Compardison of the actions of chloramphenicol and
ampieillin dn acute fHyphoid and parabyphold fevers (Scioli
ot aly, 196k, Slect ot al, 1964) showed that empicillin took
approxinebely 6 days to reduce fever o normaly whereas
chlovemphenicol took only 3 dayse Sensitivity reactions o
ampicillin ln the form of skin rashes were comamon bub not
seriousy, and it was felt that the labter wes o useful dyvug in
cases where chleranphenlcol was contra~-indicateds IHowevor,
both Seioli.gﬁHQ%,(¢96h)and.Manriqﬁez‘§3‘§%0(196ﬁ) ohserved

thet ampicillin 4id not always succeed in reducing the fevers

and this would preciude its use in very severely ill pabients.

Another new antiblotic, cephaloxidine, was also zshown
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o be active jn ¥itro against 8. typhd (Muggleton ot ale 1964).

Howevery it was not found to be of value in the acute illness in

3 pationts in Aberdeen (Walkewrs 1964) e

Lortisone hao 63.«.‘.!‘30 been used in the trealbment of
typhold fever, both slone and in combianstion with chloromphenicol
(Voodward gt ols 1951, Wabtson 1957, Rowdand 1961). Cortisone
has a2 non-gpecific entieinllammatory action and. inoyreases the
patient's rosistance 4o stress, It canses an earlier fall in
temperature and is of valuo in verxy towic patlients. but 4t also
increases the danger of insestinal heemorrhoge and perforationes
(vioodward et 8l.19Gk)s Woodward considered that L6s use alone
was not justified ond that 1t was safer to vesexve the use of
aterolds with ohlowvamphenicol Tor pabients who were severely

toxic and shocked.

Thus, chlorompherieol remedins the drug of choige in

the treatment of acube typhold fever.

t

Do DTHE TREATHENT OF 'MPHOID PFEVER IN ABERDERN

=l

(1) ihe Treatment of the Indtiel Yllness

L RUCTASAA AT T T T KR TN S

Of L5k patients who received antibiotic treabment, 590
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had chlorvamphenicol initially. . The dosege of this varied with
the consultant in chevge of esch wardy but gll Lroatments weve
conbinued Tox ab least 14 days. The nmaln schedulasof treatment
in adulbts wevsie

(1) 500 mga Ghourly for 7 deys, then 250 mge G-hourly
fox 7 doyss to o Gotal dose of 21 Ge

(2) 500 mge s-hourly fox 2 days, 500 mge G=hourly for § doyss
then 250 mge G-hourly for 7 days, to o totel domo of
23 G

(3) & G. leading dose, Pollowed hy ‘)OO nGe Ae-hourly unbil
the temperature foll below 166°F., then 500 mg.
Gehoussly fox 7 Soys; then 500 mge S-houxly o o
tobal of aboub 1k days « tobal dose 26 « 4O G,

Bxeceopt in a fow cases of saeverc toxieity, a1l treatment
wan glven oxally. A few cases had intrevenous opr latranuvscular

drugs dnitielly.

Six adulis who were not severely ill weve drosted
indtially with aupicillin in o dosage of 4 G Gehousdly for 1k
dryss Other 3 adults weve given cephelorhdine 1 G. 12-hourly
indtiallys but all three had to have the trestment chauged o
chloramphenlcol on the third dey becouse of failure to respond

{Wolkors 1964)e TFigures 95 10 and 41 show typlcal temperature
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Fige 9 » Temperature Chart of a Patient treated Initially
with Chloramphenicol.




AMPICILLIN TREATMENT
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with Ampicillin,




RESPONSE TO CEPHAIORIDINE AND CHLORAMPHENICOL
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charts of pationts treated indtially with chloremphenicold,

ompiclliin and cephalovidine respectively.

In children, b Giffexont schemes of treatment woze
given fox the dpitiael 11lnocszie
(1) Chloramphenicul 250 mg. Gehouvly for at least 4k

days for children aged 6 - 12 yoarss ond half
that dose for children under 6 years.

(2) Ampicillin 250 mgy Gehourly for at Least 1k
doys. or 125 mge Gshouwrlly in younger children.

(3) Chlovemphenicol for approximetely 7 doysy followed
by ampicillin for gpprovimelely 7 dsys in the
same dosagses as (1) and (2) abovo.

(4) Ampicillin followed by chlovamphenicol in the
same pabbern as (3) above,

Detailn of all these treatments are shown in Teble 20.
Aneillary treatments used weve sberolds, glven Lo 5 'p@:i;i eats
becauvse of extreme toxieity, inbravenous fluids glven to 3
because of dehydvatdon, and blood transfusion o one child

becaunge of nelagin.

(ii) The Tyeatwent of Helapse

Patients who relapsed or wore rve~treabed because of

Tever had o vardety of tresbnentote
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DETAILS OF INITIAL TREATMENT USED IN ASBERDEEN

Typroto OutBREAKR, 1964

I \ méan Mean | MEAN
DALY "~ DURATION DURAT 10N
‘ - , Dose . oF {LLNESS
THEATMENT NUMBER (ue/Ke. | or_ BEFORE
ooy TREATMENT | TREATMENY
n WEIGHT) - {pAYS) (DpAvs)
CHL ORAHPHEN {COL
ADULTS 552 &9 15,9 1,7
CHILDBEN Gt 72 3.5 6.5
v ‘_' : 2 L
AMPICILLY
ADULTS & 63 2,8 17,5
CHILDAEN 25 Ak 15,0 6.3
CHLORAMPHEN1COL
FOLLOWED BY
PICILL IN
ADULTS 4 €.30;A.21 C.9.7:40.5.7 8,0
CHILDREN 12 JC.375A.43 Cel.35A.7,3 6,8
ANPICILLY
FOLLOWED B8Y '
CHLORAMPHEN | COL
ADULTS 4 A,48;0,58 AB,55C.9,5 9.3
CHILDAREN 10 AJS7i0,38 A,8,63C.8,6 5.5
S
P MRINE
FoLLOWED BY
CHLORAMPHEN 1 COL ‘
ADULYS 3 CEPH33 Cepn, 5,0 9.3
¢. 29 c. 13,7




TBEAYMENT OF PATIENTS WHO RELABSED
ABERDEEN TyeHotn GuteReAk, 1964

—
~ MEAN DURATIOR T RANGE oF
DR DAILY | NUMBER | o "ownexiA o] PYREXIA ON
DosE TREATED TREATMENT TREATMENT
(G) {pAYS) N (uavs)
CHLORAMPHEN1COL 23 24 3.8 ] -6
CHLORANPHEN I COL l )
WiTH y H 548 2~ 6
CHLORTETRACYCL INE { )
AMPEICILLIN 4 15 7.0 53 =0




ABERDEEN Ivgaolg OUTBREAKR, 1964

! MEAN [ convacesceyr
NumBer | puraTionofr | RELAPSE .
TREATHENT vReATED | PYREXIA BN T o re HromETen
' TREATMENT PO RATE
(DAYs)
HLORAMPHENICO
ADULTS
- QosacE:| 5«24 me/Kel 100 A4 16,0 25,0
AhBwj4 ¥ 172 4.4 28,7 R2.4
364 " 60 4,0 23,3 23,5
» CHILDREN : 58 4,4 19,0 5648
QHILBREN
AMP 1 CILL IN 25 8,3 0,0 56,0
CHLOR,+ AMP, 12 3.7 25,0 41,7
AMP, » CHLOR, 10 12,6 30,0 50,0

* THESE FIGURES INCLUDE ONLY THOSE PATIENTS WHO HAD A
SINGLE GOURSE OF TREATMENT DURING THE ACUTE JLLNESS,




(1)

(2)

(%)

(5)
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chloramphenicol, for 10 days in dosogos varying
From 500 mge L=hourly to 250 mgs G-hourly (33 patients)

chloramphenico). and chloxtebracyeline togother
for 10 days in a dosage of 250 mge of

oach Gehourly (11 patiants)
cephaloridine 1 Gs 12«hourly for 14 days ( 2 patients)

methacyeline {Rondomyceln) 300 mge
Gehourly for 10 doys. { 8 patients)

ampicillin 1 G. Gehourly or 2 ¢s G-hourly
for 10 days (750 patients)

The effects of some of these breatments on pyrexiaz ere shown in

Table 21,

(11i) Response to Trestments

The effechks of different drugs and schedules of

treatmeat wore compaved, where possible, on the basis of'$
]

(1) the duration of pyroxia on Lreatment

(2) the incidenice of rolapse after breabment

(3) the ineidence of the exorcler atate durdng

GONVAloscenta,

The detedls of these effocts are shown in Table 22,

With regawrd to the treatment of the initial illnoss



in adulis, it was not possible to compare the offects of
different rogimes of bblo:oamphezlicol Lroatment s #ince the
rasulltont individuel dossge per ken. body-welght varied
considerebly. Howovery the effect of different delly dopagesn
per kgms body=weight were compared, No significant differences
wore found in the dvxmtion of pyvamn or in the relapse=rate,
although thexe was a tyond for the incidence of relapse to
ineresse with increasing daily dosage of chlovamphenicol.

This was thought 4o be becanse pabients who wewve exbremely ill
on admission wave offften given a higher dosage of chloramphenicol
end. these patients weve more 1ikely then othexr patieunts bo
ralopsc. Phere was oo differmmeoern in the incidence ol

sonvalescent excroters in the thres dosage groupsa

There was no differenge in the effeot of chitramphenicol
in adulds end in ehildren,  Since adults who wewxe glven
treabuents obher then chloranphenicol alone were solected either
hecausge of a milder degroe of iillness or because of allergy, il
wes not possible to compawe the effects of these treabments in
adults,  Howevewrs when ampieiilin and chloramphenicol wore
compared as initial tveatment in childven, 1t was found thet there

was o very significantly longer perdod of pyrexia in children who
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were given ampicillin (1 = 3,98, P < 0.01) with o mean of 8,3
Goyss as opposgd to L on c:hlczx'?nlnphmﬁ,cui. Howover, the
dosage of emplceillin was probably inadc-squaﬁ;a; patients treated
with gnpleillin 2 Gs G=houvrly during relapse responded more
guiokly thon those who had only 1 (. Gehourly, although the

differonce was not significent. (Table 24). .

The relapse-robe in children trested with
chlovamphonicol vas 19.0%. None of the 25 childron treéﬁ;eﬂ
with smpicillin alone velapsed, althougn there was no dilfference
between the two groups in severity of the initial infections
The incidence of convelescent areraters did not differ signifi-

scantly between the btwo trestment groupsas

Vhen the nixed tresiments in childxen were compared,
those childyen who hoad amploilldin £ixet bad significantily Llonger
mean duration of pyxexdo than those who had chloramphenicod £ivst
(% = 586, P < 0401), thot is 12.6 days as compared with 3.7 days.
There was no gignificant diffevence between these two groups iun

the ineidence of relapse or convalessent ezeroborse

Thaese fipdings suggest that amplceillin is slower than
chlovamphenicol in reducing the fever and toxiclty of typhoid

fever, bub that patieats who receive no chlorsmphewicol are less
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Likely to relapses & fuvther point of iaterest is that 7
patients relapspeld betweon the second and f{)uvah day's of
treabnent with anpleilling 1 Ge G«hourly, given because of
convelescent excralbione Closer coxaminatvion of the temperature
chapbs of these patients showed that 1n 4 of then the bemporabure
began bo rlse before aapicillin therapy was commenceds in the
obher 3 who relapsed on the fourth dgy of treatment, the
temporature roso more sbiupély then ususal, wooching 101 ~ 102%8,
fyom pormal within & hours. It seens therelore, thab
ampieillin given initially ia the dosage usged in Aberdeen will
meke the occurrence of rvelapse less Likely then whea chlovemphenie
seol is used, but that in the dosage uzed here it will not
forvestall the onset of rvelapse if given latow; indeed, it is

-

possible that 1t mey precipitote the onset of symplomse

The object of any trectment is to restore the petient
to "nommal® heallth as quickly and os efficiently as possibles
Such treatment should not be detrimental to the patient's future
healths Chlovomphonicol mnoy expose the patlent to the wvisk of
an 1linesa prolonged by o relapse and to a further risk of bonge

smareow aplasise 14 da debatoble whether its more yapid initial

astlon husbifies dts use in place of ampleillin, which does not
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sopeay to evpose the pationt to these wigks.  Fuwbther, L6 was
observed thab, although ampicillin was less effective in
redueing pyroxie, thewe was 1ittle difference baebween tho

drugs in the time baken o produce symptomatic relief. Ih is
possibley therefore, thab if a poblent is ocritically 111 or is
knowa o be sensitlve Lo penicillin chillovamphenicol remains the
dmug of cholces bub that in o less severely ill patient, and in
one in whom treptment ls initisted e2uly in the fllaoss,
ampicilliin should bo given, and only if 4t fails Ho produce

reldel off symptoms and pywveils should chloramphenigol be usod.

It may be seen from Toble 21 that chloremphenicol alone
and chloramphenicol combined with chlowtetracyeling were egually
suocessful in the treatment of wvelepse. Since the latter
treatment was not ueed laitially it was not possible o assess

its effect on the Incidence of relapae or perglstent excreticn.

Cephaloridine and methasyeline were given to poblienta
who wers allergle to penicillin and who had previously hed large
doses of ohlovemphenicols At was Aifficult to assess whelher
the subsequent slow Pell ln temperatuve was due to the drugs om

was the nabural, course af the 111neos.
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(iv) Some Side-flfoots of Trostment

1o Shilorampheniool - the most conmon sldeeeffecis of

ehloramphenicol. therapy were gleossitis and
pheryngitis, which wore seen severally or together
in o tobel of 51 patients (14%).  Both usuelly
appeareld on the Srd or 4ih day of treatment end
continuved for o day or two alber Ctrestment stopped.
In N 100 patients severe menilial infectlon of the
wouth was seen, although this may have been paxtly
e to Byphoid as well as to treatment, Dysphagio
and neuges were common in a mild degroes, and vomitiug
ogourred o 2 pabtientss Severs wwiblcarial dvug rash
was secn in one wan oa the 8th dgy of {treatment, and
& other patiecnts haod maculo-papular rashes occurring

about the seme tinoe

One child developed neubtropacnla 3 weeks altoyr
the end of a 44 deys’ sourse of chloramphonicol and
2 days after the end of o 10 days® course of
ampleillin 3 G doily glven because of relapses  She
had en associated tounsiller mycosis sud white coll
count showed only 12% neubrophil polymorphse However,
this rose spenboneously over the next 10 doys to o

nornal lovel.
Up untli a year after the end of treatmenty no
bone=maryow aplagie was detected at follow-up

exaninotione
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(iv) (Contd,)

"

&

Anndelllin - the nost common sido=efPect of

SO, LSRRI R T
ampleillin theropy wos allergic slin veagtions which

varied from grogs generalised uriicerie to a nild
morbilliform rash which diseppeared aftor a few deys
even whon treatment wes combinued.  Sone unususl
founs of vash were seeny for exenple, one closely
repeubled Ganpbelld de Horgon's spots, vhile an other
presented as blisters which appeared halfwsnehour
after admlpistration of the drug end lasted for 3 - L
howrse  Sevaral patients with ﬁ;u.m:'gm reastions
wore b fivst thought bto have recurrent yose spols.
in all, 39 of 498 pa-i:ién'i:s who received ampicillin
for one wveason ox anothor showed sensitivity reshos
vhich fivet sopeared from the ist o the 8th day of
treatnent,  Diacrhoesa ocourred in 11 potlents and
was severe in 3 of thens end several pabients comploined

of depwestsion while talking enpiolllin.

o

An lotervesting ewample of & "Hoxie c¢risis® ocouryed
in Pobient Hoa990s o woman of 26, whose temperature
chort Ag shown in Piguwe 12.  Un the gccond day of

a course of ampicillin 1 G. G-hourly, given hedause

of convalesonnt excroviony she velapsed, Ampicillin
was continued for a furbher 60 hours but her condition
worseneds hor Uemperabure reached 105 1. end she was
given 4 G. of chloramphenicol, bhalf intramiscularily end
half ovallye She was given 145 G 0f chloramphenicol
orally on the following moyning but vomited after it
and. the doso wos nob vepealods By 12«20 peite she wan
agoin very woxiey ab thet point blood and stool
culbures of two days previcusly wers reporied as
showlng 8. Lyphl resistant to chloramphenicol and she
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(iv) (Cont e )
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was given ampicilling 1 G4 dntrevenously and 1 G.
tlabramacuwlarvlys Onesand~a~half houwes later she
collepsed and was extronely shoclkeds she responded
glowly to dubravenous hydyrocortisoney 400 mg. in
divided doses over 8 hours, wiith chlovamphenicol 2 &,
intravenously end 2 G, intranuseularly. By the nexi
doy hex blood preasure hed returned to normal and her
temperature had dropped suddenly 0 97.2 %, where it
reneinad Por 10 dayse.

the cowigis in this pabicnt was uolikely Lo have beon

fue to chiloramphenicol since the last dose was given
20 houwrs previously. It is mach wore probable that
the inbravenous dose of ampiciliin given 44 hourve
prior o collapse killed lavrge numbers of bactoris
similbaneously, releasing a nessive dege of endotoxin
and thewreby increasing the level of towicliy
suffioiencly o produce shock. The pleture is,
howevar, clouded by the fact that this patient was
allevgic bto ampicillin and opn the dey of collapse
developed a marked slin eruplion due to her previous
three deys' dveatmonits Nonetholess 16 sewves as o
remindor of the polential danger of large "loading doses’

»f auy hegtordseide when hacteraenie exists.

Patiaal Hoe.84, a woman of 30, illustrates clearly tho
fooyw that antiblotic theropy is not always effective in
typhoid fever. She was adunitted on the Ath day of
iliness and wes twewted initially with 500 mg.
ehloraumphenicol G=hourly for 7 doys followaed by 250 nge
Gehourdy For 7 doyse Heor temporature fell to normal

on the 7th day of tyeabment but rose again on the lagt
days Dblood culture wos negative but she wos restresiod
6 doys leter with ampleillin 4 G G-hourly for a furthey
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2o Ampioillin (Contds )

10 doyse On the Oth doy of this treatment she
rolapseds  blood ouvliure woas negetive bubt beosme
positive two deys after cessaltion of smpleillin,
by which tine she had bhad tvo days of treotmont
with ohlovonphenigol and chlortetrpoyeline in o
dogage of 250 ng. of essh bebourly,  She wap
very 311 at this tine ond elso developed both a
drug aenadtdvity rosh and o severe monilial,
throat indection, Troatnent wes chenged ho
copha.l,@x\id_mu 500 mge G-howrly with probenseid
500 mge 12«hourdy, both of which wery conbinued
for 10 Goyse  Her tomporature becene nommel on
The 9th day of this dovg (hor 49th doy of Sliness).
Her oonvoloseence thereoier wos wneventiful except
for o single poslilve facces speciien a month loter.
UnFortunately her serology wes asseyed ovly on
admission and on discghorge;  on both ocossions
phe had only S. Byphi '8 agelutining et 1350
dilution, althoush o month ofter dlsoharpe she
hed S typhi '0' agglutining of L1320 dilutlon.
Hor temperabure chert (Fige 13) clesely resenbles
that of o case of unbreabed typhoid Lever.

GONGLUSTONS

Chloramphenicol usually pradices a repid reduction
of pyvexis in typhold fever end for thol reason ls stiil the
drug of choloe in severe cases. However, it appesvs fron the
incldeonoe of relapse whioh ccouvved in Aberdeen thebt ompioillin
is less likely to couse o velapoes It is suggested that in
petients whe ove xnot cxriflecldy A1l and in pavticunlar in potients
who arve tregtod eorly In the illness, anplodllin might be given

in oxder not to inerense the chances of o subsequent relapsc.
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a

The moin side-effoot of amplelllin da drug
sens:it:‘._i.,vi“i;yg but thias is iess dongerous than the pessibility,
howavor romolto, .crf bonowmaryow aplasia Following chloremphenicol
theropys  The precise dosoge of ampicillin which is most

effective is not yob certain, but loading doses should be

avolded becsuse of the donger of producing shocke

D REY O o) S AT RIS

(o THE PROBIG OF R{ELAPSE TN TYPHOID FREVER

R EBR O R R i E KTTRS W e s ok

TREAYED  WITH CHLORANPHENIGOL

YT AR R

N

(1) Incidence of Relapse

The incldence of relapse in unbreated typhoid '&:‘ca";rez*
usuzlly falls botween 3+8% (Lentin gb 93,.1963) and 104
(mckstbep 1962).  In conlvest, the insidence in chloramphenicole
ssveated typhoid is fwoquently about 207 (Woodward of al.196h)

and may be as high as 585 (Hi11 e £1.1950)e It is tyue that

5 (23 N

the deowrease in mortality rate which has resulted from the use
of chlomnaphenicol glves scope for a higher rate of relapse, and
Furthermors the definitlon of a "relapso®™ 18 by no means unifomm.
in difforent oubtbrecks. Seidler (1961) suggested that many
sc=galled relapses affter chlorvampheniscol wers meroly

racrudescences of fever which wos suppresged during the adninistrae
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stion of the druge He compared the relapse rate in 3 groups

of gpproximately 500 patients ecachyone untbreated, one glven

shoxt courses of chlorvamphenicol, and the third given the drug
foxr 2 wecks. Of these, the middle group had a velapse rate of
10% a5 opposed to rates of sbout 6% in cach of the other 2 groups.
Seddler studied the case-records of patients who rolopsed, and
claimed that the relepse rate of the middle group was fallacious
since many of these recorded relapses weve not truc relapses but
neroly showsd an intervuption of the expected temperature curve,
Howevar, while it is true thot a universally asgreed definition of
a relepse would be of velue, nelther this digparity nor a lower
mortality rate ¢on entirely account for the higher incidence of
relapse which hes been rocorded since the introduection of

chloramphenicol therapy.

(i) Factors which affect Relapse
The wide varlation in the duration ,nd intensity of

the treatment used by different oliniciana in their search for
the regime least likely to cause relopse makes comparison of
results &ifficult, (See Table 23). Howevery cervtain factors
emerge o8 having a definite influence on the incidsnce of
relopnes These aretew

1+ The duration of treatment
2« The timing of the treatment
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RELAPSE RATES IN CHLGRAMPHENICOL-TREATED TVPHOID FEVER QUOTED BY YARIOUS CLINICHANS

t ] “.n 1
Numeer | Davs of TREATHENT DAYs of T-RELAPSE § Dav of RELAPSE
SouRrcE YeAR fLLness 06saGE ' DURATION PYREXIA weenuay b oiLLuHESS P 0 REMARKS
oF BEFCRE {ToTAL oF o HRTERVAL _oN RaTE
CASES TREATHMENT c& TREATMENT TREATMENT {Davs} RELAPSE A
BALLY) (pays) : _ )
WOODWARD €T AL, §948 16 9.5 Mm._ 1 8.1 3.5 i2 30 20.G
SMADEL =T AL, 1949 I3 i3,5 20,0 & 6.9 3 . i1 32 53.8
' 9 3.7 25,7 G 1,2 7 4.2 D - - -
iz 20,8 32,8 6 18,0 3
HILL £7 AL, 1950 21 9.6 31,26 8.7 4.0 i5 35 57
MARHN 0N 1952 47§ ) , 3438 G 14 3.9 ) 18,2
34 - 34=38 & 14 5.3 Y - 17,6 T. A B.FOR m_mquwm
97 t ) ° 30 61 ) INTERRUPTED 3.9 3 ) 42,3 DAYS.
2t ) 30 61 )} s5-7-7 5.3 ) 4,8 TAB rFor isT §0 oavs
JOHN AND 1952 20 {0 ¢ 6 INTERRUPTED] ) 4.0 i ? 5.0
VINAYAGAH G=5aG } .
17 8 22 a8 10 ) 4.8 7 41,0
EL RAMLI 1953] 289 W ) 25 na. 47 3 26,3 1) “
. ) INTERRUPTER | ) =« s s y 80%
58 ) 13.7 y PER beTe? ) 3.7 : : 3.8 ) WERE CHILDREN
51 3 } Ka, 16 ) 3.9 )
. TSOH 1957 208 > 7 c.2l & 14-19 4,0 2 ? 6,0
ROWLANDS £961 78 60 we/Kg 8 ) I1,5
mm 2 30 w ig 3 4.8 ? 2 363
83 35 ¥ 5 3 ¢ 20,5
39 - i0 3 12,4
HUCKSTEP 1962 80 12-20 ¢ 6=£0 41,0 '
, 39 . ;2236 & Pi-i8 . . 28.0 , .
22 ) {220 & B=l{ ) ] 18,0 FfoLLoweD sy T,A.B.,
ie 22«36 G fi=18 £0,0 FOLLOWED 8Y T,A.B.
LAKTIN i963 251 13,4 I8 G 10 4,8 3t it !
FOURRIER =T aL, 19635 1,350 <7 c.20 & < {6 ) 26,0
INTERRUPTER Y 7
34=38 § lAeBa5 3 1.0
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3¢ The leveld of antibody vesponse before treatmont,
he The addition of vaccine thevapy,
5. The severxdity of 1illness before treatment.

1e The Duretion of Treatment

Smadel. gt 2l.(1949) were first to suggest thet the
duration of treatment alfected the relapse rate, They stated
that "chloramphenicol should be administered in adeguate amounts
for more than 8 days sseess bthere appears to be little adventage
in continuing trestment forx more than 14 deys."  Thoy hased this
statement on the relapse rates which they observed after varying
lengths of treatments When chloramphenicol was given for 7
“doys the relapse rate was 54%, vwhereas after 41 or 18 days’
treatnent there were no cases of velapse. Woodward et 8l.(1954)
sumarised the results of seveoral observers and stated that
treatment for less then 10 days usually caused o relepse rate of
sbout 20%, It scems clear that the highest relapse rates ocour
when ohloramphenicol is given for less than one week (Smadel ebal.
1949, Pokrovskd end Bulkina 1960), and most investigators are now
agreed that treatment should be continued for at least 14 deoys
(Ele Remli 1953, Walson 1957, Huckstep 1962). However, even

this length of treatment does not obviate relapses It wan
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suggenstod that if chloramphenicol was given foxr fouy to siz
weeks conbinuously, thet is, to cover the expected duration of
the diseasey veolapsc would not ocour (Natteucci el al. 1951) but
this vegime was not wholly successful, VWoodward oi ale §954)
described & case to whom chlovomphenicol was glven from the
third to the sixtywthird doy of Jdisease and relapse occurred

Pifteen days labers

Several workers have advocated a scheduls of
interrupted tredtment, thati is, treatment continuing for 2 - 10
doya afteT the temperature becomes normal followed by an
interval of 5 » 8 doys with no treatment, followed by o second
course of ohloramphenicol for 5 = 410 days.  (Marmion 1952, John
& Vinayagan 1952, Bl. Ranli 41953, Fourrder and Rocchicioli 1963,
Forbes 1963},  Woodward ot 21,(1994) suggested a further rest
period of olght days followed by a third course of trectment
for 5 dayss Lt is thought thet interrupted therapy allows for
treatment at the period when relapse usually ooccursy that is, 7
0 15 doys efter the ond of the initlel trectments The relapse
rate on this regime has varied from 1% (Fourrier and Rocchicioll
1963) to 42% (Mormion 1952)¢ The ehief diffeorence between their
rogpentive schedules of {reatment was in the first courase of

sach: Marmlon sontinued treatment for only 2 days after the
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temperature was normel, wheréeas Fourrier continued it foxr 8
days,.

This type of btreatment has not been readily adopted
because of the bellef that interrupted dosage of chloramphonicol
ig more liable to cause aplania of the bone~marrow than is
conbinuous troatment (Shoxrp 1963)s A rvocent tvial of different
daily dosages of chloramphenicol has suggested, however, that
toxic bone~maprrow depression is an inherent property of the drug,
although it may be aggraveted by individual gensitivitys end that
it usuelly ceases on withdrawel of the druge. Lf this is o,
interrupted dosage is no greater o source of danger than prolonged

therapy (Scoth e pls 1965)

The total duration of troatmont appears to be less
Important in preventing wrelapse than the duxetion of treatment after
the patient becomes afebrile, In patients on the same acheme of
treatment, those who relapse have been shown to have a longer period
of pyrexie on treatment (Rowland 1961) and, therefore, a shorter
pariod of treatment while afebrile, However, a8 suggesbted earlier,
this may be nerely e refleotion of the severity of ﬁhe initial

ilinesse.

It seems also that the total dosage of chlorvampheniool

is not a8 important as the duretion of time over which it is
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given (Roviend 1961, Voodward et 8l.196k). Tho dosege
vecommendsd by mosh olindoians (Woodward b al 195, Forboes 1 963)
in 50 mge por kge bodyeweight per deay, ia divided doses. The
drug is uvswolly given 'a;t; hwy Gw 0p B-hourly intervels, although
BL Ramld (1953) sugzested that 18-hourly admindstretion is

pqually effeetive and dauses less dlsturbance to the pationt.

Thuss on the basis of these cbsevvations in man, all
that mey he atated with dertainty about the duratlon of
chlovamphonlood. thevepy and ifs elfect on the incldence of
relapye 1s thet treatment for less than 2 weoks is more 1likely
to produce o higher rote of relopse. It is not yob possible
w0 state thot avy one regine of bwreatment may be used in the
knowledge thet 1t will cause few pabtients to rolepses. It in
prudeat to remember that the stetoment mede by Mormion (1952) is
a%ill torue, nemely that an inhovent qualily of the infecting
organdsm pleys en important pedt in determining the relapse
incidenco in o given cutbrenk, and as this factor is not ab
precent ansessoblas comuparisons between dlfiferent ocutbreaks are

0ot valide
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2¢ The faming of Tveatment
3+ The Level of Anitibody Rogponse before Treotment

LTy Rl

Since these two factors ave thought to be intop-

srelatedy they will be dluocussed togothoxr,

In 1950, Lougehanpt and Carbonel observed thet typhoid
patisnts in whom chlorampheniceol therapy commenced in the first
week of 1llnesss were more likely to relapse than those in whom
troatnent was storted lator in the illness. Harmion (1952)
confimed this finding, Ho recorded relopse rabes of 36.9)

255 and 19,7 per cent in patients in whom treatment wan initlated
in the 2iwst, second and third weeks of 1llness rospectively.
Hormlon spggested thet obloramphenicol. might interfere with the
produetion of lumunity. In the following year Seeliger ondd
Vordeender found that ochlorsupbenicol intevfered with the normel
production of '0' antibodics. 1L Rooby and Gohar (1956) book
this furthox :mﬁ showed thet chlovamphanlceol d4id not sffect anti-
shody production in persons who were given T.A.B8. vecoclue, thab
igy killed orgonisms, bub thet in fyphoid patients it caused an
Inerconsed rate of fall in acrun antibody levels which was most
norked whon treatmnent sterted before the tenth doy of illnessg.
This £all occurred in both 'HY avd '0' serum antibodiesy but was

greatier in the lablowv.
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Koatic (1963) in 14k typhoid ceses given chloramphenicol
for 1k days nade the following observeblongse
(1) 'H' antibodies are not greetly affected by the
sdmindatratlon of chlovamphenicol, but t0!
ontibodies ave mnnrkedly deocreased,

(i1) Chloremphenicol therspy sterted on the 1at and
2nd doys of Lllness prevents the formation
off '0' antibodies.

(134) Chloremphenicol therepy storted on the 4th and
5th daysof 1liness causes a slover and poorer
rise in serum antlbedi levels than is usual,

(3v) Chloramphenicol therapy starbted on the Gth and
7th doys of illness causes a more rapld
dispppearance of the '0' antibodies already
developeds

(v) These effects are even more obvious if other aabi-
sbiotlces have been administered before
chloramphenicol therapy is initiated. They

nre also nore marked 1f corbtisone is given
coneurrentiy,

It is now generall& agreed that chloramphenicol given
garly in the illness interferég swith the production of immmnity,
that is, of the antibody to the pathogenioc '0Y antigen, It is
aloo thought, as Narmion suggestod, that this diminution in
antibody production makes relapse more likely (Lentin of al.
1963), There are, however, variations between different

observers end different outbresks. Rowland (1964) found thet
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the relepse vole 41ld not vaxy with the timing of treabnent,
although he did not stgbe what range of times he comparod; end
Yoodward gt al.(1954) observed seoveral patients who rolapsed

in the face of high levels of clwoulabting antibody.

le The addition of

Hormion (1952) gove ©wAsBs vaccine, 0.02 ml, sube
socutoneously on gach of the flwrst 10 congesutive duys of btwo
different regimes of chloranmphenicol dreatments The Livst wes
a condinuous coursa of 25 = 30 grams of chloramphenicol over a
period of about 9 days, the second an intervupted course of
about 5 days' initial treatment, followed by 6 deys' further
treatnent alfber an interval of a week, e found that in &
patients given the conbinuous course the relapse vote (18%) was
not affected by the additlion of vacsiney whereos in 118 men given
the interrupted course the relepse rabe was only L.8% in those
who were glven vacoine as opposed o 42:3% in those who were nob.
In the interrupted regime vascine was glven for 3 -+ & days ofter
the withdrawsl of chlovamphenicol, IMarmion concluded that the
addition of vaceine should be effeotive in redueing the relapse
rote, but that its setion of ghimulating antibody preduction was

inkibited in the conbtinuous course becaunse shloramphenicol was

giveon at tho some time.
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Huckstep (4962) gave L6 pabtlents who hed different
rvegines of ehloramphenicol therapy o single dose of 025 « 0.5
nl. TA,B, vaceine either between treatments, if the reginme was
intermapted, ox lmediately following a conbtinuous. convse, e

found that whatever the regine usedy the relapse rabe was more

then halved by the addition of vascine,

5+ Severity of Illness bafore treabnenk

Varions opinlons have boen arpressed. on the effect, if
anyy oFf the soverity of 1liness on tho relapse rotes  Longchampt
ondl Carbonel (1950) stated that reiapsa in ehloramphenicol~treated
cagas more commonly followed o mild infectiom:than a soverc one.
Mexnlon (1952) denied any sigmificant offect of the severity of
the indtiel illness on the incldénce of relopse, but he did not
define "severity. RBowland (1961) who based his classification
of “severlty" largely on oliniual impressiony stabed that cases
of severe inldtial infection vwere more likely to relapse. Rovland
aloo fPound thet pationts with a longer duration of pyrexia on
indtiol {troatment were more likely to relspse. This agrees with
the finding in Aberdeen that the duration of pyroxia was greater

in severely i1l pabients who relapseds




DISCUSSION

It would appear, therefores; that the ocourrence of
& relapse in typhold fever is influenced by the timing and
duratlion of ohlovamphenical therepy, by the presence oy absence
of civoculating antibody, and by the severdty of the initial
attock. dhal, then, is the intersreletionship of these

factors, and what is {the mechenism of velapse?

It has heon stated in Section I that in the natural
courne of typhoid infection in men the baoterie are tolken up
from the tissues and blood stream by phagocybic cells. Once
inpide the cell, they may!

( 1) be destroyed

(ii) remain statie

(i1) contime to multiply

(iv) be egested
The outoome is influenced by peculiarilies of the organism, of
the phagocyte aad of the envivomments In the main these
influences ave the vesistance of the basteria to dostruoctiong the
competence of the phagocyte, and the presence ox absence of anti-
sbodys. The bacteria may multiply faster than the phagosytic
cell is able to destroy them or than antibedy cen be produced,

in which case the patient may dies On the other hondy the




bacteria may bhe destroyed nmainly by phagocytes and antibody,

and the scvte illness will then subsidea.

The decrease in the mwber of live bactoria, both in
mtreated and in chlovamphenicol«trested typholid fever, la a
gradual. prosess. Harmion (4952) Pound bactordemia late in
convalooeonce when the patient was completoly afebiilo,
Wabson (1957) inolated S typhi from clot culimres as laie o8
the 17th dey of breotment wlth ohlovemphenicol, ggain when the
patlents wore afeébyile.  VWabson believed thab the bloed strean
wag Proquently ro-invaded by bacterle Trom the tissues during
the cowrse of the illnoss and that, 1If sueh re«invasion by
"hisguo forma" of bavtoria occurred to o sufficilent exbent, it
would overcome the effest of éirculating antibody and cause a
¢linicel relapses Furthormors, as the bacbtorde decrease in
nuber durdng the petient's swcovery, the anbigenic abtimulus is
vemoved and by the time that relepse usually occurs the lovel of
antibody has begun to £all and the pabtlent is more susceptible

Lo re~infcotion of the blood stream Lrom focd in the tissucs.

If this is the mechanism of relapse, some bacteris
must survive and muwltiply in the thssues, It has beea gtated
already that S, typhi mey mulbiply within phagoeytic cells, either

bacouse of the virulence or "resistance" of the bacteria, ox
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perhaps bevause the tell is lncompebent.

It s also kuown that intracellular bacterie are
protested from the action of humoral 'hac'i;eriecides, ineluding
antibody (Rous and Jones 1916)e Such bacterdia mey survive fop
some dayes or longer until they are relessed either when the cell
dics neturally, or when they overpower ity or il they ave
pjected by & visble cell, It ds guite likely that, of a2 lavge
aunber of bacterio Ingesied sinultaneously by phagocytes at the
time of the dnitisl infectiony suffiecient of those which suxvive
will be released af'ter an sppréximately cqual lengbth of time and,

in favourable circunstances, cause & olapbi.

Whet, then, is the action of ohloramphenicol. that it
not only does not prevent the survival of gome bacteria bub

sppears to potentiste 147

The esetion of chlorampheniesl iz primarily bacterio-
satatic. By arvosbing the growth of baoleria ih reduoces the
quantity of entigenic waterdal evalloble 4o stimudate antibody
production. Watson (1957) believed that chloramphenicol also
acted by incressing the rate of uwptake of bacteria by phagooytic
cells in the same way a5 strepbomycin sensitilses tubercle bacilll
to phogocytosis (Linz 1953)« This hypothesis is supported by bthe

Lindings of Hopps, Smedel et al.in 1961 (See Figurell.)s In a
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’ series of tissue culbure exporiments they exposed S, typhi to
various antibloticas In all 3 eul-burea to which chloramphenicol
was odded, thers was an dumediate fall in the culiurable basteriel
content of tho cellsfvee £iuid bul a concvmitany sl:i.gh'gz wise in
the numbor of viable bacteris in the cellss It 1s feasible

that the fall in bactexdal content of whe luwid was due in part

to the direet action of the drugs and in part o an increascd

uptake of bactexrda by the cells.

Vatson beligved that the intiseclluvlar pogition
probtocted the bacteria from the action of chiloromphenicol.,
However, Showscre gt ak.(1961) demonstratod by phase-nicroscopy
in tissue culture wlls that chloramphenicol and other antibiotics
vare effegtive against intrecelluler B typhi. Intracelluler
bacterie were scen to wndewge muliiplication at intevvels of
chout 350 minubes, When éhlovanmphenicoly peniciliin or
synuemetin were added to a culbure, bagstoriel multiplication
ceased simnltencously inside end oubside the cells Despite the
intrpeellular penebyation of the entibiotics, however, the number
of viable bacteria in the tissue culiures 4id not fall markedly
for the first week of exposure to antibloticss It was this

obsorvation which led Hopps gt ale b0 conduct the tissue culture
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exporiments Indleeted in Figure 9 It may be geen clesxly.
Trom the graphs thal, afled an dndtial fell, the basterial
conbent of the Cluld partially increased agaln wnltll aboutb the
10th day of exposure to anbtibloticss Thereafber both finid
and 0ol bacteriel counts fell ol about the same xate for o
further weelks In all culiures which sontained chlovauphenicol
the fluld was elearsd of viable bacteria between the 144h and
18%h day after osposurs to the auntibloticy; but the cells
rebained a few viable basteria for a further few deys. In the
thivd experinent, despite 29 deys of exposure to chloramphenicol
and penicilling {typhoid bacilli reoppsaped 8 days labor and

eveniually destroyad the tissus culbura.

it is mﬁzﬁ‘armﬂ&;{:e that no information ls given in this
experiment about the effeot on the bacllli In the cells and fluid of
tiasue culbures of tha’.).*;"énlph%ﬂx:ﬁ.ﬁ(;13’. givan slonos  However 18y a8
clinigal evidence suggests, the rvate of death of bacterla which
oscura in man wnder the influence of ohlowamphenicoel alone is
similar to that which Hopps @b al. found with combined therepy
in tlssue culbuirey 4t 4s olear that the withdrawal of the anti-
shiotic hefors all the inbracellular bacterdia have boeon destroyed
nay pewrmit & relapse bo veewrs  In particular, i the dwug is

conbinued for less thad 10 dayss the number of vieble bacteria




stlll present both intre- and exlbromcellularly, is consilderable,
and. without the presence of the bacteriostaiic deug multiplication
of the bgoborde will be resumed and mgy guickly result in a

volapses

Since Ghloremphenitol aets with equel speed both ingide
and oubgide the ¢elly it i Aif{icuwlt to see why at lesst 5 weoks
of treatwent are reguirved to remove all the bacteris from the
tlesue cultore. In an abbenpt to elucidate this Hoppe gt al.
studied the effect of different antibioties on §e Lyphi in the log,
ov rapid growbkhy phese and in the stationary phase, They found
that with beeteriooidel drugss such ak penicdlling 8. typhl in
the log phase in tissue culture were kllled within 48 houwrs,
whereas at leest 1 in 10 bacteria in the statlonaxyy phase survived
for o weelt end 4 in 1000 survived for several weoks, Ohlorom=
iphenicol, and c¢hlorbetracyoling showed siniler eifectss but wore
even less lethel for 3. fynhi. When chlopamphenlcol was addsd

to tlssue culiure mediwa conbadning bacteria in the log phase,
the total bacteriel conbent foll imch more slowly than with
penicillin, When it wan gdded to tiasue culture medium
conbaining basberia in the stabionery phases theve was o slight

fall in the totel vicble bastewlal count in the Plyst 2 days, bul
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thereofter the count vemeinod almost gt the same Level for 2
wocks,  llopps af al. pointed oul that, although it wos koown
already that mosh antibletics were more rapldly lethal againgt
actlvely growlng bacteria, such prolomged suyvival of the
shotionary phase cxgonign in e medium contelining antibiotic

had not previously beea clearly demonstrateds They observed that,
although spheroplastss that is, »ound foyms of bacteria, insensite-
tive to subiblotics, wove produced only extra celluvlorly and

ouly by bactericlogical drugs (Showaere ot al, 1961)

chloramphenicol might dnduece s prolonged resting phase analogoup
0 the stationery phase by inducing genetle chanzes in the

nutritiovnal reguirvements of the organism

T6 in known thet when an actively growing bacterium
is plased in a new envizomuent in which it can swiwvive, it
enters & lag phase until 3t hes adepted itself to the new
envivonnents A3 stated earlior, OLitzki eb ,5';2;,&(’1962;.)
demonstrated that thiy occups when vimlent 3. lLyphi ere ingoshed
by phegocytes,  Thugy even without chlorvampheniocol, there is o
phese of appervent inactivity on the paré of the orgonism.
Chloramphenicol introduced at this btime is velatively ineffective

and there s then a poxdod of delayy as observed by Hopps eh al.,
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until the bacteria wdapt themselves sufficiently to approach the
growing phase and then become susceptible to the action of

chloramphenicol,

According to Hooksbor and Quastel (1963) the astion of
chlovamphenicol on bacteris ig to dnhibit protein synbhesin. At
growthwinhibiting levels it interfewes with the last stage of
protein synthostisy which ig the transfer of smino acids to
probein. This suggests that The metabolic activities of a
bacterium suscepbible to chlorempheniecol san contime up o the
final step of protein synthesis, |  Buch an orgonism is then in
the lag phase of growthe The trensitlon fron the lag phase to
the logerithmic growbh phase ds not acoomplished in the preseonce
of chlorawphenlcol becauge of the inberference of the deug with
the final stage of protein synbhopls, without which multiplication
off the opgenism Ls dmpopsibles Death of the orgonism does not
necessarily occurs Purdher, this gotion of chloramphenicol is
complutely reverslble and probein synthesis resumes immediately
Upon. f}%anmvait of the drug o 4ts reduction to & levsl less than
that necessary to inhibit growbhe I even a few of these bacteria
surviye untdl the withdrawel of chloramphenicol, they mey then

nultiply sufficlently to cause a velapse,
i

It 45 possible that there is & further effect of
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chloramphenicol.  Clitzkd et al.(196)) also noted that certain
Torms of basteria, for example ones killed with gcebone, were
toaken up by phagooytes but the latber were unghle to digest them,
It moy he that exposure to chloramphenicol not only induces g
prolonged lag phase but also enbences the rasiﬂt&née of bhacteria
to destruction by phogooytes. The persistence of this efféat
even after the withdrewal of chlotamphenicol nay exnlain the
inercased swxvival of bacterie in patients given chloramphenicol
for only 1 or £ doysy and in whom the Llikelihood of a relapse le

particulerly highe

CONCIUSIONS ¢

The occurrence of & relapse in typhoid Pever depends
on the sugvival of sufficient nunmbers of bacterie fov & sufficlient
length of time to re-invade the bloodsstream lete in the illness;
these bacterda may survive intracellularly in wndreated Ltypheid
fever by adepbing Thewselves Lo a poresitic existence in an
envirenment where they ave protected from humorel anblbodye
Incompetent phagoeytic colls may provide o nmore favovrable

pnvivonment than others for bacterdal suxwivels

Chloramphenicol mey potentiate the oceurrence of a




relapse in severkl woys. I depresses the production of
specific anbibo e partly by dts bacterlostatic actlon aad
possibly also by hastening the vpleke of bacteria by phagocytosis,
This effect is most mevked when chlorvamphenicol is given esyily in
the infectlon. Lt may dnduce an umnatursl stabe of "suzpended
snimation” in some intwacellular bacterias IFf such bac‘ﬁ:eﬁ&
arve nok destroyed by the ecell they may revert to an sotive phase
when the entibiotle ls withdrewn and mltiply o e suflficlent
oxbent to counse & wolapsce It moy be also that chloramphenicol
venders some bacterie resistant to killing by phagocytio cells
and these bacterda mey then survive long after the withdrawel of

chloramphenlool,

B, THE CHARACTERISTICS OF THR PAUTENDS

TN ALERDEEN WHO RELAPSED

Mermion's (1952) definltion of a rolepse was usedy
that day "a rotwn of fever of 100%F, o more y Losting 2 days ov
noye end accempanied by eny symptom attzibuteble to {yphoild
fever, unless some othoy gdequate cauvse can be found to account
for the eplsode’ ..

Py this definition, there were 86 patients who relapsed,
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1843% of the 469 cases, This relepse rate agrees with the
findings of Woodward et gls (1964) who stated that a totel dose
of 20 = 30 G4 of chloramphenicol given over a period of 14 deys
is likely to produce & relapse rate of sbout 20% Ten of these
pabients did not glve a positive blood culture on relapses in
faect 2 patients who relapsed did not at any time give & positive
isolation for S, typhi, Three women and one c¢hild relapsed
tmce.

The meen dey of illness on. relapse waz 36.7 days.
This was, on averages; 13,0 days after the end of treatment and
2241 doys after the patient was afebrile, (These figures do not
include one patient who relapsed on the 120th day of illness.)

Table 24 sumarises the comparisons of patients who
relapsed with other patients with regard to certaln fastors.s It
may be seen that there was no significent difference in the age
and gex characteristics of the 2 groups, nor in the mumber of
inmunised individuals. The ineubation perdods of patients who

relapsed were no &ifferent from those of other patienta,

There wass howevery as has been shown already, a

highly sienificent difference in the severity of the initial




- 43 -

infection betveen the groupss Very significantly fewer
patieats who had o mild initiel infeotion relapsed (x2 = 22,08,
P < 0.00085),

The duration of pyrexie on initial tmétmant was then
compareds This comparison was restricted to patients treated
with ehlovamphenicol, since there were not suffioclent numbers of
patients treated with another druge It was found that patients
who velapsed had o signilficantly longer mean period of pyrexia
on chlorvamphenicol than others (L = 24785, P < 0.01)4
However, when the comparison wes made foxr the 2 separste groups
"noderete” and "severe", the difference was significant only in

severely 111 patients (t = 2,05 P < 0.05),

The btlmings dosage and duration of chloramphenicol
therapy was examiped for eny difference between the treatment of
pokients who relapsed and those whe did not, No significant
difference was founds In patients who relapsed, chloramphenicol
treotment was steited at a mean of 6.8 days of illness, and was
continued for 1.0 daya in a mean daily dose of 29.9 mge per Kge
body~weight, In other patients trected with chloramphenicol it
wag started at a meén of 745 Ada,'yrs of illness, and was continued

for 13.9 days in o mean delly dose of 29.0 mge. per Xg. body-weight.




THE COMPARISON OF PATIENTS WHO RELAPSED WL
OTHER TYPHOLO PATIENTS

' B i!
SIGNIFIGANT |
FACTOR CASES COMPARED DA FFERENGE
» - PRESENT
ol e
 AGE DISTRIBUTION ; No
SEX DISTRIBUTION ) ALL No
NUMBER IMMUNISED ; OTHER No
) ‘
INGUBATION PERIOD ) CASES Mo
SEVERITY OF INITIAL INFECTION ; YES
TREATMENT s
ODURATION OF PYREXIA ) YES
)
DOSAGE OF CHLORAMPHEN 1COL g ALL OTHER No
DUBATION OF CHLORAMPHENICOL | ) GCASES TREATE( NG
! y AN 23
DAYS OF ILLNESS BEFORE ; WITH GHLORw
CHLORAMPHENIGOL -~ ) s AMPHENIGOL No
TYPe oF INITIAL TREATMENT ALL OTHER NoO
TREATED cASEd
“ ADULTS | =  ADULTS No
w GH 1L DREN i « CHILDREN Yes
i I
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Whon tho timing of treatment was exanined for severely i1l
patlents onlyy it was found that these patients who relapsed
agein began treatnent earller than other patients, but that this
ddiffercnce was significent only in children (& = 2437 F < 0,05).
No comparison was posglble of the type of initial treatment given
to adnlis ‘wha relapsed but, as has beon stated sarlier, 19.0%

of c¢hildven who had shloramphenicol relapsed as opposed to none

o 25 children treated initially with ampioilline

The gserum antibody levels of patiants who ralopsed
weore examined to see whethoy theve was any ¢lesr differénce
botween these and the antibedy levels of patients who dd not
rolapse, Unfortunately comparison of antibody levels before
treatment had to be based on serum *H' antibodies since S.typhi
0! antibodies wore estimated in only 89 pabients on admission,
of whom only 8 showed & positive raactions On this basis, no
dfference wos found in the level of serum antlbodies of
rolapsing and other patients before treatment was starteds
Serum entibody levels on discharge, 'H' end '0O'y were then
compered, and again no significant dilference was found between

the two groups.

Serun antibody levels were estimeted in 49 patients
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el rk}l&pm, Only two patients at thet time showed '0?
anbibodlies, but 2 othor patients had §, byphi Y agglutination
o o dllution of 1:12,800 on the firat dey of yelapse, One
patient who relapsed dieds Of the remaining 85¢
(1) 23 patients (27%) showed a marked rise in
antibody level after relapsey

(13) 41 petients (487%) showed no change in
antibody level throughout their illness,

(311) 21 potients (25%) showed a steady f£all in
ontibody level after admission to
hospitaely despite relapsey
Once again, however, the pauvciby of '0' antibodlies
both in patienta #ho relapsed and in those who did not nakes
vomparison of antibody response difficults

A study of the 86 patients in Aberdeen who relapsed
showed thet petients who were severely ill on admission to hospitel
were much more likely to relapses Of these patients, those who
ook longer to respond to the initlyl ehloramphemicol therapy
were more likely to relupae then ovther severely 111 potients. No
difference was demonstrated in the sohedule of chlorampheniecol
treatment of patients who zvelepsed and of other patients buty in
ehildreny vene of those who were treated initially with ampieillin

relapsed.
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By "POSDSTREATMENT  PYREXTA®

bininasy

It was observed that 125 patients had o recurrénce of
fever duxing counvalescencs although they were completely
sympbom={pec, TFor descriptive ease this phencmenon was nemed
“postwtroatment pyrexia', mmd it was dofined as a symptomless
Tfever, ogourring during convalescence, which did not exceed a
helght of 100°%, but persisted for longer than 2 days, and
ocourred more than 4 deys eftexr the end of treatment, It was
thought that this pyrexia might be the ascompaniment of
excretion of 8, fLyphl during convalescence, as observed by
Woodward et ale (1950) and Marmion (1952)s The records of
these patients werey therefores exwemined and compared with those
of other patients to detormine any differences in this and other

factors (Table 25)

The sex distribution of these and other palients was
not sigoificantly d&ifferenty although there were morve females
then expected, but thewre were very significently more children,
thon expeobed who had "post-treatment pyrexia” (87 = 20,27

P < 0.0005) there being 78 adulis and 47 childrens




COMPARISON OF |28 PATIGNTS WHO HAD "POST-TREATMENT Pypexia®

Wiz OTHER TYPROLD PATIENTS

B L
SIGNIFICANT
FAGYOR LAsESs GOMPARED DIFFERENCE
PRESENT
te SEX DISTRIOUTION ) No
" i ‘ ) ALl
2. AGE DISTRIBUTION ) YES
5, NUMBER WHO RELAPSED ) 0VHER YES
H + &
4? NUMBER OF CONVALESCENT EXCRETERS ) CASES YES
5, SEVERITY OF THE INITIAL InFECTION ) Yes
6, NUMBER TREATED INETIALLY WITH ALL QTHER
CHLORANMPHEN FCOL TREATED CASES YES
T, LULORAMPHENICDL THERAPYS ALL OTHER
A) DAvs OF ILLNESS BEFORE gﬁgga'?naa?gm
TREATMENT: CHL O RAMPHERICOL No
B) DAILY DOSE No
) DURATION OF TREATMENT Mo
D) DURATION OF PYREXIA »
OH TREATMENT NO
8, NUMBER OF ADULTS WHO VERE ALL OTHER
INOCCULATED AQULTS YEs
GOMPARISONS BEPEATED FOR
CUILDREN ALONES
. MUMBER WHO RELAPSED ) YEs
‘ b (e e pecrhene [ ; ) Akl OTHER
2o NUMBER OF CONVALESGCENT ExcnaTeaQ ) CH I LOREN Yis
54 SEVERNTY OF THE INITIAL INFECTION | ) YES
4, NUMBER TREATED INITIALLY WETH a ALl OTHER
s AR I 12 4 [ i
CHLORAMPHEN ) GOL ) TREATED o
5, CHLORAMPHENIOOL THERAPY ) CHILDREN Mo
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There was a Significaat deficit of patients who
relopsed (= 7491 P < 0,005) and o possidbly significant excess
of exoreters (07 = 499 P < 0.05) in the group undei consideration,
Very significantly fewer of these patients than expected had o
mild dndtled infeotion (37 = 10451 T < 0,001)s Theors wes no
significont difference bekween patients with "postetreatment
pyroxia’ and otheyr petients in the timings the schedule; and the
offeot on pyrexia of initisl chloramphenicol therapy; but
significantly more patients than expected who had anpleillin or
"mized" treatment initially developed "postetreatment pyrexiael
(22 = 8490 P < 040085)4

Booanee of the exeoss of ehdldren in this groups
ehildren and adults were next considered separately. It was
found thet the only significent diffarence between theose and other
odults was a defieid of inceulated patisnts who developed "poste
threatment pyvexia® (a2 = 8464 P < 0,005)s This difference was
largely explained Ey the excess of wonen in thig groups

‘the 47 children who had “postetrectiment pyrexia®,
however, differed significantly fron other ohildren in geveral
Viys e

(a)/




(a) Phey wero more severely 11l on admission
(s:? = 8451 P < 0,025)

(b) They wore less likely to relapse
= 7696 P < 0.005)

(o) They wers move likely to exerete during convelesooncs
(22 = 1158 P ¢ (35{301)
Slthough the children as a whole were just as severely

111 on admission as childroen who velapsedy; only 1 of the LY
rolapsed after the end of the “posb-treatment pyrexia’. This
wasnol an affect of traatments since there was no significant
differente between the mwber of childyen who had “postwtreatument
nyroxia' after smpicillin and af'ber chloramphenicols It seemed
posaible that in pone children this pyrexis ocouwrred instead of
g relapse, In oxder to investigate this possibility; children
with "postebtrostment pyrexie" snd children who welapsed were
compared seperately with children whe had an wsventiul

convelescences  The following fauts emargea":-

(a) that both groups were significantly more severely
All on adnission than other ohildven; but that
the difference wes greater in children who relapseds

(b) that severely ill ohildren in both groups took longer
than otheor severely ill children to respond to
chloremphenicol therapy. This difference was
slightly greater in childron who relapsed, but
was not significant,

{e) that in smeverely 11l children in both groups chloramphenicol
therepy was initiated earlier than in other severely ill
childreny but that this difference was only s.;.gmfmam
in children vho relapseds, (See Teble 26)




ALL CHILOREN WETH A SEVERE INITIAL INFECTION

TABLE 2@‘

TREATED WITH CHLORAMPHENIGOL

§ t
. ‘ CHILDREN ALL OTHER
1 1. DF ' !
Ci1 1085 WHO HAD CHILDREN
. POST WITH A
WHO TREATMENT | SEVERE
PYRENIA FNEY 1AL
RnxApgam INFECTION §
NUMBER 9 19 o
MEAN DAY OF ITLLNESS BEFORE
CHLORAMPHENICOL 443 7.8 8,9
MEAN DAY OF PYREXIA ON
CHLORAMPHENS COL 5,1 5.0 4.5
Mean DAY OF JLLNBSS 5540 25,5
MEAN DAY AFTER END OF
CHLORAMPHENICOL 14,2 4,9
MEAN DAY AETER END OF
PYREXIA 25,1 11,8
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From this Lt eppeayed that severely i1l ohildven
with "postetreatuont pyrexis’ formed o growp which was ikboww
smedioate bebwesn geverely 411l children who hed a normal

convalescence and thoso who relepseds

T4 has been stated that ehildven with "postetreatment
pyrexie” were more likely than other children to excrete during
convelescences, Howevery in children who relapsed convalesoeéncs,
by definition, d4id not begin until after recovery from relopse
and, therefore; oxcretlon vhioh occurred in those childrsn between
the end of the initlel illness and the end of relapse vma lgnored.

When the xate of exereiion gfter the acute illness was re-examined

for ol children, 1t was found that:

(2) 3n 47 ohildren with an uneventful convaloscence
20, ¥ exoreted Amediately after the acube
$Aineas end the incidence 6f exoretion fell
thereaftbers

(b) in 46 children with "post~trestment pyrexie”
ha o3 excreted innedistely efter the acuie
illness, The incidence rose to 45.7% ab
the tine of pyrexia and foll theveefier,

(6) in 15 children who relapsed none exereted Jmmediately
after tho asute illness but the ineidence of
excretion rose to 407 ab the time of relapse
and fell thereafters

These findings suggest that the incidence of exeretion
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dueing any pyvexiel typhold infection iz epproximeboly the same,
whether it be g vaifz;ax:y infoction, o relapae, vr "postetrontnent
pyvexia’.  Thusgy the exevebor state is movely an accompaninent
of pyrexia ov relapse iu the seme way as it is found Juydng the
ecute illnesse It was found that "postebtroatment pyrexial
oagurred, on averages 5.9 deys after the end of treatment,
wherees relapse ocourved, on average, 1241 doys after tpeatment

was dlacontinued.

The writer believes thal "postwtroatnent pyrexia® is
not merely & recurrence of fever suppresssd by antibiobic thevepys
but the pethogenosid of thi# phevomenon is the same as that of
rolapaes BEwvidence has been given, when discussing melaopsa, 0
suggoest that bactersenisa may odour late in convalesocences Tt
aopears that the degree of basterasuic which iz sufficilent to
produce "pogt-treatnent pyroxia' osours sarlier in coavalescence
thon the degree of bacteraemie which is dapable of causing a
rolapsa. The writer bglieves that during convalescencs bacteria
are still present in the tissues and nmuy causé the some varying
degress of bacterienmia ap osouyr during o primary typhold infection,

These degress of baokersenic during convalestence areie

14/




4+ 3dlenty with or without accompanying
oxexebion., This type of primary infléction
will be dlscussed in Section V of this thesis,

2, Asymphomatie but evidenced by the presence of
"postwtrentuent pyrexia”, with or without
conenrrent excretion of bacterie.

5 Overt, presenting as a relopse, in verying
degrees of severdty.

It is possible that the higher incidente of pyrexis
during convalescends in ohildren when compared with that in
afults in & reflection of the frequency with which children
develop pyrexia in meny infections in which adults mgy remein
afebriles.

LONCIURTONS s
It is suggested theb the gcourrence of pyrexia during
sonvalescentey called here Ypoatetresiment pyrexis, reflects the
presance of baoteroenis o an extent vhich is sufficient to produce
fever but not sufficient to couse a rolepss, If ig thought that
this phenoneneon is seeén more fieguently in ohildren then in
adults beocause of the grestor likelihood of children in any infection
t0o show o Pebrile reaotion and thaty the chanse of posbt-traastment
pyrexia or relapse occurring inorewses the carlier in the illness

that the treatment is initiated,

RO e el 8 it e B e S S
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BECTION IV

LiONTBATION AGAINST TYPHOID FREVER

In this section an indication is given of the
ﬂ:&f‘:ﬁ‘amnt methods of preparing and adwinistering TwAWBs vaccine
which have been tried since its inception. The assessment of
its protective value apgainst typhoid fever is reviewed, and
the longetem effect of impuwnisation whiech was observed in

patients in Aberdeen ls discussed.

The phenomenon of "provosation"” typhold is briefly

1llustrated,
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Ao THE HISTORY OF ANTITYPHOID IMMNUNISATION

The history of' anti~typhoid vaccination and its
acceptance as an effective prophylactic has been fraught with
argunents Claims have been made for different types of vacoines,
for different dosages; and for different modes of administration;

the correct answer is still in doubte

In 4896 A0, Wright inoculated two volunteers with a
killed broth culture of typhoid organisms; in the same yearyin
Gemany, Pfeiffer and Kolle. developed & similar killed vaccine,.
In 1897 Wright inoculated 84 patients during an outbreak of
typhoid fever in an asylum in Kent. No cases occurred amongst
these individuals, as opposed to 4 amongst 114 who were not
inoculated (Wright 1902). Although the outbreak was past its
peak before the ¥accine wes giveny this result encoureged Wright
to proceed with vaccination of 4y000 British troops in India,
Vaceination was also performed in Bgypt, Cyprus, Malta and Ireland
although only 4% of troops in the Boer War were vaccinated.

Viright's findings, published in 1902, were, as followaie
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(a) The incidence of typhoid fever was diminished
by at least one half in the inocoulated.

(b) The case~mortality was diminished by at least
one half in the inoculated.

(e¢) It is Llikely that the protection persists into
the second and perhsps the third year sfier
inoculation, "It is not infrequent to find
an agglutinating power in the bleod of

inoculated persons as long as two years after
the invculation of the antitypholid vactine".

Unforbunately there were some severe cases of typhoid
fover in recently vaccinated individuals;  these Wright
gttributed to the existence of a "negative phase" immediately
following vaceination. Beoause of such cases, 3ir David Bruce,
in o report to the Advisory Board for Army Medical Services (1905)
condemned the use of vaccine on board troopships and in the face
of an epidemic of typhoid, He suggested inoculating half of a
division at least 3 nonths before embarketion in an attempt to
sesess the protective af';f‘éef: of the vactine under unif'orm
cirounstences, However, thin was not feasible at that stage of
the Boer War, end the Advisory Board suspended veceinstion in
1903, Iuch bitter argunent ensucds and in 1904, under Major
WaBe Lelsghmany the first of meny lield atudies was set up and
continued for L years; the vesultis, publ:}.g}md in 1912, are

sumnarised in Table 27, Those showed that there was a highly
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RESULTS OF THE Battisy Aumy Countil FIELD TRIAL

or TL,ALB, Vacoing, 1904 « 1908

¥ ) £ ' i
NOT ATTACKED ATTAGRED TOTAL
INDCULATED 10,322 56 10,378
NOT TNOCULATED 8,664 are 8,936

P < 0,000),

REPORT OF THE ANTITYPHOID ComviTrer 1942,
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significent reduction in the incidence of typhoid fever amongst
inoculated peraonnel durxing this times ILelshman advocated two
doses of 750 - 413000 million bacteria and & reduction of the
lothel temperature in preparation of the vacecine to 5300. (Report
of the Antityphoid Commitless 1942). On this basis, voceinetion
wes eccepted by the Bribish Army and has remained in use since,

desplte many doubts and setbacks,

(i1) Preparation of Vascine

Weightts original vaccine was a broth suspension of
typhoid organisms killed by hesting to 63°C, and preserved in
0.6% phenols  Numerous methods of killing bactoria have since
been used; JLor example, different degrees of heal, ether, aleohol,
phenol and iodine (Goy 1948), Heating to 53°C, has long been
the mogt widely acceptedy; bub two other methods have heen

advooeted by some workersg:

Fivstlys since Vi antigen is sensitive to heat and
garbolioc, alcohol was used both to
prepore and to proserve the new
Viegonteining vaceine which Felix
prodused 1o 1944,

Secondly, acotone was used by Landy (1953) also in
order to retain Vi antlgen in vaccine,
This Lollowed the observation by Henderson
(1939) that acetome acts like aleohol on
Vi ontigen to atabllise it.
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The relabtive meriis of thess two preparations will be considered

in detall later in this section,

As v*eli a8 killed culbures, 1‘w.’mg cultures were used
by several wotkers (baa’bellmi, 190)) but ware genemlly thmaght
to be top dangerous [or use ;:.n wane DBacterlal extra.cts were
tried ond found wenting, a8 were sensitised culturss, The latter
are cultures first heated with an immune serum and then killed;
this method was first used by Besredka (1902) who devoted many
years to its study ond development. He and Motohnikoff carried
out extensive studies oh chimpansees and produced oxperlmentel
proof of immunity in these animals (Metehnikoff & Besredka 1911),
ahad although their vacdine is no longer used, their contribution

o ouxr lmcawledge of local and general immmity wes lmnense.

Until the discovery of the Vi antigen, phenol was the
ugual preservative for vacaineg, although forumelin had been tried
(Grasset and Gory 1927)s  When Felix introduced his new vacoine
in 1944 he used alaohol to preserve as well as to prepare it.
Landy's asebong~-prepared vascine was preserved by drying, and
froeze~drying has since been used to meintein the stability of

heatwphenolised vaceoine also,



Wrdght's oxdginal strain "G" was replaced beforé¢ the
Pivst Vorld War by & more easlly emulsified one of low virulence,
called the "R' or Rawlings strain after the patient from whom it
was isolated, This strain continued to be used for more than 20
yeers., Thon it was realised that a "smooth" strain was more
virulent than a "rough" one and also gave a betieyr vacoine
(Arkwright 1921 ond 1927)s  In 1933 Perrys findlay end Bensted
noted that the Rawlings strain being used was rough and of low
virulence, Bensted discovered by accident (1958) that mouses
tpassage gove & smooth stralp five Limes more virulent than the
original strain, By this mebhods that is; by injecting this strain
into mice and allowing it to multiply before re~igolatlon, Perry,
Mndlay and Densted (1933) produted a "rejuvensted”. Rawlings stradn,
called Raw-Ben after Densteds In Britain this strain was used
alone in the preparation of vaceine until 1945, then in combination
with o freshly isolated smooth vimlent strain Ty.2 for two years
more until it was discorded completelys Ty«2 was first isclated
in 1948 during en outbreak of typhuid fever in Russia (Weil and
Felix 1920)s In an atbempt to gilve protection against a wider
venge of strainsg of 8. typhi, two "wlld" sirains vere added to Ty.2
in 1955 and this combination is still in use. The strains used



TABLE 28

BRI MR SRR AATRY B

THE TYPHOID STRAINS USED IN THE BRITISH ARMY VACCINES, 9331960

DATE

TREATMENT

ue To 1935
1933 1o NovemBeER, 943
Nov, 1943 710 Nov, 1945

Nov, 1945 10 JuLy 1946

Juny 1946 1o Mavy 1947

Junie 1947 to JuLy | 947

Jury 1947 to AuG, 1949

Aug, 1949 To JuLy 1954

Jan, 19585 1o Aprn | 959

FEaruARY 1959

RawLIngs 100%
Raw=-BEN 100%
RAw=~BEN 00%

Raw-Ben  50%
T.240 50%

Raw-BEN 505
1,272 50%

RAu=BEN 50%
Ty 2 50%

Ty 2 1 00%

Ty 2 1 00%

Ty 2 33,5%
T 15 33 3%
T 18 3%, 5%
Ty 2 33.,5%
T 15 33 5%
T I8 33.5%

PHENROLISED
PHENOLISED
ALCOHOLISED

ALGOHOLISED
ALCOHOLISED
ALCOMOLISED

ALCOHOLISER

Ao ALCOHOLISED
Be ALCOHOWLISED

PHENOLISED PLUS
TetAanus Toxo1o 10 LF
(T.AIBOTQ)

FHENOLISED PLUS
YHUELLER™ TETANUS
Toxotn, 20 LF

(T AB.T., INTRADERMAL),
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AYERS, MJH,P, "RECENT DEVELOPMENTS IN ANTI-ENTERIC

VACCINE tN THE BRITISH ARMY® = THESIS FOR THE
DEGREE OF UDCTOR oF KEDICINE, LONDON UNIVERSITY,

1961,
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in the British Awmy at different times are sumoarioed in
Teble 28, In America the Raw-Ben strain was replaced by a
puooth vimvlent strain called Poname 58 (Sayers 1961),

(v) Hethod of Adminlstretion

There am'f:’é.ve possible routes of administration of
vaceine: inbravencusy intramuaeul'er, subcutaneous; dintradermal
and oxals Wright's ordginel route was subeutansous, but in
Vview of the oxtent of the reaction in the form of locsal
inflamation and systemic fover and shock which sometimes
pesulted, he atbespted ilmmunlsation by the oral voute, He
found, howave,r,_ 'bh&vt; in provioudy HEmmunised individunls there was
1ittle or no response to oral vaccine and what did develop was of
short duration (Wright 490h), This method was investigabted
forbher by Besredka (1927) who insisted that veccine given orelly
wan as effective os by injeotiong provided that the host was
sensitised beforehand by the administration of oxebile. He said
that ox~bile altered the protective intestinal mucosa to allow
ddreet aonbast between bthe havterdin and the Yreceptor' cells of
the hoaty ond olaimed that orel veccine was "innoouous, effeative
and rapid in action”, Prom time to time oral vacoination has

psein been advocated becsuse of the undoubted absence of upset o
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the host, but it is generslly ogreed that it does not give as

good pmﬁantion a8 vaotine given by subcutaneous injection,
Recently, howover, a series of tests on 30 pre-school children

in Rumania (Viadoienu et al, 1965) has indicated that there mey
be a place for oral vaccinstions The children wexe given a
nassive dose of bacterial vaccine on each of 3 consecutive
mornings and satisfactory levels of serum antlihodics were produced.
A second similar course wes given one month later, Chick~ewbryo
tests showed that the second sourse of vaocine 18l nwo effect on
the level of antibodies produced after the first oral course,

The shsence of effect was atiridbuted by Viadolanu end his colleagues
to a local barrier created in the intestinal lymphatics by primary
vaceination, that isy an artificial blockade similay to the
nabural blockade propounded by Hidgsen (see pages 38«40), They
suggest that, on this basis, it would seem reasonable o give &
firgt courne of orel vascine to produce quick loval imnunity
followed by parenterel vaceine b weeks later to boost gensral
inmunity,; and that this method would be of partieunler value in
young children or sensitive subjects, It is known that antibody
is produced by plasme cells in inbeciinel lymphoid tissue (Coons
£ ple 1956) and it is possible thet this does oreate a Local

barriers This would indeed appear justifisble in the face of an
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epidemie, but it would be of interest,befoxe using this method
generally, to know how long the failure of antibody stimulation
by repesateod oral vacoline porsists, thet isy how long the
hypothetical local barrier remnins.

It would be of value to compure,by field trial, the
aff'ects of this combined method of lmmunisabtion with those of

slughe and multiple dose porentersl imunisation alone,

Introvenous edmindstration was tried by o few workers
(Nicholle gt gl 1912) but it was found to cause a severe and.
of'ten dengerous syatemic reastion and it was not generally
adopbeds Ibs marited pyrogenic effect has caused i% Lo be uvsed
in chronic diseases, such ax rheumatoid arthidibisy to stimulete
won~speclfic defence mechanismay but it is not thought o he of
groat velue (Parish and Cannon 1962).

dntramuscular injectlon usually ocours only by acoident
when subenbaneous injeotion is duntended; 4t is of no move valud

then subeutaneous injeoblon ond may caouse severe systemle reaction,

(Goy 1918)+

Intadermal injections of vaccing were Dirst used
extensively by fuft and Tuft, Yagle ond Rogers in 1951 They

compared the five possible proubes of administration and stated that
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the Intradermel roube ln pan gove a olightly highexy although

slower, vresponse which wos seintained for longer. They gave

ko dnbradermal. dinjooctlons ¢Ff 0405 mley O ml.,.wik,"lﬁ mly -end

SR
fials

042 nly &b wookly intervalss as opposed to 4 doses of O mle

at weekly intervels subcuteneously, since they consldeved that
0,2 nils wos the meximum volume of fluid tolersble intradermallys
They found thet sysbemic reaction to vaceing by this route was
only slights. This, and i:he; good entibody response which '
yepultad, were atbributed by them to the slower absorptien from
the intredermal site or to the sbundance of roticulo~endothelial
sells dn the skine Thay also pointed out that this nethod was

vory economio of vacoine.

Peryy (1937) confipmed these findings; but Biler and
Dunhem (1939) believed that whilst the intradermal route was
adequate ﬁ‘or "wooster" doses of vaceine, it &id not give as much
protection as the subsutaneous roube when used foy primary

inoeulatlion,

In 1940 Tt stated that 3 doses of intradermel vacoine
wore sufficlenty that is Qs mley 08 nle, and 0.2 nls at weekly
intervals, He supported this statement by showing that the serum

thus produced gave betber protection in mice than dld immune serum
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obbained after subcvionecous invculation, Howevers; Iulppold
(1944) asserted that the intradermal voute gave both lower lovels
of serum sgglutining and poorsy mouse protestion, although he
adadbtod thet there was leas systemic upset aftexr inbradermal
injection and thabt it was economie of tvoosine. Beotause of
Taippoldts findings the intradermal youte wag not adopted in

America,

About this time slooholised vacoine was introduced in
Britein by Folix (1941). Since aleohol glven :i.nﬁmclamaliy
souses sloughing, this route was not investlgated again wndild
phenolined vaceine was re-~introduted in the British Awuy in 195h.
Between then and 4958 & comparison was made of soratchy multi-
spunoture end intradernal routes of administvetion (Sayers 1964).
Only the intradermol method ylelded consistently good results in
hunan volunteers: At the same time ot extensive comparison Am‘.‘
inbradermal and subcutaneous ilmmunisetion was carried out on the
basgls of mouse protection tests. These results showed that
intradernsl vaccine gave a response egual to Af not bebter than
subputaneons (Berr ab als 1959)s  On the basis of these results
the intradermal route fopr primery vecoination was finally adopted
by the British Ammy in Aprils 1958.
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(vi) Strength of Vaceine

At the beginning of the First World Wer monovalent
vaccine eontaining 1000 million bacteria per mls was in use,
In 1915 triple vatcineg contalning elso 750 million bacteria
per ml, of both J. pgﬁt@ i A and B was introduced in the
British Armys The quantity of the last two tomponents was
- redused to 500 mill:!_.on organisms per ml, in 1949

(vii) Dosage of Vasoine

The number of injections given for primary
vacolnationy gnd the volume of easch, has varded only slightly
throughout the years. Wright originglly gave only one injeetion,
but he found much less syatemic reaction when the same dose of
vacoine was given in two injections separated by several doys,
The first injeotion contained 750 « 1000 million bacilli, and the
agcond 1,500 to 2,000 millions When paratyphold vacoines A and B
wers addedy the dosage of 8§, typhd was changed to 750 followed by
1,000 million organisms, that is, 0.5 followed by 1 ml, During
the First World Vsr a booster dose was given 2 years later.
This routine was generally followed until the early days of
intradermal voceine when it wes felt that more injeotions were
raquired to compensate for the smallew volume of eachs However,

it was soon found that 2 Jdoses were as effective as 3 or 4,
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The interval between doses has varied rather move.
During the Firet World Wer the interval was 8 » 40 dayss and at
the beginning of the Second World VWar 1t was 10.« 44 days. .
Howevers it was observed by Glenny (1925) that sboub 10 = 14
doyrs usually elapsed from the time of & first injeotion of
veeeine before the level of serum antibodlies reached its maximum,
and that an injection given after that inbterval produged a
higher and more prolomged response, With the addition of
tobanus toxold to TedeBy vaccines; the interval between doses had
to Do inoressed to 4 « 6 weeks to obtain maximum lmmunity to
totanus, However; Schubze (41944) compared the serum "O" anti-
thody lovels produced in fwo groups of mice, in whom two
injections of vecsine wore given at intervels of 1 week and 4
woeksy He found that the anbtibody responss in the aecond grbup
was 50% higher than when the interval between the doses was only
1 weeks In 1946 the British Amy inorensed the interval to
29 ~ 28 dpys and also gave on lmnediate "booster' dose to all
troops on their arrival in an area where typhoid was endemio

(Boyers 1961). This regime is atill in foree.

The types of Te0aBs vaccine ab present aveilable in

Britain arete

1/



given in *mvc: doses of 0.5 mle wtth an interval
of 7 - 20 doyse A third dose of 4 ml. may be
given after about six monthasy This vaocoine
pontaing per mls 1,000 nililon §e byphl, mnd
S500 or 750 million each of 8. parvatyphi A and B,
Be paratyphi C may alzo be added in the sane
guantity, (This veccins is also availeble
combingd with toetanus toxoid or with cholers
vacoine, )

: ' yaceine, which conteins twice
as mmw @rgani.ams *0932' mls 48 the aboves This
voageine should not be given intramuseuvlarly
since over dosage mey oause locdl skin hecrosis,
ALl doses are 01 ml. given intradermally.

3+ floohol-tirested en h
rverely used sings ﬁ.t amt be combined with
tobanus toxoid and cannot be given intradermally.

Tho ohief use of T.ABe Vaccine is for mass lmmunisation
in an atbtempt to prevent the spread of typholid fever in & orowded
congunitys Until repently most of the informetion sbhout its

ef'fact hasy theref'ore, come from both Wordd VWersy when it haa
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been possible to reoord snd somebimes to test its effect in

Just such g population.

It ig undoubtedly true that the vacoing used duping
the Frst World War vedunced the incidenca of enteric Pover.
Even 1f one aceepts & lowersd overail incidevce due to improved
standords off hyglene, this 18 herdly sulflclent to acoouant for
a reduction in morbidity of epproximetely 48 times fron that in
the Bosr War (Tablo 29).

By modern stondards; howevery the British Aruy Couwncil
trdals in 190k-08, by vhich the use of vaooine was vindicatbed,
wera very bedly conducted. The vacoine was often resterilised
wad thias wvarled in quallty; verying doses were givens  the
distinetion between dyphold and peratyphoid fever was often nob
¢lear, ond the dlagnosis was of'ban based only on serology.
Morgover, the twe groups wore differentiated by whether they
rolratesred for lmmunisation or not, a factor whileh would
imnedistely invelidote any modern $xlal, HNany men were lmaunised
during or after an outbresk and, finally, the observers were
biased in fovour of immunisation (Cockburn 1955). However, at
{the beginning of the Second Wordd War these oriticisms had not

yet been publishedy; and the use of TudsBa vaceine was almost

universal.
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Doubt was Lired oash on the experimental assessment of
the immunising powdsr of TwA.Bs vacoine by FPelix (19%}, who
ghowed thet wheroas 'i.nmnmm.w was measured by the .1ave1 of *ut
sntibodies produced in serum, 3t was in fact 'O antibodies which -
wore responsible for immunity. Teliz'n discovery of 'Wit
antigoeny hmﬁévar; led him 50 think that, although both '0' and
Vit antigens affeoted virulence, 'Vi' was mainly responsible for
the production of fmmunity end that, therefore, a vaccine which
contained large ancunts of Vi antigen would bo more effective
then one which conbeined little or none (Folix & Pitt 195).

When he wrote sbout his new alooholekilled and preserved vaccine
In 1944 he Astaﬁea thet on suboubaneous injention it stimvlated
the formabion of protective 'Vi' antibody in nearly 507 of men
and also that 1t produced less systemic reaction (Pelix 1941 ,
Folix, Rainsford and Stokes 1941)s In 193 this veoceine wae
introduced in the Bribish Amsy in &1l zones except India and
SoutheBost Asies Unfortunately #t dld not have the expected
af'fect of refueing the incidence of typhoid fever. On the
conbyrary, there were o number of severs outbrosks in the next 10
yoers which led to much doubt as to the ef'ficacy not only of

slecholised vaceine but of immundsation in general,
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Cne of the firat comparstive sbssrvations on
difforent types of vaceine was made by Boyd (1943 a.by) whe
noted that when British &ﬁny TebeBe vacsine was ihﬁmauee@
into en Italian prisonemeofewary camp the ineddence. of typhoid
faver fell remarkebly and alse that British troope as prizoners
of war an:;ayéﬁ an imnunity in insanitary conditions where other .
prisoners did nob, He atiributed these findings to the favt
that British vaccine was prepared from & vhkrulent, Vieconteining
strain of 8, typhi, wheveaa the Italian vacolne was prepared
from o strain of low virulense, and he substantiated this belief
with mouse~protection testes It is advisable 4o note here
that the British veetine to which he referred was heatw
iphenolised, and not alooholised as stated by some writers
(Spaun 1957, Hookatep 4962). At tho same btime Boyd noted thatb
the formelised boxoid used by Grasset in Bouth Afrdican froops

sppearaed to glve protection equal to thabt of the British vocolne,

The first of several noteble outbreaks of typheid
fover cmongst lmmunised individusls occurred in 1944, when 79
out of 230 at risk, that is 3%, developed typhoid fever in a
British unit in Germany (Jordan and Jonoss 1945).  Almost all
the men had been immunised in the previous 12 months, most with

phenolised vacuine, Jorfen and Jones atated that elthough
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some were protected from abbtack, the courspe of the 1iliness wan

not modifled by immmisebion.

In the following yeayr there wos an outbreck of
typhold feveor in Egypt dn o British RdT, vnlt at Shallufa,
Al) porsormel hed been immunised, most of them within the
previoun year, and some with alooholised voccine, OFf 747 men
ot risk, 110 (15%) developed typhoid fever (Anderson and.
Richerds 1948)¢  The illness wos severs end there wan g
moxtality rate of 10% which Led the subhors to the same
sonelusion as Jordan and Jones, namely that TeA«Ba did notb

modify the course of the illness.

In 1948 in Pelestine o furdher cutbresk creatod serious
doubts as o the officasy of vocclne in general and of
aleoholiged vaooine in parbioulars Both typhold gnd paratyphoid
Povers occurred simulbtanaously in & British uwnits and 61% of
troops developed one ox other oy both infections. lost of the
65 soldiers involved had recently received alooholised veoccine,

and gome bhad also had pheonolised vacoine,

Finally, in Abyed, Bgypds in 1950 there were two
suceensive outbreaks vhich showed that not only did immunisstion

not necessarily glve protecsiion but thet neither did a previous
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atback of typhoid fevew (Marmion ef als 1953)s  In April,

1950, thero wes an oubbresk caused by 8. typhi 'phage type 'J*
which affected B4 of 657 persund ab wisk, an atback rate of 13%.
Thres nonths later a second oulbreak ocouiredy ecaused by

B byphi 'phage type 'M'y  OF 608 individuals ab risk, 235
(54%) aeveloped typhoid fovew, 41 of whom had also been iufected
in dpxile Host persomnel had recently wreveived alechollsed
vacoine fyom a single batchs These two outbyesks demonstrated
clearly that the effect of different typholid vaseines could not
be based on the couparison of different outbreaks, since the
attack rotes in the same olroumsiances were obivioualy affected

by the difference in the causabive organists

thether oxr not 4t was coincidentaly it thus sppeaved
that the increased incidence of typhold fever had begun after
the introduction of alooholised vaceine in 1943, In Indle
alsoy where phenolised vaceine had continued to be used, the
ingidence of typhoid was Jow (Abuje 1957).  This mey in pard
have beon due to the fact that the dose of alcooholised vaccine,
besause of the possible sdverse offect of 1 nls of 25% alcohol

given subgulaneously, wes half that of phenolised wageines

By 19248 it was cbvious thet the protection tesis in

nice and the Vi antibody estimetions Iin humans performed by
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Feliz and his coeworkews (Pelix 1941, Eelix.ggdgg..19hﬂ,
Climle 1942) which indicated thab aleoholised vaccine should
give good probestion, weye nph h@ing‘bmfnm ot in homan
infeotlon. Drysdale (1947) compared vacclnes aade by the fwo
different methods from the some styain ot the some time, and
found only quantltatively betbexr Vi antibody produetlon with
alovholised vacoing, He glso performed sluwlioncous nouse
proteciion tests and could show no dirfference beiwesn the
vaocoiness The results of the major laberatorxy findings on
entibody production after vaccination vwere ably surveyed by
Spoun (1957) who concluded that "vaceine prepared feom sulbture
¥illed by slocholy or by snother orgenie snhydrous solvent, as
a rule ocomaes more pronpunced 'Vi' entibody produetion thon the
sonventlonal heat=killed vaceines The '0' antibody produotion
is prostically the same after veccinabion with either vascine.
Finally, the 'HY antibody production is the least with

pleoholised vaceineg,”

Speun polnted out that the repults of mouse protection
toste did not always agree with the ogplubtinetion tittws. He
also obaewved that, sinco these mouse protection tests “express
the gum of the actions of 'O and 'Vi' entibodies, anid “he results,
besidos, deopend on the sise of the challenge dose™, the value of

the tests was, at best, doubtfuls
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The seme conolusion had boen reached by British Army
officials in 1948, and it .was obvions that a field tried to
compare the protective ei’i‘eoﬁ of ‘aleoholised and phenolised
vaccines in man would be of lumense values Actordingly, one
sueh triel was initiabed in 4949 and zan for 5 yearss Seivice~
men with aa 9dd unit nvuber were given alocholised vascdne,; ond
those with av even numbor wore given phonoliseds The dose of
aloocholised vaceine wes double that given previously, so that
both vaccines were given as 045 ml. followed by 1 mle 3 + &
woeks later, Unfoytunataly the overzll incidence of iyphoid
fover fell markedly soon after the begluning of the twisl; and
the nunber of sases ézm:ich oscurred was insufficient o a:!.léw

definite conolusions to be drawa (Sayors 1961),

Whent 1t beceme obvious that the Army briel wes going
to be a fallure, thoe Worldd Health Organigzation decided o
sponsor o series of fleld trials in order to debtermingsw
(n) whether immwnisation with any veccine is of valus
in the prevention of typhoid fever,

{b) 1f so, whether one vaccine affords bebter protection
than another,

(e) whether thers is any corvelation between laboratory
petency tests and the offect in nman.



The first trdals were conduobed in Yugoslavia. between
1954 pnd 1960 (Yugoslavia Typhold Commission 1962).  Some
36,000 volunteers were allosated by & strietly randon method to
one of thyee groups: one given aleohplised typhoid vaccino,
ona given phenolised vacoine, and a contyol group which.was given

phenolised Shigelle flexnerd vacedne. Partleiponts were given

two subcutoneous injestlons of bobween 15 and 30, and 75 ond 150
million bactoriey depending on age, at an intervad of 5 weeks.
A hooster dose wes given 1 year laters Only o dlagnosis besed

on positive blooed culbure wag teken as proof of typhoid fevers

Dotweon 195L. and 4960 thore were 15 cnses of typhold
fevar diagnosed in the phenoligsed vecoine group, 32 in the
ploohollised voseine groups and 55 in the eontrol group. There
wogy btherelore, demongbreted o significant protective effact of
phenolised vaccine (about 70% protection rate), but pleoholised

vaccline was not shown fp be of signiflsent volue,

Concurrent sorologlionl tests showed that aleoholised
vacelne gtimulated the production of grester amowtbts of Wi°
antibody, e vesvlt which did oot corvespond with its poorey

protective power in the field, Actlive mouse«probection tests,




on the obher hand, showed $het phenolised vaceine was
significontly betber then alcoholinsd, which suzgested that

this toot night reflect the effeot of voceine in nomn,

Although these trials showed thet heatwphenolised
vageine was effective for at lesst 3 years, the liquid
preparatlon used wes ungtable and laboratoxry potency tests were
inconelusive, Landy (1953) had shown that aaeéonew&ried
vacoine was very stable, and Edsall et al, (1960) had shown it
to be effective in protectlon tosis in chimpenzees, It was
decided to conduet two further trials to comparve the offective-
tneas of a stabley drded, hﬁatﬁmmliaed vaseine with that of an .
acebone-killed and freeze~dried vacoine, Both veccines were
prapared ob | the Walter Reed Army Institute of Réaemix, and the
trials were conduetbed in ‘!méo.alavia and in Brdtish Guians on

the same basis as the previous ones in Yugoslovias

The trial in Tugoslavia (Yugoslavia Typhoid Commiassion
1964) showed that ncelonewdricd vaceine hed o signifiocont offeot
in hoth children and adults (79% protection rate) but that heat.
sphenolised vaosine gove significant proteotion only to those
under 15 years of age (average protestion rate 5%), The

Pigures are shown in Table 30,



TABLE 30

A NP ATV BTSN

RE§ULTS oF Fieed TRIALS OF HEﬁTﬂPH&NQL SED

) cases Per 1,000
Type OF VAGCINE | YUGOSLAVIA F  BRITISH'GUIANA
( 2 posES) | DosE 2 DOSES
ACETONE=DRIED 5,2 0,0 0.2
HEAT=PHENDL, 1.3 0,9 {0
CONTROL
(TETANU&TOXOI&1 14,9 4.0 4al

SOURCES: YuaostAv TyrHOVD Commisston (1964)
TYPHOLD PANEL, UK. DEPARTMENT OF

TECHNS CAL CowoPRERATION, (1 964)




The trisl in British Guiasna ( Typhoid Panel, U.K.
Dept, of Technical Co~operation 1964) which was condueted on
school children only, confirmed the finding thoat acetonsedried
vaseline ge.%e significantly better protection than phenolised
but thet both gave o zigailicant degree of protection to
childyren (9% end 4% vegpectively)s The meason Por the poorer
protectlon affforded to adults in Yugoslavia Ly phenolised vaceine
is not koown, It wes observed in Bylitigh Gulsnn thot this
vageine Hended to doerease in effeet as the time from vecoination

increasafiz this did not occur with scotonesdried Yuteine.

It may also be seen frum Peble 30 that children in
British Guisna who were given only 1 dose ¢ veccine initially
were afforded up to 2 years from the date of dnJeotdlon; at least
a3 goud protestion as those who received 2 injootivns 1 month
gpert, The Typhoid Panel commented thet "furdheor studies in
non-ondeomio aveas would he requirved before a confident answer on
the velue of one dese of vaceine could be given".,  This finding
doeny howevers support bthab of the pravious trials in Yuguslavla
thets bk yeoura sftor indtial injectiong, thers was no obvious
diffevence in the protection veselved by those who had a third

doge one yeer later and those who Aid Hods
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Condurrant leboretoly seseys showed no difference in
'Wi' entibody levels produced by each vaccine to correspond
with the difference in protective effget (Bonenscn 1944),  '0°
antibodies gove inconsisbent resultst  in Ghe 1954-60 studies
0 agglutination wes bebber in those who wowe glven the more
effective ( plienn:&ﬁiseﬂ_) vacoine, whereos in the 196062 gtudien
the opposite occurred, Surprisinglys the 'H' entibody, which
hes never been shoyx to affeot reslstonce to {fypholid infection
(Tully gf ke 1963) wea tho only facter in this study which
could be correlated with the degroe of protection afforied by
vapclinations  The phenoliged vaccine in the esrlier trials gave
high levels of ‘I agglubinsation, but the acetonesdried vaccine

gave even bettor lovels.

Furbher triels conducted in the U.5,8,8. bebreen 1958
ond 1962 compared hestekilled, aleoholised: and chemiegl vacceine
{that is, one which conbains only sntigens snd no baoterial cells)
and showed that fthe heat-killed vascine was the most effective. (HEJFEC 19%¢
They also indieatod, however, that the size of the dose of
sleoholised vaseine was impovtant, & dose of 600-1,000 million
oygenioms belng effective whorve ong of 200«300 million 4id not
Cappear to be. Since the dose of alooholised vacclne used in the

first field trials In Yugoslavie was a maximum of 150 million
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orgeniansy 1t is possible that a higher fdose of becteris would

have shown o repult nove favourcble Ho alcoholised vaocing,.

In previously mentloned frial.s it was shcmﬁ théﬁ;
individuals who failed to receive a sscond or booster doss of
vacoine appeared to show equally good protectiony  These people
were generally different from these who had a complete course of
injections in that thé omiasion was due to reluctance to co-operate
furthers Howevery in one of the field trials in the U.Ss8,R,,
conducted on a randum héﬁi‘ﬁ, it wos found that there was no
difference in the protention conferred by o single dosa of
shemiocal veceine from that glven by two doses &b an intervel of

20 « 30 Qoyse

The ponclusions drawn from all these trdals were
sumardged by Cvjetanovic and Vemxe of the VWorld Health

Organizotion (1965), These vonclusions areiw

(a) Phet acetone-dried ond hest-phenolised waceines
are both offective in meny and thab acetonge
sdried veccine is auperlory

(b) That the effect of phenolised vacolne declines
nore rapidly than that of atebone«dvied, but
that both are potent for longer than was
previously supposed (See Figure 15)s A48
long o8 3-8 years mey elspse before a boosier
dose is regquired with these vaooines,



EFFECTIVENESS OF ACETONE DRIED AND HEAT PHENOLISED
VACCINES AS OBSERVED IN CONTROLLED FIELD TRIALS IN
BRITISH GUIANA, POLAND, USSR, AND YUGOSLAVIA,
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Fige 19 ~ The Effectiveness of lvebonesdried and Heat-phenolised
Vacodnes as observed in Controlled Field Trisels in
British Guiatey Poland, U.8.9.Rs and Yugoslavia

Sources Cvej. Lenovwic and Umeura By Will,0, 1965,
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(¢) That elooholised vepoine is less offective bhen
either of theuses

(4) That seome vascines may give protection with
only ong dost.

(e) That agtive mouse probectlion bests seem to be dhe
best nethod at present avalilable fop measuring
the potenoy of typhold vageings, with bhe
proeption of slooholised voooiney but thut
thene tests are subject to wide variabtions.

(£) That serologivel testa sugsest theb the level
of "H' satiboddes is the most ralisble index
of the effectiveness of $yphoid vandeines.

It s clear from these conalusions thety whilst the
effectivenens of ceorheln vacolineg ln protecting man fhon
$yphold fover has undoubtedly been establighedy further
investigotions are necessary before the oxast nabure of the

protectlive agont, 1n enimals or in many is complotely uaderstood,
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Be THE EFFECTS OF PREVIOUS ANTIEYPHOID

TIMUNISATION IN ABERDEREN

The Aberdeen outbresk occuried in an ares whexe typhold
fover was not endemit¢ snd where there was no antityphoid
inomdabion progroemnes  The population at risk was sindilar to
that of olher axreas of Great Brliain end there was no resson to
guppose that the incidence of lmmunised individuels was unususl.
It was folt that an ansiysis of the longstem efffect of TehoBs

vaceine on patients in this outbreak might be of value.

Source of dala

The data for this analysis was obteined partly Ffrom the
patients and parbly fyom the Ministry of Defences AlL patienis
were guestioned about the dates and numbexr of injeotions which
they had received in the past from any source, and all ex~Seivice-
smen provided theiy Semvice numbors  These numbers wore then
corvelated with the infometion kindly provided by Hajor-General

MU, Pa Sayers, Ministry of Defence, sbout the types of vacclne
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vged at diffaront btimes by the British Army (Table 28).
Information was also obtained sbout the veocines used in the
Royal Novy end Royel Alxr Foree since the beglnning of thig

cenbury,

Unfortunately, it was not possible 10 assess an
attagksrate since the total nmuber of porsons at risk was nob
known,  OFf 10,674 conftnots who were exemined, only 1 in 10 was
known %o have been immmised, as opposed t0 1 in § of the
typhold patients, but informatbion sbout the immunisation state

oft the contaots was by no means complote.

The Chavagtoristics of the Tnmunised Patients

There wore 87 of the 6D cames of typhold Ffover who had
previously heen immunised (see Tuble 31)y ond o further L patients
who were immunlaed in May, 196k, Guelng their incubgbion perdod,
Theso L. pabients wore net included in the subsequent anslysis,

but will be discussed latere

Since it is geneyelly belisved that the effect of
imnunisation laabs for approgimaiely 7 yoordg, all caloulebions
ware repented excluding those pationts leomunised altes 1960

Howaevery no differeonce wag found In any of the resulbs.
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The ¢omparigon of inocvlated with unlincouleyed

pationts ls shown in Tablae 32,

Thers were many more inooulated men than wonen, as
might be expooted since the majority had been immuniseod in the
Armed Toreess 40% of men wore immunised, but only 5% of women,
Ondy one ohild had been immunised, and so coumparisons were
bosed only on adwlis. There vere siznificantly more incculatoed
than windauleted men in the 30«4l year-old age mu;p and Pewor
in the 15«29 yeor age gronp (@ = 19.64 P < 0.005)s Onece agein
this was axplained by the proportlion of each group who wers

reguived to &0 Nabionsl Servics.

There wag no glgnificant difference in the incidence
of ralopse botvween ianpoulated and unlaveulabed adudbs, bub there
wore pigndficantly fawer incculated odilbts who exerebed 8. typhi
during convalescence (* e 9.98 P <« 0,0050). This agrees with
the observablons of Fletoher (1918) who investlgated 1,000 men
who were convelescent from typheld Fever ond found the
prophylectic inesulagtion diminished the frequoncy of the carrier
stote but did not abolish it.

It i posgible thot lmmunisation redueed the likelihood
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Soveanison. oF Inosub ATED AND UNINOOULATED PATIENTS

FagTon

CABES COMPARED

STGNIFICANT
DIFFERENGE
PRESENT

- SEX DISTRIBUTION

AGE DISTRIBUT ION

NUMBER WHD RELAPSED

Humsin of CONVALESCENT EXGRETERS

DISTRIGUTION OF THE SEVERITY OF
THE [LLNESS

FURTHER COMPARISONS ON THE DASIS OF
SEVERITY OF THE lLLNESS:

A) NUMBER OF INJECTIONS OF VAGCINE

3) TIMING OF LAST INJEOSTION
OF VAGGINE

¢) TYPE OF VACGINE

UIsSTRIBUTION OF THE SEVERITY OF THE

JLLNESS IN AGE GROUPS

A) ALL INOGULATED ADULTS: I 5#29 YRS,
B 30«44 vRs,
45-59 vRg,
40+  vHs,
B) ALL ADULTS INOGCULATED Wivh -
PHENOLISED VACCINGS [5+29 vRg,
. 0=44 vas,
45+52 vas,
a0 YRE,
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of disolatlon of baocteria at all stages of the illness, since

it has been shown in Section IT (Appendix 4.4) that there were
very significantly more immunised individuels in whom the
diagnosis was only clinically confimmed thon there were

confirmed bactericlogically (x? = 25,72 P < 0.,0005),

It hes been stated pyreviously that very
significantly more adulbts who were lwauniged had » mild
illnoss than adulbe who were not (X* = 3159 P < 0,0005),
When this difference was oxamined iln age groups it was found
to be significent only for patients aged 15 = 29 and 60 years
and overy being more marked in the latber group. (15 » 29 yoors

P & 0,005, 60 years and over P < 0,001).

[It mey be remswrked thet this age difference does not
corvespond with the ags difference quoted in Section I where
the severity of the 1liness is disocussged, It was observed there
thet the sax~differsnces which was believed to be dwue to the
distribution of immunised individuels, ccourred in the 45«59 year
age-groups bub not ia the (5«20 year agewgroup. This apparent
disparity is cxplained by the fact that the large number of
uninoculated femples in these two groups affected the signific-
tonce of the caleulations. |

Thore wes no significant dlfference in the severity of

the illness between different age~groups in uwoinoculated patients
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and it was considered possible that this age differente was a
refleotion of the varlation in the lmnunisation history of
the patients in the different age~groups. Comparisons of
these histories were, therefore, made within the group of

inoeulated patients on the basis of the severity of the illneass,

No difference in effect on "severity" ocould be
demonstrated by compayison of patients who had 1, 2 and 3 or
more previcus injections of vaccine. When the dates of the
last injection received by each individual were compared, no
difference in effect was founds It was observed, howa%er, that
the "time" groups 1910=39, 194049 end 1950=63 contained the
somo individugls as the age~groups 60+, 30-59 and 15«29 respest-
sivelye. These time groups corresponded approximately with the
periods "First World Wer and after', "Second World War' and

"afber Seoond World Wax'.

The type of vaceine given to each individual was then
exemineds The majority of patients had received phenolised
vageine, but during the Second VWorld Wer and until 4954 some
had boeen given alcoholised vaceine and some others had had
injections of both preparations at different times., The three

groups "phenolised", "elcoholised" and "mixed" were sompared on
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the hasis of the severity of the illness, but no difference
eould be detected, Tach was then compared separately in
age~time groups with ell uninoculated patients in the

gorresponding age-groups on the basis of "severity™:

(1) For the "phenolised" group, it was found
that:

(a) patients who were inoculated between
1910 and 1939 were very slgnificantly
moxre likely %o have a mild illness
(P« 0,001)e

(b) patients who were inoculated between
1940 and 1949 showed no significant
difference in the severdity of their
illness from uninoculated patients in
the corresponding age-group,

and (¢) patients who were ino¢ulated between
1950 and 1963 wore significantly more
likely to have & mild illness.
(P < 0,005).

(2) Por patients who had either alecholiged
vacceine alone or gleoholised plug phenolised
vaceines, comparison with uninooulated patients
was only possible in the 30=44. year age-group
because of the small numbers in other age-groups.

This compariscon showed that these inoculated
patients were no more likely than unineculeted
patients to have a nild illness.

It appears, therefore, thaot in patients who had

received phenolised veeccline during end after the First Wordld Wax
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and after the Second World Wer, the vaccine had a longeterm
effect in reducing the severity of the attack of typhoid
fovery and that this effect was more marked in patlents who
had been immunised during the First World Wers In patients
who wore immunised during or imnedlately affer the Sacond
World Wer, however, whether with aleoholised or phenolised
vecoine, immunisation had no significant longeterm effect in

modiflying the course of the illness,

It is believed that en attack of Lyphoid fever
produces a typioal sesondary entibody response in patients who
have been lumunised, that is the level of antibody in these
patients may be higher than in uninoculated patients. This
mey ogcur even when the level of serum antibodies before
infection was undeteotable (Wilson and Miles 1965).  The
meximun heights of 8. typhi 'H' serwn entibodies in inoculated
adults were compared with those of unincculated adults, No
difference was founds Within the group of inoculated adults
the meximum levels of '"H' antibodles in eaoh patient were
compared on the basis of the type of waccine given, the number
of injections, the time gince the last ‘njection, and the severity
of the iliness. No diff'erences woere detected in any of the
comparisons. It would seem that the maximum level of serum anti-

:hodies is largely dependent on individual variation,

b e w ed e G o
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The effee¢t of immunisation in protecting egeinst an
atback of typhoid fever iz no longer in doubt, although the
duration of this effect is still uncertain, However, its
ability to reduce the severity of the illness, c:me' conbracted,
has not yet been universally accepted. Wright (1902) cleimed
thet immunisetion reduced the mortality of the dissase by half,
Torrens (1923) agreed with this finding and stated that during
the First World Wer "“the average case of fypholid fever in a
fully protected man is very much less serious, indeed 1t was
difficult, i€ not impossible, in 1915 to Jjudge olinleally in
certain cases whether the infection wes typhold or modifled by
inosulation, or paratyphoid fever'. He observed also that in
inoculated men who developed typhoid fever the average duration
of pyrexia was 3 days less than in uninoouleted men and the

incidence of complicabions was greabtly reduced.

During the Second World Wer seveoral outbrealks oceurred
amongst Jmmunised personnel. Although it was not generally
posaible to compare the severity of the illness in inoculated
and uninoculated men, the lmpression geined by most observers
was that prophylactic ilnoculstion did not affect the course of

the illness., Raettig (1944) observed an outbresk affecting 32
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ingoulated men in the German Army end stated that the course of
the disease was severe, complications were frequent, and the
case-mortality was 26%. Jorden and Jones (1945) stated that
if vesistance Lo gbtack was overgome the disease produced was
Just as sevare in lummunised as in unlmmunised individuals, snd
Anflerson and Richards (1951) observed that "the clinical course
is not materially influenced by previous immunisation", They
found thet the severity of the illness was not less in patients

who had recelved a greater numbey of injeetions of Ty4,B. vaccine,

In the post-war eve Rowland (1961) calculated that in
39 Jlmmunised patients the severdty of the illness was signifi-
scantly reduced when compared with 486 unimmunised petientsa, but
previous inoculabion Aild not appear to alfeet the relapse rate
ox incidence of pomplications, Ashovoft gt al.(1964) stated
that 12 of 26 cases (46%) in immunised ¢hildren were miil as

opposed to only 12 of 88 cases (14%) in a control group.

Iff a1l these statements are teken at thelr face value
although they are not based on & uniform def'inition of “"severity",
it would appear thaet immnisation is cepeble of modifying the
gourse of typhold fever, but did not do so in those immunised

during the Second World Ware
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In Aberdeen o similar conclusion was roeached,
Moreover, it was observed that petients immunised almost 50
years previously abill retained some protestion against a
severe attack of fyphoid fevers It is possible that these
patients were more likely to have suffered an undiagnosed oy
asubeslinical attack of typhoid fever during early life and that
this has conferred additionel protections On the othor hand,
it mey well belthat vaceine used in the sarly days of immunisat-
tdon wes more potent than any of the ellegedly improved

vacoines which have since become availabhle.

It 45 conoelvable that further research with this in
mind would produce & vacoine capable of conferring life~long

protestion ageinst typholid fover.
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G PROVOCATION TYPHOID

In 1904 Wright stated that “there sicceeds in every
cose upon the inoculation of a vaceine a negative phase,
characterised by an impoverishment of the bloed in sntitropic
substances, With this ebb, or negative phase, is associsted
a phase of inereased susceptibility to bacterial infeotion,
Stroebe (1928) described 30 cases of "provocation typhoid",
that is, typhoid fever mggnified by immunisation during the
incubation periods and stated that if the illness begen within
2 days of an injection of T.AB, vaccine, tho onset was sudden,
and. the illness severe with intense rigors, wheress if the
interval between immunisation and the onset of illness was

Jonger the illness tended to be milder.

Reettlg (1950) deseribed 1,702 cases of typhoid fever
vho were inoculated during the incubation period, He stated
that not only was the mortality as high emongst them as amongst
the uninoculated, but that the impression was that it wes
higher, although he Jid not show statistical analysis to support
this claim., It appeared that an injectlon given during the

incubation period hestened the onset of symptoms, and that this
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effect was greabest when the injection was the fiyst one of s
primaxy course and least when it was & "hoostert inoculstion.
He confimed thease obgorxvatlons by giving killed vescine to
mice during the incubation period. There wes & quicker and
greator mortality in the mice, the effect being more marked
the later in the incubalion perdiod that the veccine was glven

(Raettig 1959).

The effect on the course of typhoid fever of giving
vacelne fto an individual during the dnoubation period is
probably twoefold: £irst, o decrsase in the quantity of
protectlive clroulating antibody and, seconds an inerease ln the
queantity of civgulating endotoxine VWhen Wright observed o
"negative phase" it was in persons in vhon serum antibodies were
already prosent (Wright 190k). When becteorial antigen is intro-
tduced into serum which containsg anbtiboly, some of the anblibody
imediately combines with the antigen (Smith end Martin 1948).
If this osours during the incubation period of typhoid fever
the subsequent weduotion in serum antibedy levels will decrease
the resistance of the host to infection and worsen the disvase.
The later in the inoubetlon perlod that this ocours, the more
likely is entibody to bo alresdy prosent and aveilable for

removal by the newly introduced entigens It is probable that
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the additional endotoxin which ds released from the vacelne ig
sufflcient to raise the tolal anount of gircuvleting endoboxin

4o o level where the onsot of symploma and fever is precipiteteda

There were 4 patients in Aberdecn who were inooulated

with TeAsBa vaceine during the incubstion period.

The first of thesey Patient No.539, wes a girl of
20, vho ate infected meat on 9th May, 1964.

Eleven deys later she developed melaipe, headache
and mild diarrhoea for o week, bub serology and
oultures of blood,faeces and urine were all
negative on two occasions and the symptoms
settled, ©She was immunised on 3rd June in _
Eddnburgh and on the following day she developed
severe symptoms of typhoid fevers. Blood culture
was positive and the illness yan a typlcal
unsomplicated course.

Patient Nolho8 developed malaise and headache 19 days
after eating infected meat; 6 days laber she was
given T.A.B, vaccine and immediately developed
severe headache and fever assoclsbed with constipe
tation and profuse eplstawise Blood ond fasces
cultures were positives She had a typlcal
unecomplicated illness, This patient showed
Se byphl 'HY agglutinetion only, to & lavel of
4125 dilution until 6 months after discharge, when
it reached 1:3200 dilubion,

A third pationt, Noe ¢ was ilnmunised by sube
tcutaneous injection 27 deys ofter eabing
infected food, She had a marked febrile reaction
wlth rigors whioh persisted fov 8 days, and a very
severe local reaction which persisted for the same
length of times Tacces culbure was positive
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although blood culinre was negabive hep
temperaturve settled sponbaneously. Serum
agelutingtion in thias pationt showed maximun
Setyphi 'H' agglubtinins at 13525 dllution
and ne 'O antibodlos, bub agelubination with
Se pavatyphl B H at 4:800 dllution,

Patlent Noel05 was immunised 10 days after eatlng
infected foods Bhe had a typical response,
that le, fever and maleise which failed to
sottle, ond she developed constipation, She
had o brisk eplstexis 2 deys leter. Clot
culture wos positive 7 days after immunisotion}
she responded well to chloramphenigol but
continued 4 cxerete Sa Lyphi in facces during
the first wodk of convalasoence.

At least thiee of these patients demonstrated the
effect of ilmunisation in precipitating the onset of illness
when the immunisation was performed during the incubation

period,

Ay o o S ek B 2
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SECTION V

- ASYMPTOMATIC TYPHOLD FEVER

Asymptomatic typhold fever is of great
impoytance since it mey vesult in typholid carriers who are
never suspected, JTts odeurrence and probeble aetiology
are dlsoussed in this seobion on the basis of provious
findings and of sympbtomless cases of typhoid excretion and

bacteraenia discovered in Aberdeen,

Hitn s oys ede-mipy Yy
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ASTMPTOMATIC TYPHOLD PFRVER

Tor nany years it has been known that typhoid
bacilli could be isolated from either the exoreta or the blood
of persons who were not ill. Symptonless excreters of
Se Lyphi may be divided into three categories:=-

( 1) "Precocious" or incubstory excreters,
that isy, persons who later become ill,

(ii) Healthy exereters, that is persons who
never suffer any overt illnoss.

(131) Cavriers, thot isy peorsons who conbinue
to exerete . typhi for varisble

perieds after suffering from acute
typhold Cfever,

Only +the ©irst two categories will be discussed
in this sections A further bype of symptomless typhoid
infeotion « bactersemis - will also be studied.

Av  ASYMPTOVATTC TYPHOID EXCREIERS
(i) "Proeocious" carriers
Ledinghem snd Avkwright (1912), discussing
diphtherin, sald that "by a precoclous carrier is meant o

person in whom Bact. diphthewiae is found for a longer or
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shovber time, without any symptoms of disease appearings bub

who eventuelly develops diphtherial,.

Je Conradi (1907) was the first to veport the presence
of typhoid bacilli in the excreta before the onset of overt
infections Klinger (41909) found such carriers when he tried
to discover at what stage a case of typhoid fever was most
Likely to eausé secondary cases. He discovered that of 812
gontact infections 33 arose from persons in the firsty and 150
from persong in the second, week of incubation, that is, the
originating cases wore exorebing S. typhi at these timoes,

In tho Oswestyy oubbreak in 1948, 15 of the 135 cases were
diagnosed by stool culture during the incubation period (Jones

In Aberdecn, 10 patients examined as contachs were
found to be excreting during the pericd of incubations
Specimens were taken &t 2 « 5 doy intervals, but only in five
cases is 1t known approximately when exoretion begany since the
remainder had a positive lsolation gt the time of the first
examination and mey have been excreting for a variable time

beforehand. Details of these patients are shown in Table 33.
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Although the incubatlon periods of these potients
are longer then usuald, this is ineviteble gineo only such
patients hac? Fime Lo be exemined as conbacts, Patient Nol.,76
atbe infected food on two occcasionsy therefore his inovhation

period is uncertaing bub hes been beken as the shorter of the two.

No patient was known to exerete for more then i doys
before the onset of olinical illnesss Prococious carviers have,
however, been found who excrobed 8. Fyphi for several months

before developing typhoid fover. Battlebner (1910) reported
four cases where Gtyphold bacllll wore excreted for poriods ranging
from 21 to 117 days before the onaet of fever, gnd Wilson (1938)
discovered o patient inm o mental hospital who exoreted for Lt
menths end covsed 10 secondarr cates before he developed a

severe abttack of typhoid fevers, No such late cases have been

found in Aberdeen within a year after the outbreak,

(11) "Healthy" Exeroters

Many "“healbthy" excreters have been reported since Von
Dirigaleki and Conradi first found 4 such cases in 1902,
Scheller (1908), during the antimtyphoid campaisgn in SoutheWest
Germanys found that of 72 people who drank infected milk ovexr a

poriod of some monthsy 40 did not contraot overt typhoid fever;




but 18 of the 40 excreted bacilli in steol or urine for
variable periods,s Those individuals who showed becilli in
uprine moy indeed have had a symptomless bacteraemiay but it is

perhaps more probable that this was merely contamination,

Klinger (1909) in the seme campoign, found that 149
of 241 temporary carviers (56%) had no history of typhoid fever,
while Scott (1915) in Jompica found typhold baeilli at autopsy
in the gall~bladders of 6 out of 200 individuals with no history
of typhoid fevers However, typhoid fever was endemic in both
these arees and these incidences of healthy exoreters mey be

higher then is found where typhold ls epidemic.

The duxation of exoretion of typhoid baeilli in healthy
people may vary consideraebly: TFornet (1912) found thet excretion
in 78 of 187 healthy people pervsisted for months and even yoars,
whereas Klinger (1906) found that of 11 such exoretors 9 gave
positive isolations on only one occasion despite repeasted testing,
and @ll were negative after a fortnight. It is possible that
Tornot's cases had unohserved mild symptoms, since Xlingerts
finding appears to be uore usuel and has been betler supported
even gince the introduetion of seleative media. These medis

make it possible to obbtaln positive dsolations from persons who
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excrete only a few bacilli, and by this mebhod fewer healbthy
exorobers are likely to be missed. TRuys (1948) found 5
excrators amongst healthy people who had been in wrecont contact
with cases of typhold, end she noted thet in cach instonce the
bacilli were isoleted only in a single fasces specimeny desplie
vepeabed testings ALl 5 persons hed been inoculated a year
previcusly but o1l had negative serum 'H' agglubining and '0?
sgglutining of nil or 1:50, This apgrees with the observation
of Porster and Kayser (1905) that the concept of a trensitory
alimentery infection was supported by the faot that the gserum
of persons who harbour the organism as a saprophyte in the
intestine without suffering from the disease seldom shows any

egglubineting powers

It has been suggesbed thalt one isolatlon alone mey be
due to a labelling or laboratory ervor, but this is unlikely to
sccount for the number of cases montioned sboves A Oswestxy
6 of 19 symptomless exereters had only a single positive
specimen (Jones 1951) and these cases coccurred in o hospital

community where risk of conbamination of specimens was nogligible.

There wore 14 healthy excreters in Aberdeen and s further

4 with minimal symptoms, namely: headache or malaise or slightly



loose stool for 1 =« 2 days., (Appendiz V, 1a.) The age
distribublon of these 18 patients wan not significently
differ@nﬁ-frcm that of the 469 4yphoid cagess but dhero wers
more men then oxpeched, Six of the men had beon immunised
and one women: this was no more thon expested when compared

with patients who had overt illness.

Be SYMPLOMIESS TYPHOIDAL BACUTERAEMIA

Symptomless typhoidel bacteraemia was recorded in
1907 by He Conradi, who during an epldemic found typhoid
haeilli. in the blood of 3 heelthy carricrs. Bbeling (1914.)
reported the rather surprising finding of bacteraemia on one
occasion in a women who wes suspected of being a healthy
corriers. Repested stool eand urine specimens were negative
over & period of several months and she never became ill;
at the time that blood culture was positive she had serum
agglutining of 131200, HMaxmion (1952) veported two cases of
af'ebrile bacteraemia, one in a completely aflebrile illness,

the other late in convalescences

Snyder gt p1,(1964) have rveported fully two cases of

LA T L
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agymptomatic typhoid basteracmia (Figure 16), They fed 6k
volunteers with 10 or more LuD.g, doses of S. typhl 'phage
type 'D', isclated from o carrier during cholecystectomy.
Seven mon feiled fo develop typhoid fever, but 2 of these 7
wore shown to have bopternemle during the period whon clinical
iliness uvavelly ccourss One men had positive blood culiures
from 4 to 14 days af'ber infection, the only clinical {eature
being a mlld pyrexia from the 10th to 12th dsys;  stool
sulture was negative after the first post~infootion daye. The
second man gave a positive bleood culture only on the Bth fay
after infectlon, stogl culture being positive on tl;e 15t and
11th deyss Hey tooy had o mild intermittent symptomless

pyrexie during the st to 12th days.

There weye ). patients in Aberdeen with sympihomless

bacteracnie; thelr leboratory findings are shown in Teble 3.,

One other patient had a positive blood oulture during convalesce

tence, 6 days after the end of a "post-treatment pyrexia" and

during & eourse of ampiclillin, ‘The positive isolations in 3

of the & cases disoussed here were obtaited by eclot culture,
The fourth patlent, No. 348, was also o symptomless

exoreber; he gave a positive faeces specimen on
18t Junes 1964 and had & positive blood culture
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on 6th Juney 1964 ab which time & stool
gpocimen was negative. No further
specimens were positive; this suggests
thot the isolation of bacilli from facces
in thils pationt was obtained during the
"incubation period" preceding a silent
bactoroeniae ‘ '

W s o B o e Sl

Gs  DISCUSHION

The mechanism of hosgt-resistance to infeetion has been
discussed in Segtion Is  When the Lyphold bacillus is ingested

one of four things may hoppents

(o) it may be quickly and completely exopreted in facoess

(b) it may immediately invade the blood stream of the
host vie the lymphatic sysbem of the intestinal
canaly whence 1t ngy or may not cause overt
1llness.

(¢) it mey live a seprophytic existence in the gut for
a variabte length of time, after which it la
overcone by hosteresisteance and other organisms
and is completely destroyed o excreted.

(a) it may exist a8 & ssprophyte for a period of time
ond then auldtiply sufficiontly to invade the hest
and cavse generalised infection.




It s probable that this last elternative ls the
explanation of precocious caxviews, overt illuess occurring

when the organlan has multiplied suffiolently to invade the bost,

In exoreters who do not become 131, any of the first

throe events may ogeury thusie

(a) those in the rirat catogory oxovote S, typhi
inmediately after ingestion of the organism
for a short perlod of time only, This
osourrence was not demonsbratod in Aberdeen,
albbough it might be inferred in the woman
who had diazshoes Lmnedlately after eating
suspect Pood and 4id not become 31le (soe
pogs 75)s

(b) In the event of invesion, bacberecnis ccowrs
but is symptomless; the organisms moy be
totelly destroyed in the tigsues or sone
nay be re~excreted, The latter oceurred in
the scoond of Bnyder's pationts with
symphomless bacterasmia (Figure 16),.

(e) tho most likely explanation of most symptomless
oxocroters 18 bthe exisntence of the organism
for o time as & commensal in the gubt and then
its botal excretion without generalised
invasion of the host.

In this last type of infeotion, there should be no




antibody produced since the organisms do not reach the losal
lymphold tigsues, which are believed to be the sile of antibody
formation. Bul ify as Madsen helleved, some crgenisms do reach
the logol lymphatic glends but are held there by a "blockads",
these orgenioms, even if they are but few, will provide localised.
anvigenic stimulus and low 1@*«@13 of serum entibodies may be

flebacted,

Bxraminotion of the serologicel findings in the sympitom-
tless excreters in ASbexdeen at first showed no unifom paticin.
However, two of these palients bad signs of geneialised infection,
that is, rose spobs or splenomegaly (Patients No. 174 and 252)
and one of the two had diagnostic levels of Sutyphi 'HY acrum
agelutinins. The other (No.252) was a child from whom Lt was
difficult o obtsin & sample of bloody and since the dlegnosis
wes conflimed bactoriologleally ne specimen of blood was taken
untll his discharge from hespitale Thus,; in one ot least of
these two patients the serological findiongs, combined with the
physical signs, suggest bhat she did in faot have symptoms which

were dgnoved or forgotion.

0f the vemgining sympbtomless exarebers, 5 had no

denmnstreble THY or '0Y serum ankibodies and 44 hed maximum 'HY
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gorum agglutination at 11200 dllutlon in the dnoculated and
11100 dilution in the uninoeulated pabtients, These levels are
apprecicbly lower than those of  patients with overt illness in
vhom the mean maximum agglutination titre in the winsculated
was 15291 with o mode of 1:800. These pgglutinablion titres
support the view that in symptomless éxersbers the basberda, 1€
they reach a sile of antibody formationg do g0 only to a slight

and possibly localised exbent.

The 4 patients in whom sympiomless bacleraemis,
pocurrved, one of whom was also a sympbtomless exereter, also
showed no "HY or '0' gerum antibodies at the time of infeotion,
Snyaer_gﬁ‘ﬁk.(196h) suggasted thet in sueh cases the organisms
are held intracellulerly within phagooytes and destroyed thero,
and ave btherefore not available either to act as an antigenic
stimulus or to release sufficient quantities of ciroulating
endotoxin to produce overt illnesss It is nob certaing however,
whether this phenomenon is attribubeble to an unususl feabure of

the pathogen oy Lo excopilonsl resistanse in the host,

CONCLUSTONS:
Exominetion of the serological findinge in 18 petients

with symphomless typhoidel exorelion supports the premise thet



the bacterdia ave usually contained withia the lumen of the
gut oy held at the local lymphatic glands in such caseb.

The sbsence of seyum sgglutination in 4 patients
with symptonless bacteraemis ney be explained 10 the

bactoria reside wholly intracellularly.

o 1515 2o S T
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SECTION VI

ANTIBODY PRODUCTION IN TYPHOID FREVER

There is a wide vaxiation in the levels of
ontibodies found in seyum in different typhoid patientss The
difficulties of interpreting the results of sorologleal
antibody assays are indicated and an atbempt is made to
correlate the nature of the measured anbtibody response with
the course of the disease and its treatment in different groups

of patients.

e e e w2 e
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Ae THE ESTIMATION OF ANIIBODY RESPONSE

(1) ¥idal's Resbtion

In 1896 Widel recorded the fachk that the ssymun of o
typhold paticnt will agglutinste typhold beeilii. He devoloped
this as a test fox Lyphoid fever and used 1t gquantitatively by
noting agglubingtion at different dllutions of serum., Felix,
after he and Weil had desovibed in 4920 the two different |
entigens '"H' (or flagellete) and W0 (or sometic), proceeded in
1930 to claborate Widal's veaolion as a qualﬁ,tative test which
identified sepavately these two entigenss The test nowadoys

ineludes S. paretyphl A, and B, and mey also include other

organisms, but uwnless obherwise stoted its mentlon in thig

soction rofers only to §. Lypbis

The Interpretation of Widal's reaction Lls somelimes
diffioults  In o pergon who hos noh receiveld TeA.Ds vaccing,
and has not suffered previous typhoid fevery the presence of
sexrun entibodles to the flageliser or 'HY antigen, even in low
tltre, is indicative of {yphoid fever, bub somatic ox '0°

antiboddes moy occasionally be found in uninfected or uninoculated
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persons (Anderson and Guunell 1964). Vi antibody estimeiion

is not of value in dlagnosia of the acuwbe illneas, bub had been
claimed to be helpful in identifying the carrier state (Report

of Ministny of Heolth 1945)s  The interprebation of Vi antigenic
response is ab present the subject of further wroscerch in

Aberdeen and will not be Qeelt with in this thesis,

In a person who has received T.A.B. vaccine in the
pasty dnterpretetion of sorological results is much more
difrfioulrt, It is consldered thet a two=Lold rise in serum
Titre of S, Byphl 'HY entibodies 1s essontial before a diagnosis
of typhoid fever may be substentiated by thls means, Iven then
this rise may be dve to an anemnestic rcaclion, thet da, thoe
productiony in response to a non~specific pyrogenie stimulus, of
specific ontibodies previously produced either by infection or
by inocvlaetions 'H' anbibodies, therefors, are unreliahle in
the previouwsly inveulateds 0’ antibodiws, with the few
exoeptions found in healthy personsy appear only in the faco of
reoent infeotlony except in the recently inocculateds However,
thay may not differentiate between Gyphoid and paratyphold
Teovers, regardless 6f the immunisetion state of the individual
(Felix 1930)s Thug, as hoppened in Aberdeen, typhoid Ffever way

produce S, paretyohi B '0' antdbodies but none to $, typhi.
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For practical purposes; agglutination reactions mey be

interpreted thugt

In the uninoculated person, 'H' antibodies ave
proof of infection, but are of no value in
the inoculated}

'O antibodies ave of more value than "HY in
the previously inooulated, provided thel only
&ither typhold or paratyphoid is suspected.
T£ a differential dlagnosis is required, '0O!
antibodies are unrelisble,

Widel's reaction, therefore, is equivocal evidenoe and must be
congldered in conjunetion with clinicel and basteriologloal

findingse

(i1) Time of appoarance of Serum Antibodios

It is generally beldeved that a diagnostic level of
seyun antibodies is rvere before the 10th day of untreabed
illness (Top 4964) and that somatic sntigens appear before

| flageller (Felik 1950)« Howevery obf Oswestry in 1948 Jones
found that dlegnostic 'H' and 0 titres wers found from the

18t to the 6th day of 1llness in the sexum of the first 10 cnsesn.
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T4 will be shown thet ginilar Widel recctions were fouwnd in the
irst 10 patients in Aberdeen; both outbresks were covaed by

the seme 'phage~bype of 8. typbi.

Seversl authors have investigated the percentage of
patients with positive apglutination reactions in successive
woeks of 1llness; 2 seots of vesults are shown in Table 35.
Nelther observer, howevery continued the series beoyond the 5th
week of illnosss The persistence of antibodies afber the end
of the acute illness nay vayy considerobly, vegardless of the
corvier states. Pelix (1930) found 'HY but no '0' agglutinins
in persons who had revovered from typhoid some years previouslys
while Vogelsoeng (1950) exemined the sera of 10 patients who had
recovered from typhold fever 1 year or more previously and found
that 8 gave 'H' agglubination at 1:20 to 1:80 dilution, and 3
gove YO' agglubination et dilublons of 1220 to 1340 In
Abexieen, a8 will he shown, some patienbts produced thedr marimun
antibody wesponse uore Tthan 6 months after the end of the acute

31Iness e

(1ii) Veriations in Antibody Resnonse
1. Absence of serum antibody response

This phenomenon bas been reported by several writers.
Huokstep (1962) deseribed two cases with no sexum anti-




TABLE 35

A

RATE OF OCCURRENGE OF POSITIVE AGGLUTINATION REACT IONS

IN SUCCESSIVE VWEEKS OF |LLNESS

PERGENTAGE POSITIVE AGGLUTINATION REACTIONS

WEEK OF ILLNESS ] e 3 ' 4 5 f AVERAGE~
GAY  (1918) - 6l 82 87.5 gR 100 91,8
PARK anD WILLTAMS ~

(1925) 20 60 80 90 75 88
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sbodien; one velapsedy the other had an inbtestinel
perforation. Kostie (1963) found that 17 of 14k
treated patients (11.8%) showed no antibody response,
while Dentin (1963) found that 5 of 28 patients who
volapsed had no serun agglutinins before rolopse and
3 of these § had none at any timee The reasons for
thls fallure bto produce antibodies will be discussed
later,

(131) 2, Nom-specific resnonse
This differs from an anamnestic reaction in thet
it is & cropa«rsaction produced by an antigen of a
gimilar bacterivm Lo the one being tested, This
phonomenon wes noted by Gay (1918) who obsewed that
the gerum of & case of typheid fever would
agglutinote the paratyphoid becillus and also, less
frogquently, that the roverse could occure This ig
explained in the Keuffmon-White socheme of antipgenie
. notations where it mey be seen that the S, typhi *0f
antigen XIL is common to several of the Salmonella
group, including S paratyphi B and € 5,  (Repowt
of Salmonella Submcommitbee 1934.)

It was o nobahle feature of the Aberdeen outbragk that

'0' antibodles weve meve commenly Ffound to S, paratyphi B then

to 3. typhl, ab Jeast in serum estimations performed on admission

to hospital,
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In eddition Lo these factors, it should be remcubered
that the level of ciﬁdulatimg: antibody in seyum is 1ot
necessarily o true dndication o the level of impunity in the
tissues,  IP the theory of "eelluler lumunlty™ is corvect and
it does depend on sellebound antibody (see page 46) then soro-
slogical, antibody assays may reflect only a small paxl of the
quantity of astive antibody prosent in the hosbt. Similarly, 1t
hag been demonstrated cloerly during the assessment of the
effaot of TwleDe vaccine that the presence of eireulating anti-

thody i8 by no means setlsfactory proof of astive immuniiy,

B, THE ESTIMATION OF ANTIBODY RESPONSE
L0 JINEROTION TN PATIENTS TN ABERDIN

(1) Bource of Daksa

Agglutination tests were done inditially in a1l cases
with suspeoted symptomatology and on 2ll uown contecets of
suspect casess. A Pull Widel vesctlon was done in the firsd
casns bub inoreased prossure of work in the laboratory made 1t

imposaible to conbinue with thisgy and o modified Widal test for

entibodies to J. typhl *H* only was then performeds The
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omisplon of the estimation of S typhi '0' agglutinins was

based ont (1) the lengbh of time this tekesyend (il) the failure
of many of the early cases to produce '0' agglutining. AL first
YHY agglutining were measured in dilutions of 1125, 1350, 1:400
and g0 on, seriolly to 1816004 but this was later reduced to a
maxinun dllution of 48400, since this pexmitted three times as
nany sera to be tested ol onces Patients who were edmitted to
hospital before their serum wasg tested had an abbreviated Widal
reaction test done on admission. TFurbthor tests were usually

done in hospitals

(1) whon the dlagnosis wos in doubt,
(ii) when no reaction was found at first examination,

and (1i1) on relapse.

ALY petients had full Widel end Visagglutination
egtimations performed on discharge from hogpitel. Tt was
deoidad also that all patients should be asked to attend for
sorun agglubination estimations at 3y 6, 12 and 24 months after
discharge from hospitaly the results in those patients who

attended at 3 and 6 months are included here.
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(11) Serclogicel response velated to the duration of the Illness

The first 10 patients adnitted had muoh highor levels
of serum 'H' sgglutining then is nommdlly expectod within the first

woek of illnenss as shorn in Dable 36,

Hevey a# in Oswestyys later csses weve move "classical"
in having o slower gppeavance of anbibodies in serum. QF 376
patients who had not previously been inoculated, 117 had no
measvrable 'HY antibody on adnissiony  their meon doy of
clinleal Allness abt that time wan heBs &% the obher end of the
soaley &5 of thesé unincouleted patients had S typhi 'H* titres
at over 158400 dilution on admission with o mean dey of clindcal
illvess at that time of 9.8 The level of 'H' antibodies on
ednission related to day of olinioel illness in inoculeted

patients showed no constant pattern (See Figure 17).

(iii) Dipgnostie Widel Reactions
The "diegnostic Widal reaption" waw taken Lo be the

firet serun assey in each patient which showed a dlasnostic
lovel of éggluﬁinatianq I many cages the diaénéaiic Wi&@l,
reastion was the one done on admission to héapital. Vhere

more than one serun assay was pextormed, elther before or shortly

after admisslony bthe diagnostic Widal reaction was taken to be



TABLE 36

SERSLOGICAL TINDINGS ti THE FimsT TeN CASES

¥ * 3 .. . pate oF F _ — o
m&« SEX AGE DATE fAY OF LAST M-mw.am P ITRE GF hmm.ﬁm%nvﬂwﬂnmz S oARATYRIE
ireness | otmoserion | S tvvent '8} s.tvest rorh S.PARATYPHI] S,PARATYR: :
. B tHY B,*0f v
2671 F 19} 17.5.64 5 §:2560 HiL 1225 i:320
232 F i81 i2,5,.64 3 ${:5i28 HiL R ML
282} u | 37} 1s.5.84 5 1952 1:50 2260 Nt 12400
1727 W 11} 19.5.58 5 i21600 ML NIt i:108
ssl r 33 19,5.64 | 5 1264004 §: 32004 Rt 1:108
51 F sz} 20.5.64 5 1216004 HsL it 1250 :
s2| F | to} 20,5.54 6 1516804 i:300 HiL HiL
ast F 37 20.5.64 3 1215004 j:400 R HiL
st) w 321 20.5.64 5 1552 §  i:i600s i: 408 RiL Bt
2781 F 71 20.5.64 5 b2 1500+ 1150 RiL it




MEAN LEVEL OF "H" AGGLUTINATION TITRES ON
ADMISSION RELATED TO DAY OF CLINICAL ILLNESS

20 4
‘18 ~—————— Inoculated

....... Uninoculated
16
14 -
12

10 -

Days of clinical illness.

1 ¥ L] v T T 1

nil 1.25 1.50 1.100 1. 200 1.400 1.800
"H" Agglutination Titres.

Tige 17 = NMeon Level of 'HY Agglubtination Titres on
Admission bo Hospltal, related to day
of Clinigal Illness,
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the one in which the highest level of agglutination occurred.

With regard o serum *0' antibodlies, the strong
impression was _z'maivea thaty exsept for the first few cases
adnitbed, few potients had demonstrable levels of agplutingtion.
0f 89 sera tested for 8. typhi '0' antibodies, oniy 8 (9%)
showad agglutinations wheveas 75 (M1%) of 434 sera testod for

8¢ pavatyphi.B Y0 antibodles showed egglubination, These

Pigures are nob necesserdly ropregsentatives; however, since the
renainder of the patients in the outbresk hoad only 8. Lyphi ‘H*

antibodles estimated for dlagoostic purposes.

*HY putibodlies were estimabed in the sera of all
pobiontse. OFf thesey 76 showed no 'H' agglutination desplte
repeated testings The rvemainder gave agglutination ol levels

between 1225 and 146,400+ ailutions.

(iv) Discharge Widal Resctions

'Y antibodies were again seen to be more in svidence
than '0* antibodies, in the dischorxge Widal repotionsy only 55
of 465 seve tested showed *0' agglutinationy and in 32 of these
the level was only 1:25 owx 1:150 diluiion. VWhen 'H' and '0OY
antibody levels were considered together {or each patient on

discharges the results were. as followsi=




- 20k -

(a) 139 patients showed no 'H' or '0' entibodies
to Sa . byphi on discharge

(b) 128 patiunts showed either 'M' oxr '0O* entibodies,
or both, to S typhi at dilutions of 1:25 op
1:50 on discharge

(%) 198 patients showed either 'HY or '0' antibodies,
or bothy to S, typhi at dilutions of 1:100 or
above,
The majorily of these sera wore taken at apprdximately

5 woeks from the date of onset of iliness.

(v) Widel Resctiony at 3 ond Gemonths
Follovwup Exeminetions

There were some defaulters at the followwup elinics,

but the pattern of antibody production was clear, namely thet
with successive tests increasing numbers of pabients showed no
antibody response, One interesting feature is that at G-month
followwup the sera of 404 patients showed '0' anbibodies, as
compared with 40 at 3emonth follovwsup; +that is, an inorease of
18% of the total number of tests perfoxmeds The reason foxr
this is uncertain, bubt it mey be due to a variation in stendard
pugpension, It is known fo the author that factors which might
affect agglutination are being studied in the laborstory as

part of a research projeot,
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(vi) Agsessment of the Oversll Antibody Response
in Diffevent Groups of Patients

Ta en attempt to assess the level of antibody
production in sach patient, ell Widel reactions in each were
congidered together, that is, dlasnostic and discharge Widal
reactions, and all other sshimations which were performed
during the course of the illness and for 6 months after

discharge from hospital.

'HY and '0' antibodies were considered Logether fox
each individusl reaction and the higher level was taken as

vepresentative of thet reaction,

For this purpose those patients who showed 5. paraw
skyphi B '0% antibodles instead of antibodies to §, typhi ‘0!
were olassified according to the level of the former in the
same wey a8 those patients who showed . typhi '0' agglutination,
An arbitrary distinction between "minimal® and "normel® response
was made in order to assess a possible difference in the

characteristics of pabtients who showsd varying levels of response,

Four groups of patients were studieds



w 206 %

(1) Patients with no antibody response at any time

that is, patients who showédd no serum antibodies
either beforen durdng or afber thelr stoy in
hospitals

(2) Patients with “minimal" entibody response

that is, patients who showed serum antibodiesy

YHY qgr '0% ah 4:25 or 1450 dilution in some ox
all specimens of sers tested before, during or

aftor their stay in hospitals

(3) Patients with "nommal” sutibody response
that isy patients who showed 'H' or '0f serum
antibodies at 13100 dilution or above at any time,

(4) Patients with delayed antibody response

that im, petlients whose level of serun

agglutinetion was highest at 3 or 6 months sfter
discherge from hospltal. For this purpose only
o rise of more than one dilution was accepteds

1+ Characteristics of patients who showed

0o sorun entibodies

There were 35 patients in whom serclogical apsays
wore completely negative beforey during and for 6 months
after their stay in hospital (see Appendix Vi.ia) There

are several possible reasons for the absence of antibody




production in typhold dafectionsie

(1) The infection wmey be localised to the
Iobestliue ond be unable to act as an antigenic
sbimulug,

@) Although genevelised infaection ocours a swall
infecting dogse or o nild illness nmay
provide dnsufficient antigen to produce
measureble levels of serum antibody.

() The effect of ssrly ohloramphenicol therapy on
antibody production has slready been
discusged in comnection with the oauge of
»elapso.

Kogbic (1963) found that in 41 of 17 patleats
who showed no serelogloeal response
chloramphenicol theropy was started between the
Gbh and’ 10th days of illness,

(4) Relepse is known %o occeur in the face of high
loveles o€ entibedy, but this mey be an
unusual finding and patients with no
eirgulating satibody may be move likely
4o rolapha.

(5) Tt is genorally accepied that the young ond
the very 0ld show a slower and less effccbive
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reglstonce to infeoctioni +this might be
demonstrated by poor antibody responss,

(6) Since the mechenism of anbibody production is
known to be influenced by mony factors obher
than the presence of speeific antigewlic stimuli,
it moy be that there is no one reason for shsence

of wesponse, and in the present shtate of our
knowledge it would, therefores be attributed to
"phance" s

A1% but 5 of the 35 patients who showed np serum antie

shodies bad either proved hacterasnle oy ovidence of peneralised

, infections that isg 1056 spoks ox splemomegalys Ths 35 patlients

| were compered with 295 poatients who showed "normel” antibody

I response to infections The resullbs of Tthese comparisons ave
shown in Teble 57. Theve was no demonstrsble dlifferonce 1n the age
and sex digtribution of the two groupss nor in the distribution of

[ imounloed patients and the ineidence of convelssoont exeretion wap
the seme in each group. Howevery thore were very significently

_1 moye pabtlents with o mild illness whe showed no antibody response
(2* = 12,84 P « 0,00050) and feowor pabients who velapsed in this ssuwe

group (x2 = ha?7 P < 0,05)

With regard to aatibiotlc therapy, there was no

differcnce in the type of initial treatmont helween pabients with

o



COMPARISON OF PATIENTS SHOWING NO ANTIBODY RESPONSE
 WATH PATIENTS SHOWING "NorMAL"RESPONSE

T DN

N d
’ SIGNIFICANT
FACTOR. CASES GOMPARED DVEFERENCE
. - PRESENT
L, AGE DISTRIBUTION. ) No
) o
2. SEX DISTRIBUTION ) ALL PATIENTS No
)
3. IMCIDENCE OF RELAPRSE ) SHOWING . - YES
. ) :

4, INCIDENCE OF CONVALESCENT ) *NORMALY

SXCRETERS ) NO
‘ ; ANTIBODY
5, DISTRIBUTION OF 'SEVERITY OF . : _

lLLnESS ) RESPONSE YES

-1 :

6, INCIDENCE OF |MMUNLESED PERSONS ) No
7. TREATMENT WITH CHLORAMPHENICOLS |

A. MEAN DAILY DOSE - ) ALL PATIENTS No

B, MEAN DURATION OF TREATMENT ; SHOWI NG "NORMAL' NoO

8, QURATION OF [LLNESS ) Raspoﬁss. WHO

BEFORE TREATMENT g RECE IVED No
Do DURATION OF PYREXIA ON ;
TREATMENT g CHLORAMPHENICOL No
8. NUMBER OF PATIENTS NOT TREATED ¢ ALL PATIENTS No
sHow NG *NoRuAL®
ANT IBODY RESPONSE
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no antibody wresponse and those with "normel" antibody wesponse,
and there was no difference in the dosage, duration and effect
on pyvexla of chloramphenicol between the two groups. The
mean dey of illness ;9:{; the bogimning of treatmont was 5,8 days
in patients who produced no measurable entibody, as opposed to
745 daya in other paticntsy but this difference was no more than

could have ocourred by chance.

Thus the only obvious factors ﬁhioh distinguished
patients who showad no anbibody response were their relapse-rate
snd the severity of their illness. These patients were much
less severely 11l than other patlents and less likely to relapse.
It is cleay, however, thalt the absence of serum sgglutinetion

does not preelude the presence of infection,

2. Charaeterigtios of poitients who showed “minimalf
antibody response to infegtion

There were 101 patients who had serum agglutinins to
1:25 or 1250 dilubions only at sny time until 6 months after
discharge fyom hospitals It seemed possible thet these patients
night be affected by the same faoctors es patlents who showed no

serun egglutination, but to o lesser degree and they were, there-
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sfore, compared with patients who showed “"nowmal® antibody
regponse for thé same factors as were used in the previous
comparison, It was found thot there were no significont

differences between patients who showad "minimsl" antibody

response and those with "nomal’ respoase,

antibody response

There were 28 patients who produced their highest
level of seyum aatibodles gfter discharge from hospitols ©
of them had previously shown no antibody response, The

deteils of these patients ere listed in Appendix VIe3ae

It was thought that this delayed reaction might be

due to several factorsse

(1) There might be prolonged suppression with anti-~
tbiotic therapy, that is, these patients might
hove had more than one course of trestment.

If this wery so this group would inelude patients
vho relapsed and sometimes those who continued to
sxorete 9. gyghi’after the end of the acute
illnessy since these fagtors wmade then lisble to
hove & pecond or thixd courde of treatment.

(2) Relepee and convelescent exoretion might also be the
direct ceuse of the late production of antibody,
gince the presence of basteria persisted for longer
than in other patients.
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(3) Theove might be a slow reaction bo infection dus to
oxbrencs of agey thet lss vhe very young and the

The 28 patients in this group {?ex*e compared with 295
patients with "normal" antibody response. | A summery of the
results is shown in Table 58+ It mey be seen that thore was
no Algnificant differvence in the age and sex distribution of
the two groupss nor in the incidence of immunised individuals,
There was no difference in the incidence of convalescent
excroters or velopse in those patients with maximal vesponse
after discharge, ‘There was no difference in the distribution
of "severlty of illness", nor in the schedule of or response %o
treatments The nmean dey of illness at the begiming of troat-
tment was 6.8 days in the group under consideration, as
opposed to 7« days in other patients, butb this difference was
not significents There vas no difference between the 2 groups
in the incidence of patients who were not trested or who were
treated elther indtially or during convalescence with ampicillin,
There wapy howevsr, & possibly significent oxvoess of pabtients
with deleyed response who had more than one course off antiblotie

therapy at any time (3% = 4488 P < 0.05).




E OMRARISON OF PATIENTS
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SIGNIFICANT

FAGTOR CASES COMPARED DIFFERENGE
PRESENT
t. AGE DISTRIBUT 10N g No
2. SEX DISTRIBUTION ) ALL PATIENTS Ng
)
3. INCIDENGE OF RELAPSE ) SHOWING Ko
)
4, INCIDENCE OF CONVALESCENT ) "HORMAL"
EXCRETERS ) NO
) ANT 1BODY
S¢ DISTRIBUTION OF "SEVERITY OF )
1LLNESS" g RESPONSE No
6. INCIDENCE OF IMMUNISED PERSDNS ; No
7. TREATMENT WITH CHLORAMPHENICOLS
A. DALY Dose ) . , No
B, DURATION OF TREATMENT j ALL PATIENTS Ko
i SHOWING NORMAL )
C, DURATION OF ILLNESS ) RESPONSE.  WHO .
BEFQRE TREATMENT ) nacﬁi;sn No
D, DURATION OF PYREXIA ) a s o
8, NUMBER OF PATIENTS NOT ALL PATIENTS
TREATED SHOWING NORMAL Ko
ANTIBODY RESPONSE
9, NUMBER OF PATIENTS TREATED
INETIALLY WITH AMPIGILLIN ; NO
yc. NUMBER OF PATIENTS TREATED WITH ) ALL TREATED
LONGwTERM AMPICILLIN ) PATIENTS SHOWING No
) NORMAL ANTIBORDY
1, NUMBER OF PATIENTS WHO HAD ) RESPO NSE ,
MORE THAN ONE TREATMENT ) Yes
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Thuss it appears that patients who show maximael
serum agglutination late in convelescence are not necessarily
still infocteds It is possible that this dolayed veaction
is due o proleongaed antiblotic therapy durming the acute

illness,

CONCLUSTIONS s

There were 35 patients who had no deteotable serum
agelutination throughout the period of illness and convelescence.
These pehiants on the whole were much less severvely i1l than
pationts who showed o "normal' vesponse, and were less likely to

rolapse,

0f @8 patients who showed & delayed antibody response
more than expected had recelived prolonged antibliotic thevapy

during the acute illuness and convalesconue.

TEn 14 A B e
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SUMMARY, AND CONCLUSTONS

Tn 1964 an oubbresk of typhold fever occurrsd in Aberdeen,
Scotland, The infection was presumad to have spread from a 6 1b.
can of corned beef in a supermarket, There were LG9 proved coses
and o further 37 in whom typhoid fever was strongly suspecteds
Infected food was bought over o period of 18 days. The outbreak
took the shape of a single wave and there were no proved secondary
0&86Y There were 3 typhoid deaths end 6 possible chronic
CaNPIOrS .

Admisslon of patients to bospital vaes conbrolled, where
practicable, by awaiting the regult of serologicel asséys
~before admission, wiless the ovganism bad been isolateds
This preovented the unuepgessovy admission of "panic" cases,
Petients were discharged from hospital after 3 consecutive
nogative paired specimens of faeces and urine during convalescence,
and further specimens were obhbained at home to a maximum of 12
palred apecimens in all fronm prof@ssional food~handlers,

Farther testing was planned at intervels over a period of 2
Feox's .

The clinlcal features were, in the main, those of classical
Lyphoid fever, bul many eavrly cages had profuse diarvhoea in
the firel weok of illness, ‘The geverity of the lnitial illness
was defined by height and duration of pyrexia, The severity of
the overall illaess was defined on the same basis except thalb

cases of death, relapse or complicatlion were rated as sovere,
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Tt was found (&) that patieanbs with severe initial ilnfection
took longer to vespond to tweatment and were more likely to
relapse or to become convalescent excreters, and (b) that
previcus immunisatlon greetly reduced the severdty of the
comyleﬁé illvess. A universally agreoed definition of severity
of illness is essential, however, before comparisouns of the
affect of propbylaxis and treatment ave possible between
different outbreaks.

Patients with complications other than relapse were,
in generel, older than other patients and reaponded more
slowly to treatment of the inilial illnegs,

Clilorvamphenigol was the main dvug used ln the acute
iliness bub ampleillin was given to some children, and
consecutive courses of ampicillin and chloramphenicol to
others. Palienbs tresbted with ampicillin had a longev
fever than those given chloramphenicol, However the relapse
vate afber ampiolllin slone was nil, compared with 19/ in
patients given chloramphenicol alone, It is suggested that
in pebients who ave nob severely 111l ampioillin might be
given in an ablempt to reduce the risk of relapse.

The pathogenosis of relapse Lg stlll uncertain, but

it is suggested that durlng convalescence there s frequent
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reinvagsion of the bleod stream by bacterla from the tissues

and that 1f this occurs to a suificlent extent relapse will
resulbs A possible explanation of the asebion of chloramphenicol
in potentieting relapse is that 1t Ineveases the survival rate

of bacteria in the tissues by proventing their growth,

Baoteria not actively growing are reslsbant o the gpolion

of chloramphenicol and it is possible that they are also
rosisbant to the normal defence mechanisms of the hogt,.

A complication obaerxved in aboubt one quarbter of the
patients during coavalescencse was the recurvence of loww
grafe symptomless pyroxis of voyiable duration, This
tpogtbebreatment pyrexia® mey be au iunbermedicte stago
between uneventful convelescence and full-blown relaspse,
gaused by the same faclors as produce relapse,

There was no uniformity in the inmumisation history of
patients, and only a fow had received vaccine within the
provious 3 yeerse Immunised persons, however, had a much
loss severe illneas then other patients, Thig difference
was most marked in older men lmmunised before the Second
World Var and was not PYound in those immnised during om
Just aftoer the Second ¥World War, The potency of the vaccines

uoad may be the cause of thig difference in loug~term effect,



m 20] -

and fuarther research with this in mind night produce a veccine
capable of conferring life«long protechtion, The effect of
combined oral and parenteral vaccing should also he further
explorved, Provious imminisetion also diminished the incidence
off lsolation of bacterla both during the acute illness and
during convalescence, This probably results from increased
destruction of bacteria within the host.

There were 18 symptomless excreters and L cases of
symptomless bagheraemia, The probable explanation of
symptomless infection is that only a few bacteria penetrate
the local barrier in the reglonsl lymphatie tissues, This
theory is supporbed by the low ov absgenl sevological response
observed in such cases in Aberdeens

Different types of antibody rasponse were distinguished
by serologleal assays performed for diagnosis, on dldcharge, aund
uabil 6 months after discharge from hospitel,  Some patients
had no demonstreble gerwn antibodlies., These patients were less
severely ill although all wexre provad to have typhoid fever.
Jome other patients had their highest level of serum agglutination
after dischavge, and most of these had been given more than
one course of antibiotic therapy. This wmay have suppressed
antibody production until the asntibiotic was withdrawn, These

Tindings, however, must be avcepted with caution, simce




- 262 -

sexologleal assays were not performed ol regular intervals.

Tho pathogencsis of the carrier state is not yet
understood, but it is proposited that there are two types
of carriei In one there is & focus of inflammotion at
the time of the aoute illness which acts as a medium for
porsistent bacteria, In the second type there is no
obvious lesion. DBlood or bile may be frequently reinfected
by invasion of baegterla from one diffusely infected organ,
or from several localised but undstected foci, In chronic
carriers withoub overt pathology bacteria mey exlst ilnbra-
collulerly in an inactlive form which neither demages nor is
injured by the hosl ocll, Clinical evidence voints Lo the
Liver as a possible site of chronic infection. lLarge numbers
of haclberie may thus reach faeces from bile withoul causing
systomle reaction, Much regearch is required to subatantiate
these hyypotheses,

A elinicel trial of ampleillin was conducted in early
convalescent excreters bo aasess its possible value in
preventing the chronic cervier astave, There was a barely
glenificant result in fevour of smpleillin, but further
trials timed differently and in other dosages ere needed

hefore the value of ampieillin in this context is establighed.



Persistent exereters were given ampicillin for 3 months, which
may have influenced the low chremic cavyier rate, Iour of
6 possible chronie carviers have abnormal gall-bladder function.
None of these pabilents has go far vesponded o prolonged
ampicillin therapy or to cephaloridine,

The problems of typhold fever are no longer to prevent
ibs apread in ovowded communitles and to reduce 1ts mortalilty
rates  Abtemtion must now be divected to a wider field of
epidemiology end to a better understanding of the aetlology

of the carrier state.
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- 264 APPENDIX TO SECTION 11

. (A) CoMpaRESON OF NUMBER OF INQGULATED AND UN!NOGULATED

PATAENTS AN BACTERIOLOGICALLY AND IN CLINIGALLY

CONF I AMED GROUPS

¥ow 25,72

0,Fe = | P < 0,0009 = HiGHLY SIGNIFISANT

DtAGNOSTIC TOTALS
e BACTERIQLOG T GAL CLINLCAL
INOCULATED 61 { 76) 28 (13) 89
UNENOCULATED %342 (327) 38 (53) 580
ALL CONFIBMED]
CASESS 403 66 469

R S A X R D 0 S T S SR O S TR S I A N AR T et s

(B) CoMPARISON OF NUMBER OF INOGULATED AND UNINOGULATED

PATAENTS, AN CLINICALLY, CONFIRMED AND AN

UNCORFLRMED GROURS

DiAGNOSTIC GROUP

W= 11,60

D, = 1§ < 0,001 « HIGHLY SIGNIFICANT,

TOTALS
CLINIGALLY R
CONFERIED UN°°“$'3M&D
INCCULATED 48 (37) 30 (21) 58
UNTNOCULATED 58 (29) 8 (17} 46
ToTALSS 66 38 104
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e Y

* Y - W

2,4 INGUBAT ION _PERIODS = 378 "FOOD=EATERS"
; ; : J ;
ALL NON=- | “NON- NON=
Davs | PATIENTS | CHILDREN ADULTS RELAPSES | RELAPSES H “"T.AB."{ "T.AB." HYEXCRETERS | EXCRETERS
2 2 0 0 I i 0 2
3 3 0 ; 0 0 3 2 I
4 7 2 5 2 5 2 5 2 5
5 i7 4 15 4 13 | I 16 7 10
6 25 2 23 5 20 i 5 20 10 g
7 23 3 20 7 16 | 7 16 9 4
8 217 6 21 8 1o |l 3 24 i0 17
9 33 4 29 8 25 | ! 32 15 18
10 31 6 25 7 24} 7 24 12 19
1 16 3 13 3 i3k 4 12 4 i2
12 2i 3 18 6 i5 ! 20 9 12
I3 i9 2 I7 4 i5 | 4 15 6 i3
14 27 8 19 4 23 I 4 23 i 16
15 14 6 8 6 8 | 4 0 5 9
16 (7 4 13 6 o 0 07 8 9
17 to ! ¢ 3 T I 9 5 5
18 18 9 9 4 ia 3 ! i7 8 10
19 7 2 5 1 6 I 6 | 3 4
20 8 2 6 I 7 I 7 0 8
21 5 2 5 0 5 0 5 0 5
22 I i 10 ! 10 3 8 5 6
23 4 I 3 3 ! 0 4 2 2
24 5 0 5 I 4 0 5 3 2
25 4 2 2 0 4 0 4 ] 3
26 5 0 5 I 4 i 4 2 3
27 5 0 5 0 5 i 4 ! 4
28 5 I 4 0 5 2 3 2 3
29 0 0 0 0 0 0 0 0 0
30 3 I 2 I 2 2 I 1 2
31 ! I 0 0 I 0 I 0 {
34 2 I I 0 2 0 2 0 2
35 I 0 ] 0 I 0 ] ! 0
58 I 0 I 0 I 0 I 0 !
39 | I 0 0 ! 0 ] I 0
TovaLs: 378 78 300 86 292 t 57 32i 144 234
Means: 13,1 14,4 12,8 12,2 13,4 f| 12.8 13,1 12,9 13,2

s e b P s O ) —

secmee ey opesr g o e B ot G R ot e 4 P i S e
- . E—S N s AR R RS
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2.8,

I NCUBATION PERIODS RELATED TO THE SEVERITY OF THE INITIAL INFEGTION
(PROPORTIONS OF EACH INCUBATION PERIOD ARE SHOWN N BRACKETS)

1 NCUBAT KON SEVERITY OF INITIAL INFEGCTION
Periob TOTAL
{DAYS) 0 .« | ‘ 2 3 3
2w 7 i5 ( .2) 62 ( .8) 77
8 « 14 il ( .2} 143 {( .8) 174
15 » 21 10 {( .4) 69 ( .9) 79
over 21 18 ( .4) 30 ( .6) 48
TOTALS 14 ( .2) 304 ( .8) 378
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50 « SEVERITY OF ILLNESS = AGE/SEX ~OISTRIBUTION

A0 Rk L g1 L fg wwwmmmmmmmwmw
SEVERITY: 4] i é 3 TOTALS
BOTH,,. SEXES:
0 » 14 veaRs 6 1} 20 H |08
15 - 29 % 8 {5 j4 89 126
30 -~ 44 ¢ B 18 i4 40 75
45 = 59 " 6 18 14 48 1)
60 & OVER ) i2 P 45 14
ALL AGES:S 28 74 74 293 469
% OF 4693 6,0 15,8 15,8 62,4 100,0
MALESs
0« |4 vyEARS 5 6 6 36 5%
15 « 29 0 4 6 3 24 37
30 - 44 © 2 9 9 17 37
45 = 59 W 4 8 6 8 26
60 & OvER 3 8 ) I5 29
ALL AGESS 18 37 a1 100 | 82
7% oF 1822 9,9
ok b SRR R W S R B e s L A o T s e BT o UL
FEMALES:
- |4 vYEARS | 5 14 35 55
15 - 29 W 4 9 ] 65 89
30 » 44 0% | 9 5 23 38
45 w 59 w 2 i0 8 40 60
60 & over 2 4 9 30 45
ALL AGES: 10 37 47 193 287
7% oF 287 3.5 12,9 16,4 67,2 100,0
T R D B D T T S e
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TYPHOID FEVER
2.8 THE"SEVERITY OF THE JLLNESS"IN ALt PATIENTS, DISTINGUESHING SEX

ABERDEEN, {964

SEVERITY: i it ] sy 1 age ] u5e . T0TALS
MALES {Aur AzeS) 18 {1 37 (29} 27 (29} f08 (i13) {82
FEMALES {ALL aAgEes) t0 (t7) 37 {45} 47 (45} 193 {180) 287
867TH SEXES: 28 74 74 293 469
+=11,% DJF, = 3 P < 0,00 SIGNIFICANT

THE SEX DISTRIBUTION OF THE SEVERITY OF THE [LLRESS"IN ALL PATIENTS, ODISTINGUISHING AGE GROUPS

~R2 68 -

AGE GROUP: | 0 =14 ' i5 = 29 i 30 - 44 ] 45 = 59 * 60 anp ovER
SEVERITY: 6 4+ 1 2+ 3 g« | 2+ 3 g 4 2 + 5 g s i 2 + 3 9+ 1 2+ 3
HALES BE(8) 42 (45)4 10 (7) 27 (363b 11 gy 26 ¢2Mioiz (7 t4 (19} 11 {7} 8 (22)

FEMALES 6 (9 49 (46 I3 (te) 78 (733 16 (i1} 28 (27); t2 (t7) 48 (43) 6 {16y 39 (35)

BOTH SEXESzy 17 ot 23 {03 24 54 24 62 7 57
v TESTS: 0 = (4 ) 45 =« 59 = = 4,94, D,F, = i, P < (,05 = POSSIBLY SIGNIFICANT
i5 = 29 ) Ho SteMIFICANT DIFFERENCE, 60 & ovER =¥ = 4,72, o,F, = I, P < 0,05 - PosSSiBLY SIGNIFICANT,

30 - 44 )
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3.c
THE SEVERITY OF THE TLLMESS N UNINOCULATED ADULTS, DISTINGUISHING SEX

AERDEEN OUTBREAK OF TYProip Fever, 1964

t T t it ) ‘
six 15 = 20 50 44 | 45«59 | 60 & overn |  Tovaus
s 1.0l 2.8 0a1 2431 0a)  2+31 0ol 2.3 Dol 243
MALES 4 23 0 8 4 7 0 12 8 50
FEMALES i 70% to 2601 41 44 5 37F 36 177
BOTH SEXES: 14 931 1o 34{ {5 5 5 49} 44 227

W w A A Sl A28 Ry WM é Calll | W Rt 1 PN T A A AT T
e mm&ﬁwwuwMM'm. Frpre | mmmu&nnmm, u#mw;m&'wmmmmm: Ll e 2 RN A A B e A R e N N P

NO SIGNIFICANT DIFFERENGES BETWEEN THE SEXES WERE
DEMONSTRATED IN ANY AGE GROUPR,

3.0
MEAN
CoMPARISON OF THE/DURATION OF PYREXIA_ON GHLO RAMPHEN1COL
SN MORERATELY, AND SEVERELY lLL PATIENTS

Mopeaary SEVERE
NUMBERS 75 2%t
MEANS 4,2 DAYS 5,2 DAYS
S.E. DIFFERENGE 0,41

L = 2,44 o P < 0,02 « SIGNEFICANT
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e Eo = SEVERLTY OF THE THITIAL INFECTION 48 PATIENTS
WHO RELAPSED COMPARED ¥ITH ALL OTHER PATIENTS

RN TR RN

SEE  APPENDIX 70 SECTION 11

2.6

t

SeFy = COMPARIGON OF CONVALESCENT EXCRETERS AND OTHER PATIENTS
Ol THE BASES OF THE SEVERITY OF THE INITIAL INFECTION

SEE APPENDIX TO SECTION NI

JW.A
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4.4 COMPLICATIONS
SeveriTy | NVMAL TREATHENT] DAYS  oF| DAYS oF
L IR on ILLNESS | PYREXIA
No. SEX | Ace T ANTEe |DATLY BEFORE oN COMPLICATIONS REMARKS
< 1oN Do sE TREAT= TREAT=
: BIOTIC
ue/Ka S MENT ¢ MENT
271 M 10 3 CHLOR, 20 i 6 PNEUMONEA
172 M H 3 CHLOR, 39 7 MELAENA
54 F 16 3 CHLOR, 35 10 5 PERIPHERAL NEURITIS RELAPSED TWICE
255 F 17 3 CHLOR, 42 | 5 EFFUSION, LEFT SHOULDER
137 F i9 3 CHLOR, 26 5 4 PERIPHERAL NEURITIS
261 M 2t 3 CHLOR, 29 9 5 PNEUMON A TAB, RELAPSED
189 F 22 3 CHLOR, 35 4 3 3 PERIPHERAL NEURITIS
84 F 22 2 CHLOR. a1 i2 3 EFFUSION SHOULDERS RELAPSED
i MyostiTIs,
214 F 24 3 CHLOR, 36 5 PERIPHERAL NEURITIS
209 F 25 3 CHLOR, 30 {0 6 CHOLECYSTITIS RELAPSED; NO
FOSITIVE
1S0LAT 10N
317 F 39 3 CHLOR, 35 7 6 PERIPHERAL NEURITIS
37 F 38 3 CHLOR, 32 0 PERIPHERAL NEURITIS
306 F 31 3 CHLOR, 37 12 4 DEEP VENOUS THROMBOSIS| TAB, RELAPSED,
CHOLECYSTITIS
PERIPHERAL NEURITIS
455 M 43 3 CHLOR, 34 7 8 DEEF VENDUS THROMBOSIS| TAB, RELAPSED,
PULMONARY EMBOLUS
531 F 46 - 3 CHLOR, 28 31 5 DEEP VENOUS THROMBOSIS| ADMITTED WITH
PULMONARY EMBOLUS. PULMONARY
EMBOLUS,
304 F 48 3 CHIOR, 26 3 12 PULMONARY EMBOLUS
231 F 48 3 CHLOR, 24 14 10 PNEUMONIA
82 F 49 3 CHLOR, 32 14 5 PHLEBITIS
297 F 49 2 CHLOR, 40 3 6 MYOCARDITIS
24 F 49 2 CHLOR, 25 7 7 EEP VENOUS THROMBOSIS
95 F 55 3 MIXED 7 17 CORONARY THROMBOSIS RELAPSED
387 M 55 3 CRYSTAPEN 10 4 PNEUMONIA
415 F 58 3 CHLOR, 28 5 6 DEEP VENOUS THROMBOSIS | RELAPSED
129 i 59 2 [THEQR, | 16 7 4 NDEEP VENOUS THROMBOSIS
i PULMONARY EMBOLUS,
134 F 60 3 CHLOR, 26 12 5 DEEP VENOUS THROMBOSIS
PULMONARY ENMBOLUS
MYOOARDITIS,
229 F 60 3 CHLOR, 33 i5 8 PULMONARY EMBOLUS ReLaPseo; DIED,
207 F 60 3 CHLOR, 35 | 8 MYOCARDIT IS
264 F 60 3 CHLOR, - - - CORONARY THROMBOSIS Oi1ep
177 7] 6l 3 CHLOR, 27 0 9 DEEP VENOUS THROMBOSIS
4) F 61 3 CHLOR, 63 0 6 EFFUSION OF LEFT KNEE
48 F 62 2 CHLOR, 27 9 5 CHOLECYSTITHS REL APSED;CARRIER
238 M 62 3 CHLOR, 28 6 4 PULMONARY EMBOLUS
125 F 63 3 CHLOR, 35 8 PERIPHERAL NEURITIS RELAPSED
44 F 64 | CHLOR, 39 23 | CHOLECYSTITES
55% [ 65 2 CHLOR, 27 15 SPINAL OSTEOMYELITIS TAB. RELAPSED
CHOLEGYSTITIS
403 F 67 2 CHLOR, 32 10 4 DEEP VENOUS THROMBOSIS| RELAPSED
538 F 69 3 CHLOR, 34 8 2 CEREBRAL THROMBOSIS RELAPSED
(W] F 69 2 CHLOR, 39 13 4 PHLEBITIS
428 F 69 3 CHLOR, 26 b 14 CHOLECYSTITIS RELAPSED
524 M 70 | CHLOR, 29 ] 2 PHLEBITIS
93 ] 71 I CHiL.OR, 29 i 2 PNEUMONE A
360 F 72 3 CHLoR, 35 8 9 PNEUMONIA RELAPSED
9 F 74 3 CHLOR, 39 9 14 TYPHOID ULGER R,LEG RELAPSED
140 M 76 2 CHLOR, 19 20 7 PULMONARY EMBOLUS
420 M 76 | ChLon 21 0 3 PNEUMONIA Dico
477 F 1 [ CHLOR, al 17 2 DEEP VENOUS THROMBOS S|
58 ¥ 79 3 CHLon, 55 9 3 TENDER TOES, M P,JOINTS
540 F 82 CHLOR, 24 | al PULMONARY ENBOLUS
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4.(p)  ASE DISTRIBUTION OF 48 PATIENTS WiTH COMPLICATIONS

AR

) 5 5 [ % Y

g - 14 {5 = 29 36=44 § 45 - 5% | 60 & over | ALL AGES |

cowteations | 2¢iny ) s(x ) a¢ ey | o¢ ol | 4

OTHERS 106 (97 | K18 (H3Y | TL (67} | 76 ( 77) | 50 ( 67) s21
4 _ « .

ToTaLS: 108 126 75 %6 {74 469

¥ = 53,34 wits YATES CORRECTION m..m.. =4 £ < G,000650 -~ sigHLY SIGNIF ICANT,

MEAN . ,
4,(6) COMPARISGR am\ DURATION OF PYREXIA oN CHLORARPHRENICOL N CASES

ZETH COMPLICATIONS AND OTYHER CASES

,, " SEVERE" OTHER'SEVERE" |- | T "HODERATE®  JOTHER "MODERATE" |
COMPLICATHONS Gases : . COMPLICATIONS LASES

05, | 56 23 - Hos, | 1o 6%

Heans{ 6,3 oavs  } 5.0 pars HEAns - F.6 DA¥S | 3.6 DAYS

A

S.E, BIFFERENCE 0,53 S.E. DIFFERENCE 1,45
t =245 b =27
P < 8,02 ~ SIGRIFICANT P < 0,01 « SIGNIFICANRT
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1, TReArment IN THE IRITIAL JLLNESS

{A) COMPARISON OF THE MEAN DURATION OF PYREXIA 1IN CHILDREN
ON CHLORAMBHENICOL AND ON AMPIOILLIN,

© |
CHLOBRAMPHEN 1COL AMBIGILLIN
NUMBERS 58 ' 25
MEANS 4.4 DAYS ' 8.3 OAYS
S+E. DIFFERENCE 0,98
£ = 3,98

P < 0,00 = HiGHLY SIGNIFICANYT

{6) THE RELAPSE RATE I CHILDREN ON CHLORAMPHENICOL AND
ON AMPICILLIN,

, | . NUMBER WHO RELAPSE
Rua NumMBgRs RELAPSED RATE
ol h : “ "
CULORAMPHEN 1 GOL 58 1 i 19,0%
AMPIGILLIY 24 ' 0 | i)

{C) CONPARISON OF THE MEAN DUSATION OF PYREXTA IN CHILDREN
ON THE THQ MIXED TREATMENTS

" . , oo
CHLORAMPHEN 1GOL AMPICILLIN
FOLLOWED pY FOLLOWED @Y
AMPEC HLL IN CHLORAMPHENIGOL
NUMBERS 12 10
MEANS %g1 DAVS 12,6 DAYE
SoE. DIFFERENGE 1.52

P g 0,00 « nighly SHERIFIOANT
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2, -~ PATIENTS VWHO RELAPSED

() DunATION OF PYREXIA OF ALL PA?IENIS og gHLanMPagulcq
' v »

NUMBER 80 510
MEAN (DAYS) 5,8 4,1
S¢Es DIFFERENGE 0,40

f -] 2*75

A

0.00 % HIGHLY S1GNIFICANT

(E),Qunnrleu oF DYREXIA ON CHLOBAMPHENICOL OF PATIENTS WHO

HAD A SEVERE INITAAL ANFECTION, DISTINGUISHING
PATEENTS WHO RELAPSED,

RELARSE OT)ER,
NUMBER 60 I
Bean (DAYS) 5,8 5.0
S«E. ODIFFERENGE 0,40
t w 2 'y 00

P < 0,05 « SIGNIFICART

(E) DuRaTAIGH gr PYREXAA ON cngonampaeusggL OF RATIENTS wng
I 5t B

HAD A MORE TIAL INEECTION, DISTINGU
FAfignvs_wuo RELAPSED

JELAPSE OaHER
NUMBER 17 58
MEAN (DAYS) 4,1 4.8

HOo _DIFFERENCE
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2o PATIENTS WHO RELAPSED

{G) COMPARISON OF THE MEAN DAYS of ILLNESS BEFORE CHLORAMPHENICOL
BETWEEN SEVERELY 11h CHILDREN WHO RELAPSED AND THOSE WITH
A _NOBMAL CONVALESCENGE

CHILDREN WHO CHILDREN WITH A NORWMAL
e BELAPSED CONVAL ESCENCE
NUMBERS g 10
MEAN 4,3 DAYS 6.9 vAYs
Sefe DIFFERENGE 1,94

b= 2,51

P ¢ 0,05 ~ possipLy SIGNIFICANT
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Ge =~ COMPARISON OF PATIENTS WHO HMAD POSTTRERTMENT PYREXIA (PLT,P

..... é;:;n:.&\m!m::&

MiTH OTHER TypPHo§D PATIENTS

Ay AGE DISTRIBUTION

& ¥ $

| i P ; | f

0 - {4 1% - 29 50 8 44§ 45 - 59 60+ ALL AGES
PaTole 41 (29) 26 (33) ¢ 12 (20) ) 20 (23) § 20 (20) 125

OTHERS 61 (79) § 100 (93 63 (55 66 (63) § 54 (%4) 344

TotaLssy 108 126 15 86 14 469
¥ o= 20,37 0,0, = 4 P < 0,00050 « HiagHLY SIGNIFEGANT
Bo INCLOENGE OF RELAPSE

7 ‘ ' H
RELAPSE NoNeRELAPSE ToraLs
PaTaPs 12 (23) s (102) 125
OFHERS . 74 (63) 270 (281) 344
ToTALS 86 383 469
W o= 7,91 DeFqe = | P o< 0,0080 « SIGNIFICANT

C. NUMBER OF CONVALESCENT EXCRETERS

e f R . ‘ R,
EXBRETERS 0THERS TOTALS
PoTole 53 ( 42) 72 ( 83) 125
07THERS 106 (417) 238 (227) 344
TOTALS 159 30 469

o= 4,99 D.F, # { P < 0,05 = PoSSIBLY SIGNIFIGANT



3, = COMPARISOM OF PATIENTS WHO HAD POST»TREATMENT Pyuenta (P,1.7,)

APPENDIX TO SECTION 111

MR oviER TYeHoD PATIENTS

L

Do THE DISTRIBUTION OF THE SEVERITY OF_THE INITIAL INFECTION

“ = A5 el « % st e
Miee MODERATE | SEVERE [ ToTiWS
PelTole 19 (29) 18 (24) 88 (72) 125
DTHERS 906 (80) 75 (67) 18 (99 %44
TOTALS 109 ot 269 469
v oe 18,51 Dafa = & P < 0,000 » S1GNIFICANT,
Ve NUMBER TREATED IMITIALLY ¥1TH GHLORAMPHENICOL
{ A T
O oN fITIAL OTHER TOTAL
CHLORAMPHENIGOL | ANTIBIOTIC TREATED
PoT WP s 97 (107) 28 (i8) 125
OTHERS 295 (283) 36 (46) 329
ToTALS 90 64 454
¥ o= 8,90 DFy = 1 P < 0.0080 » SIGNIFICANT,

F. NUMBER OF INOGULATFD ADULTS

t t - ;
_ INoguLATED | UNINOGULATED [oTALS
AUULTS WITH P,T.P, 9 U9 69 (59) 78
DTHER ABULTS 8 (71) 202 (212) 283
ALL ARULTS 90 271 36l
¥ = 8,64 DeFe = | P < 0,0050 » SIGNIFICANT,




—250 7 APPENDIX T0_SEGTION 14l

4, COMPARIBON OF CHALDREN Wil PosT«TREATMENT PYREXIA (P, T.0.)

mm-‘r

Ve OTHER CHILDREN

Ao INGIDENCE OF RELAPSE

Wb p o ny Rt s AR T 4TINS AT, wra:le

] ] \J
RELAPSE NONSRELAPSE ToraLs
[ S L ! (7) 46 (40) 47
OTHER CHILDREN 14 (8) 47 (53) 6l
ToTALS 15 93 108
© o= 7,96 DF, = | P < 0,0050 « SIGNSFICANT

0. NUMBER OF CONVALESCEMT EXCRETERS

.LM

] ] L]
EXCRETERS OrHERs ToTALS
PaToPy 31 (22} 16 (25) 47
0THER CHILDREN 19 (28) 42 (33) 61
TOTALS 50 58 108
W 11,58 DFy = | P < 0,000 « piGgHLY SIGNIFICANT

Co THE DISTRIBUTION OF THE SEVERITY OF THE INIVIAL INFECTION IN CHULDREN

- 14 ' i ¥ .

. AR 5 Q i ' ’ At ..2 4 3 PP ;MLQNﬂQu'&ﬁ:.m
Pu.TaPo 3 (1) 44 (40) 47
OTHER GHILDREN 14 (10 1 47 (61) 6!
TOTALS . L7 91 108, ok

v = 4,52 DeFe = | P < 0,05 = POSSIBLY SIGNIFICANT



APPENDIX TO SECTION 1V
- 2%/~
| - , R
AND UQnugcuLAzau PATLENTS
(PROPORT IONS ARE SHOWN IN BRACKETS)
¥ k
MALES FEMALES ALL PATIENTS
. 3
INOCULATED 72 (.8) i5 (..2) 81
UNINOGULATED f08 (,3) 270 (.7) 3784
TOTALSS 166 285 ALY
2 - COMPARISON OF AGE DISTRIBUTION 1§ I NOCULATED
AND UNINOCULATED ADULYS
4 - [{] ‘ ) t - ] 4 ! 'a )
i5 *_29 50 » 44 1,45 « 59 160 & over ] ALL AGES
I NOGULATED 16 (30) 31 (i8) 20 (21) 19 (17) 86
UNiNocuLATED | 107 (95) 44 (57) 66 (65) 54 (56) 2n
TOTALS: l23 75 86 73 357
¥om 9,64, 0, »3, P < 0,00050 » HIGHLY SIGNIFICANT,

5o COMPARISON OF DISTRIBUTION OF CONVALESCENT EXCRETERS IN
INOCULATED AND LININOCULATED ADULTS

"™

| " ")
EXCRETERS OTHERS TOTAL
INOCULATED t4 (26) 12 (60) 86
UNSNOGULATED 95 (83) 176 (188) 271
ALt ADULTSS 169 248 357
¥ ow 9,98, o,F, ml, P < 0,0080 - SIGNIFICANT,
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APPENDIX

O SECTION_IV

COMPARISON OF lmocugarmg A
YSEVERLTY! OF THE

Muzg;)v,
QN'ng BASIS OF THE SEVERITY OF THE FLLNESS
T { K ]
SEVERITY: 0+ 2+ 3 TovaL
INOCULATED 40 (20) 46 ( 66) 86
UNINOCULATED 44 (64) 2271 (207) 2n
ALL ADULTS: 84 275 357
W om 31,59, o0,k, =, P < 0,00050 ~ HIGHLY
SIGNIF 1 GANT .

4,3

IO

D _UNSNOCULATED ADULTS ON THE DBASIS OF THE

ISTINGUISHING AGE GROUp

LENESS o JLROUPS

0 1 '} 1| ' T '
AgeEs ] 15 »~ 29 30 - 44 45 » 59 60+ ALL AGES
SEVERLTYS | Ol 245 1 Oul 243 J O+ 243 } 04l 243 | 04 243
INOGULATED 8 8 t1 20 9 i 4 7 40 46
UNENDGULATED 4 9% 0 34 I 54 8 49 44 227
ALL Aoukts: | 22 100 | 21 54 | 24 e2 | 17 s6 | 84 273
PERCENTAGE OF “MILDY CASES IN EACH AGE GROUR
: ,
AGES 15 » 29 30 = 44 45 = 59 60 & ovem |
. « xS _ _ e
_ NO,. ' %mien tNo, 1% miep §HNo, ‘ %mirp fNo, 1% miep
I NQCULATED 1§ 50 34 35 20 45 19 63
UNENOGULATED { 107 L3 44 25 66 23 54 g
RESULTS: 15 = 29 yEARS & "maLph 8 ELDIFFERENCE
I NOGULATED 50 i2,9
UNINGGULATED I3

60 yas, & OVER

RO CULATED
UNlNQOULATED

50 = 44 veaas
45 « 59 YEARS

).
)

ol " (4]
MILD

N Pnuponrnugs
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— ‘2?’3/

4. €

COMPARISON OF ADULTS INOCULATED WITH PHENOLISED T,A,B, VACCINE WITH

UNINDOULATED ADULES ON THE BASES OF YHE'SEVERITY'OF THE JLLNESS,
DISTINGUISHING A AND TIME GROUPS

YEARGS ¥ 1950=6% 1940~43 | 191039 { 191 0=63
AGE: I Bm29 _ 5g944l T Ah=59 B0 e 1 ALL AGESE

SEVERITY2 | 04l

243 041 243 O+ 2431 04 243 0+ 243

I KOGULATED

B
UNINOCULATED i4

sl 7 9ol & ol 1| 34
o3| 10 24| 15 sy 5 a9l a4 27

ALL ADULTS: 22

o9 17 as] 25 0| 15 sa| 78 ese

PERCENTAGE OF “MiL0" CABES IN EACH AGE GROup

' | ¥ - 3
YEARSS 1950 -~ 63 1940 » 49 1910 «1939
poed 15 - 29 3044 | 45459 50,2
! ’ o t !
Joho L Zwep ] No 8 %Bowiep ) No, ! % mieol No, MIL
INOCULATED 14 517 16 44 17 a1 18 61
UNINoGuLATED | 107

I3 44 R 66 25 54 9

RESULTS:
| 950%63

191 0=39

1940%49

15~ 29 veans  SMiLn Safe LIFFERENCGE
I NOGULATED 57 15,7
UHINOGULATED I3

0800 fS Ly DIEF, w 3,21 = SIGNIFICANT = P < 0,005

60 _YEARS & overn ZMiLD S oEy. DLFF ERENCE
| NOGULATED 6l 1241
UNINQCULATED 9

DIFE /S B, DIFE, = 4,30 » HiGHLY SIGNIFICANT, P < 0,00]

50 » 44 veARS ) NO_SIGNIFIGANT DIFFERENCE
A5 » 59 vEARS ) IN_PROPORTIONS ‘
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4 (0)

COMPARISON OF PATIENTS INOCULATED ¥ITH ALCOHOLISED T.ALB.
VAGCINE VITH UNENOCULATED PATIENTS N THE SAME AGE GROuUP
ON THE BAGES OF THE “SEVERITY" OF THE TLLNESS

RTRTR

AGE GROUP 30 ~ 44

[ [ ¥ ]
SEVERITY? 0+ | 2 4+ 3 TOTAL R TTHY
IHOCULATED 3 1 1 27
UNINDCULATED {0 34 44 25
ToraLs 13 42 55

NOT S1GNIFICANT {FOURFOLD TABLE TEST)

4 (£)

SQUPARLSON OF PATLENTS INOGULATED MITH MIXED T A8, YACCINE

WATH UNINOGULATED PATIENTS IN THE SAME _AGE GROUP ON ThE
BASES OF THE "SeveERITy® OF THE ILLNESS

AGE Groue 30 = 44

SEVERITYS 0+ 2 4 3 ToraL % MiLD
INOCULATED i 3 4 25
UNINOCULATED 1o 34 44 2%

TotaL: 1 37 49

NoT SIGNIFICANT {(FourFoLD TABLE TEST)
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ASYMPYOMATIO ALL PROVED TYPHOID PATIENTS
MaLES i FEMALES MALES ' FEMALES
¥ 7 {g2 287
61% 39% %% 61%





































)93 - APPENDIX TO SECTION V1|

R
AGE - GONVALESGENT | .
(vEARE ) EXCRETERS ALt Qtusas _ vTDTALS
0-~14 1 50 (31 586 (1} 108
i5-20 | a1 (43) | 85 (83) | iz
30%44 | 25 (28) } 50 (50) 75
45 = 59 28  (29) 61 (57) | 8a
60 & over | I8 (25) 56  (49) 74
ALL AGESs | 159 310 469
¢ o= 9,68 DfFa = 4 P < 0,05 = POSSIBLY SIGNIFICANT

2, COMPARISON OF THE INGIOENGE OF INOGULATED ADULTS IN
GONVALESCENT EXORETERS AND OVHER ADULT TYPHOED PATIENTS

SEE APPENDIX TO SeoTion 1V (3)
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DL T

3.{N)
COMPARISON OF CONVA%ESQEEH: EXORETERS AND OTHER PATIENTS

ON THE BASES OF THE SEVERITY OF THE INITIAL INFRCTION

SO0

SEVERITYS 0+ 1 2+ 3 TovaLs

COWVALESCENT EXCRETERS 20 (37) 1 139 (1a2) 159

AL ovuer cases | 89 (72) | 221 (238) | 5i0
TorALS 109 360 469
¥ oo 15,53 DeFy = | P < 0,00050 ~ HIGHLY SIGNIFICANT
3.(8)

COMPARLSON, OF CONVALESCENT EXCRETERS AND OTHER PATIENTS
ON THE DBASES OF THE SEVERITY OF THE INITIAL LNFEGTION
DISTINGUISHING AGE-GROURS

AGES 0 - 14 19 = 29 30 = 44 45 = 59 {60 & oveR

SEVERITY: Dol 223 % Dol 243 F 0ol 223 § 0al 243 | 04 243

CONVALEGCENT
EXCRETERS 7 45 3 38 5 20 4 2l i 17
OTHERS 10 48 19 66 18 32 21 40 21 35
TOTALS 17 9 22 104 235 82 25 6l 22 52
0« 14 veaps )
5 - 29 ) T
50 = 44 ) MO DIFFERENGE
45 = 59 )
60 & oven W on B2l Daf, = | P < 0,05
0.4 9488 4 SEVERITYE 0.l 2.3 TQIALE .
CONVALESCENT EXCRETERS t (B8)YF 17 (13) I8
0THERS ab (47)y ¢ 38 (39) 56
AL 60 & OVER ag 4 14
¢ ow 520 Defy = | P < 0,05 « PoSSIALY SIGNIFICANT,




ABERDEEN TYPHO!D OUTBREAK,

4.

1964

PATTERN OF EXCRETION OF & POSSIBLE CHRONIC CARRIERS

APPENDIX 76 SECTION Vil

. 4
No, 72 TIMING: 2 WEEKS X 2 4 WEEKS 2 WEEKS 12 wEEKS 6 WEEKS 4 VEEKS 4 weeks | (0 WESKS _ 5 MONTHS
F.34 TREATHENT: CxLor, HeTHAC, HETHAC, CerH,
T, 7} Ke, | STOOL: BOS, b NES; > POS, > NEG, > PBS, > NEG, ==
URINE: TNTERMITTENELY POSITIVE > NEGATIVE: >
He . 551 TIHING: 2 WEEKS {0 pays 2 WEEKS {3 weEExs I week & WEEKS 4 WEBKS {2 WEEKS 4VEEKS 5 MONTHS
F.46 TREATHENT: Creoa, Ane, Aur, »mmm%m»o Aup snecin
#7. 90 Ke, | SToOL: POS, mmmmmmmatad NEG mmempad POS, mmed HEG,===>P(S, NEG,2 4 oS, -e—d REGCENEEM S wverurt-| ConstantLY
TERTLY [0S, POSITIVE
No li3 TEMING: 2 WEEKS 4 WEEKS {3 wWEEKS 6 WEEKS & VUEEKS 4 weeks | 12 wezexks | 7 MONTHS
o EATHMERT: ; . 4 i 03
_,.Nw mwm @ TREATHMENT CHLOR Aup, »mem»o Em Baden,
w\pw Sbmﬂ * | STooL: PeS, »] HEQ ,wwwe=3 POS, * NEG, > R 3 INTERMITTS
° {i pos, ENTLY PosS|
SPECEMENY PlSmmmrwmannd
No.48 THUING: 2 wEEks x 2 10 bavs 3 WEEKS 13 wEexs 3 WEEKS i6 WEEKS §2 weeks |14 WEEKS
F.62 TREATHENT: CHLOR, Aup, aue, NOT
WT.72 Ka, | STOOL: POS ,»wmeman>| NEG, w~sesiwma-a>P(S-3 NEG, > TESTED I HTERMITT CONSTANTLY
- ENTLY PCS, POSITIVE
io.291 THEING: 2 WEEKS i WeEER 6 WEEKS i3 wEeks 6 WEEKS 4 WEEKS 4 WEEKS | 9 MONTHS
F.67 TREATMENT: CHLOR, AupP, HETHAC, CEPH,
wr, T6 ke, | STOOL: POS ,=m===w> | NEG, > | INTERMITYS _ . R IS — o i I
EXTLY POS] > NEG POS, MEG, +POS,
No.524 THHING: 2 WEEKS X 2 4 YEEWS 2 VEEKS 3 MONTHS 5 WEEKS 4 WEEKS 4 WEEKS 8 WEEKS | B MONTHS
8,70 TREATHENT: CHLOR, HETHAC, wmmmn_vm {ern,
_.n 17 58 v
v, 72 e, STO0L: POS mmmmmeaew G PSS  cmdmmae=dFG, | POS ,cwmmerted NEG,wwedua>P(Sece> |[NTERMETTENTLY POS, o= numwmﬁm:
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