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thé typhoid carrier condition based on the study of
eight cases of the disease, personally obserfred iﬁ
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some observ:stions on the therapeutic and econonic
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INTRODUCTION.

This work was carried out under the supervigion of
Professor C.H. Browning on behalf of the Medical Re;
search Council at the Pathological Department of the
Western Infirmary, Glasgow. ¥y thanks are due to the
cd-operdtidn of all the members of the Staff particulsil;

Professor Browning for his guidance and help. Port of
the examinations were made by Dr. Guthrie from 1924
onwards, to whom my thanks are also due; The invalusblc
co-operation of tiie Medical Officers in the various
Institutions enabled the investigation to be carried out
from the therapeutic aspect and I beg to record my
‘thanks to Mr. Fa£quhar Macrae; Dr. G. Paterson, end
Dr. W, Whitelaw, The his tology was carried out under
thie supervision of Professor Stuart McDonald, Durhenm
University, College of Medicine, Newcastle-upon-Tyne,
to whom I am also indebted.

The Bibliogravhy has been placed at'fhé end of each
chapter for convenience.

T
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Chapter I.

Higtorical review of the carrier condition in enteri

———

fever.

The importance of typhoid €arriers to the cormunity
has been emphasized by numerous investigators since
Koch's historic address in 1902 when he suggested the
possibility of the typhoid bacillus leading a saprophytic
existence in the intestinal tract. But it was not till
1904 that Drigalski recorded the first chronic carrier
traced from convalescence onwards also the first
female chronic carrier who gave no history of having
passed through an attack, and not till 1905 that Lentz
recognised the existence of persistent paratyphoid
excreters. While the occurrence of typhoid infections
h%zs‘been greatly réduced by improved social conditions
such as modern sanitation and prophylactic vaccinatidn
a considerable number of cases of typhoid fever still
occur and their source im many cases may be traced to
carriers, who appear to be principally responsible for

maintaining the disease in the periods between epidemics;

It is estimated by various observers that from 9 to 55
per cent. of present typhoid infections are caused by
carriers. Meyer (1921) states that 6 per cent.of the
cases of milk-borne typhoid fever from 1915 - 1918

inclusive have been traced to carriers while Garbat
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estimates that 55 per cent. of all typhoid cases are
due to persistent excreters. In U.S.A. typhoid fever
is the ninth highest cause of mortality and the fifth

among Infectious Diseases. According to Gay (1918)

l
there occur 150,000 cases yearly from which he estimates}
gome 7,500 carriers are produced. From 0.1 to 0.8 {
per cent. of the general population would thus seem to j
be carriers. Prigge (1910) reported 0.29 per cent. i
out of 10,841 healthy individuals; Muller (1917) 0.8
per cent. of 20,019 persons in 1916 and Nichols (1922)
states that not less than 0.1 per cent. of 30,000
food-handlers in the U.S. Army during the Great War
were found to be chronic typhoid excreters. From a
sumary of over 1700 convalescents from typhoid reported
by various observers between 1905 and 1910, Gay (1918)
concludes that continued typhoid excretion largely %kh#
through the faeces may be anticipated in from4to §
per cent, of all recovered cases. McCarthy and Simmons
(1924) found 4 chronic typhoid and one paratyphoid B
carriers among 84 convalescents all of whom had
received triple vaccine, previous to their infections.

In a survey of the findings of various investigat-
ors aﬁproximately 4 or 5 per cent., of all acute cases
become chronic intestinal excreters. The following
table gives tﬁe results of some of yhe more recent

investigators.




Kayser (1906 - 5.0 per cent.-

Park 1908 - 5.0 per cent.
Kircher(1908 - 5.0 per cent.

Frosch (1908 - 2.47 per cent.

Hisgsch (1909 - 4,62 per cent.

Fornet (1910 - 0.90 per cent.

Mayer 1910 - 4.0 er cent.

Vincent and Murilet (1917§ - 1,0 per cent.
Garbat (1?22) - 2.4 - 4,2 per cent.

Gay (1922) - 4 to 5 per cent.

McCarthy and Simmons (1924) - 6.0 per cent.
These figures alone are sufficient justification for the
present investigation.

Classification of typhoid carriers.

An arbitary classification has been made into
temporary, chronic, and paradoxical excreters; those
who continue to excrete the specific organisms after the
acute attack has subsided for periods less than three
months being regarded as temporary; for periods over
three months onwards as chronic and those who éxcrete
the organisms dbut have never suffered from the disease
as paradoxical. More recently Garbat (1922) and sonme
of the American investigators have differentiated’
carriers into two further groups, namely Intestinal and
Biliary. In the case of the former they claim the
organisms to be of purely intestinal origin, and not
derived from an infected gall-bladder, and in the latter
to be derived from the gall-bladder or bile ducts in the
Liver. The latter group is sub-divided intb Gall=-
bladder (bile) carriers and Liver or duct (Hepatic)
carriers,

The gall-bladder carrier is. the variety most
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commoﬁly met with and many workers (Nichols etc.)
including the author doubt whether true intestinal
varieties ever occur at all unless of the temporary
type. The three cases of thé author's series sup-
mitted to operation (cholecystectomy and cholecyst-
gastrostomy) were apparentdy of the gall-bladder variety.
Garbat states that in intestinal carriers typhoid col-
onies are found in great numbers on every plate of
medigyor even in pure culture, whereas in "Bile
carriers" the culture media plates show the presence

of typhoid colonies in very small numbers (1 to 75

B. coli) but that the final diagnosis of the latter type
is possible only by Duodenal culture and not by faeces
culture.,

It would appear to the author that any intestinal
infection in chronic carriers is secondary to the
biliary infection. Casés which fall to be cured by
Cholecystectomy are probably due to infection of the
bile ducts with the liver,
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Chapter II.

Histories of the Enteric Carriers concerned in the

present investigation.’

In all, eight cases were investigated. Of these
five proved to be chronic intestinal B. typhosus ex-
creters, two B. paratyphosus B, and one a mixed excreter
of B. typhosus and B. paratyphosus B. (See Table I).
(The asterisk opposite name indicates insame carrier).
Cagse I. Mrs, M. Griffen (Mrs.G.), a woman aged 76 years,
contracted typhoid fever 25 years previously, and was
discovered to be a carrier following an investigation
into the source of the infection in her three grand-
children. She was in good health and robust for her
years, but suffered from chronic constipation, and,
‘not-withstanding, her stools were swarming with B.
typhosus. The blood gave a positive Widal reaction for
B. typhosus. This patient came under observation on
16.11.21.

Case II. Kate Ogg (K.0.), a woman aged 27 years, suffer-i
ed from enteric fever in August 1914 for which she was
treated in the Isolation Hospital, Dufftowm, and was

discharged in October 1914. In 1915 she became kitchem-

maid at a farm near Keith. 8Six months after one of the -
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men servants developed typhoid fever. In consequence‘
the faeces of everybody about_th@ farm were examined
and B. typhosus was isolated from the stools of Kate
Ogg. She left the farm and kept house for her two
brothers one of whom in 1919 developed a severe éttack :
of typhoid fevér. She never suffered from any symptamsl
referable to the gall-bladder and a few months before
coming under the present observation on 27.10.21.
typhoid bacilli were agaim found in her faeces.

Case III, Mary Duncan (X.D.), a woman aged 39 years,

was treated in the Fever Hospital, Dumbarton for
"typhoid fever" from December 1918 till February 1919,
In May 1920 she became a servant at a farm (Maryfield)
near Buckie, and in the July of the same year two farm
servants sickened andileft the farm, one said to be
suffering from theumatic fever and the other from
influenza. In December 1920, a lad who had just gone
to the farm took ill and was subsequently found t§ be
suffering from enteric fever. He was treated at the
Isolation Hospital, Elgin, and his blood gave a positive
Widal reaction for B. paratyphosus B, Mary Duncan was %
now suspected to be the source of the infection, and i
her blood on examination gave a positive agglutination
for B. paratyphosus B. This orgénism was also found in
her fgeoes at an examination made in October 1921. |
She_gave no history of cholecystitis and had remained §

well since her acute attack. She came under observationé
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in the present investigation on 27.10.21.

Case IV, Helen Turnbull, (H.T.), a woman, aged 52
years, had enteric fever, when acting as housekeeper to
her brother at Langknowe in Northumberland in October
1913, She was treated at home. Her brother, shortly

afterwards developed a similar infection and died.

The infection was derived from cases at a neighbouring

farm.

On leaving Langknowe in.FebruaIy 1914, she had
three changes of residénce:- (1). About October 1914
she went to Heatherhope to a family living in an isol-
atéd cottage, consisting of the husband, a shepherd,
named Telfer, and his wife and the assistant shepherd,
named Inglis., Here"H.T.“ stayed a fortnight doing work
for Mrs. Telfer who was under medical treatment (no
symptoms of enteric fever) and on Nov. 17th 1914
Inglis sickened with enteric fever and was notified on
the 30th of that month, Telfer had received some of the
clothing from Langknowe from his relative who had died
but this appears to have been disinfected and was oniy
used when Inglis was away and was never in the lad's
room.

A boy from Hownam (McClements) who had one meal in
the house while Inglis was ill also took typhoid fever,
and was the only case in Hownam. The cottage at Heather-
hope was neﬁ, built at the cost of the Burgh of Kelso to-

replace one removed when the waterworks were established,



and the drainage and water-supply were both above
suspicion.

(2). At the end of March 1915,"H.T! went to a family
at Belford to act as housekeeper and cook. Barly in
May 1915 the householder William Davidson, aged 57 yeary
took typhoid fever and a fortnight later a man in &
neighbouring cottage, Kerr, also became infected. During
the lambing season Kerr had some of his meals at
Davidson's house. The water-supply of the house showed
no signs of pollution and was of good quality on chem-
ical analysis. In June 1915, an examination of the
blood, urine and faeces of Helen Turnbull made at the
Royal College of Physicians' Laboratory, Edinburgh,

gave an entirely negative result. The house was dis-

infected at the termination of Davidson's illness as
well as all the clothes etc. The hired lad left at

the end of May, his place being taken by Frank Anderson,

who did not come to live in the house or have meals
there until after the disinfection in the emnd of June.

He also was notified as having enteric fever on Septem-

ber 24th 1915, and removed to hospital. During August
ang September *H.T." milked two cows, and supplied the

farm house with milk and butter. The cook there became
ill and on removal to the Cottage Hospital, Coldstream,

was diagnosed to be suffering from typhoid fever.
In October 1915 her faeces were again sent to the
Royal College of Physicians' Laberatory, Edinburgh, and
found to contain typhoid bacilli.
In all, 6 examinations were made in 1915 and the

specific organisms found on 2 eccasions.
(3). In May 1916 she moved to a cottage at Yetholm and in
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Septenber 1916 two cases of typhoid fever occurred in the family
next door. The infection was thought to have been fly-borne
from the pail-privy.

o further cases appear to have been caused by this carrier
in spite of various changes of residence. Owing to the amount
of feeling caused in Yetholm she was admitted to the Hospital
for Infectious Diseases, Kelso, in Oct. 1916 (where she remained
till 30th March 1917) an&jgiven employment in the garden.

In March 30th 1917 she went to a Children's Home at Greenock
and rcmained until 11th Oct. 1920, and shbrtly before she left
her faeces again gave a positive result.

She never suffered from any symptoms referable to the
gall-bladder and came under observation for the present investig-
ation on 14.4.22.

The first four cases 7ere kept under observation in Belvidere
Fever Hospital, Glasgow.‘

Case V. James Murray (J.X.), aged 795 years, was admitted to the
Lunatic Wards of Linlithgow Poorhguse on 2lst June 1904, o
He had become chargeable on 5th December 1887, being found

wandering in Abercorn Porish in a demented state. Prior to éd-
mission to Linlithgow Poorliouse he had been treated in Mormingside
and at Larbert. On admission he was demented, ufterly irrelevant
in 2is disjointed- remarks, iaving no initiative and requiring
treatment like a child. He has enjoyed good health during his
sojourn thcre except that he had a double hydrococle whiéh Tre-

. {’A B

quired occasional tapping. In consequence of out-breakgwgf
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enteric fever in the cstablishment on 21.4.14 his serum along
wit: other twenty samples of blood from all the male lunatic
inmates was sent to the Royal College of Physician's Laboratory,
Edinburgh, for examination and also the the Usher Institute of
the University. As a result of the tests made, three caces, of
whom one was Xxnown to have had typhoid fever, were regarded as
possivle carriers, and sauples of urine and faeces were obtained
from each on April 27th 1914 for detailed baéteriological in-
vegtigation. In‘Murray's faeces B. typhosus was discovered

in large numbers. His blood gave a very high agglutinative react-
ion, namely, a complete reaction in 1 in 3Q, and in 1 in 60, and
a partial reaction in 1 in 120, 1 in 240, l-in 480, and 1 in 960.
No history of Enteric Fever was obtainable but, as he was an old
goldier, he may have suffered from the disease while in the

Arny. He was thus ‘discovered to be a carrier 10 years after

his admission to the institution. From the time of his admission
till January 1909 - a period of fully four and a half years =

no known case of enteric fever arose in the institution.' An
outbreal: which was confined to the poor house and comprised
fifteen sane and one insane persous occurred early in 1909. Three
male lunatic inmates were found ill with the infection in April
1909, June 1910, =nd March 1913 regpectively. Thege peréons

were thought to hQVe been infected by soiled clothing being handled
in the laundry as the milk and water-supply were above suspicion.

Murray's period of residence in the institution therefore covered
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all the foregoing outbreaks of enteric fever. Subsequent to

the discovery of him as a carrier the following cases arose:-
(1). A male sane inmate, who may have been infected through
contact with enteric infection in a privy pail, was found to
have contracted enteric fever in March 1916. (2). A male
lunatic was found to Xave contracted enteric fever in March 1918.
(3). A male sane inmate took enteric fever in April 1921.

(4). Inﬁay 1921, the male lunatic attendant who had held this
position for seven and a half yeafs took enteric fever.

There is no evidence that Murray cqntracted the disease after
admission to the poor house, and it is highly probable that he
had suffered from typhoia fever during his period of military
service in India.

While under observation for the present investigation he
was detzined in the lunatic wards of Merryflatts' Poorhouse,
Glasgow. The first specimens of bléod, urine and faeces were
examined on 16.5.22,

Case VI. | _
Margaret Moyes, (M.l.), aged 40 years; was admitted to Hawkhead

Mental Hospital, Crookston, Cardonald, Glasgow in October 1305

at the age of 23 years suffering from dementia praecox. The
patient, herself, to the knowledge of the Medical Staff, has
never suffered Irom typhoid fever, but in the course of a routine
examination of the laundry patients by Widal reactions, to find

the cause of a typhoid outbreak in the asylum, her serum was found
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to agglutinate B. typhosus and also to a slight degree B.
paratypnosus B. on 7.5.22. by Dr. William Whitelaw, Director
of Western Asylum Leboratory. The only illness she suffered
from was impetigo and conjunctivitis in August 1920,hencé she
was probably a carrier before admission. For the last 6 years
or so she has been dirty in her habits though quite physically
sound.

In the Asyium from June 1916 till September 1923 there were
63 cases of typhoid fever of whom 55 were females with 18 deaths
(15 females and 3 meles). The death rate constituted 28.3 per
cent‘of all the cases. In a search for the cause of the out-
break Dr. Whitelaw found 11 patients on the female side to be
excreterg of B. typiosus and to give a positive agglutinative
reaction for that organism in their sera, among whom were
Margaret Moyes and Mrs Riddett (Case VIII). Owing to the
number of carriers discovered it is impossible to state how
many cases of infection Moyes - and Riddett gave rise to.

Record of Examin~tions on Margaret Moyeg by Dr. Whitelaw.

Cn 18.8.22 both faeces and urine gave positive cyltures of
B. typhosus. llegative examinations were made on 23.8.22, 30.8.22
and 6.9.22. B, typhosus was again isolated from the faeces
in the next two examinations on 18.9.22. and 24.9.22. Specimens
from this patient were first‘sent for examination in the present

investigation on 19.10.22.

Case VII. Bertha Evans, a woman aged 60 years, was admitted to

Kirklands Lunatic Asylum, Bothwell on 27th May 1910 from Dalziel
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Parish suffering from delusions of & persecutory and
expansive nature, definitely systematized, and first
noticed during the menopause. Her mental condition is
one of paranoia. There was no history of enteric ine-
foction prier to admission (She is an intelligent

woman with a good memory and would be_ab1e~to state if
she had been treated for such an illhesé). There was
no record of any illness of a pyrexial nature of any
duration, suggesting enteric group infection during her
residence in the institution. She had, however, for |
‘many years suffered at intervals of a few weeks from
"pilious attacks", requiring to stay in bed and complain=-
ing of vemitinp, giddiness, headache, and anurexia.
These were relieved by the taking of calomel and mag-
nesium sulphate. Cases of obscure illness begen teo
occur in the hospital in August 1922. Serological
exaninstions end clinical ebservation by the staff eof
the Medical Officer of the Countykof Lanark failed to
revesl the nature of the illness. About the middle of
October 1922 ghe illness was diagnosed as paratyphoid

B. fever as a result of pogitive agglutination tests

end isclation of é. paretyphosus B. from the faeces of
patients by Dr. Whitelaw, Director of the Western
Aaylum'a~1ab6ratory. In the search fer a carrier bloods

of & group of patients and staff who had "influenaa"
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in the Spring of 1922 were exeamined; blocds of ex-
gervice men and of a group of patients and staff whe
hed suffered from enteric fever 14 years before (l.e.
prier teo Mrs. Evans' admission) and lastly the bloods
of the Kitchen Staff were examined. A miscellaneous
group was then dealt with and the serum of Mrs. Evans
(whe was included on account of her bilieus attacks)
egglutinated B. paratyphosus B. in a dilutien of 1 in
40 (13 standard sgglutin~in units per c.c. of bleed)
and subsequently that organism was iselated from her
gstools in beth the Western Amylum's Laberatory and
the County Laberatory. |

On isolation of this patient ne further cases of
the disease occurred. During the epidemic of B. para-
typhesus B. which commenced in the middle of ﬁngust i922
and lasted till azbout the middle of Nev. 1922ﬁcaused
by this carrier 11 persons =~ the Clinical Assistant,
2 nurses, the cook and kitchen maid, 5 patients and the
Docter's infant daughter - were infected. None of the
éuffera were dangerously ill and ne deaths occurred.
Tke average length of the fever was 9 or 10 days.

Specimens from Mrs. Evans were first examined in

the present invesgtigctiien on 17.12.22.

Cese VIII. Mrs. Riddett, aged 68 years a female dement,
was admitted on 18th September 1895 te Hawkhead
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Lunatic Asylum, Glasgow, and has had no attack of
typhoid fever since admission or before as far as is
known. 8he was found to be a cerrier on 1l2th May 1923
during the investigetion for the cause of the repeated
outbreaks of enteric fever in the institution by Dr.
Whitelaw. Her blood gave a positive Widal reaction fer
B. typhosus and the erganisms were isolated frem her
faeces. She is exceedingly dirty in her habits. The
outbreak is dealt with under the history of Case VI.
She came first under observation in the present in-

vestigation on 31.5.23.

Ceses IV and V of this series are desctibed by Dr.
Dittmaf in a Report te the Scottish Beard of Health in
1922; Sectien (III) ocutbreszks traced te a werking house-
keeper refers te Turnbull and sectien (I) Enteric Fever

in a Scettish Poorhouse refers teo Murray.

- -

Cemmentary en the histories of the carriers and on

infections derived from them and some general con-

sideratiens of the carrier state.

Age and Sex Prevalence.

It may be said that the majérity éf carriers. te
whom outbreaks of enteric fever hawe been traced are

women, usually middle-aged. From the statistics ef
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Frosch (1908), Vincent and Murilet (1917), and Gay (1918),
chronic carriers occur maximally between 40 - 45 years

of age and are in the preportien of 5 females to one
male., Of the series investigsted by the auther 7 eut

of 8 were women and the onset of the condition eccurred
mainly in the third and fourth decades of life. Fresch
stated that 10 - 25 per cent. of all women infected with
typhoid fever became carriers.

ABLE IT. :
Table te_illugtrate zge of onset of infection in the

carriers and duration of the carrier state.

!Case:TName.lSex. Age of onset | Number of Remarks.

{ : of attack in | Jears_a.

; | i years. .  carrier.

| J | | -
1.  Mrs.G, F. | 51 25

2. ?K.O. F. | =20 11

3. M. | F | 35 62

4, |BE.T. | F. | 42 | 120

5. |J.M. | M. | 40? 350 Lunatic carrier.
6. M.M. | F. 207 . 207 Lunatic carrier.
7. B.E. | F. 457 15?  |Lunatic carrier.
8. |Mrs.R| F. | 359 13% Lunatic carrier.

The reasen given as the cause of this is that women's
dress predisposes to biliary stagnatien and hence lesiens

of the mucous membrane.
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Children seldom become chronic carriérs. The site
of multiplicatien of the enteric bécilli in chronic
carriers is the gall-bladder in which the organisms may
persitst fer many years, of-ten giving rise to gall-stones.
The fact thet women appear to be more liable to gall-
stones than men consitutes a serious factor in relaticn
to the prqblem of the typhoid carrier, as women are more
concerned in the preparation of‘food.

Mode of spread of infectiens.

The majerity of infections caused by the carriers
investigated as shown by their higtories have been
derived from the contaminatien ef feod-stuffs er milk
(Mrs.G., K.0., M.D., and H.T.). In seme the infectien
was spread by the'soiling of linen in laundrying and by
direct infection while being nursed (J.M., M.M., B.E.,
end Mrs.R.). In the case of H.T. fly-borne infectien
from a privy méy possibly have caused a few cases.

The literature on the spread of infectien from
carriers is toe extensive to give in detail. Milk
infections are described by Frost (1917) and Osberm
and Beckler (1920) while ice-cream from infectien of
the milk empleyed in the making of it is given by
Cumming (1917). Infectioen eof the water-supply by carriers
ig much rarer‘and‘is usually from contaminatieﬁ by

infected faeces.
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Normal state of health of carriers.

An additional danger lies in the fact that carriers
usually appear to be in perfect health'or may only‘suffer
from slight, and to them, unimportant pains in the
region of the gall-bladder, it being well knewn that
in only 2 preoportion of patients suffering from gall-
stones do severe symptoms arise., None of the present
gseries had symptems refersble to the gall-bladder nor
did any ef them suffer from continuous ill health.

One (M.}.) suffered frem recurrent bilieus attacks. In
additien teo lesions in the biliary tract carriers may
suffer from repeated atsaaks of intestinal catarrh with
diarrheea (Mayer 1910). Cases have been reported of
re-infectien of carriers by themselves with the eoccurrence
of a generalised typhoid infectien (Kasper, Kamm, Jones
ond Grimme queted Arnd 1923). Mayer (1910) describes
three similar cases. In one Mrs.B. the acute attack

toek place in 1903 and an attack of "biliary typhoid"

toek place in 1907 during the puerperium. The child

was bern with typhoid fever. The other twe cases were
girls whese acute attacks eccurred in 1903 end 1904 and
who developed second attacks in 1905 and 1906 respectively.

Cerriers, it sheuld be neted do not arise merely
from typical clinical cases, ner de they depend eﬁ the

severity of the original illness, fer in many cases

’
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there has been no recegnised attack.

Duratien ef the carrier state.

The expressien "ence a carrier always a carrier"
(0sbern and Beckler 1920) seems te held geed as cases
have been recorded as leng as 40 years after the eorig-
inal typheid attack (Dean 1908). Of the carriers in
the present investigaﬁion the acute typhoid infectien
took place 6,11,12, and 25 years befere (M.D., K.O.,
H.T., and Mrs. G. respectively), while in the insane
patients 13, 15, 20 and 35 years, if any acute attack
was experienced at all, seem te Dbe an appreximate éé-
timate of the duration ef the cenditien. The figures
are hewever only preblematical ess regards the length
of time of the carrier state as ne relisble histeries
were ebtained from these cazses. It is enly sinece 1902
that individual cases have been kept under csntinubus
ebservatien se ‘hat any figures beyend that date must,
of necessity, be preblematical. In three ef the cases

(K.Q., M.D., and H.T.,) there appears te be ne doubt

that the carrier state resulted immediately after
cenvalescence, as they gave rise te clinical cases
shortly afterwardse.

Infectiens derived from carriers.

That many ef the cases ef typhoid fever eccurring

at,thé present time are speradic and derived frem
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_carriers is borne out by examination of the histories of
the sane carriers of this series. The epidemics which
arise in asylﬁms and similar institutions appear to be
derived from a similar source (vide J.M., M.M., B.E.,
and Mrs. R.). The fact that these carriers are insane
and probably none too cleanly in their habits intensif-
iegs the risk of epidemics.

Examination of Table I on page 8 ghews that the
six carriers (excluding M.M. and Mrs. B. who along with
other carriers gave rise to a large number of cases)
infected in all 50 persons (with enteric fever). This
works out at an avergge of 8 persons to eaeh carrier.

These figures agree with the findings of other in-

vestigators Cee TARIE III
AUTHORS. NO. OF CARRIERS. | NUMBER OF PERSONS -
_— , INFECTED.

Chesley, Burns, Wade ' - ‘

and Greene (1917). 30 213.

Osborn and Beckler 51 - 493.

| (1920) ,

Meyer (1921) 14 249,

Lutz (1921) 1 45.

Quite~leng periods may elapge betweeh the various

outbreaks derived from the same carrier. Osborn and
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Beckler (1920) state that one carrier (a dairy-man)
caused no known cases from 1909 to 1919 when 29 cases of
typhoid fever developed on his milk-route. Similarly
3 other chronic excreters showed the same peculiarity.

The intermittent nature of the carrier danger is
manifest in several of the carriers of the present
geries. Thus Mrs. G. set up cases for the firsﬁ time
24 years after the acute infection and K.O. gave rise
to no known cases from 1915 to 1919.

The intermittency of infectioné derived from
carriérs indicate the grave menace they constitute
during their life-time, and the necessity for their

strict supervisien.

PP ERAT e ¥ ¥
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CHAPTER I1I.

Comparigon of methods of isolation gand identifieation of

Typhoid and Paratyphoid bacilli from“the"é%oels of

Enteric Carriers.

1.

2.

3.

4.

TABLE OF CONTENTS.

A historical survey of the various methods employed
in the isolation of typhoid and paratyphcid oergan-
igms from the faeces is given..

Comparison of various methods with particular ref-
erence te brilliant-green enrichment.

A description of methods of collection of specimens
of faeces‘and pile for the identification of enterie
carriers, and method feor preservation of faeces f¢r
delayed examinations.

Results of a series of examinstions of faeces in 8
enteric carriers with compariscn bétween diregt
plating and brilliant-green peptone water enrichment.
B. typhesus carriers:- Out of 340 examinations by
both methods, positive resulﬁs by direct plate were.

305, by brilliant green'145.
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B. paratyphosus B excreters:- 242 exznminsztions; pos-
itive - 171 by direct plate, positive 226 by brilliant

green.

5 Suggested explanation of failure of brilliant-green

method'in case of typhoid excreters, from interaction -

of B. coli isolated from carriers on B. typhosus.

6.0ptimum concentration of brilliant green for isolation

7

of B. typhosus proved to be 1:500,000; for B. para-

typhosus B, 1:285,700; necessity for series of dilutions
of dye antiseptic is emphasized.

Enrichment by preliminary inoculation of litmus milk
proved superior to the brilliant-éreen method but
inferior to direct plating on to MacConkey in the case
of carriers of B. typhosus.. |

Detailed description of Milk enrichment method with
reference to time of exposure and temperature. A short
exposure, 2-3 hours at room temperaiure, gave the
best results.

BEffect of nature of stool on positive results; value

of glycerine-saline as a preservative for faeces in

delayed examination; suggested employmenf of 24 hours

action with a view to increasing positive findings,

since by this means 40 positive results would have

been missed.
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COMPARISON OF METHODS OF ISOLATION AY®D IVENTIFICATION

OF TYPHOID AND PARATYPHOID BACILII FRCM THE STOOLS OF

ENTERIC CARRIERS.

The vast number and variety of methods and media
which have‘been recormended in the recovery of the
typhoid group of drganisms from the faecés indicates
the limited value of the majority of them.

There have been two general types of media devised
for this purpose, namely Solid and Fluid.

So0lid Media are of different types; I. Media on

which there is a sharp differentiation between lactose-fer-
menting and non-lactose-fermenting colonies shown by a
colour change in an indicator added along with the sugar
to the agar, but little or no inhibition of the growth of
organisms accompanying the typhoid bacillus except certain
cocci. Among these differential media'several are worthy
of note; MacConkey's (1901 and 1908) bpile~salt-lactose-
agar, to which neufral red is added as an indicator
(Grunbaum and Hume, 1902). At the present time this med-
ium is mostly employed in this country. Drigalskiand
Conradi's (1902) lactose-litmus-nutrose-crystal-vielet
-zgar; Endo's (1903) lactose-fucha/dn-seaium sulphite-
agars numeroﬁs modifiéétions of the latter medium have
been advocated in recent years by Kendal (1911-12) and

Robinson and Rettger (1916). Endo-agar has many supporters
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‘especially in America. The most recent development of
this class of medium was introduced by Holt-Harris
and Teague (1916) in their eosin-methylene-blue-agar,
containing 0.5 per cent. of both lactose and saccharose.
I1. Media which inhibit the growth of many strains
of B. coli and of other faecal bacteria to a much greater
extent than they inhibit B. typhosus due to the action
of & differential antiseptic. Loeffler (1903-1906)
‘first pointed out the difference of susceptibility of
B. typhosus and B. coli to btke—dye malachite green,
whereas of these two organisms B. coli is the more
resistent to most antiseptics, in the cése of malachite
green the ofder of susceptibility is reversed. Con-
radi (1908) then demonstrated a similar property in the
case of brilliant green. ~Various media were devised
to také advantaze of the selective action of these dyes
but without much success, as‘is shown by Conradi's
brilliant green-~picric acid-agar whiéh was modified by
Fawcus (1909) who added bile salt and lactose. The
differential action of the dyes does not seem to have
been generally admitted. The gquestion was again.faken
up by Brofining, Gilmour and Mackie (1913), and Torrey
(1913) independenﬁly and they proved éonclusively that
brikliant @reen had a greater selective action against
B. coli as compared with B, typhosus and B. paratyphosus .

B than malachite green. Confirmation of their work
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was also given by Tidy and Dunn (1916) and Teague and
Clurman (1916). Krumwiede and Pratt (1914) on the
other hand, found that none of the 'green"dyes are
more selective than the others.

Krumwiede, Pratt, and McWilliams (1916) employed
agar containing 1 per cent. lactose and 0.1 per cent.
glucose and brilliant green in dilutions of 1:200,000,
1:330,000, and 1:500,000, using Andrade's acid fuehin
indicator, Krumwiede, Kohn, Kuttner and Schumm (1918)
describe the'preparation of this medium, with minor
modifications, for practical use and stress the necess-
ity of preliminary standardisation to obtain the
optimum value of the antiseptic dyee.

Teague and Clurman (1916) devised an agar medium
which contains 3/50 per cent. eosin and 1/300 per cent.
brilliant green with 1 per cent. of lactose and
'saccharose.,

Fluid enriching media which allow the typhoid

bacilli to multiphy more rapidly than the accompanying
faecal flora,

Carbolic acid was first used but was found to
inhibit the typhoid bacilli as much as the other faecal
bacteria. Caffein broth (Roth 1904) and malachite
green broth (Peabody and Pratt 1908) were next emp¥oyed.

Tackson and Melia (1909) recommended lactose bile as an
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enriclment broth and Robinson (1916) found that in
conjunction with Endo-agzar in his experience it con-
stituted the most efficient and expedient method of
igsolation. His results are based on only six specimens
of faeces from persons giving a positive Widai reaction
and are too few to be of value. Lactose bile never came
into g eneral use. Tonney, Caldwell and Griffen (1916)
in the examination of a large number of typhoid stools
had better results by direet plating on to Endo agar.

No specimen which was negative on the direct plate gave
a positive result by the use of bile, while 38 out of
40 were lost through passage in bile. Winslow and Dolloff
(1922) found that the toxiecity of brilliant green to B.
coli and B. lactis aerogenes is greatly diminished in
bile. Torrey (1913) recommended a glucose broth en-
richment medium containing brilliant green which he
claimed to have a marked selective propensity for the
paratyphoid-enteritidis group of organisms.' About the
same time Browning, Mackie and Gilmour (1913) introduced
a similar preliminary enrichment peptone water medium
containing brilliant green for the isolation of B.
typhosus. Browning's (1918) medium consists of 2 per
cent peptone and 0.5 per cent. sodium chloride in dis-
tilled water, steamed for thfee-quarters of an hour and

filtered through ordinary filter paper and made faintly
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alkaline to litmus. The medium is distributed in amounts
of 10 c.cms. in test tubes, then sterilised by steaming
or in the autoclave. A stock 1 per cent. solution of
brilliant green (sulphate, zinc free) in distilled
water is prepared. Immediately before use is added a
1 in 10,000 dilution freshly made up by adding 0.1 c.cm.
of the stock solution to 9.9 c.cms. of didtilled water and
then this dil:tion is added to the peptone water in the
following amounts:- 0.3, 0.2, 0.35, 0.5, 0.7 c.cm.
(corresponding to dilutions of 1:1,000,000, 1:500,000,
1:285,700, 1;200,000, 1:143,000). The addition of
telluric acid to a second series of brilliant green
tubes with a view to inhibiting the growth of B, lactis
aerogenes and other inosite-fermentihg dye-registing
types is recommended (Browning, Mackie, and Smith 1914).
The telluric acid is added to each tube to give a
dilution of 1:25,000 (0.4 c.cm. of a'l-in 1,000 solution).
When a large number of examin-tions has to be carried out
Browning recommends the use of a single concentration of
1 in 200,000 or 1 in 250,000 brilliant green in 10 c.cms.
of peptone water. According to the experience of |
Stokes and Clarkef1916), Leitch (1916) and Tidy and Dunn
(1916) this is on the(average the opﬁimum concentration
for the isolation of the specific organisms. In-the .

author's own experience this is the case (see pe. 5I).
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Cole and Onslow (1916) suggest that their medium
prepared from casein digested with trypsin is likely
to prove especially suitable for eliciting the differ-
ential antiseptic effect of brilliant green. Meyer and
Stickel (1918) found that peptic casein digests are
better for the growth of typhoid organisms in this
respect and that it applies also to the solid brilliant
green-agar medium of Krumwiede, Pratt and McWilliams
and the eosin-brilliant green-agar medium of Teague
and CIurman; |

In regard to the amount of faeces to be employed
to each tube, Browning advocates one platinum‘loopful;
in the case of very fluid faeces a large loop-up
to 1/6th of an inch in diameter-being employed; solid
faeces are emulsified by ruvbing up with several volumes
of sterile water. The cultures are then incubated for
twenty to twenty-four hours at 3;%; and subcultures made
on MacConkey's or Endo's medium. Three successive
strokes, wiﬁhout re—chérging the needle, are made from
each tube=-in this way one 4-in plate: accomodates the
subcultures made from three peptone-water tubes; the
plates are then incubated at 3;&; for from eighteen to
twenty-foui hours, as in the case of direct plates.

In 1916 Teague and Clurman brought forward a

further fluid enrichment dextrose bromoform-congo-red- |
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brilliant,green-gelatin medium which they claim to be
superior to Browniﬁg's when used in conjunction with
their brilliant greeﬁ-éosin-agar plate procedure.

Other Methods. | |

Bierast (1914) found that in mixtures of B. coli and B.
typhosus submitted to the action of Yenzine or pet-
roleum ether for 5 hours, B. coli is more rapidly
destroyed. in view of his results in artificial mixtures
be recommended its use in the preliminary igolation of

B, typhosus from the faeces, and obtained two positive
results when other methods proved negative. His

method wes to sdd one finger's bresdth of petroleum
‘ether to a faecal suspenSion-in broth, shake at intervels
for 4 - 1 hour and leave for 16 hours in a cool place,
decant supernatant fluid and plate sediment én to an
Endo agar plate. Hall (1915) found the fraction of the
petroleum with a boiling point 40C. gave the best results
(Pentane 05H12). He modified Bierast's technique by
‘adding to a heavy suspenéion‘of faeceé in broth a half

of its volume of pentane, shaking fof 4+ hour, allowed
nixture to stand for 1 - 1% hours at room temperature

and plated sediment. In 21 positive speéimens of

faeces he got 7 positive by pentane method alone to 1

positive by direct plaxé. 'Pfhe other 13 were positive
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by both methods. Jaffe’ (1915) and Heyn (1917) also
had favourable results but the number of examinations
are too few to prove what they claim the Bieraét's
method to be. Ickert (1917) medified Bierast's
technique by emulsifying the faeces (size of haricot
bean) in 3 or 4 c.cms. of bile before adding the pet-
roleum ether. From 26 stools of typhoid convalescents
he found 8 positive by Bierast's method to 15 by bile
and ether. Nedrigailoff (1917) suggested the use of
2 or 3 c.cms. of Benzine to 7 or 8 c.cms. of a mixture
of faeces in broth (a teaspoonful of faeces to each

2 c.cms of broth), vigorous sheking (5 - 10 minutes)
repeated in 20 minutes, and tube set sside, protected
from light, for 8 - 10 hours at room temperature. The
supernatant fluid is decanted and the sediment inoc-
ulated on to Endo agar.‘ On the other hand Schuscha
(1916) found the results by the petroleum ether method
to belless satisfactorj than by direct plating. 1In
addition the ether is highly inflammable snd the
method dengereus, since two laboratory workers developed
typhoid fever. Krumwiede and Kohn (1918) agree

with Schuscha but gtate that with short periods of ex-
posure to petroleum ether (10 minutes shaking and,lean

ing for 1 hour) the method may be successfik where
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direct plating alone with Bndo agar fails, though the
results are distinctly inferior to their brilliant-
green agar medium,

.Among other procedures for the isolation of |
typhoid and paratyphoid bacilli from enteric stools,
Dreyer proposed the use of the actinic rays from an
electric arc between water-cooled silver electwodes,
since experiments with certain laboratory straihs’of
B. typhosus and B. coli yieléed promising results. 1In
a later communicstion he states that from practicel
experience in cases of enteric the results are in nd
way as good as those obtained by direct plating and are
distinctly inferior to the results of Browning's
brilliant-green method. Tidy and Dunn likewise by the
use of the arc lamp were unable to obtain any specific
action., It appeared to kill B. coli rather less
than it did B. typhosus..

Wordley (1921) employed Dudgeon's method in
preference to Browning's brilliant green fluid enriche
ment method. The faeces are diied to a powder and
spread over convenient culture media, either Mac-
Conkey or litmus lactose agar (the latter medium, he
states,is better). 1In ’64 stogls of typhoid patients,
42 were negative'by both brilliant green fluid en~

richment and tﬁe dry method, 19 positive by the latter
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to 10 by the former.

Collection of specimens of faeces for examination.

As’is generally recognised, cultures should be
made from the faeces cs soon as possible efter evacuation;
prefersble within several hours, since the isolation of
typhoid bacilli becomes increasinglyvdifficult when
faeces are allowed to stand for mome time., Freshly
teken rectal swabs are preferred by some workers but as
a genersl rule small corkéd glass tubes with a small
metal scoop inserted into the cork, are employed. When
a delay must occur before the faeces are examined Teague
and Clurman's (1916) method of preserving typhoid stools
for delayeduexamination by means of emuisifying one
part of faeces in two parts of a 30 per cent. dilution
of glycerine in 0.6 per cent. NaCl solution, should
be employed. Where the faeces are of normal consistency
- for example in suspected carriers - it is advisable
to administer purgatives (calomel or elaterin) as
advocated by Tonney, Caldwell and Griffen (1916) and
confirmed by Stokes and Clarke{l916), and then examine
the resulting fluid evacuations: it is generally agréed
that the chances of successful isolation of the specific
organisms are considerably inéreased’thereby. Tonney,

Caldwell and Griffen recommend 0.1 - 0.2 grains of




elaterin to be given the previous evening. . The first
pbrtion of the resultant copious movement should be
discarded and the remaining liquid or fluid portion
retained. There is a marked increase: in the rafio of

B, typhosus to B. coli in the faeces, especially of
carriers. The technique suggested by these investig-
ators is to use wide mouthed screw-topped bottles
(sputum) filled two-thirds full with the glycerine
saline solution and stool is added until the bottle

is nearly full. If the stools are fluid it is necessary~
only to shake to mix; if solid emulsify as far as
possible witha glass rod. The glycerine saline solution
inhibits the growth of both typhoid and coliform bac-
illi to some extent but apparently the coli-typhoid.A
ratio is maintained more or less in the same stateAas
when faeces were first passed. If anything the

coliform organisms appear to be more inhibited than

the typhoid. B. typhosus can be isolated from the
faeces for more than six days after evacuation whén the
same‘faeces emulsifiéd in saline alone have become |
negetive, Benians (1918) has confirmed this observation
of Teague and Clurman and has further extended the
observation to cases of Paratyphoid A and B infeétions.

He investigated twelve carriers,two of B. typhosus,
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one of B, paiatyphosus A and nine of B. paratyphosus

B, all of which yielded éolonies of the specific
organism on direct MacConkey plates. Control exper=-
iments weré made in each case with faeces emglsions

in 30 per cent. glycerine and 0.6 per cent. saline
gsolution and in saline alone. In one set of experiments
the emulsions were allowed to stand at room temper-
afure (1606) and in another test they were kept at
'37°C throughout. In the first experimental series,
except for the first two days, the specgific organisms
were in all but two cases isolated from the glycerine=-
saline tubes throughout but their numbers fell rap-
idly till the sixth day, but none of the saline tubes
were positive., The organisms in these two cases were
scanty from the first. In the second set where a

‘high temperature (3700) was maintained throughout, the'
number ofnon -lactose fermenting bacilli (B. paratyphosus
B) was maintained in the glycerine - the number of
coliform organismsg falling somewhat - whereas in the
plain saline emulsions the lactose fermenters increased
enormoualy and the paratyphoid bacilli fell rapidly

in numbers, disappearing entiwely by the fourth day.
Osborn and Beckler (1920) have further confirmed the
observations of Teague and Clurman and found plates

made from‘speciméns afger standing for 24 hours occas-
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ionally give positive results when negative following
immediate examination after emulsification, because
there is less overgrowth of B. typhoéus with other
organisms.

Scheer (1918) on the basis of experimental cen-
trifugation of artificial mixtures of B, coli and B.
typhosus for twenty minutes and then allowing to stand
for an hour and inoculation of plates from the super-

natant fluid, recommends a similar procedure for the
isolation of B. typhosus from stools. He found B.
typhosus regularly almost in pure culture in the
supernatant fluid while B. coli is only with difficulty
isolated.v The number of tests on the stools of

typhoid patients is scanty.

Duodenal Cultures for the isolation of B. typhosus

from the bile of typhoid carriers.

Since it has been recognised that the gall-
bladder constitutes the main seat of multiplication of
enteric organisms incarriers, cultures of bilesecured.
from the duodenum by the passage of an Einhorn fube,.
have been recommended by numerous observers, who ,
claim that th? specific organisms are overgrown by the
other intestinal organisms, so that negative faeces
examinations occur when positive cultures can be~ob-

tained from the duodenum. In support of this, Garbat
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(1922) quotes Von Drigalski and Jurgens who at post-
mortem examinations showed that by cultural methods‘

in the intestinal tract from duodenum down to rectum
the mumber of typhoid bacilli decrease. At a nec4'
Topsy on 19/4/23 on an acute case of typhoid fever the
author, however, got a negative result in the duodenum,
while positivé cultures of B. typhosus were obtained from
the ileum and gall-bladder (see page 83” gection on
Altered Biological Reactivity). The intermittent
excretion of typhoid bacilli in the bile Garbat regards
as only apparent and not real. Only on a few occasions
were duodenal bile cultures negative intermittently.
Schievelbein (1919) studied the bacterial content in
bile secured from the duodenum in 71 cases of typhoid
and paratyphoid fever, and in chronic and convalescent
bacillus carriers. Of § typhoid carriers 3 became
negative at the end of a month as shown by 10 con-
secutive daily exsminations of both stools and bile. In

one case the bile was positive for B. typhosus in

100 per cent. of eiaminations and in the stools in only
50 per cent. In two paratyphosus A carriers both faeces
and bile were gonstantly positive. In 36 chronic B.
paratyphosus B carriersvwho regularly gave positive
cultures in faeces examinations, the bile exsminations

gave positive results in 30 or 84 per cent. He con-




42,

cluded that while a large proportion of carriers have
a chronic gall-bladder infection, this is not true of
all carriers. Stepp (1918) found that by means of
a preliminary duodenal injéction of Witte's peptone
before withdrawing the material for cultufe a greater
aumber of positive results could be obtained.. Apparently
the peptone solution causes contraction of the gali-
bladder. |

Henes (1920) urges the necessity for culture of
the duodenai contents in all cases of typhoid fever in
convalescence. IHe advocates periodic cultural exam-
inations from thé duodenal tube éllowed to remain
in gitu all day, claiming thereby to gel more accurate
and d ependable T esults. Three such negative examinations
at weekly intervals constitute his criterion of cure
both of the acute and carrier conditions. Niéhols,
gimmons and Stimmel (1919), Garbat (1922) and Simmons
and McCarthy (1924), have all employed this method in

the detection of carriers and have had positive duodenal

cultures when negative results have been obtained in the

faeces.

AUTHORS OWN OBSERVATIONS,

Technique. The technique employed throughout in the

examination of the stools of eight enteric carriers, is

" that described by Browming (1918). Specimens of faeces

B B
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three to six hours after evacuatioh, were received bi-
weekly on Mondays and Thursdays, when obtéinable, in
small scooped sterile bottles or occasionally on sterile
'swabs. Observations as to the nature of the stools
were noted and thereaction tested by litmus paper
(method described by Goeffon see p. 210 ). The

faeces were emulsified in 30 per cent. glycerine-gsaline in
the proportion of 1:2 and sometimes according to the
hardness of the specimen and abundance of resultant
‘coliform growth.in proportion of 1:4 or even higher.
The faeces were then allowed to stand at room temper-
ature for 1 hour before the examination proper was
begun, in the hope that the more motile typhoid bacilli
would rise to the surface. A'platinum loopful of un-
iform size was taken from the surface and stroked dir-
ectdy on to a MacConkey agar pdate in the manner des-
eribved in Medical Research Council seriesg report No.

21 p.37, and the plate incubated at 3%%. for 18 - 24
hours. A series of 5’brilliant-green peptone water -
tubes were inoculated with one or two loopfuls of the
faecfs emulsion according to the consistency of the
specimen. The dilutions of bfilliant greenywere
X:1,000,000; 1;500,000; 1:285,700; 1:200,000; 13:143,000;
i.e. 0.1, 0.2, 0.35, 0.5 and 0.7 c.cms of 1:10,00

stock solution of brilliant green in distilled water to

e e



10 c.cms of peptone water in each tube. Another series
with telluric-acid as well was occasionally tried |
(see p.32 ). After incubation for 18 - 24 hours one or
two loopfuls from each tube were plated on to a Mac-
Conkey agar plate. The five tubes were plated onto the
same plate and three or four strokes Wére usually made
from each without recharging the needle. . The plate was’
theﬁ incubated evernight. When the direct MacConkey
plate showed no iikely non-lactose fermenting colonies
a fresh plate was stroked from the glycerine-saline faecal
emulsion which had stood at room temperature for 20-24
hours. Agar slo_es were then inoculated from likely
colonieé from the various MacConkey agar pdates. After
incubation these were emulsified in 0.85 per cent. saline,
any likely or doubtful coloniés being tested for motility
and inoculated into fluid media containing the following
series of sugars - lactose, glucose, mannite, dulcite,
maltose apd saccharose, Litmus milk, gelatin and pep-

tone water tubes were also inocuiated, and a test for
indol formation mgdé. The saline-organism mixture was
next killed at 56 C. in the water bath (% to 2 hours
exposure) and agglutinated with antityphoid or anti-
paratyphoid B rabbit serum at 5600. for two hours by the

Macroscopic Method. The stock antisera were made by
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inoculating rabbits intravenously in increasing doses
with killed saline suspensions of laboratory cultures -
of B. typhosus (R.I.L.) and B. paratyphosus A (Primroce)
until high titre agglutinating sera were obtained.

The next table (IV) gi{res a detailed description o.f
thé number of examinastions performed on'eéch petient and
on carriers (K.0., H.T., ond ¥.D.) who had the opevstions
of cholecystgastrostomy and dholecystectomy performed
for the cure of their condition are subdivided to
shgw tﬁe effect of these operations'upon the excretion

of the specific organisms.

- an wn en g - en e -
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* In the case of H.T. on 5 occasions B. paratyphosus

B was isolated from the facess; by the,brilliant green
method bhree times (twice alone) and by Direct plate
once, On the other occasion preliminary benzine treat-
ment of the faeces gave the positive result when the
other methods were negative.

Analysis of the r esults according to the type of
carrier, especially when of the intermittent excreting
variety, reveals a distinct failure of the brilliant
green method as compared with direct plating in B.
typhosus carriers e.g.(J.M., M.M,, K.0. and H.T.). Thus
out of 340 examinations on all the excreters of B,
typhosus, 305 positive results were obtained by the
direct method to 143 by brilliant green. When the
typhoid excreter passed the specific organisms abundantly
in the faeces the positive findings were on a par
(e.g. ¥rs. G.). On the other hand in the case of B. péra-
typhosus B carriers the r everse holds good (e.g. M.D.
and B.E.). Out of 242 examinations 171 were positive
by the direct and 226 by brilliant green. Again this
does not reveal the ease with which the specific organ-
isms were isolated. Often when comparatively scanty by
direct plate fhey were in pure culture in one or bbher

of the brilliant green dilutions.

These findings disagree with the results of Browning

end his co-workers with reference to B. typhosus but



support his contention as regards B. paratyphosus B
bultures of B. typhosus from these carriers‘were tested
for undue susceptibility to brilliant green but this
was not found to be the case. A number of other ob-
gervers have expressed a favourable opinion of the
method (Dreyer, Stokes and Clarke, Leitch, Tidy and
Dunn), The 622 individuals Leitch examined included the
two known typhoid carriers., Typhoid bacilli were picked
out on all of five occasions in which the faeces of
these cérriers were examined by the brilliant green
method and on four occasions by the direct plate,. Nq
1ess'than five paratyphoid B carriers were detected by
brilliant green which were altogether missed by the
diregt method, whilst on the other hand, two carriers
were found'by the latter method and missed hy the former.

It is to be notéd, however, that the original obser-
vations on the isolation of B. typhosus from faeces by.
means of brllllant green were made not on carriers, but
on recent cagses of the disease.

The influence of B. coli on the growth of B. typhosus with

special reference to enrichment by brilliant green in

typhoid carriers.

The brilliant green method of enrichment may fail,
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as hasvbeen_shown previously, even when B, typhosus
ig sufficiently abundant to be found on direct plates;
one reééon for such failure has been shown to be the
presence of types of B. coli which are resistant to
brilliant green, but which may be suppressed by the
action of telluric acid. A further cause forfailure
has been elucidated in the course of this work on the
four chronic typhqid carriers of intestinal type (J.H.,
M.M., K.0., and H.T.). 1In these cases it was found,
on repeated examinations carried out over periods of
many months, that even by the use of a series of concen-
trations éffﬁrilliant green, enrichment of the typhoid
.baciili, 2s a rule, was not obtained; the addition of
telluric acid to the medium on several occasions failed
té improve the results. Similarly, variation in the
amount of the inoculum and of the period of incubation
of the brilliant green cultures (two hours, as suggestd
by Krumwiede -and his co-workers, and twenty hours)
~were without notable effect. fhe‘reaction of the pep-
tone water was invariably tested before use, and the
dye solution freshly prepared. The strains of B. typhos-
'us‘inseveral of the cases (J.M., M.M., K;b.,‘and
H.T.) were tested after isolation, and were not un-

usually susceptible to brilliant green; and cultures

of the prevailing types of B. coli (of common varietj)

-

-
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isolated from these patiénts' faeces were not abnormelly
resistant to the dye. Accordingly, mixtures were made .
of approximately similar saline suspensions of 24.hours’
growth of a stock culture of B. typhosus (R.L.L.) with
the various cultures of B. coli from the carriers and
with a stock culture of B. cgli,QBab&) respectively,

in the proportion of one of B. typhosus to four of B, .
coli. The mixtures were then used to inoculate a series
of tubes of fluid medium containing brilliant green

in concentretions ranging irom 1:1,000£¥§)13143,000 which
were incubvated and subcultured thereafter as usual. The
result was that B. typhosus could not be recovered

from any of the growths in the uiixtures containing B.
coli derived from the carriers, although it was found in
practically pure culture from the mixture with the stock
B. coli in the presence of suitable amounts of the dye.
The experiment was then carried out in a different form;
thus, varying volumes of B. coli suspension were added
to one volume of B. typhosus culture, and after the mix-
tures had stqod overmight at room-temperature‘each was
used to inoculate peptone water containing brilliant
green 1:286,000; the result was that B. typhosus was

recovered from the mixture containing 800 volumes of
the stock B. coli culture to 1 volume of B. typhosus;

whereas. in the case of the carrier's B, coli, B. typhosus




failed.to be recovered from a migture in which fhe
relative proportions were 50 to 1. Thus it is appar=-
ent thet the strains of B. cbli presenﬁ in these cases
possessed in marked degree the property of inhibiting
the growth of B. typhosus. Direct plating of ﬁixturés
of B. typhosus with the stock B. coli showed that the
latter also had an inhibitory effect on B. typhosus;
this was demonsﬁrated in the following way. From g
mixture of B. typhosus (1 volume of a saline suspension
of a young agar culture) with B. coli (4 volumes of a
- puspension of similar opacity to that of the typhoid
culture) a series of decimal dilutions was prepared -
in a control series the typhoid suspension, without
B, coli, was diluted similarly with saline. Then
successive stroke cultures on plates of MacConkey's
ﬁedium were made with a constant loop. On incubatioﬁ
at 37'0. it was found that the proportion of typhoid
coionies which develéped in the series containing B.
coli was much smaller than in the controls without
' B..coii, The result, with the:higher dilutions;
where widely isoﬂaﬁed colonies developed, proved that
B. typhosus was inhibited and not merely masked by the

abundant growth of colonies of B. coli (such colonies

as developed were, with few exzceptions so minute and

delicate as to resemble a cdlony of pneumococcus)
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algo from the dense parts of the growth B. typhosus
could not be isolated by meams of brilliant green.
The phenomenon appears to hold good no matter what
medium is used (MacConltey, Endo, and Eosin-methylene
blue ‘agar being all tested). An attempt was made to
distinguish between the inhibitary powerslof,the Giffe-
erent gtrains of B. coli by gr&@ing fluid cultures
in neutral peptone water (2 per. cent. ), for 24 hours
at 37 C., then filtering through Maassen porcelain
candles and inoculating the sterile filtrates with
B. typhosus. Agar slope cultures were inoculated by
meang of a platinum loop of a young culture of B. -
typhosus and the’filtrate poured over the surfaée,
and also tubes of filtrate and saline control tubes.
No gross difference of the resulting growths in
filtrates from stock B. coli and from carrier's B.
coli could be detected; both showed well-marked

proliferatibn of B. typhosus.

- Conclusion: It is possible that exposure to
brilliant green kills off the typrhoid bac¢illi which
have already been attenuated in some way by the action

of garrier's B. coli and thus a negative result is

more frequently obtained by the brilliant green method

than by direct plating, where no additional antiseptie
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action occurs. B. paratyphosus B does not appear to
be BD susceptible to the action of brilliant green
or to be affected to the seme extent by the carrier
B céli, hence enrichment can more readily occur.

thlmum concentratlon of brilliant green for the ig-

olatlon o! B. typhosus and B. paratyphosus B from

6&6 gstools of carriers.:

A record was kept throughout the whole series
of examinations by the brilliant green peptone water
enrichment method of the number of non-lactose fer-
menting colonies which appeared on the plate from the
various‘dilutions of the dye, also as to the state of
turbidity or disoolouration)of the tubes. It may be
génerally stated that where discolourstion is present
after incubation, this results from the abundant growth
of coliform bacilli and from these tubes the specific
organisms are unlikely to be obtained. This agrees
with Browning and Thornton's findings. The value of
a series of varying doses of the dye lies in the fact
that when the lower ones show discolouration the next
higher‘deses are then most likely to yield positive
results., Occasionally when all tubes appeared clear

after 24 hours and failed to yiéld growths on subcul-

turé, a positive result was obtained after the fluid

cultures had been incubated for a further period.
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Browning recommends the use of a single concentration |
of brilliant green (1:200,000 or 1:250,000) when for

any reason the full procedure cannot be adopted, e.g.

.owing to the necessity for dealing with large numbers

of specimens. According to the experience of Stokes

~and Clarke, Smith, Leitch, and Tidy and Dunn this is,

on the average, the optimum concentration for the
igolation of the specific organisms.

In the experience of the author és illustrsted
by the subsequent tablegygge optimum concentration
would appear to lie between 1:500,000 and 1:200,000
for any type of carrier; 1:285,700 would appear to give
the highegt number of positive results. This holds
good especiélly for B. paratyphosus B while for
B typhosus 13500,000 appears to be the optimum con-

centration. The majority of positive results for

- the latter are got in the first four dilutions while

for B. paratyphosus B the last fdur gave the greatest

number, but as the r esult with B.E.(paratyphoid carrier)

 shows there is no invariable rule. The necessity for

a geries of dilutions of the green dye antiseptic is

accordingly emphasized.
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Enrichment by preliminary inoculstion of Litmus milk

and comparison of results with direct plating and

brilliant green enrichment.

| For a period, s a routine measure, a tubé con-
tzining 10 c.cmns. of litmus milk was inoculated with
a ioopful of the glycerine-saline faeces emulsion
and incubated at 3700. or left =zt room temperature

for varying periods, and then subcultured on to a

MacConkey agar plate. (See Table VII, p. 58).

,From examinztion of the tables it is thus seen
fhat\milk enriclment on occas?on may give a positive
finding when the other methods are negative. Gen-
erally spesking, however, milk enrichment is distin-
ctly inferior to the direct pate method, but in
‘ most cases equals if not surpasses, especially in
the case of B. typhosus carriers, the brilliant
green fluid enrichment method. As will be shown
later the time of incubation at 3700., when 18 -24
hours, adversely affects the positive findings from
the milk tubes. Barlier on in the examinations
most of the milk tubes were incubated for this
period so that with less incubation or simply leawiﬁg'

the milk at room temperature for varying periods a-

lhigher proportion of positive results might have

beén obtained.
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The addition of brilliznt green to the litmus
nilk was néxt tried, in a final dilution of
1:285,700, in the case of the faeces of the B.
typhosus carrier J.M. While thelmilkxwas positive
the humber of colonies present on direct plate and
" from the first three dilutions of brilliant green pep-
tone ﬁaﬁer tubes was much greater. As the nuﬁber of
experimenté done in this connection was few, no con-
clusion can be come to from the findingse.

Analysis of Milk Enrichment Results with reference

to time of exposure before plating and the temper-

ature factor. (See Table VIII, p. 59).

The largest number of positive results (54vper
cent.) wiﬁh-milk enrichment are obtained by inoculating
the litmus milk tube and allowing it to stand at
.room‘temperature (2000.) for 2 or 3 hours before
plating. Incubation at 3700.'f0r the same period
gives relatlvely few positives (38 per cent.) while
after 18-24 hours the specific organlsms have been
completely overgrown by coliform organ;sms. The
number of positive findings diminishes With the -
length of éxposure in milk as after 18 - 24 hours at
rohm'temperature‘(2dac.) fhé percentage falls from
54 to 17,



This is shown by a comparison of results made
on the same day with the same specimen of faeces,
but from the different carriers.

’

Further table to show analysisg of milk examinations

made on the same day with the same specimens of

faeces.
Case, |Positive 2-3 hrs Positive 2-3|Positive 2-3 hrs.
0
at 20 C. when hrs. & 18-24 |at 3700. and neg-
negative 18-24 |hrs. at 20C. lative 18-24 hrs.
, o
nrs. at 20°C. lat 37 €.
J .M, 5 3 3
M.M. 2 - -
K.O. 8 4 1
Ho!o 3 - 2
WkD. 12 2 8.
[Total 30 9 - 14,

On three occasions the milk tubes were positive
for the_specific orgenisms after 2-3 hours exposure
0
at 20 C. and 37 °C. and after 18 - 24 hours at 20 C.

: 0
but nega‘ﬂ?e after the same exposure at 37 C. Like-

wigse on four occasions positive results were obtained
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after 18 - 24 hours exposure at 20°C., when negative

after 2 - 3 hours,

Effect.of nature of stool on positive results,

As is generally recognised the chances of success-

ful isolation of typhoid organisms from the faeces
are congiderably increased when the stools are soft

6r of fiuid consistency. Purgatives given with a
view to hastening the passage of the contents of
the small intestine and examination of the resultant
fluid stool have been shown to increase the number
of positive findings (Stokes and Clarke, Tonney,
Caldwell and Griffen), The latter workers gof pos-
- itive results in carriers by the use of elaterin as
described on p., 37 . They give a table illustrating
the effect of a soft stool upon positive results.

Elaterin stools 35.

‘Soft Stools 18.

Hard Stools 4,
The -author agrees with their findings as on many
‘occasions positive results Were obtained by the use

of calomel and elaterin.
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TABLE IX.

Table‘to illustrate effect of nature of_stool on

pogsitive result.

,Case. Nature of Stool.
Fluid or semi- Soft formed. Hard.
fluid. _ ‘ N
Pos- Neg- Pog- Neg- Pos- | Neg-
. itive.| ative. | itive. ative. |itive. |ative.
J.M. 24 2 45 6 10 17
K.0. [ 77 | 6 50 10 3 2
H.T. 38 23 22 26 1 13
| MDD 95 |- 3 122 16 4 4,
Total] 242 38 251 67 20 51.
‘L..._

It must be noted, however, that many of the neg-
ative results occurred not as isdlated observations
but during veriods whiéh ofﬁen extended over some -
| weeks, up to four, especially so in cases of ¥0. and
H.T. During these periods the stool was usually soft
“or fluid and even the use of a purgative at times
failed to give a positive result. The numbers of
colonies of the specific organisms present on the Mac: )
Conkey plates was almost ihvafiably cohsiderably higher

when the stool was fluid or of soft consistency. When



hard, the organisms were gcanty or absent. Calomel
and elaterin caused a distinet lowering of the coli-
typhoid ratio, and on various occasions caused the
reappearance of typhoid colonies after a negative
phase. ‘Table IX illustrates that when the stool

is hard the chances of a positive result are greatly
diminished While when fluid or emmi- fluid the great-
est number of posgitives are obtained.

The isolation of tyvhoid and paratyphoid bacilli from

| faeges treated with glycerine = éaline.

The technique followed was as described by Teague

and,Clurman. The value of the method is illustrated
in ibe-suhéeo$;fablgiwhich shows that when the specimen
of faeces in glycerine-saline has been allowéd to |
stand for 18-24 hours at room temperature before
inoculating the media, vositive results méy bé.ob;~
tained even when the result is negative after only 1
hour's contact. As a routine the author stroked a
,secoﬁd‘direct\MacCOnkey plate, from the faeces- |
glycerine-saline emulsion, after 18-24 hours When‘tﬁe
first plate showed no non-lactose-fermenting colonies
of only doubtful colonies. In the majority of in- ',
stances when the plates from both examinations were

positive} the numbers of non-lactose fermenting

colbnies t ended to be increased after the longer



exposure to glycerine, with a slight corresp9nding
inhibition of the numbers of coliform colonies

present.

Number of Non-lactose fermenting colonies on MacConkey

Thls is well illustrated in the case of J.}%.

agar.

Date. After 1 hour's ex- | After 18-24 hours ex-
posure to glycer- posure to glycerine
ine-saline. saline,

30.10.22. 2. 51.

1'30110220 1. 250

23. 4.23. 2. 14,

70 5023. O- *

Table to illustrate

TABLE X.

value of Glycerlne-sallne in

delayed examination

of faeces.

34,

Case. Pogitive fihdings on MacConkey :
agar Direct plates. Type of
Exposure to |Exposure to|Exposure Carrier,
glycerine =-|glycerine~ (to glyc.
saline both|saline for |saline for
for 1 hour&|l hour al- |18-24 hrs,
18-24 hours.)one when 18|when 1 hr.
-24 hrs. negative.
negative. .
T M. .6. 0. 9. B, typhosus.
M.M. 3. 10 48'. :
K.O. 10. L] L]
H.T. 7 Z. 10. Mixed B.typho
' sus .& B.para-
: typhosus.
M.D. 8. 3. 9. B.paratypho-
sus B.
Total 19. 40,
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Consequently 40 positive results would have
been missed had the second plate after exposure of
‘faeces to glycerine-saline for 18-24 hours not been
made. TBus as a routine procedure it would appear well
worth cagrying out this measure iq%ll cases.

‘An experimental comparison betwéen the use of
ordinary saline and 30 per cent. glycerine-saline
with coli-typhoid culture mixtures in the p:oportién
of 4 volumes of B. coli to 1 of B.typhosus, was made.
Immediate direct plating or by brilliant green showed
no differénce in the respective growths, but after
allowing the mixtures to stand for 24 hours at room
temperature no typhoid colonies developed on direct
phate from the saline while numerous colonies grew
from thé,glycerine-saline mixture. 30 per cent.
glycerine gave better results than 10, 40, or 75 per

cent.

Effect of centrifugalisation of the faeces emulgion,
Cent%ifuging the faeces glycerine~ggline emulsioh
did not .show any great advantage over simply allowing
the'f-mixtﬁre to seéttle for 1 or 18-24 hours before
,plafing;‘ Variable results were obtained. Thus some-
times more non-lactose fermenting colonies were ¢b-

tained with a diminution in the number of coliform

but on the other occasions the converse was true. In



ali, about a dozen tests of this description were
riade,

~When the mixture was shaken up or when plates:
were made immediately after emulsification invariabiy
a greatér ﬁumber of coliform colonies were present
while often no non-lactose fermenting colonies could.
be detected even though they were quite numerous on
plates made from the emulsion'after allowing sbttlingf.
to take placefor 1 to 24 hours.

Comparison betvieen MacConkey agar, Endo sgar and Eosin-

methylene-blue agar of Teague and Clurman.

These media were made according to the d escript-
ion given previously, and co@%rative tests were made
.in conjundtion with the éxperiments,on the interaction
of B. coli on B. typhosus. In all a matte£ of six
tests were made, and as far as these experiments go
MacConkey égar seems to be/the best differential
medium‘of the three., Difficulty was experienced in

differentisting the non-lactose fermenting colonies

on Endo on account of diffusion of the red from the

coliform coionies.

Preliminary treatment of Faeces of Carriers with
Benzene.

- The technique employed was similar to that
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‘described by Nedrigailoff (1917), only peptone water
vas used instead of broth fér emulsifying the faeces
iny 1 paft of faeces ebout the size of a "pea®™ was
added to 4 c.cms of peptone water with 3 c.cms. of
benzene, and shaken vigorously by hand for about

10 minutes, repeated in twenty minutes and the tube
put.aside for 6 to 18 hours. The supernatant fluid
was discarded and the sediment piated on to MacConkey
agar. REight tests were made with the carrier faeces.
Only one positive result was obtained, while the
whole eight were positive by direct plate or brilliant

green enrichment.

Table to illustrate Benzine Treatment of Faeces in'

isolation of the specific organism from Enteric

Sarriers. | ) e
‘ : Di t Plat - Type of
Case, Benzine. o;”gﬁilfiinﬁ- bt
green, Carrier.

Posit~ | Negat- | Posit- | Fegat-

|ive., | ive. ive. ive.
TM.| O p) 2 0 B. typhosus.
K.0. | O > 2 0 "
R %".B§ sus and B. para-

: typhosus B.
M.D. |7 0O : 2 2 0 B. paratyphosus

Total.| 1 7 8 | o




The sole occasion in which =z positive resuit
was obtained by the benzine method was in the case of
H.T. onv24.5.23 when aAB. praratyphosus B colony dev-
eloped from the benzine tube while B. typhosus wag
isolated via brilliant green on the same day. The
method gave ¥ery poor results and the shaking 6f»thé
tubes constitutes a grave danger of infection.. In
addition the inflammable nature of the benzine necesgs~
itates great care.

Comparison of Methods, with Review of Literature.

 All solid media, even when so constituted that
cocci are inhibited and the common varieties of B.
coli distinguished by a colour reaction due to the
presence of a fermentable sugar and an indicator as
in Drigalski and Conradi's, Endo's and MacConkey's
media, ieave much to- be desired as none of these medis
interferes notably with the growth of coliform bacilli,
hence where the typhoid or paratyphoid organisms are
small in number a very large surface must be spread
in order that discrete colonies of the pathogeﬁic
bacillus may be obtained. Glen-Liston and Goré’(l919)
recommend a method of the latter varietg, based on
the observation of 140 carrier stools exdmdned. Def=-
inite guantities of a series of definite dilutions
of an emulsion of faeces td secure g sufficient number

of isolated colonies are dimtributed on dry- agar -



slopes. They state there was never less than 1
typhoid or allied organism to 20 of the cormon intest-
inal bacteria and hold it unnecessary to exanine nore
than 50 isolatéd colonies. 'Where a large number of
examinations are required this metliod would appear to
be almost impracticable. Most ineestigators are a-
. greed that none of the differentizl media is superior
ﬁo the. rest, but that the édvantage lies wholly in
the familiarit; of the worker with one particular
medium. Compsrisons have been made between the media
in common use (MacConkey, Drigaiski-Conradi and Endo)
a8 a fesult of a series of tests by Drayer, Walker
and Gibson (1915) and they concluded’that the Brigalski
Conradi medium is least efficient and Endo decidedly
best. Tidy and Dunn (1916) confirmed these observat-
~ions but did not find such‘great differences between
the other‘two. One advantage which the MacConkey
medium has ig that it indicetes with striking clearness
the non-lactose fermenting colonles, which enables the
picking out of pure colonies far better than the Endo
mediumz The reason for this is that the coliform
organisms colour the plates around them and obscure

_ latter
the non-lactose fermenters. This defect of theXmedlum
Cis particularly marked when a soft agar substratum and

falntly alkaline reaction to litmus is chosen. Numer-

ous modifications have been employed to remedy this




" (Kendall 1911-1912, Robinsor and Rettger 1916).
Various indicators have been tried, such s neutral
red, Congo red, water blue and China Blue. Schnitz
(1915) described a congo red ager while Bronfembrenner,
Schleéinger and Soletsky employed s China Blue- ros-
olic acid-peptone fluie medium. The latter claim that
the bectericidal action of their C.R. mixture is due -
- to the rosolic acid and that the inhibition is dir-
ected ageinst Gram-positive bacteria. In the eosin-
methylene-blue-agar (Helt-Harris and Teague) after

18 hours incubation typhoid colonies are colourless
and coliform colonies have black centres and do not
colour}the surrounding medium. The euthors of the
'medium claim that B. coli coloniesg are differentiated
earlier on this plate than on Endo and that a greater
percentage of colourless colonies turn out to be
typhoiad While it inhibits certain organisms Which
Endo does not. Only few coli develop on the medium.
Meyer end Stickel (1918 ) prefer the brilliant green
e081n agar medlum of Teague and Clurman in preference
to Endo, Holt-Harris and Teague's medium, and Krum-
w1ede's brilllant green agar even with the use of
peptone digest agar,

Before any final conclusion as to the mefits ef

the various solid differential media with or yithoﬁﬁ

the addition of a selective antiseptic, a larger
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series of controlled tests would heve to be performed.
Eacl: author of any particular medium advocates the
virtues of his own end emphasizes the disadvantages
of the others, often without making adequate and equal
controls. | '

dwing to the fact that typhoid bacilli are often
few in number in cdmparison with other intestinal
orgenisms an enrichment medium seems advisable before
plating. The advantage of a fluid enriching medium
for the typhoid bacillué would lie in the fact that a
Vlarger amount of .faecal material would be subjected
to exenination than upon éomid media. If the prop-
ortion of typhoid to other organisms falls below a
certain figure (1:300 Ficker and Hofmann 1904) it
becomes impossible to isolate typhoid bhacilli on
solid media. Dreyer, Walker and Gibson (1915) indic-
ated that the typhoid bacillus fails to grow on sekec-
tive media when the proportion of typhoid to the colon
bacillus in mixtures, was lower than 1l:15. If‘a
larggr amount of such fazeces than the plate medium |
permits is inoculated ina fluid enrichment medium
that allows the rapid ﬁevelopment}of B. typhosus while
it inhibits the growth of most other organismﬁhpresent

i,

after 24 hours incubation the percentage of typhoid

will have greatly increased and thus they can be
' subsequently ' )
readily isolatedyon solid media. '



Since the introduction by Brownﬁng of his

peptone water briliiant green enrichment medium,
numerous workers have decried it while others have
been equally emphetic about its value, Browning, ih
his Applied Bacteriology, discusses fully the various
objectibns levelled at the medium and poimts out how -
often  the criticism has been made on scanty findings
and on experiments which have not been properly
“controlled. |

Particular reference is made to the work of

Krumwiede and his co-workers, and the other American
investigators who have introduced the recent new
enrichment fluid and solid media. As all this work
has been already covered by Browning the author prop-
oses only to add a few of the more recent critieisms.
Houston in a report (10th) to the Metropolitan Water
Board on the isolation of the typhoid bacillus from

a sewage, report® a complete failure by brilliant-green
- fluid eﬁrichment which he ascribes due to the presence
of preponderating nuﬁbers of highly resistant
cpliform.and other microbes. These grow well in doses.
of inhibvitory agents that are either fatal to the
typhoid bacillus or markedly inimical. Meyer and
Stickel (1918) found this brilliant green fluid
method unreliafle evern with péptic or tryptic diéests

and less efficacious than direct plate on eosin-



_brilliant-greeﬁ-agar. ghe gelatinécongo-red-brilliant
green-bromoform enrichment method of Teague and Clur-
man gave promising results with 2 human stools, but
they state the disadvantages of all enrichment fluids
is that a few more positive findings are oniy obtained
at‘increased time, cost and labour. They are convinced
that those apparently favourable resul%s noted with
fluid enriclment media are counterbalanced by equally
dependable and quicker resﬁlts obtained by the use of
peptic digest eosin-brilliant-green-agar. The compar-
ative study of Meyer and Stickel was, however,-mainly,
directed between Krumwiede's, Teague and Clurman's

and Holt-Harris and Teague;s media. Iﬁ 1919 McLeod
reported his observations‘on Browning's method on ﬁhe
work of a mobile Laboratory on acute typhoid and
paratyphoid infections, during the previous four
years. At first only one tube of DBrilliant green

was used, a 12250,000 dilution, but in the last

Ithree years a second dilutian, 1:500,000 was employed
in addition and a compariéon with a literally direct
method,-i.e. the plate was inoculated with a sméll\
portion of faeces and spread immediately. The first
series relates chiefly to paratyphdid infections and
Iis results show that -out mf.lé-results,15 Wefe pos~-
itive by the brilliant green method and only 7 by

‘the direct method. By means of brilliant green a B,



7
(o

paratyphosus A carrier was detected when nothing but
B. coli and a few coarse non-lactose fermenting
colonies were present in directplate. In the second
series described by McLeod the original claim made

by Browning, Gilmour and Mackie, that their method
the isolation of typhoid and paratyphoid bacilli are
both facilitated, is supported. ZExciluding two
paratyphoid infectiong, there were 14 specimens derived
from 11 different cases, 13 of stool and one of urine,
in which a positive result was obtained. In 13 of
these the result was nogitive by the brilliaht green
method whereas in 6 only by the direct method.

Mention has already been made to Wordley's (1921)
article (page 36). In addition he made a comparison
Yy mixtufes of B. typhosus with normal stools seeding
tubes containing § c.cms. of peptone water (0.1 and
0.2 c.cms. of 1:10,000 brilliant gieen in each) from
the mixtures, incubated for 24 hours at 3700. and
plated on to MacConkey agar pdates. Of 100 specimens
exgmined 27 were positive by the "Dry® method and 5>
by bfilliant green.

As far as the results of the present writer'ére
éoncerned failure with brilliant-green enrichment
occurred in relation to B. typhosus carriers but h

marked enriclment in the case of B. paratyphosus °B

extreters.



As Browning recormends, a combinétion of direct
Plating on a differential medium such ag MacConkey
or Endo agar and the use of a brilliant green fluid
enrichment mediumfgivés the greatest chance of suce-

essful, isolation of the specific organisms.

RXRRR




BIBLIOGRAPHY.

Benians (1918): Lancct,1918.

~ Bierast (1914): Centralbl. f. Bakt., I, orig.,
74, p. 348. o

Bronfenbrenner, Schlesinger and Soletsky (1920):
Journ. of Babt., 5, D. 79.

Brdwning (1918): Text-bdok on Applied Bacteriology,
Pp. 94-140, S

Browning, @Gilmour and Mackie-(l9lj): J. of Path. and
Bact:, XVIII, f. 146,and Journ, of H&g.,XIII, p. 335,

Browning, Mockie and Smith (1914) J. of Path. and
Bact., XIX, p. 127.

Browning and Thornton (1915): B.I%J. August 14th.,
1915 and Mey 13th 1918. N |

Cole and‘OnsloW'(l916); Lancet, July 1lst, 1916.

Conradi (1908): Minch Med. Woch., p. 1523; Centralbl.
f. Bakt., Ref., 1908, 42, p. 47. '

Dreyer (1915): Proo. Roy. Soc. Med., Vol. IX, No. 2,

D 15

Dreyer, Walker and Gibson (1915)  Lancet, 1915, I,

| De 643.

Drigalski and Conradi (1902): Zeitsch. f. Hyg., vol
TKKIX, p. 283. ' |

Endo (19m3) Centralbl. f. Bakt., Abt. I, orig.,
XXV, p. 109. |



-3
C

Fawcus (1909); J. Roy. Arm. Mcd. Corps, XII; P. 147,

Ficker and Hofmann (1904): Arch. f. Hyg., 49, ». 229,

Garbet (1922): Monographs Rockefellex Instit, for
Med. Res., No. 16, Mey 10th 1922. |

Glen-Llston ang Gore (1919): 1Indian Journ. Med. Res.
1919., Spec. Ind. Sc. Convress., pp. 107 123.

Gnunbaum and Hume (1902): B.M.J., vol. I, p. 1473,

Hell (1915): Wien. Klin. Woch., 16, p..418,

‘Henes (1920): J.A.M.A., 75; p. 1771.

Heyn (1917): Centralbl. f. Bekt., I, orig., LCCIX,
pp. 185-191. |

Holt-Harris and Teague (1916) J. Infect. Diseases,

18, p. 59. - |

Ickert (1917): Berl. Klin. Woch., pp. 458-560.

Jeckson and Melie (1909): Journ. Infect. Dis., VI,

. p. 194, - | -

Jeffe (1915): Berlin Klin. Woch., No. 52.

Kendall (1911-12): J. Med. Research,25, p. 95.

Krumwiede end Pratt (1914): Journ. Exper. Med., XIX,

| f.'zoﬂgsol | - |

Krumwiede, Pratt and Mchlllams (1916) Journ. Infect

. Dis., XVIII, pp. i - 13. |

Krumwiede, Kohn; Kuttner and Schumm (1918): Journ.

 Infect. Dis., XEIII, pp. 275 - 289.

Krumwiede snd Kohn (1918) Journ. of Baot.; 3;p. 361,

Leitch (1916): B.M.J., Sept. 2nd. 1916,



N |
N

Loeffler (1903): Deutsch. Med. Woch., 1903,‘Vereins-
Beilage, P. 286, |

Loeffler (1906). Deutsch. Med. Woch”XXXII, p. 289.

MacConkey (1901): Thomson-Yates Laboratory Rep.
vol. III, pt. ii, p. 151, ,

MacConkéy/(l908): Journ. of Hyg., vol. III, DP. 3223
ibid., 1909, IX, D. 86 .

McLeod (1919). Journ. of Hyg., XVIII, p. 260.

~Meyer and Stickel (1918): Journ. Infect. Dis., 28.
pp. 48-67. ' | '

Nedrigailoff (19I7): Russky Vrach,_Petrograd,‘l?l?,
XVI, pp. 73-96; ref. J.AM.A., 68, p. 1789.

Nichols, Simmons and Stimmel (1919): J.A.M.A., 73,
p. 680, | _

Osborn and *Beckler (1920): J. Infect. Bis., 27, p. 14;

Peabody and Pratt (1908): Boston Med. and Surg.
Journ., CLVIII, p. 213,

Robinson (1915) Journ. Med. Research, 32, p. 399.

Roblnson and Rettger (1916) J. Med. Research 1016
34, p. 363. |

Roth (1904); Arch. f. Hyg., XLIX, p. 199.

Scheer (1918): Mediz. Klin. 1918, Aug. 4th., pp.
758-761. -

Schievelbein (1919): Centralbl. f. Bakt., Jena, 1

”'Abt., orig., 83, pp. 97-101.

Schmitz (1915): Deutsch. med. Woch., 41, p. 427.




Schuscha (1916): Centrslbl. f. Bext., I, orig,,
78, p. 226-231. o

Simmons snd McCarthy (1924):’ Journ. of Lab. snd Clin
Med., IX, Wo. 8, pp. 513-518. |

Smith (1923): Journ. Path. and Bact., XXVI, pp.
122-123. . | |

Stepp (1918): Munch. Med. Woch., 1918, No. 22,

Stokes znd Clarke (1916): Journ. Roy. Arm. Med.

Corps, XXVI, pp. 461-470,

Tesgue and Clurman (1916): Journ. Infect. Dis.,

18, p. 647; ibid, p. 653. -

~
- 2

Teague snd Clurman (1916): Journ. Med. Research,
p. 107, |

~ Tidy and Dunn (1916): Journ. Roy. Arm. QOrps,
XXVII, p. 482, | |

Tonney; Caldwell gnd Griffen (1916): Journ. Infect.
Dis., 18, pp. 2§9-246. -

Torrey (1913): Journ. Infect. Dis., 1916, 13, p. 2¢3.

Winslow and Doloff (1922): Journ. Infect. Dis., 31,

" pp. 301-304. - |

Wordley (1921): Journ. of Hyg., XX, p. 360.

2 W XXX HRA



CHAPTER IV.

Altered biological reactivity of chronic enteric

carriers.

Among the methods described fof the discovery of
carriers are the following:~- | |
A,  Antibody reactions of the serum.
1. Agglutinating action, i.e. the Widal
Reaction,
) 2 Coﬁplement fixation.
3. The autolysate precipitin reaction.
4, Opsonic action. |
B. Cutaneous Hypersensitiveness.
'C. Alteration of the Blood Picture.

D. Blood Cilture. ‘ .

' Widal Reaction. In dealing with large institutions

such as asylums, where enteric fever has been en-
demnic, a fairbindication‘may be got of the preseﬁce
of carriers by performing an extensive series of
Widal tests, commencing with subjects Wwho are ascer-

tained to have suffered from typhoid fever in prezious;
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years, or who may happen to have symptoms of gall-

gstone trouble.

The oriterion of what constitutes a positive Widal
varies greatly. As the hanging drop method of per-
forming the test has now been génerally discarded
it is not necessary to discuss the results obtained
with it. Browning (1918) gives the following'as:the
criteria of a positive reaction in the case of persons
not vacbinated with the organism, where marked agglut-
ination.éf saline suspensions of average cultures
by the sedimentation method, occurs.

Organiém. Serum dilution.

B. typhosuSe.eacse....1l ¢ 100.

B. paratyphosus A.....1 : 50 (or even lower, 1:20

B. paratyphosus B.....1l : 200. ‘

In the case of paratyphoid A infection the dev-
elopmént of agglutinins is often especially poor,
and Dreyer (1909) has concluded that agglutination.
with'serum 1:10 is for all practical purpoées diagnos-
tic. '

Cogagglutination may also practicélly invalidate
" the result. In some cases of the author's seriesg the
agglutinating'powér of the se®a fluctuated markedly
80 that in several carriers of B. typhosus increased .

agglutinating power for B. paratyphosus A or B was



obéerved from time to time; éimilérly the serum of
the B. paratyphosus B carfier tu.D.) showed.atvtimes
a marked power of agglutinatiné B. ﬁyphosus. Thué, |
on occasion, the Widal test might give no help as

to the causalvorganism. These findings are discussed
in detail later. Leiss (1918) states that in more ’
than half of the uncomplicated,acute typhoid cases,
whether they have received prophylactic inoculation

or not, there is a co=-agglutination for B. paratyphosus
A. An interesting case which corroborateé Leiss's
statement occurred in the Western Infirmary, Glasgow,
on 17.4.23, of a sailor agedl30 yeérs who suffered
from an acute attack of typhoid fever followed by
perforation of one of the intestinal ulcers, with
generalised peritonitis and death. During his

sojourn in hospital the Widal reautién was repeatedly
tested with his serum by Dreyer's procedure, and on
each occasion there were 100 sténdard agglutinin units
per cg. for B. typhosus, 600 for B. paratyphosus A

and 0 for B. paratyphosué B. At the post-mortem
examination on 19.4.23 the perforation was found

-near to the ileo-éaecal valve., All the Peyer!'s Pafches
showed extensive ulceration and there was avmérked
focal necrosis in the liver in addition to a general-
ised peritonitis. ‘E._typhosus was isolated from the

pus from the peritoneal cavity and from the ileum,
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from the liver,band froiw: the gall-bladder and spleen
in pure culture, but not from the duodenum at the 5i1-
iary papilla. Numerous non-lactose fermenting colon-
ies from these sites were tested against Standard 3.
paratyphosus A anti-serum (series 45, Mo 1200,
received from the Standard Laboratories, Oxford) but
nonegave any agglutization in dilutions of 1:50, 1:100,
13200, 1:400, 1:800.

This anti-serum was tested against Standard
Anti-paratyphpid A emulsion and a stock B. para-
typhosus A (Wafd)‘emulsion and in both cases agglut-
ination occurred up to a dilution of 1:400.

VA similar case of paraty hoid B. fever in a bog
is also illustrative of the variation in agglutinins
present in the serum (Dunlop unpublished). «

he patient took ill on 3.6.24. On examinstion
of his serum on 23.6.24. the Widal reaction gave a
strong positive result for "T{,A., and 3B.".

Standard agglutination for B. typhosus occurred in a

serum dilution of 1:20,000, for B. paratyphosus A
1:1000 and for B. paratyphosus B 13:10,000. 3,125
standard agglutinin _units per c.c. were present for
*T"; 232 for np andf2,43é for "B", The test was

repeated with the same sample of serum on two



subsequent occaéions and the feadings wefg identical.
Exemination of the faeces on 30.6.24. revealed abund-
ant non-lactose fermenters both on direct platé and
after brilliant-green enrichment. Bight coloniés
were tested for tleir fermentativereactions and proved
to be of the'paratyphoid group. .Two were further
tested with high agglutinatingl sera and agglutina%ed
up to titre with B. paratyphosus B; anti-serum.

They were not agglqtinated by antityphoid and enti=-
paratyphosus A sera. |

On 8.7.24. the Widal reaction was still positive for

all three organisms as shown in the table:-

Organisms | Standard Agglut- | Number of Standsrd
instion with a Agglutinin Units

tested. Serum Dilution ~+  per c.c.
: of

B. typhosus. 1:10,000. 1,562.

B, paratyphosus A.|1:500 up to 116 to 232.

B. paratyphosus B.|1:20,000 to 4875 to 12,165,
1:50,000.

e e ——

The faeces on the same day showed abundant B. para-
typhosus B. colonies to be present, but in spite
of testing 2§ colonies, none‘proved to be either

B. typhosus or B. paratyphosus A.

A sister of the same patient, who had nursed him,



also developed enteric fever later on (18.6724)
but on 27.6.24 her serum showed no agglutinationvﬁith
B. typhosus or B. parstyphosus A. It contained at
this time 122 standérd agglutinin units PET Co.C.
for B. paratyphosus B, standard agglutination occurr-
ing with a serum dilution of 1:500. Large numbers |
of B. paratyphosus B colonies were present in the
faeess. |

In each instance the Widal reactions were tested
for by Dreyer's method and the ssme-batches of’

Standard Cultures were used in 211 the tests. The

‘and B. Aertryéke suspensions but with negative results

|
patients"Sera were also tested against B. Gaertner B
Do all carriers give g positive Widal reaction?

Cler and Ferazzi (1905) recorded 6 cases in
which typhoid bacilli were found in the faeces as a ‘
result of food infection, ﬁithout any disturbance of
health., The Widal reaction was negative in all cases,
but the bacilli dimappeared in several weeks.

Busse (1§68) isolated typheid bacilli in pure
culture from the blood of four contacts with ﬁyphoid 1
pvatients but fdund the sefum ih all without agglut-
inating power. _ .
| Kexm (1909) snd Gaehtgens (1909) both consider

the Widal test of little diagnostic value in the
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detection of bacillus carriers.‘ It is statedsbf f
Kayser (1909) that zbout 75 per cent. of carriers
give a well-marked Wical reaction, but Ledingham and
Arkwright (1912) think this percentage rather high,
if agglutination at 1 in 100 be taken as the criterion
“of a positive result. They employed the hanging drop
method, however. Five out of nine of their carriers
gave a positive result,‘while'the other four gave
an incomplete or al:solutely negative result, Again,
a patient's serum may acquire the _ower of agglutin-
ating,thevtyphoid bacillus during an infection which
is in no way related to it as shown by Wilson (1909)
"inrcases of typhus fever. On the other hand, positive
Widal reactions are got in immates of institutions
in‘whose excreta the bacilli havé never been demon-
strable. In a recent report to the Scottish Board of
Health by Dr. Dittmar (1924) out of 28 persons who
gave a positivé Widal reaction, 11 were found to be |
carriers, but in none of the remainder could the
specific organisms be demonstrated on repeated ex-
eminations. Kamm (1909) during examination of 136
blood-sanples in the seafch for carriers in an asylum,
found 8 cases with positive Widal reactions. of
these, 4 gave tie reaction with a serum dilution of
1 in 50, 1 with 1 in 100, and 3 vith 1 in 200. Four

of these cases had had enteric fever about 8 or



12 years previously, while the other four gave no.
record of infectiom. In none of the cases could
’the bacilli be isolated from the faeces, in sﬁite
'of f&equént purgation', or from the urine. Chesley,
Burns, Greene and Wade (1917) who examined 32 typhoid
carriefs found the Widal reaction positive in 26,
partially positive in 4 and absent in 2. ’
Hilgermann (1917) definitely states that there
do not exist carriers of B. typhosus who give a
negative Widal reaction and emphasizes its value
in their discovery. This may be due to the fact
that he considers as é positive result agglutination
with a serum dilution of 1 in 25 after 8 hours
at 3700, Persons who give a positive serum reactidn,
(but in whose excreta the organisms cannot‘be discov~
_ered are regarded by him as "hidden carriers" and
are hot dangereus from the pdint of view of dissem-
‘ination of the virus. | |
Simmons and McCarthy (1924), on the other hand,
found that typhoid agglutinins were oresent in the
sera of their four typhoid carriers, the titres
being 1 in 646, 1 in 1280, 1 in 320 and 1 in 640
respectively. The sérum of a B. paratyphoid B
carrier; however, agglutinated B. paratyphosus B
only in a dilution of 1 in 40. From their findings

in the examination of 84 convalescents, they con-
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cluded that these.testé were of no diagnostic
value, since agglutinins were demonstrable in the
sera of individuals who were not carrieré but who
had passed through an attack of entericfefer six
months previously.

In the majority of carriers a pesitive .reaction
is obtained but this is liable to considerable
fluctuations from time to time and may even.be absent.
The results obtained in the author's series, as Wiil

be seen later, confirm these findings;

The effect of previous anti-typhoid vaccination

on tthe specificity of the Widal reaction both in

carriers and healthy individuals ig of importance.

As is well knowm, agglutinins develope in the serum
of inoculetéd persons and persist there for a
varisble period. In a survey of 1,000 inoculated
persons Baker (1917) found that in a third the
agglutinin titre fell below 1 in o5 within the first
six months, but in the majority o titre of 1 in

50 persisted up to a year. Where a titre of 1 in
250 was obtained it was invariably found that the.
individual had suffered from typhoid fever at some
‘previous date and only rarely was this titre du® to
the effects of inoculation. As a criterion for diag-

nosis of typhoid fever in inoculated persons he



maintains that the titre must be over 1 in 25QA
though this may be got,.of course, in recently
vaccinated individuals. Where a titré of 1 in 125
is present a year after inoculation he holds that

in the large proportion‘of'cases it is due to a
previous attack of tyrhoid fever. ‘Br8samlen (1919)
whose criterion of a(positive reaction, by the mic-
roscopic method, is agglutination with a serum dil-
ution of 1 in 100, found in healthy individuals

a positive reaction in 100 per cent. of cases exan-
ined within 2 or 3 weeks after anti-typhoid vaccin-
ation., After 1 to 3 months 95 per cent. still gave
a positive fesult, and thereafter the number slowly
decreased. At the end of a year 56 per cent. still
remained positive, and after 2 years 41 per cent.
agglutinated in a dilution of 1 in 100. He found
thet the agglutinin titre did not become affected

by bacterial or toxic stimuli other then by infection
with B, typhosué or related organisms. Likewise
Shera (1922) found a positive serum reaction for.

" B. typhosus in 6 inoculated éx—soldiers_persisting
for 4 or 5 years. 1In all of these men the serum
agglutinated in a diiution of 1 in 50 for B.- typhosus
and in 4 up to 1 in 250. The paratyphoid agglutinins

were very slight in all. Similar results were found
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by Pijper (1922) and by Dunlop (unpublished). Tﬁé'fi
latter studled a case of a healthy man, prophylact-
ically vaccinated a number of times in the Army
with "T" alone and with‘nixed "T.A.B." vaccine, who .
never suffered from typhoid fever, but Whosé serum
32 years after the last vaccination abglutlnated
B. typhosus in a dilution never less than 1 in 125
for any suspension used. By Dreyer's technique
there were 30 and 12 standard agglutinin nnits present
per c.c. for B. typhesus and B.'paratyphdsus A |
‘respeciively. Where there has been antityphoid vae-
cination within 6 to 18 months previously Browning
suggests on the basis of Martin and Upjohn's (1916)
studles, that agglutlnctlon with a dllutlon Qf
more than 131, 000 strongly suggests true 1nfect10n
with B. typhosus,

Thus it will be seen that care must be exercised
in determining the influence of preyious»anti- |
typhoid vaccination on carriers.

Can the agglutinins due to vaccinationDbe dig-

tinggished from those due to a present or previous
| infection? .
The studies of Mackie and Wiltshire (1917)
on the agglutinins found in the blood of bersons
suffering from one of the paratyphoid infections

who had been inoculzated at some time previously
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against B.‘typhosﬁs alone, aré worth recording.
In practically every case there was a definitely
elevated degree of agglutination with B..typhoéus
- and this was frequently equal to that obtained
with the infecting paratyphoid Bacillus. Absorption
tests showed that these résults'were due to the
presence of two specific agglutinins. In two cases
there were agglutinins present for both B. para=-
typhosus A and B in addition to B. typhosus. Absorpt-
ion tests'showéd the presence of three specific agg-
lutinins.

| Thus it would appear impossible to distinguish

these in the case of carriers.

Diagnosis of Mixed Infections by agglutinin absorption

gpd other me#hods.

' The ‘absorption or saturation test of Castellani
(;902) might also be employed in carriera,t? prove
which is the primary specific agglutinin present |
and- which are the hegerologous or co-agglutininsvin
the patient's serum.

From his experimental work on animals immunised
against a certain micro-organism, Castellani found
that two or more agglutinins might be preseﬁt in the

serum and that when saturated with the first micro-
organism all agglutinins were removed, but when

satﬁrated with the others its agglutinating power

upon the first was reduced little, or not a¥ all.



Likewise, the serum of an animal immunised against
two micrdforganisms,‘A and B, loses its_égglutinab-(
ility, when saturated with A, only for A. éaturated
with ‘A and B it loses its agglutinating power fér
both. These facts may be applied in the diagnosis
of mixed infections, and to the diﬂferéntiation
between between closely allied germs. Suppose, for
instance, the serum from a typhoid case agglutinates

the laboratory cultures of B. typhosus and of a vai-

iety of B. coli, saturate the serum with typhoid
bacilli; if the serum loses its agglutinating power
for the typhoid bacillus only, it is a case of mixed
infection with both the typhoid and colon bacillus;
if the serum loses. 1ts agglutinating power for both
B. typhoéus and B. coli, it is a pure typhoid infect-
ion, the coliform organism having been agglutinated
by the group-agglutinins produced by the typhoid
bacillus.

Castellani's worklgonflrmed by Conradi(1904),
Harvey (1909 and 1915), Gratton and Wood (1911),
Gratton and Harvey (1911) and Taylor‘(1918). These
last four obéervers 511 emphasize its value in det-
ermining mixed infections of typhoid with paratyphoid
A and B bacilli.

The suggestion made by Dreyer and Imnman (1917)

on the necessity of carrying out successive observat-
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ions at four day intervals so as to yield agglut-
ination curves for the diaghosis of typho:.d and para-
ty_hoid fevers in inoculated perséns might possibly
‘beg of value in the diagnosis of carriers. They point
dut how misleading it is to draw conclusions from a
single observation of the agglutinin content of the
serum, since in-é;me instances the titre for the
ihfecting organism may be found less than that of
inoculation agglutinins and may, iﬁdeed, be lower
throughout the whole infection; The value of con-
tinued examinations of the agzlutinins content of

the sera of carriers, illustrating the fluctuation

in the homologous and oo-aggiutinins is discussed
fully under the author's own observations.

Aoki and Komno (1921), by the use of typhoid im-
mune serum obtéined from hyper-immune animals and
showing strong group-agglutination, demonstrated
that paratyphoid B. dacilli can be divided into two
sub-groups, one which easily, and the other which with
‘difficulty, group-agglutinated. They found that |
the titre of the group-agglutination of B. paratyph-
osus 3 in typhoid immune seTa depended on the strain
of that organism employed. Typhoid sera which
easily agglutinate B. paratyphosus‘B in as high a

dilution as B. typhosus, i.e. 1 in 20,000, exhibited



a much.lower_titfe, €eZe i in 50 or 1 in 100, in

l the case of a difficulty group-agglutinated strain of
B. peratyphosus B. By the application of a difficulty
sroup-sgglutinated strain of paratyphoid B. Bacilli
and a serum showing equall& high titre with both
B; paratyphosus B and typhoid bacilli one may
determine whether an individual is infected with
typhoid bacilli alone or is suffering from a mixed
infectionvith B. paratychosus B.

Such a strain might be employed with advantage
for the s erum of carriers which showed a mrrked
group-agglutinatiohibr B. pgratybhosus B and B. .
typhosus in determining which was the offending
organism; or whether a mixed infection ig present..

A nofél‘means of distinguishing the primary
agglutinin froﬁ heterologqus agglutinins present
iﬁ e patient's serum is advanced by Fishberg (1923),
where the_en& titre of the serum for typhoid or
paratpyhoid B is sovnearly the game that it is
impossible to say in the absence of a positive cul-
ture, which is the infecting'«organism; Consider-
ation of the a gglutination type, he states,'may be
of great aid in such a dilemna.: If early inspection
(after 16 - 15 minutes at»37°c) of the tubes

containing typhoid bacilli shows a labilotropfic



(QOarse) agglutinafion, the infecting organism 126.

the typhoid bacillus since the normal rmgglutinins are
stabilétropic (fine) and the typhoid-paratyphoid

group have in common 6nly some stable recgpfors. But he
ern.hasgizes that absence of coarse agglutination with
tjphoid bacilli does not absolutely exclude a typhoild in-
fection for there are rare typhoid sera, containing almost
exclusively stabilmtropic (fine) agglutinins, though in
his series of 31 cases none were definitely of this kind, .
but all showed some stabilopropic antibodies. Similarly
in paratybhoid infections the coarse agglutination is
found in the tubes containing the paratyphoid bacilli, the
‘agglutination of B. typhosus here being fine and flaky.
Fishberg states that in his experience Castellani's
absorption experiment oftenf ails to attain its goal.

Thus from the literature it will be seen'that

the value of the Widal test in chronic enteric carriers,
especially whe£e these have Teceived previoué anti-
typhoid vaccination, is slight, as the agglutinins de--
veloped by the inoculation of the specific organisms nay
persist for years. Repeated examinations of the excreta
with isolation of the specific organisms would need

to be carried out before any actual diagnosis could

be made in theée subjects. The chief value in the

-test lies in its acting as an indicator of the possible
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preéenoe of the carrier condition. Repeated tests
would require to be made on subjects which give a
negative result before finally deciding that they
are not carriers.

Author's ObServations.

The technigue employed in all the Widal tests
is the macroscopic method as described in the report.
to the Medical Research Council on "The Laboratory
Diagnosis of acute intestinal infecfions, including
' the principles and practice of the Agglutination
test (1920 p.128) i.e. the Oxford Standard Method
(Dreyér)ﬂ Where Standard Agglutination occurred
between fhe’garious dilutions an average was made
by comparing the standard control tube and the tubes
above and below standard agglutinstion, for the pur-
pose of working out the number of standard agglutin-
ation units present per c.c.‘of @atient's blood.

10 standard agglutination units may be éakeh as an
ordinary standard of what constitutes a positive

Widal reaction.

Varistion in the agglutinating vower of the sera

from Chronic Enteric Carriers.

The agglutinating poWer of the sera from the
different carriers fluctuated markedly and in
seversl carriers of B. tyvhosus (¥.M. & K.0.) in-

creased agglutinating power for B. paratyohosus A
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or B . has been observed from time to time; similarly
the sera of the oarriers'df B. paratyvhosus B (M.D.
and B.E.) have showm at times a marked power of
agglutinating B. typhosus. In the case of H.T. there
ﬁas a.suspicion.that there might be a miied inféction
forvB.'typhosﬁs and B, paratyphosus B, since her
serum on repeated tests showed an abnormally high
asglutinating power for B. paratyphosus B as well

for B. typhosus, and ﬁ. paratyohosus B was isolated
from the faeces on five occasions, but when the
patieﬁt's gall-bl=zdder was excised, oniy B.'typhésué
was recb%ered from its contents. This case was found';l
by McKendrick to give a positive cutaneous hyper-
sensitiveness test to B. typhosus and a slight
positive to B. paratyphosus B.

Serum of B. typhosus excreter (J.M.)

The serum of the carrier J.M. was examined
on eleven occasiops at irregular intervals from
16.5.22. to 1.6.23. ‘and’the number of Standard agglut-
inin units per c.c. fluctuated from 12 to 59, while
the serum dilution at which étandardsagglutination

occurred,'fluctuaﬁed from 1 in 100 to 1 in 500.(Chart L)
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In this case it is noteworthy that at no time

was there any agglutination of B. paratyphosus A or
B, The curve of the serum dilution approximates very
closely to the curve of standard agglutinin units

PeYr C.Ce.

Serunm of B. typhosus Carrier (K.0.)

Widel tests were made on the serum of another
chronic typhoid carrier (K.0.) from 27.10.21
to 9.10.23, a period of almost three years. These
were carried out at'irregular intervels. In this
case grest variation occurred in the agglutinating
povier of'thefserum for B. typhosus and B. para-
typhosus A and B, On 26.4.,22 there were 31,20 and 40.
standerd agglutinin units per c.c. pregent for B.
typhosus, B. paratyphosus A and 3. respectively.
The serum dilutions at which standard agglutination
" occurred were 1 in 250, 1 in 80, and 1 in 125. Re- ‘
peated with a stock strain of B. typhosus (R.L.I.) &7
gluﬂination occurred with a 1 in 250 dilution, no
agglutination occurred with stock @aratyphosus A
strain, but 1 in 100 of the serum agglutinated the
stock B. paratyphoéus B strain (Primrose). The
suspensions employed were prepared from 24 hour
cgar cultures of the orgenisus, killed by hesting

in the water bath at 5630. for one hour. They:
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TABLE XI.

102,

TABLE TO SHOW FACTORS WHICH THE STANDARDISED

EIULSIONS OF 3. TYPHOSUS, 3. PARATYPHOSUS A AVD

B. HAﬁ ON VARIQUS DATES USED IN PREVIOUS CQHART.

Date. B, typhosus.|B. para=- B.| paratyphosus
: typhosus A, B,
.17/1/22 7.3 3.9 322.
26/4/22. | 7.3 3.9 | 3.2
10/8/22 7,8 3.9 | 3.2
13/10/22 7.8 3.7 4,6
1i/12/22 | 8.5 3.7 4.6
14/12/22 8.5 3.7 4.6
14/3/23 " 8.5 3.7 5.7
3/5/23 10.0 3.7 5.7
16/7/23 10.0 4,0 5.7
9/iq/23.‘ 10.0 4.7 3.6
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contained approximatély.lO0,000,000 organisms PETr C.C.
The\techhique was otherwise similar to the drop -
method of Dreyer. | Similarly on 11.12.22, repesated
on 14.12.22 7ith the same result but with a‘different
specimen of serum, 18 standard units per c.c. vere
present for B, typhosus, 41 for 3, paratyphosus A

and 8 for B, paratyphosus B, Here the corresponding
serum dilutions 2t which stendard agglutination

occurred were 1 in 150, 1:in 150 and 1 in 40.

(see Charts II and III, and Table XI1).

Serum of B. parastyvhosus B. Carrier (M.D.).

In the case of the paratyphoid B. bacillus
carrier (M.D.) practically no co-agglutination of
the scrum for 3. fyphosus,and only a little for B,
peratyphosus A occurred except on 27.1.23, 14.3.23
mnd 17,.5.23, ﬁhen o marked increase took'placeif
This is well ilustrated in the following chartwhich
also shows the marked fluctustions of the agglutinins
in the serum for the infecting organisms

The dilution in which the scrum showed standaré
bagglutination for 3. paratyphosus B varied from 1
in 40 to 1 in 320; for B, paratyphosus A from 1
in 25 to 1 in 200; at no time did agglutination for

Z. typhosus occur over z dilution of 1 in 25. The

"titre of the serum for B, paratyphosus B. was
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consistently higher than for B. paratyvhosus A.
The factors of the Standard emulsions used correspond

"With~those shown in table for carrier X.0.gee TableXT)

Serum of ™mixed carrier" (H.T.).

H.T., the tynhoid carrier from whose stools B.

Paratyphosus B, were occasionglly isolated showed

a slightly positive Widal reaction for the latter
organism, and definite agglutination of B.typhosus .
ag well. On two occasions only, 3.5.22 and 16.7.23,
were any agglutinins of B. paratyphosus A observed,
when 13 and 10 standerd agglutinin units per c.c.
were present, Seven observations were made during

a period of approximetely 14 years. The atghdard
agglutining Tor B; typhosﬁs Varie&'from 31 to 9 end
for B. paratyphosus B, from 4 to 39. Om 19,6,22
there were 39 standard units present for B, par:typh-
osus B and 32,for B. typhosus, fhough on this occasion
the dilution of the serum =t which standard agglutin- .
ation.ocourred was 1 in 125 for the former and 1 ip |

250 for the latter. The serum dilutions which ppe=-
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duced standard agglutinstion varied from 1 in 75

40

30}

20

10}

to 1 in 250 for B. typhosus and from 1 in 25 to’ N

1l in 125 for B. paratyphosus B.
CHART V. ‘
Chart to illustrate variations in agglutinating power

of serum of H,T. for B. typhosus and B. paratyphosus B

Standard agzlutin vnlts
DET C.C.
R,
" B. paratyphosus 3.
B. typliosus.
..p.~ . .
’ "'v.. iees® “©
ALY 138
24.4.2219.6,22 7.8.22 14.3.23 3.5.23 16.7.23 9.10,23
Date. ’ :

The markings are as before,

On 24.4.22 the patient's serum wasg tested
against a suspension of an égar culture of a stock
.B. trphosus (R.L.L.) and a stock B. paratyphosus B
(Primrose) and it gave agglutination in a dilution
of 1 in 200 and 1 in 30 respectively.‘ When tested
by Dreyef‘s method 31 standard units per c.c. were
preéent fér B. typhosus and 20 per c.c. for B. para-
typhosus B, Standard agglutination occurred in dil-
utions of 1 in 250 for B. typhosus and 1 in 65

for B, paratyphosﬁs 3.

As regards the wremainder of the s eries of carrier)
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The agglutinating power of the serum of B. typhosus
carrier Mrs. @. was 1 in 100 for B. typhosus, B.
typhosus excreter Mrs..R; 1 in 85 or 8,5 standard
agglutinin units per c.c. In neiiher’were any |
co-agglutininslpresent. Théy‘were only teéted on

one occasion,

Serum of B. typhosus Excreter (MM ).

In the case of the B, typhosus‘éarrier M.M.fit
is interesting to record that on 13.10.22 and 19;10.22
o co-ggglutinins were present in the serum while on
these occasions. there were 9 ahd 10 standard\agglut-

s

inin units per c.c. for B, typhosus. When the,serﬁm

was exsmined on 1.6.23, 7% months later, 5 standard

agglutinin units for B. typhosus and 34 for B. para-
typhosus A were noﬁ present, standard agglutination

off the serum occurring in dilutions of 1 in 50 and 1
- in 125 in gpite of the fact that she was indubitsbly

a pure typhoid carrier, B, typhosus alone being

isolated frequently from the faeces.
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Chart to illustrate varistiong in agglutinating power

of serum of B.‘typhosus cerrier M.M. for B. typhosus

and B. paratyphosus A.

Stendard Agglutinin
Units per c.c.

40 .
01 L

f~—B. paratyphosus A
20 : // . 4

e tyP’M

O L X 2 . e
Date. 13/10/22 19/10/22 1/6/23

Serum of B. paratyphosus B excreter B.B.

A somewhat similar experience was met with in a
paratyphoid B. bacillus carrier, B.E. On 14.12.22
29 standard units per c.cC. for B. typhosus, none for
B, paratyphosus A and 364 for B, paratyphosus B were
recorded. Five and & half months later (30.4.23) the
figuressthen were, 10, 54 and 9 respectively. As
this result was so peculiar the test was repeated
with the same specimen of serum With approximately
the same result. Standard agglutination occurred

with serum dilutions of 1 in 100 for B. typhosus,

1 in 200 for B. paratyphosus & and 1 in 50 for B.
“Pafatyphosus B. |

It is noteworthy that none of the carriers ex-

. . . e
amined had received previous anti-typhoid vacclnatloll,
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though, as is described later, during the time gome

of them were under bbservatioh vaccines were given

both subsutaneously and per os. in certain cases.
SUMMARY.

Thus in a2ll the 8 carriers tested the Widél
recction was positive for the type of organism ex-
creted if a  serum dilution of l in 100 for B.
typhbsus and 1 in 200 for B. paratypvhosus B be taken
as the criterion, but extreme variations'occurred |
| throﬁghout the timé they were under observation,
esﬁeciallyvvith regard to the presence of co-zgglut-
inins. Increased agglutinating power for B. paratypho-
sus A and B has been observed from time to time in |
carriers of B. typhosus (M.M. and K.0.); similarly
the seré of the carriers of B. paratyphosus B (M.D.
and B.E.) have shown at times a marked power of
agglutinating B.‘typhosus. On these occasions'possible
mistakes in diagnosing the type of carrier could be
made, if the agglutinating power of the serum were
alone relied upon., The Widsl reaction should, there-»
fore, only serve as 2 guide as to the nature of the
offending organism and the final test must necessarily
be the isolation from the faeces or urine, of the

orgmnism. Periodic rises in the agglutinin content of

the sera of X.0 and M.D. took place, but this may
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‘ have been influenced to a certain degree by the

effect of thé treatment these patients were undergoing
for the cure of their conditions, though this is
doubtful in the case of the latter (M.D.).

Influence of treatment on the Widal reaction in Chronic

Carriers,

Chenotherapy. The admimistration of dried Ox-bile

coreesponded with & fall in the agglutinating power
of the serum of the typhoid oafrier K.0. for B.

typhosus, B. paratyphosus A and B. The ox-bile was
given from 22.5.22 to 14.8.22; from the exemination
of the chart on p.l0lit will be seen that the number

of standard units per c.c. of patient's serum was:-

Date. T. A. B,
26.4,22, 31 20 40
10.8,22. 16 10 11
13,10.22. 16 13 11.

This result of givéng dried bile was not confirmed
in the case of ¥,D, and ondy to a slight degree with
H.T. No inference can; thus be drawn regarding the
administration of ox-bile having sny influence on the
agglutinating power of the serum in carriers, nor
could any relationship be established-as-regards any
6ther drugs tested.

Effect of giving by mouth a stock typhoid vaccine on

the Widal Rezction of the chronic typhoid carrier J.M.
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4This,is discussed fully under the gection on
Vaccihe Treatment, see pfgg; Shortiy after admin-
istration a definite rise in the agglutinin content
of the patient's serum occurred; after the admin -
istration had ceased a fall to the orgginal level
(29 standard agglutinin units pef c.c.) soon occurred.

/
Bffect of Pastilles Antityphigue Biliees, according

to Beredka's formula, by Mouth on the Widal Reaction

of typhoid carrier (K.O.),

Also fully diSCussed on p.240 -1,

Only = very‘slight increase in the agglutinins in the

patieht's serum for B. typhosus and a marked rise for
B. pafatyphbsus A took place. |

Pegtilles furnished by Villette, 3 Rue Maublanc,
 Paris XV.

Effect of "Residusl® Vaccine of a stock_B. typhosus

(R.L.L.) on the Widal reaction of the B. typhosus

carrier J. M.

Before inoculstion the serum of this case con-
tained 29 standard agglutinin units per e.c. for B.
typhosus; a week after treatment it contained 12 units;
then during the course of the next month the content
éradually'rOSe to 25 units (Ref. pp. 244 ). |
A descriﬁtion of the preparation of the ”Residual*
vacciné is given oﬁ Pe243 '= 4, H

During their experiments on the treatment of
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patients suffering from Rheumaﬂoid Arthritis by
protein shock, Campbell (1924) and Dunlbp (1924) in-
oculeted a patient J.G. with éome of the seme reéidUal
vaccine above described and in oonsequeﬁce_there was

a markédfgeneraiised reacfion, characterised Dby
diarrhoea and a sharp rise in temperature. This
case is described in detail by Dunlop. (1924).

J.G., female aged 27, was édmifted to the Western
Infirmary, Giasgow, on February 22nd. 1923. Her
illness began in June 1920,.With generalised pains,
involvement of vafious joints and pyrexia. The
patient was confined to bed for ten months, after
which gradual improvement set in. Prior to admission
stiffhess and pain in the joints had been occasioning
considerable disability. There was no history
suggestive of enteric fever. Physical examination,
on admission, was negative except for the local éon-
dition of the affected joints. Details of agglutinih
content of serum and of treatment with residual

vactine are as ollowss-

Date. . " Agglutinins. Intravenous Dose.
March 1lst. 1923. Nil. 150 millions.

" 5th ¥il. 250 "

" 13th Wil. 400 ®

® 23rd. §8.8 400 "
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April 3rd.  58.8 . Mil.
o 17¢n, | Nil, 100 millions.
"o24th 29,4 o wil,

" The agglutining are expressed in standard unitslmf

c.Gdand the titres wefe confirmed by repeat tests.

The Widal reaction previous to -inoculation was
absolutely negstive but immediately afterwards rosé
to 59 standard sgglutinin units per c.c. for B.
typhosus, then gradually‘fell until.29 units per c.c.
were present a month later.

~ Another similar case, J.Mck., is described by

Dunlop; female aged 17 who was admitted to the Western

infirmary, Glasgow on September 20th, 1921, and who
‘had suffered from infective arthritis in December
1919, with pyrexia which lasted several weeks. The
Widal reaction ‘at this time was reported to be
ﬁositive, although clinically the patient's doctor
did not think the casé to be one of enteric fever,
;mprovement took place but between March and June
1920 tﬁere was a recurrence of acute arthritis,and
the pyrexia. Similar recurrences took place in
October 1920 énd in February and April 1921,

On admission physical examination was negatfive,
apart from the local condition of the affected joints
which showed periarticular thickening and limitation

of movement. The tempersture was normsl but became
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slowly irrégular towards the end of the first week
in hospital. Details of the course of intravenous
doses of residual vaccine administered and of the

rise in the agglutinin titre of the serum were as

follows:-
Date. Agglutinins. Intravenous Dose.
September 29th 1921. 3.6 125.
October 6th 3.6 200
" 11tn 355.0 - 250
" 19th 714.0 250
" 25th 205.0 - 250
Noﬁember 3rd S | 150

" 23rd. 35.0 Nil.

. Rach of thé first three injections was followed
by protein shock but the resulting temperature,
instead of returming‘to'normal within 24 hours, re-
mained of remittent or irregularly intermittent type
untilthe next‘dosé of vaccine. The spleen became
Palpeble and the'affected joints tender. After the
fourth dose the tempersture curve returned to mormsl

ot the end of 48 hours, while those following the
1ast two doses were of the usual protein shock types.

The vaccine was being given to other pstients in the

wa®d at the seme time and none of them showed any de-

DParture from normal in the resulting reactions nor



116,

did sny of them develop a rise in agglutinins.

Moreover, each ampoule of vaccine contained suffiec=

ient for two doses, end the first injection admih;
istered to this patient was taken from one, the
remainder of which was used for a secoéd patient whoé§
subsequent reacfion waé of the usual -type. Bacter=- |
iological examination of spécimens of faeces from the
case, was carried out on three odcasions, but no  |
colonies of B.typhosus were obtained either by

direct plating on MacConkey's Wedium or by the
brilliant green enrichment method.

The findings in the case J.G. are very similar:
to those detailed except that (a) the agglutinin |
tltre did not reach such a nigh level, (b) the 1rveg-.
’ular pyrexia did not set in until after the third
dose of vaccine (the first to evoke a satlsfactory
protein shocL in this patlent), but it per81sted for
practically two months; and (c) splenic enlargement
was not found. |

“According to Campbell and Dunlop, in the exém-v
instion of twelve patients, a rise in the agglutinin
content of the serﬁm ig the usual sequel, but in
two a distinet fall in the agglutinin contirlotccurfed
with the ordinary commercial "T.V." vaccine. The
reverse was the case after inoculation with "residual®

vaccine. In ten patients and many rabbits no protein
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in spite of lerge doses both subcutaneously and in-

travenously, but in the two cases above described
the agglutinin content of the serum rose sharply
following protein shock. This result, taken in con-
juneétion with the evidence sutmitted, and which pointaé
to the absence of zgglutinogenic powér on the nart |
of the "residual vaccine injected, would suggest

that noﬁ-speoific therapy may possibly be folleuwed

5y tlie appearance of highly specific antibodies in

the bldod of a patient so treated. TFrom the histqry

of one of the cases (J.McK.) there were grounds for
suspecting that there may have been a previous fyphoidf
infection, but in the other such evidence is lackinge. :
It wes thought that this patient (J.G.) might in ’
consequence e a typhold carrier but the author was
unsble, in 17 bi-weekly exsminations of the urine

énd faeces extending over a'period of é month, to
isolate any.typhoid bacillie.

Effect of feeding B. lactis aerogenes in milk cultures

and subcutaneous injection of s vaccine of the scsme

organism, on the sgglutinating power of the serum of

paratyphoid B. carrier M.D., and typhoid carrier, J.M,
Full details regarding the administration and
dosage of the milk and vaccine are given on pp. 224 -6 &

405-7 ,Here it suffices to note that no marked variation
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in the agglutinating power of the serum occurred.

feither during or after administration in the case

of J.M. 1In this case no vaccine was given. With

the serum of ¥.D., however, who received subcut=-

aneous injections of killed cultures, as well as

living organisms by mouth, there occureed a definite

rise in the agglutinin content.

Table to show effect of feeding of B. lactis aerogen~-

¢s milk culture by mouth and vaccination by the same

organism, to M,D,.
Date. Dosage
’ of
Milk

L feeding.
14'-3023. ) -
12.4.23. ) 4 ounces tid.

2.5.23. ) thrdughout_all

17.5.23. ) this period.

16.7.23. )’ -

Dosage of
subcutan-
eoug in-
jection of
vaccine.

5 millions
increase to
1,000 mill-
ions in 10
injections.

Content of ser-
um in Standard

agglutinin
units per c.c. .
T. A. B.
1. 16. . 16.
0. 50. 56.
0. Se 7.

Thus in this case a merked rise of agglutinins

for B. paratyphosus A and B occurred from 16 to 50

and 56 standard units per c.c. respectively.

Only

a slight agglutination of B. lactis aerogenes was

got with a 1:50 dilution of the patient's serum a

fortnight after the vaccine was discontinued. There

occurred a transformation of the intestinal flora
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fo one in which B. lactis aerogenes predominated.
Only a few of these organisms were found fo? the
next two or three weeks after stoppage of adminis-
t¥ation by mouth. |
Effect of Surgjéal treatment on the Widal reaction,

_ K.0., the typhoid carrier, was operated on
4,5.23 when cholecystgastrostomy was performed. B.
typhosus continued to be excreted in the faeces till
31.5.23 and since that dafe the faeces have con-
sistently remained -typhoid free- although weekly ex-
aminations have been carried oﬁt for two years sub-
sequent to operation.

The serum on 3.5.23 just before operation showed
9 standard agglutinin units per b.c. for B. tyﬁhosus,
and 3 for B. paratyphosus A. On two gsubsequent
exaﬁinations‘made on 16.7.23 and 9.10.23 after oper-
ation the agglutinin content of the patient's serum |
was 12 units for B. typhosus and 3 for B. paratyfhosus
A;i?gn the latter examination a slight rise to 11
unité per c.c. for B. paratyphosus A occurred. A
cutaneous hypersensitiveness test on 2.,11.23 carried
out by R. Cruickshank proved negativea.

’A someﬁhat similar result was obtained in the

.case of the supposed mixed typho—id and paratyphoid

carrier, H.T., who had dholecystectamy performed
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on 4.5.23. _She.continucd to excrete typhoid bacilli
in the faeces till 28.6.23, but has subsequently
been .also typhoid free until her death on 28.2.25.
The Widal reaction in her case was ds follows:-

8tandsrd Units per c.c.

T, A. B,
Before oéeration (3.5.23) 15. 13. 12.
24 months after operation (16.7.2) 20.  1o0. 16,
5 months after operation(9.10.23)'20. 1. 7

Tikewise in this case a "Skin test" WAs performed 6n
2.11.23 with a similer negetive result for B. tyshosus
and B. paratyphosus A and B.

Accordingly.in both cases there has been no
material effect on the agglutinin content of the
serum durlng 5 months following operatldq although
an apparent cure has occurred. If anythlng, there'
has been a slight rise in the agglutinating power.
The skin test in these cases 5 and 4 months respect-
ively after the last positive faeées result, provedr
negative, whereas earlier on it had been found by
McKendrick to be positive when they were actively
excreting the specific bacteria. |

As regards the third carrier, M.D., who had
cholecybtgastrostomy performed on 17.7. 23 but’ who

still continued to excrete B. paratyphosus B. in the
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ibn, although it might be notedlthat two months after
operétion a mérked rige from 7 stsndard agglutinin
units per c.c. to 55 was noted. Im spite of the fact
that the patient was stiil actively excreting B.
paratyphoéus B, in the faeces, Cruickshank on 2.11.23
had 2 negative result with the cutaneous hypersen=

sitiveness skin reaction.

The Complement FPixztion test has heen suggested
by Schone (1908) as & means of'diaghosing the typhoid
carrier cohditibn. He found complement diviating
substances in the.blood~6f three typhoid carriers and
claims that this reaction can be obtained at leest
as qonstantly as agglutination. His fh;ee carriers

g=ve the following only partly satisfactory resultss-

Historye ' Agglutn. Complement
1:50, Déviation.
Case I, Typhoid fever 10 years f[éﬁ ‘ +
: previouslye
Case II. in contact with typhoid ifej -
patient two years
previously.
Case III.Typhoid fever 12 ﬁeeks + + 4+

- before.
Garbat (l922).claims}that 85 per cent, of carriers
give a pésitive test though not all carriers, even
Permanent ones‘do not necessarily continue to give

the fixation test. A persisting fixation test, he
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thinks, is dependent directly upon the number of
‘bacteria which have invaded the body and the length

of time they have remained there. In Nichols, Simmons
and Stimmel's (1919) case the blood remained positive
even after é cure by cholecystectomy had been obtained.

Henderson Smith (quoted by Ledingham and Ark-
wright ) demonstrated specific immune bodies in the
sersa of'two'carriers, both of whom gave negative Widal
testse.

| Pijper (1922) regards positive complement fix-
ation as satisfactomy dince it is frequently positive
when the Widal test is negative and iﬁocuiated per-
~ sons usually possess no specific immune bodies. How-
ell (1916) disaggees Withvthis result as she constantly
found speéificvantibodies present in human subjects
veccinsted with typhoid vaccine, and showed that they
‘reach their highest concentration in one or two
months, after which they gradually diminish.

Az the égglutination titre does not rise pari
bassu with the increase of the immune content pf the
seruﬁ; it may be of value to perfprm a complemenf
fixation test in addition to the preliminary Widal
reaction. The o;mplément fixation test using guinea-
pig serum as the source of comphement i s open to
fallacies (unpublished - work of Dr. E.M. Dunlop)

which invalidste results of the test, and render them

‘
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inconsistént. On one occasion the authof got positive7
results with three carriers (K.O.,H.T., and M.D.)
follow1ng the technique descrlbed by Browning (1918).
On another occas1on g complete failure was net wlth
in the samg-three cases u31ng’gu1nea—p1g gerum as
complement, |

It is worth noting here ﬁhat in 1910 Dean des-
cribed a method for the detection of B. typhosus on
plates from the faeces by complement fixation. Hg
found that it~was possiblé to detect the presence of
typhoid antigen on mixed plates by complement fixat-
“don exberlments with extracts of washed off growth
and a specific sntityphoid serum, and obtained &1

out of ‘85 positive results from actual or suspected

Autolysate Precipitin Reaction. A new method for

1
1
%
typhoid carriers. o }
l
|
\
|
|
|

detecting typhoid infection which éepends on the‘
presence of autolysed typhoid bacilli in the excretions,
along with specific antityphoid serum from the rebbit,

is reported by Laird, Gonover and Butts (1923).

A small quantity of phe patient's stool is emul-
sified in normal éaline and allbwed to stand until
the insoluble part settles. The supernatant fluid
is decanted, centrifugalised and decanted zgain.

After the addition of diatomeceous eerth and filtration,



124,

bit is ready for the test., Urine free from albumen
is similafly prepared.,'A precipitin rack is then

set up with' three tubes for each’pafient{ to the
first and second)tubes 1l c.c. of typhoid serum is>
added; 1 c.c. of the filtrate of suspected faeces

or urine is added to the first tube and a like amount
of normal faeces or uyine to the second. In the third
tube 2 c.c. of the specimen uncdergoing examination
are placed. The rack is then allowed to stand one
Lour at room temperature, inthe ice-box overnight‘
and =t room temperature for zbout four hours. Pos-
itive spécimens show a precipitin’or turbidity in the
front row, while the controls in the second and third
rows are clear. The writers have employed the fest
in 152 specimens of stools end urine. from typhoid
patients as well as with the autolysate of other
pethogenic intestinal organisms, and have found that
it is clearly positive in all case of typhoid fever
up to- the 56th,day and in all carriers examined,
including one of eighteen years'standing.

Opsonins. The value of opsonin determineations
in the discovery of typhoid carriers was first indic-
ated in 1908 by Ledingham, who exemined the serum of
two typhoid carriers with regord to their opsonin
index, using inactivated énd complemented Serum, and

found the index very high both to the carrier's own



strain and that of the other csrrier. Geeutgens
(1909) publighed the results of his study of the op-
sonic index in 12 typhoid and 2 chronié paratyphoid
carriers. He found thst typhoid convalescents who
did not become carriers exnibited an dpsonic index
above,ﬁormal only for a short period, three or four
months st the outside, while tyihoid carriers had a
persistently high index, irrespective of the lapse
‘of time since recovery from ty:hoid fever or even

in the absence of any history of typhoid fever. As
- all but bne of these carriers had an iﬁdéx above 1.4,
the average being 2.8 (Gaghtgens used unheated serum
.ahd his counts are therefore not as high as Leding-
hem's), and as 25 per cent. had failed to agglutinate
in diiutioﬁs higher than 1:50, he considers the op-
sonic index of more value in the detection of carriers
than the agglutination test. His two paratyphoid
carriers, on the other hand, gave only normal indicesy,
a result which he thinks may be‘due to the fact that
the laboratory strain used had lost its virulence,
5ut he believes that this may prove to be a distinct-
ion between typhoid and paratyphoid carriers. Heam-
~ilten (1910) we, in an examination of 24 cases of
chronic éhoieéyttitis found 7 enteric carriers; 3
with B. paratyphosus Bj; 2 with B. paratyphosus Aj;

1 with B. typhosus and one mixed carrier of B. ty.hosus



126

and B. paratyphosus B. The serum of 5 (71) egglut-
ihated thieir own'badilli or a stock_strain‘or both in
a dilution of 1:50 or higher. No non-carrier
agglutinated any strain in a dilution as high as 1
$50, while the case of mixed infection agglutinated
- B. typhosus in a dilution‘éf 1:80 and 3. jaratyphésus
B 1:100. All seven had an abnormal\opsonic index
to any s train. In caseS'with acute symptomé the
index fluctuated; falling below normal at times and
again riging very high, while in cases free from acute
symptoms the index was persistently high, never fzlling
to normal. In the case of mixed infectionagglutinat;
ion and an abnormal opsonic index for both organisms
were found., She concludes that the opsonic index is
a very valuable gid in the discovery of bacillus
carriers, as no decidedly abnormal index was found
in.- any of the non-carriers exsmined. As in the case
of agglutination a group action for ppsonins ma& exist
since Schottmuller and Much (1908) found the opsonic.
index of typhoid patients high fof paratyphoid bacilli
as well., Clark and Simmonds (1909) similarly found
the index might be even higher for'the paratyphoid
group than fo? B. typhosus.

As the author has not made any observations
on the opsonin content of the series of carriers

investigsted by him he is Unsble to pass any definite
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opinion on the relative value of the_opsonib index
in the discovery of typhoid carriers. However, it -
provides an additional method which may be worth @

investigstion. . .

B. Gutaﬁeous Hypersensitiveness. The Qutaneous
Hypersensitiveness tesf fbr'the diagnosis of typhdid
Iever.was introduced by Zupnik (1908). Gay and -
Force (1914) bJ the use of a typh01d antlﬁen, to whlch
they gave.the name'“Tynh01d1n“ applied to a skln
' abrasion found a deflnlbe hypezsen51t1veness in 0ﬂses
‘which O‘ave a hlSuOfy of typhoid fever datln" bacL a8
far as’40‘years and also .in recently 1noculated
;individualé, and they concluded thaet a positive result
indicétéd~protection againét typhoid fever. Thompson:
(1921) }w‘éé the first to comment upon t.IAle:possible ‘
-value of the method for thebdétéction.of carriers
and suggested the use of separate inopulétions
with B,typhosus and B. paratyphosus A and B. McEen-
drick (1922) investigated 5 of the present series
of chronic carriers‘principally with o view to determ-
ininé whether, as suggested by Thoﬁpson, the skin
reaction could be applied adVantageously'for the det-
ection of enteric carriers. His conclusions were
that the test appears to ﬁe‘highly spécific for
patlents gsuffering from enteric fever and for chronic

caxrler and that a positive skin reaction in PETSOHS
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apbargntly in good health is suggestive thaf they

are enteric carriers. It is noteworthy that the test
apparently becones negafive during convalescence,

but should & relépse occur it becomes‘positive once
more,

The results claimed by McKendrick have not been

unifofmly confirmed by other ihvestigators, as Dr.

W. Whitelaw (unpublished) obtained a negativereéult
inca paratyphoid.B. carrier (B.E.) and a variaﬁle
result on repeated tbests in a'éarrier of B. typhosus.
(1.M.) both inveétigatédpin the present series. Dr.
'@. Patterson also had variable resﬁits in the case

of the carriers (K.0., M.D., H.T.) at a later date,
who had e jer investigebed by McKendrick. On
2,11.23 Dr. R. Cruickshank perforymed the skin test

on the carriers (x.0., H.T., and ¥.D.) with a negative
result in all of them; in the first two the faeces
had been negstive for B. typhosus for 5 or 4 months
respectively following Choiecystgastrostomy and
Cholecystectomy; in the latter the paratyphoid B.
organisms were still actiﬁéiy being excreted in the
faeces. All these cased had been fSund positive

by McKendrick at earlier periods in the course of

the investigstions. The author personally confirmed
the positive result in‘the case of a carrier of ,

B. typhosus (T.X.), mentioned by McKendrick. A
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hegative result was obtained in the case of a male,
aged 48 years (M.M.) who had a perichondritis with
abséess over the anterior end of the 4 th rib from
‘which B. typhosus was isolzated in pure culture. This
patient éuffered from his original attack of typhoid
fever 6 or 7 months previously. This case is described
in detail under enother section (see p.359). The
technique of the test and the literature on the
.subject are deécribed by McKendrick. Before any final
opihion can be given regarding its velue in the det-
ection of chronic carriers further confirmatory work
is necessary. Thé main difficulty is the d etermin-
ibg of what constitutes a positiﬁe result as, in sﬁite
of the saline control, the area of induratibn in

some casés and maroon colour present on the fourth

da& in knownvcarriers, is so slight that one hesitates
©0 give a definite opinion whethei the case is posit=-
ive or not. A further difficulty is to obtain stand-
ardised suspensions of uniform toxicity for use in

the test. There is no relationship between the skin
test and the Widal reaction in carriers. Cases which
had received antityphoid vaccination Within 5 years

- or in ﬁhich there was a history of enteric fever,

were all found by McKendrick to.reach negatively.

19 cases of the‘former and 2 cases with histories of
tyohoiad févér five and nine yvears before, were tested

in all.



C. Alteration of the Blood Picture. Another

nethod described by Wodtke {1920), and recommended
by him for the detection of typhoid carrier is the
presence of a leucopenia associated with & marked
relative lymphocytosis and sometvimes eosinophilia,
the diminution being in the neutrophile polymorphon-
uclear‘leucocyteé. McCarthy and Simméns (1924),
however, found that there was no leucopenia in any
of five chronic carriers observed byfthem, while

it was present in five individuals who were proved
not td be carriers. ,

That Bn eosinophilia is developed in the blood
after antityphoid Va901nat10n was shown by Labor
(1916) and Draga (1916). This apparently reaghes
its maximum in three monthé and hasg disappeared'by
the end of #®e six months. |

To verify the work of Wodtke, blood examinations
were made on three carriers (M.D.,K.O., and H. T.).

No obvious 1eucopen1a was discovered in any
of them but in one, M.D., o relative lymphocytosis
Was present; in ﬁhe other two the differential count
‘was quite normsl. In each case 300 leucocytes were

counted., There was no eosinophilia present in any.
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Differential Blood Counts on Chronic BEnteric Carriers.

. .

LTI ; _Percentage of '?“
Yeutrophile |Lymphocytes |Eosinéphiles  Large Mono-
Polymorphs. ' nuclears

and Trans.

M.D. 48.‘3 4‘9 1033 1.3

K.O. 64 36.6 2.5 2.9

H.T. 72 24 1.5 2.5

As the examination was not made until 4.10.23

and K.0. and H.T. had ceased to excrete the specific

- organisns, for 4 and 3 months respectively, following

éperations of cholecystgastrostomy and cholecystectbmy'

~on 4,5.23 for a cure of the condition and as they are

still typhoid free, no definite conclusion can be drawm

from their cases.

However, in the case of M.D., thev

relative lymphocytoéis would agree partially with Wodtkek

work,

Dr. G. Watson, Belvidere Fever Hospital, under

whose charge these patients were, for the period

before their operations informs me that the blood
picture was always normal, there being no leucopenia,

relative lymphocytosis or eosinophilia present when

he examined the blood.
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D. Blood Cultures. IEnteric organisms hafe been

isolaﬁed from the blood of carriers as long as 14

years after the acute sttack (Ebeling 1914). Sieliger
and Ludke (quoted Arnd 1923) have also recorded carriers
of B. typhosus in the blood who suffered from no

i1l effects,

Blooa Cultures were made. from the three cases

(K. 0., H.T., M.D, ) at the same time as the blood counts
were made, but with negative result,

As far as can be seen the Widal reactionstill
remainsAthe safest and quickest method of detecting
possible entcric carriers. This view ig accépted by
. the majority of investigators of the problem, such
as Good (1923) and others, but carriers must not

be dlagnosed by it alone.

AR R
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CHAPTER V.

THE RELATIONSHIP OF THE CARRIER CONDITION IN ENTERIC

FEVER TO CHOLELITHIASIS AND CHOLECYSTITIS, AND DIS*

USSION ON THE ROUTE OF INFECTION OF THE GALL-BLADDER.

’ The association of gall-bladder troubles and
typhoid fever was first observed by Naunyn in 1892.
The discovery of the typhoid bacillus in cases of
cholecystitis and cholelithiasis, long after recovery
from the primary infection, was made many years before
the fecognition of the carrier state. The fact also
that at ﬁecropsies of persons who had died from |
typhoid fever, the typhoid bacillus im invariably found
has been known since the work of Anton and Fitterer
(1888) ‘and later Chiari (1894). To Gilbert and
Girode (1893) belongs the honour of describing a
cage of acute >urulent cholecystltls, occurrlng during -
the fifth month of convalescence. A pure growth of

B. typhosus was obtained at operation ffom the contents

of the extirpated gall-bladder. Sections of the
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gall-bladdér wall revealed accimulations of small
cells in the mucosa with masses of typhoid bacilli.
in theﬁ. During the same deéade numerous other
similar cases were r eported by Von Dungern (1897),
Cushing (1898), Imhofer (1898), Miller (1898}, Mixter .
(1899) snd Hunner (1899). The original attack of |
enteric fever took place, however, 14 and 18 years
previously in Von Dungern's and Hunner's cases
regspectively. The cases“reported on ﬁy the other
writers were operated Bor gall-stone colic developing
during or shortly after the typohoid éttack.

The first research work on carriers in this
connection was made by Remlinger and Schneidef in
1897 (quoted Vincent and Murilet, 1917), but it was
not until seversl yesrs later that these researches
were generally accepted. Among the workers who con-
firmed the relationship to gall-bladder conditions
of chronic carriers were Lentz (1905) and Forster
(1908). The view that the gall-bladder, liver or
bile-ducts is the source of the infection in caerriers
is now generally accepted. Yumerous references have
been made to the finding of the specific organisms
in the gall-bladder and many cases have been described
in the Section on Surgical treatment (see P. 255 ).

In 211 three chronic excreters of the author's series
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submitted to operation the bacilli were isolated from .
the gall-bladderrbile.i A piece of liver removed at
operstion from the B. paratyphosus B carrier (x.D.)
proved stcrile. All chronic carriers, however; do

not appear to harbour the germs in the gall-Dbladder
(uchlevelbeln 1919 and Garbat 1922) and Loele's N
(1909) case is illustrative. Follow1ng cholecystectomy
typhoid bacilli still persisted in the faeces. At
operation the cystic duct was found to be stenosed

and microscopically no “typhoidknests' were d etected .
in the gall-bladder wall. This, however, does not
exclude a liver infection. uGarbat descfibed what

he calls an "intestinal® carrier where no infeqtionv'

of the biliary passageshor liver was present, though’

i

these later became infected. In the case of the "mixed"

carrier of B. paratyphosus‘B and B. typhosus (H,T;)
of the author's series, B. typhosus élone was isolated
from the gall;bladder contents. Both these organisms
were subsequently found in the faeces for 2 period.
The drainage bile from the cystic duct only showed
the presence of B. Typhosus.

Gall-stones are frequently found in the gall-

bladders of carriers and may or may not give rlse to
Symptoms of gall-stone colic. Forster (1908) in an

analysas of severml hundred carriers stated that
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14 per cent. were gall -stone sufferers. Messerschmicdt
(1913) and Meyer (1914) acsociated 65-90 per cent.
of carriers under ‘their care With gall-stones. The
other 10 per cent. inveriably had distinect chronic
cholecystitis or empyema of the gali-bladder. Meyer
exeméned 70 cases of acute and chronic éhqlecystitis
which came to operation in 18 months and found seven
carriers out of that number. Nichols, Simmons and
Stimmel (1919) performed cho}ecystectomy on six
‘carrierg, five of whom had gall-stones. Knauer
(L920), who performed necropsies on nine carriers,
found gall-stones in c1ght. Henes'~ (1920) 3 cases .
had no gall-bl dder symbtoms though caleculi were preseq
in two. Out of 21 typhoid patients who became carrie
Garbat (1922) found seven (33 per cent.) suffered
from gall=-bladder symptoms. Only three had gall-
‘stones but two of the most persistent carriers showed
no symptoms whatever. These carriers were discovered
at operation out of 174 cases of acute cholecystitis.
B. ‘typhosus can frequently be gsolated from the inter-
ior of ﬁhe gall-stones. This was done in thé case
mentioned sbove (H.¥.). Numerous other investigators
have had similar results, e.g. Grimme (1908) and Hage
and Brinkman (1923), etc. Two out of the three cases
of the ﬁuthor's series had no gall-stones present,

th0ug~ the gall -bladder wall in ‘each histologically

vone of the cases

~—~— showed a subacute cholecystitis.
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suffered f rom symptoms related to the gall-bladder.
The imporﬁsnoe of a routine bacteriologigal ex-

aminétion of the bile in 21l cases of cholecystitis

and cholelithiasis cannot be stressed sufficiently,

ag B. typhoSQS as an'etioloéical agent of these

conditions is of more frequent occurrence than is

generally recognised. This is shown by the work

of Hemilton (1910), Meyer (1914), Brannon (1920), Gar-

bat (1922) and numerous other workers. Hamilton ex-

amined 24'cases of chronic choleéystitis submitted

to operation in a general hospital and found seven

to be carrieré of eithef B. typhosus,er\B. paratyphosus
AorB, Likewise Meyer found 7 carriers in 70 cases,

Brannon 43 in 42§ cases end Barbat 7 in 174 cases.

Route of infection of the gall-bladder by enteric

orgenisms.
After Blachstein, in 1891, reported the important

discovery that the bile of rabbits, injected intrav-
enously with living typhoid bacilli, harboured these

- organisms for as long as 109 days after inoculation
it opened up a new avenue for the study of enteric
fever. The route by which thése‘organisms reached the
gall-bladder WasAimmediately subjected to investigation.
The following views have been advancedl-'l. that the
6rganisms are brought to the liver by the portal cir-

culation and from there are swept down with the bile
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and thence into the intestiné; 2. that trey are
carried directly to the gall-bladder by the blood-
vessels which supply it in the form of embolis;

3. that they ascena from the bowel by the common bile
ducte.

| The accepted view appears to be that the typhoid
bacilli reach the gall-bladder by the blood-strean
and not from the lumen of the bowel., In favour of
this, in the first place, is the fact that the normal
intestinal organisms seldom pass for any considerazble
'distance up the commoﬁ duct and the rarity of clinical
gall-bladder infections with 3. coli; and, in the
second place, that after introduction of typhoid
becilli into the blood in rabbits they can be Trecov-
ered from the gall-bladder ior severalimonths, with

or without ligation of the common bile duct. The
‘theory of ascending infection from the iritestines has
been, thus, praoticélly-discarded, though Sherrington
(1893) and Carmichael (1902) claimed thet this view |
is corréct as”they‘were unable to infect the bile by
subcutaneous ;ndvintravenous injection of various.
micro-orgeanisms into rabbits and mice, though the
blood be teeming with these organisms. Their work

has been subsequently disproved by numerous other

 investigators. The first theory has been supported LY

the experimehtal work of Blachstein (1891), Welch(1891]
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Doeri‘ (1905), Nichols (1914) and others, while the
second view ‘has been substantl ated by the work of
Chirolanza (1900), Forster and Kayser (1905), J.Koch
(1909) and Morga.nf(l9ll). Chiari (1894) thought all
three ways possible but the work of Blumenthal (1910)
and later investigators wbuld seem to prove that

the first two theories are more logical. Doerr
ligatured the common duct of rabbits, after which

‘ they were given intravenous injections of living
typhoid bacilli. Goll-Bladder infection wasg, in these
animsls, constant. If, on the other hand, the cystic -
duct was ligatured, he could demonstréte no: organ-
icmg in the gall-bladder. Chirolanza fpund typhoid’
bacilli in the gall-bladder vwhen the cystic éuct

was closed. He pointéd out, furthefmore, that the
gall-bladder is well supplied with blood-vessels

and thet typhoid bacilli were sometimes found in

the folds of the mucosa near the capilleries,

whereas the bile itself might be sterile. J. Koch

was also able to demonstrate these clumps of

organisms in cut sections. Thus the latter investig-
ators thought that infections occur through the

wa3l of the gall-bladder and not from the bile.

Kocl: drew his conclusions from the histological

picture in a human case of typhoid cholecystitis in
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whicli he fouﬁd emboli of Lacilli in the folds

of the mucous membrane., Nichol's experiments seem

to vprove thet provided the orgaﬁisms are circulating
in sufficient quantéties in the blood, they regularly
enter the bile from the 1iver,

The most recent and thorough researches in this
connection have been made by Meyer, Neilson and
Feusier (1921) and are worth recording. From
extensivé experimental work on variouéfanimals,

especially rabbits, they believe that the gall-bladder

of about one third of rabbits injected intravenously

with large doses of living typhoid bacilli, receilves
the infection through the terminal capillariés of

the mucosa, and that chronic rabbit carriers result
probably from embdlic cepillary invesion of the

wall with subsequent transverse affection of the bile.
Persistence of the bacteria is f avoured by the form-
ation of bilisry calculi (60 to 80 per cent. of the
cases); by the extension of the inflammatory process
to the cystic dQuet and by a severe cholecystitis
lesding to a loss of contractibility of the well
followed by a state of empyema; The infection of the
remainder occurs by the d escending or haematohepato-
genous route from the liver. Thig is suspected of
causing a femporary cholecystitis, and a perichol=-
angitis and hepatitis is s rather constant accon-

paniment, while a wall invasion results in a chronic

'
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persistent infection.
 On the other hand, from their own findings and
the evidéﬁce which they haye gathered from the
literature, they state it is evident that an embolic
infection of the gall-bladder plays an insignificant
role in the human carrier state. They confirm
Hichols, Simmons and Stimmel's (1919) work, namely
that in the majority of caseé of rabbit infections
the bacteris were eliminated with the hepatic duct
bile from certain intras-hepatic foci. These hepatic
areas of necrosis or micro-cholangitie abscesses are
brobably analogous to tﬂe lesions described by
Blachstein (1891). These would explain the persis-
tence of typhoid bacilli in the stools of rabbits
after cholecystectomy. Meyer and his co-workers
state that the tyrhoid bacillus reaches the gall-
bladder in human cases of tyohoid fever eegularly
after the liver hasvbeen disabled by the poisonous
products of the bacteria. The formation of bacillery
foci in the gall-bladder Wali supposedly by haemato-
cenous origin, they claim to be exceptionally rare,
and thet the eonclusion of J. Koch based on an exceed-
ingly severe and unique-form of typhoid cholecystitis,
is by no means justified.

Hoﬁever, no explanation is given whyg the human

chronic carrier condition should thus differ from tba{
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of the rabbit.

It would appear more probablg in human‘chronic‘
exéreters,‘that infection of the bile may result
from both an intrabepatic infection but more prob-
ably from capillary emboli invasion of the gall-
bladder wall. Examination of histological sections
made from the gall-bladders removed at operaﬁion
from the three carriers (K.0., H.T., and M.D.)

(see p. 152) did not reveal any direct proof of
embolic focal infection, though foci of inflammatory
cells, often in:rélation to the small‘blqod-vessels,
were identified. Part of the wall stained for
organisms with polychrdme-methylene'bIUe, showed
only very scattered rod-like orgenisms beneath the

" lining epithelial cells in the tissue of the villus
"in the case of H.T. No definite relationshin could
be éstablished between them and the inflammatory
foci present., In any case the bile showed a mixed
infection of B. typhosus and B.’coli. The sgpecific
Organismsg were grbwn in ox-bile and broth in 211

three cases from the gall-bladder wall after washing
thoroughly in normal saline. A piece of the liver
removed ét operation from M.D. was also examined.
Histologically; there was a slight but distinct
cellular infiltration in the portal tracts and it

was difficult to determine its exact relationship



to the structures in the portal tracts,lbut they
appeared to lie around the minute blood vessels
rather than the bile ducts. No organisms were found
in an exhaustive search of liver sections. On
cultivation of pieces of thevliver tissue in ox-
bile and brotin, no gréwﬁhs were obtained. In spite
of cholecystectomy being performed on this case,
after a period of many months during which no B.
paratyphqsus B. were obtained from the faeces, these
orgenisms were once more isolated on one occasion .
It is possible that in this cése there has been a
slight residual liver infection but evidently‘thg
main seat of infection has been removed. The resid-
ual infection might possibly be situated in the
appendix as suggested by Vosburg and Perkins (1925).
In the other two cases in which cholecystectomy
(H.T.) and cholecystgastrostomy (K.0.) were performed
none of the specific ofganisms have been found

in the faeces in spite of many examinations carried
out for approximately two years oY more. Here the
infection would appear to be from the gall-bladder
wall. In none of these cases was the common duct
ligaturéd so thaﬁ infection of the bile by the

haematohepatous route can be exuluded, especlally

in the lattér two cases.
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Thus, in the author's bwn éiperience, a trans-
verse infection of the bile from fhe,blood-vessels
of the gall-bladder walﬁ seerns to be the main source
of infectivity, though the~oﬁher route of infection
would appear alsd possible. This may be the case
in chronic carriers who suffer from severe symptoms ,
related to the gall-bladder and 1iﬁer though Koch's

case seems to disprove this view.
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CHAPTER VI.

THE hISTOLOGY OF THE ”ALL-EHADDERS IN ENTERIC CARRIm;o

The specimens were obtalnea from three female
chronic 1ntesu1nal excreters in whom the attdck of
enteric féver dated some yenrs bapk and who had bheen
under observrtion for meny months. It is noteworthy
thet in’none of these cases had theré ever been gym-~
ptoms refersble to the gall-bladder. The.tissues |
were fixed immediately after surgical removel eitlcr
in Zenker's solution or in 5.0 per‘cent. formalin.
Case I - ﬁ.T., ased 52 years; ex¢reter of B. typhosus

on J,re occu51ons orgenisms with the cultural and
1

werologicsl characters of B, parstyrhosus B were 2180

isolated from the faeces.

The gall-bladder was enlarged and distended but
not obviously pathologicsl from without. The mucous
membrane was thickened, hed a definitely honey-combed

appearsnce and its plicstions were exaggerated.
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‘Tiirtegn small fa@pttéd gall-stones'ubodt the. size
bf'peas were found in the ga}l-bladder, weighing in
all 0.74 grmse. |
Histologically, scattered foci of inflammrtory
cells are ceen in the submuodéa'both in the centre and
et the base of the villi, often in relation to the
small blood-vessels, with a more diffuse cellular
change in other parts. There appears also to be
some inflammatory change'in the déeper_parts of the
gall-bladder wall in the fibro-muscular coat, but
to z much less extent (Fig.l. x60). The cells in
the submucosa are mainiy round cells of the type of
plasma;céils and lymphocytes, With scanty éesihophilea,
Some of these cellular foci have & strong resemblance
to a hyperplastic nodule of lymphoid tissue with a
So-called germ centre. Inthe foci a larger-mononuc-
lear type of cell with aApale vesicular necleus,
which is sometimes indented but not definitelyllob—
ulated, is seen. Thelpr0toglasm is pale and faintly
granulér. Deeper ih the well it ig diffucult to ¢iff-
erenﬁiate these cells from fibrobiasts, but in the
foci they suggest an endothelial orggin. There are,
in addition, é agmall number of polymorphs present,
and not infrequently these msy be seen wandoring
bétween the columnar lining epithelial cells towards

the surfsce. The blood-vessels, both capillery and
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venous, show a digtinet degree of uénwe stion. The
1iniﬁg epithelium shows little ejideqce of a super-
fiéial catarrh, andvthére ere no signs of morked
chironic 1nflammqtovy chan es in the gall-bladder wall,
(Blg.z x 250) and (Fig.3 x 500) There is & slight
tendency to a polypocild appearance of the muoosa; but
this ney be due, as Meyer, .ﬁéilsoﬁ and Feusier (1921}
sug vest to the sections examined being teken from the
fundus. Psrt of the wall was stsined for organisms
with poljonfome-met nylene blue, but only very sconty
wod-like organlsms were found in twos and threes
immediately beneath the lining epishelial cells in
the tissue of thelvillus. ®o definite relrtionship |
could be established between them and the inflemmet-
ory foci present.

The condition, thus, appears to be one of sub-

tissues,
acute cholec rstitis affecting mainly the 1nterst1u3réz

.~ Case II - K,0., aged 27 years, excreter of
B, typhosus. Phe pathologicsl chenges in the gall-
bladder wall are similar‘to tnoge in the first care,
but there is more diffuse inflammstory change in the
substance of the wall, and therve esre signs of a sup-
erficial ceterrh (Pig.4 x 60 =nd Fig.5 = 250). The

gall-bladder was found at operation to be somewhat

- ) - T
thickened and adherent to the liver towards the neck.
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Case TII - M.D., aged 39 years, excreter of B,
paratybhosus B. The appearances of the gall-bladdexr
wall closely,resémble those present in the second
cese, but heré,againjthe changes tend to be somewﬁa%
nore diffuse though fhe focal arrangement is still
met with. At 6peration the gall-bladder appeared smsll
but nothing abnormal‘was noted (#g.6 x 60 and Fig.
7 x 250). .

'A‘piece_of the liver removed at operation was
also examined. H®istologically, there is a sligh{ but
distinct cellular infiltration inm the portal tracts.
The cells are mostly lymphocytes. Plasma cells are
hqt apparent. %he larger mononuciear type of cells.
observed in the‘gall-bladder wall is not seen. .If
is diffiéult to determine the exact relationship of.
~this cellular infiltration to the structures in the
portal tracts, but they appear to be sround the min-
ute blood-vessels rather then the bile ducts. Yo or-
Sanisms were fouqd in an exhaustivg search of Liver
sections. Oncultivation of jieces of the liver
tissue in ox=-bile and broth no growths were cbtained.

For the puréoses of comprrisom with the above
fhree cases'a series of fhirty specimens of gall-blad-
der wall,’oﬁtained at‘operafion in the Royel Victoris
Infimery, Eéwcastléfubon-Tyne, were studied. _fhese

ceses all showed cholecystitis of* verying degrees of
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severity. fﬁn only two cases were the appearances
comﬁaréblé to the changes seeil in the carrier cases
In both were hyperplastic nodules suggestive of 1ymnii=
pid tissue, Which contained definite so-called germ
centres, One shewed very 1itt1e.mucoqs membrane left
and a thick and fibrous wall, oontaihing‘focél accum-
ulations of inflémmatory cells of advenced dcgree
throughout. The other appesred to be of an scute
infimmnatory type with ulceratioq of the villi in
parts and an infiltration‘and accumulation of in-
flamatory cells in the villi snd also diffusely
throughout the wall.

The latter geve a history of typhoid fever nine
years previously. Tre gall-bladder, whlca conuslned
two stones, was adherent to the liver and duodenum,
and was tenée and distended. The wall was much thick-
ened. The first gall-stone colic attack csme on
five years after the attack of enteric fever. TUn-
fortunately no bacteriﬁlogical’examination of the
‘ it

4

bile was made in this case. The former was filled vl
numerous stones, one of which was impacted near the
sipulls of Vater. The cellular infiltration in
these cases was much more marked than in the gall-
bladders from the tyoh01a carriers.

¥y own observatzdns sgree w1tn those of Garbst

(1922) who describes practically identical appearances
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in the gall-biadder of typhoid carriers without dlin-
ical symptoms referable to this organ. He states thét
the gall-bladder may show only very slight pathological
chanée; the normal glistening appearance of the pcr-
itoneal coat may be dulled; the wall slightly thickened;
the entire organ may or may not be enlarged, and on
. being cut open the mucous membrane may present only
a thickened or congested appearance. Microscopically
the different layers of the wall may be sharply
outlined, but infiltrated by lymphocytes and a few
leucocytes. In these cases, Garbat states, the galle
bladder acts burely as a test-tube, containing the
bile medium, in which typhoid bacteria propagate
without affecting the gall-bladder itself. 1In the
other type, where a gall-bladder disturbance has been
experienced, tﬁe entire organ may be buried in ad~-
hesions; the walls may be a quarter or a half thicker
than normal, and on section the entire normal gall-
bladder appearance may be obliterated and replaced
by a mass of fibrous tissue, infiltrated by lymphocytes
and polymorphs. DBetween these two extremes all degrees
of péthological changes may exist. |

A characteristic feature in the author's ovn
cases is the focal cellular collections, the so-called
typhoid nests of various authors.

This raises the question of the presence of



lymphoidvtissue.in the gall-bladder wall, for, as hés
been mentioned above, there iéva distinot( resemblance
between a hyperplastic nodule and a tynhoid nest.
According to Maccarty (1909) and Meyer, Neilson and
Feusier (1921) lymphoid tissue is present. Maccarty
describes the'accumulation of lymphocytes’around a S0~
called germ centre situated at the base or top of the
villi in the'submucﬁSa. Boyda (1923) on the other hand
emphatically denies their prgsénce in man though twice
found in the case of dogs.

Intwo of the control cases these hypérplastic{
lymphoid nodules were seen, but were certainly~1;rger
tuan the cellular foci seen in the undoqbted typhoid
carrier éases, end moreover, they were associated with
a much more wide®spread cellular infiltration in the
deeper coats of the gall-bladder wall. That lymphoid
tissue is present in the gall-bladder wall appears
éonclusive both from s developfmental and histological
point of view,

The conclusion come to is that the gall-bladder
wall in typhoid carriers, especially in carriers with-
oﬁt symptons referable to the organ, does not present
any absolutely diagnostic appearance, but shows the
bresence of focél,acéumulations‘of inflammatory cells

in the villi, praobably of the nature of typhoid nests
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which are in.definite relation to the central blood
vessel of the villus.

The condltlon is one of sub-acute cholecyuultls
or acc ordlng to Maccwrty s . cla881f1cat10n a chronic
catarrhal cholecystitis.

Historical veview of the condition of the gall-bladders

Among the observations m-de on the histology of
the gall-bladder in tyohoid fever the following con=-
stitute a few. J. Koch (1909) investigated the his-
tology of the gall-bladder mucoss in a fatal luman
case of tjph01d fever, who died from cardiac failure
in’ the third week of the disease. The organ contained
cloudy, slimy, green bile and its Wélls were much

vthickef than normal. Tyﬁhoid baoilli‘were recovered
from the gall-bladder wall and many other sites. On
microscdpicaléanination the m?cosa was very ruch
corrugated and vapillated anéztbe extremifieg of the
Papillae™®yvhoid nests" were found with necrotic aresas
in their viei.ity. The superficial epitheliw had
completely diSappearéd and there was a marked inflomm-
atory prolifercztion of the submucosal folds. A con-
Spicious feature was the close relafionship of these
"typhoid nests" to the minute end capillaries of the
sub-rucosal papillse, suggesting thet the bagilli

had reached thaﬁ situation solgly by way of the blood-

vessels, ~ Mo organisms were deronstrable in their lumen.
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Histologicél sections of the gall-bladder walls of
rabbitsg, intravenously inoculated with 1iving typhoid
bacilli, gave a oﬁndition essentially similar to fhat
of the previous human case (Chirolanza 1909 and Morgan
1911). Wichols (1916) found a similar condition but .
no foci of infection in the blédder Wail. Meyer,
Veilson and Feusier (1921), in their expérimental»
studies on.the mechanism of gall-bladder infections,
desoribed the changes'foupd in tﬂe gall-bladders of
rabbits inoculated intrsvenously and directly’into the
gall-bladder with typhoid Bacilli, and examined after
different stated intervals of time. In all, 2 definite
catarrhal cholecystitis was observed, but was of a

more sevefe nature in the case of intravenous injectiocws
when localized foci of necrosis and later a diphther-
itie cﬁange extending to the muscularis and serosa

was present, and which developed rapidly. The format-
ion of haemorrhage, the focal necrosés and diphtheritio‘
lesions in the tip and bagse of the villi suggested

an embolic invasion of the terminal capillaries; This
was also supported by the,fact that direct injection
of 1ivi;g organisms into the viscus did not gi#e rise
to localized areas of necmosis in the villi. The
epithelium was intact, and invariably studded with
enigrating leucocytes, and the mucosa diffusely

infiltrated. The‘cellular reactions which ‘developed
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in the course of infection of the gall-bladder wall
were variable; while ﬁsually‘diffuse they soﬁetimes
formeqhural abscesses, ~In chronic rabbit gall-
bladder carriers Meyer and his co-workers strted that
one of two findings was quite constznt namely (1)
‘empyema of the viscus‘with severe inflgmmation of

the wall, or (2) biliary cand or smsll calculi. A
detailed description of the microscopical changes
found in chronic human carriers is worth mentioning.
The mucosa and submucosa was thickened to 4 to 8
fimes its normal dimensiqn, and tre papillae are
‘stunpy -and diffusely infiltrated with lymihocytes.
_Occasionaliy‘nodulaf areas resembling lymph follicles
were observed. The covering epithelﬁum though ex¥ ibit-~
ing marked hyperplasia was intact. The cellular in-
filtration extended to the muscularis which was eitle
atroyhic or had its oblique fibres increased in
numb-r, and thé stroma of the fibrbus gerous coat was
enormously thickened and infiltrated. The cystic
duct end frequently thé extra~ and intfa—hepatic
system ﬁere involved in the inflammatory process. A
distinct cholangitis was found in 50 per cent. of ke

Tabbits killed between the 50th and 100th day of the

infection, rm:ﬁhafb;tmgznzz:rety;:ﬁhgy:state; in xabtmj

its after infection over ¥heainds 100 days the thick-
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ness of the wall ﬁas not materially increased but the
mucosa exhibited eloigated proliferation of the
bapillese., The whole of the mucosa contained nimerous
glands, which frequently showed papillomrtous exten-
sions in the musculeris and the submucosa, resembling
an adenomatousg;rowth; Hypersecretion of mucus was
distinctly visible.. An intact ﬁut hyperblastic epitl.-
elium covered e diffusely cellular-infiltrsted strom:.
The connective tiésue growth in the sserous and even
muscular coat was extensive but the lynphocytic infili-
tretion was slight., Round cells were, however,

<

. . N . . R
frequent in the hepatic connective tissue, These heon-

atic areas of necrosis or microcholangitic sbscesses,
they think, are probably anslogous to the lesions
described by Blachsetein (1891) and would explain the
bersistence of typhoid beacilli in the stools of some
Ts bbits after cholecystectomy.

Meyer, in addition to Lis experimentsl rabbit

work, studied several gell-bladders of convaleccent

tyrhoid petients which had been removed for<gall-stones

|
Histologically a diffuse infiltrstion of the mucoss

Or negts of round cells covered by an intact epithel-
ium were observed though relatively few organisms

were detected in the wall. .

Descriptions of gall-bladders of r abbits infected |

with B. paratyphosus B are given by Frankel and
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Ituch (1911) and Arai (1922). The former observed
bacterial thrombi in the cepillaries of the mucous
membrane, either at the top or base of the folds;
Freaquently w all abscesses and bacterial masses were
ﬁoted in the lymph vessels. The latter ststed that
by injection of the ofgenisms into the bone marrow of
rabbits, lesions cioselyfsimilar to the human infecticn
were found in the gall-bladder wall. Mumerous bacilli
were demonstrated in the mucosa, the epithelial cells
of which were déagnémated, and a few organisms were
seen in a lymph cavify and the blood vessels of the

submucosa.
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CHAPTER VII.

Mixed Infections of Typhoid and Paratyphoid bacilli

with particular reference to the Carrier condition.

The question of mixéd infections with B. typhosus

and paratyphoid or other organisms has attracted

the attention of numerous observeré; and there appears
to he good evidence that such genuine mixed infect-
ions may occur. Conradi (1909) states that he had

an attack of typhoid fever himself in the course

of which "paratyphoid" bacilli were recovered from

the bloéd. The faeces and urine géve only typhoid
bacilli and his serum agglutinated B. typhosus alone.
Other observers have recorded similar findings and,
48 suggested by Ledingham and Arkwright (1912), it
would appear that in disordered conditions of the
intestine following infection with the typhoid bacillus,
the permeability of the intestine may be so.
éltered as to permit the entrance of other organ~

isms into the blood-sfream. The interesting fact,

Ay
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why in sﬁch;ééségAfhéforganisms most liable to gain.
entrénce}iﬂ.this way should belong to the Gaertner-
’ paratyphbid éioup, still awaits explanation. ILed-
ingham and Arkwright put forwérd the saggestion
that these organisms have not much power of init-
iating infection unless ﬁresent in considerable
'numbers, and that the path of infection has to bé
made easy for them by some antecedent disturbance -
of the intestine, |

Illustrative examples suggesting the occurrence
of miXed infections of B. typhdsus and B. paratyphosus
B are described by Conradi (1904),.Gaehtgens (1907),
Castellani (1907), Beckers (1908), Popp (1911)
and others, “

Cenradi was able to isplate "paratyphoid"®
bacilli from the faeces and urine of four chronic
typhoid carriers. . As a rule these organisms were
only got on one occasion., Gaehtgens, ‘like Conradi,
Obtained positive findings of "parstyphoid bgcilli
on single occasions in the excreta of a few typhoid
convalescents and typhoid carriers. In the former
the occurrence of "paratyphoid® organisms in the
stools took place in the sixth week from the onset
of infection. Gaehtgens belkeved that in two of the
cases theré was a genuine mixed infection, and in

two others the "paratyphoid® organism was acting as
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aimere sapropﬁjte, while in tﬁe remaining ?WO the
. suggestion was that a paratybhoid infection had
succeeded the typhoid infection. Conradi, however,
regarded the "paratyphoid" infection as being éaused
by ingestion of infected food and that the orgamisms
were invariably saprophytes since they could occur.
in healthy men. This has not been confirmed by many
other writers; thus Sobernheim (1910) examined 1000 .
samples of faeces or urine of healthy men without
once finding B. paratyphosus B; similarly 8eiffert
(1909) examinedvéoo specimens of faeces with negative
results; 0. Mayer (1909) also performed 1000 |
examinations in the vicinity of indiﬁiduals suffering
’ with enteric feﬁer but in only two cases did he

recover ®paratyphoid® bacilli from the stools; ‘
Morgan (1906-1907) and Savage (1908-1909) likewise
had negative\resuits. |

During the iﬁvestigation of a lazrge series of
typhoid convalescents and carriers Ledingham and
Arkwright collected a 1érge number of non-lactose-
fermenters which produced acid and gas from mannite.
None of these colonies proved to be B. paratyphosus
B, although several possessed cultural characters
agfeeing to some extent with those of the Gaertner-
Paratyphoid group. The examinations ﬁere performed .

by Bainbridge and O'Brien who in 1911 procured from
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various sources - mostly German - a number of sbtrains
(25) of "paratyphoid® bacilli:. Many of these proved
to Dbe identical with B. suipestifer, and others with
standard strains of B. paratyphosus B, The latter
.proved to have been isolated from genuine cases of
paratyphoid fevér or from paratypvhoid carriers,
whereas the former had been derived from food-sﬁuffs
or cases of food-poisoning. Hence it should be
borne in mind that no distinctipn is‘drawn by many
Gemman writers between B, suipestifer and B; paraty-
phosus B, so that some cases of §o=called'b¢ue mixed
tnteric infections may be a mixed infection with |
B. suipestifer. Castellani described a‘case of
true mixed infection with B. paratyphosus B and B.
typhosus.  Both these organisms were igolated to-
gether on the seventh Cay‘of illness from the stools.
A similar resultlwaé obtained twice, later in the
course of the disease. The urine was positive alone
for B. paratyphosus B. The blood gave a pqsitive‘
Widal reaction; e.s., on the 46th. day of the disease
the serum agglutinated B. typhosus in a dilution of
1:300 and B. paratyvhosus B =4 1:1000. The absorpt-
ion test showed that the blood contained épecific
agglutinins for each of these bacteria and Castell-
ani thus concluded that this exchudes the possibility

of the case being one of typhoid fever with the
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presence of B. paratyphosus B as a saprophyte,

Among the more recent reference to mixed

infections are those of Robinson (1915), Gautier and

. / N
Weissenbach (1916), Arhard (1916), Gerard and Fen- °

estre (1916) Zironi (1917), Hebert and Bloch (1917)
and Etienne”(l918). Robinson refers to two cases

" of possible mixed infection; B. typhésus was isolated
from the faeces of one, and B. paratyphosus “B from }
the other; the serum agglutinated both organisms in

a dilution of 1:200. Mo definite proof is given_

and his findings are bacedon the Widal reaction. ¥o
absorption tests were performed, so that they cannot
be r egarded as true cases. In Gautier and Weissen-
bachfs'case B. typhosus and B. paratyphosus B were
bdth’isoiated from the faeces but the latter organ-~-
isms alone from the blood. The serum agglutinated
both up to\1:500 dilution, There is no strict
evidence to support the contention of Gé;ard and
Fenestre that their‘case showed o true mixed infect-
ion of B, paratyphosus A and B. typhosus._'They state
that B. parat&phoéus,i'were iéolated from the blood

in the first and third weeks and later from the faeces,
- They appeaf to base their contention on the fact

that the serum agglutinated B, typhosus iq a

dilution of 1:500, though this organism was never

isolated f rom tle blood or faeces, and they clsim
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that the absence of typhoid bacilli was due to

the latter belng overgrown by B. paratyphosus A;
Experlments in which bile was used as culture

medlum showed that one or other organism takes '
‘the upper hand and with three different species
tested a2ll showed disappearance of B. typh&sus. That
this may occur in test-tube experiments was proved

by the author himself in a peptone water culture
inoculated with spproximately equal quantities of 24
hour peptone Waﬁer cultures of B, paratyphosus R

and B. typhdsus (3 platinum loopfuls of each)., At
the end of a week's incubation ct 3700 even with -

the aid of the Brilliant-green enrichment method,
only the former could be isolated. Tumerous colonies
were tested. Achard inoculated rabbits intravenously
and guinea, pigs intraperitoneally with mixtures

in the proportion of % or 4 of B. paratyphosus B

to ¥ or 2 of B. ty hosus réspeotively.‘ B. paratyphos-
us B was isolated from the heart-bhlood of the'rabgit
on killing in 1 -« 2 hours and of the guinea;pig

in 20-24 hours. B. typhosus was not recovered.
Achard thinks it is perhaps different in man who is
less susceptible to paratyphoid than typhoid bacilli,
and that perhaps one finds_in these cases only B.
tyophosus aS'the septicaemia due to it appears to be

much more prolonged than parctyphoid septicaemia.



=
~3J
B

‘Both Zironi and Etienne found paratyphoid and
typhoid Baéill% contemporaneously in the bldod of
acute.cases as shqwn by blood cultures, Bﬁt Hégbert
and Blech found B. typhosus ande. paratyphosus B
successivél& in the blood of 2 typhoid patient.

Interestingvfindings in Carriers were reported
by Pribram (1912) end Arnd (1923); the former per-
formed cholecystéctomy on an inféstinal excréter of
. B. typhosus and found thgt the tyvhoid bacilli had
/ disappeared from the faeces, but thét later B, para-
tyvhosus B was isolated and continued to be excreted
for four yeérs afterwards; the 1a£ter had a similar
experieﬁce in two persons who had been typhoid carriers
before cholecystectomy and who ceased to be so after
it, but were found then to be carréers of B, para-
typhosus B. In one case B, typhosus was isolated
from the.faeqés and gall-bladder, from the latter
in pure culture. In both cases the paratyphoid
bacilli subseqﬁentiy disappesared. Arnd, however,
gives no dates to show how long ﬁis examinations
were made before or after opeﬁation. ‘As. Tar as one
Cén Judge from his article the czses were convales-
cent ones when fiist observed.

Description of Author's Case of a mixed carrier of BE.

Eyphosus'and B. paratyphosus B.

During the course of these investigations B.
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paratyphesus B was isolated from the faeces of one
of the exgretérs of BQ'typhosus (ﬁ.T.) on five
occasions. _Four times before exéisibﬁ of the gall-
bladder and once afterwards.

She came under observation for the first time
on 14.4.23 and B. typhosus;Was isolated from the
faedes on meny occasions. On 13.6.22 en organism
which gave thevcultUral and fermentative reactions
for B. paratyphosus B appear