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PREFACE

" This thesis records the results of a series of investigat-
ions concerning certain bacteris belohging'to the normal or the
‘féthological flora of the intestineg these studies were contin-
ued over several years including the period I9I5-I9I8 during
the Great War when I was engaged in bacteriological research and
routine in.the Mediterranean and Egyptian Expeditionary Forces.

The studies are collected here into five main parts.

The first pa?t deals with certain normal inhabitants of
the intestine -- the B., coli group -- and an accaunt is given
of a series of biological investigations of B. coli and its
congeners , with special reference to their serological charact-
grs, mutations , and biological classification.

The other parts refer to specific intestinal pathogens.

Part 2 records certain observations on the group of dysent-
.ery bacilli and the bacteriology of bacillary dysentery both
from the biologicél and pathological aspects; and in part 3
-an account is given of a group of intestinal vibrios associated
with cholersic and diarrhoeal condiﬁions -- the so called
'paracholera vibrios. The studies concerning the paratyphoid
bacilli ( parts 4 and 5 ) were mainly with reference to the

bacteriological disgnosis of enterica infections , but also



include observations of particular bacteriological snd serolog-
ical interest.

Special attention has also been devoted to the technicue
appropriate for the study of these intestinal organisms and the
importance of certain methods is emphasized in the fhesis.

In part I full records and protocols of experiments are
included; in parts 2 and 3 it has been impossible to quote
certain records in full detail as all my detailed laboratory
nbtes on enterica, dysentery and vibrio infections were lost at
sea in I9I8 due to the sinking by submarine of the transport
on which I was travelling from Egypt. It has been possible,

" however, to include the most important data and numerical_re-
cords from papers published by me while in Egypt and from
official reports and summaries of fesults at pfesent in my
possession.

A number of the observations included in the thesis have
already been recorded in published papers; certain of these |
were dealt with in personal cormunications, others in joint
publications.] was personally responsible for those observat-
ions incorfgraﬁed in the thesis which have appeared in papers
publighed in collaboration with other workers on the same'éub4

dect.



The following are the publications referred to:

The immunity reactions of the coli group---- by lackie; Journ.

of Eath. and Bect.,vo0l.I18,I9I3,p.137;8ls0 in Applied Bacteriologﬁ
“ﬁéfowning,1918,p.202.

Veriation in agglutinebility of bacteria associated with var-

iation of cultural chesracters---by Mackie; Brit.Journ. of Exper.
Path.,v0l.I,no0.4,I920,p.213. o |

The gram-negative bacilli found in pyogenic infection of the
urinary system--- by Mackie;Trans. of-Kedico—chirurg.ch.Glasg.,
vol.12,1913,p.I19. |

The atypical dysentery bacilli---by Mackie;Journ. of Hygiene,
;vol.IBFnd.I.I9I9. - -

Clinical and laboratory researches on dysentery in Egypt with
somé remarks on sanitation--- by Thomson and Msackie;Journ. of
R.A.M.C.,vol.28,I917;p.405.

A@ote on the modes of infection in bagcillary dysentery---by

Cowﬁn and Mackie;Journ. of R.A.M.C.,vol.52}no.3;1919,p.209.
Répogt on the incidenée and nature of the dysentery.in’the
Egyptian War Zone in I916 ﬁith bacteriological reports----
Medical Adviaory Committee,G.H.Q.,M.E.F.;I917.

Two vibrio species of the paracholera group associated with a

cholers- like outbreak--- by Mackie and Storer;Journ. of RAMC.,.
August,I91I8.

The brilliant-green enrichment process for the isolation of
paratyphoid bacilli from faeces--- by Mackie; Journ. of RAMC.,

vol. 29,I917,p.475.



The diagnostic interpretation of the agglutination test in
typhoid and paratyphoid infections occurring among typhoid
inoculated troops by Mackie and Wiltshire; Journ. of RAMG,,
vol.29,1917,p.276.

The diagnosis of enterica infections by bacteriological and sero
logical methods by Browning,Mackie and Thornton,Applied

Bacteriology,Browning,I918,p.9.

Reference to the classification of B*coli types was also
made in the following papers:
The isolation of typhoid bacilli from faeces by means of brill-
itant green in fluid medium by Browning,Gilmour and Mackie;
Journ. of Hygiene,vol.13,1913,p.335.
The isolation of B.typhosus from faeces by the use of potass-
ium tellurate along with brilliant green in fluid medium--———--
by Browning,Mackie and Smith; Journ. of Path, and Bact.,vol.19,

1914,p.127.
References to literature bearing on the particular subjects
discussed are included at the end of the respective parts under

the various authors quoted in the text.

The thesis was written in 1920.
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Introductory Jdiscussion: the classification of

" coliform " bacilli and.the biological relationsnins of the

B. coli group to other gram-negative aerobic intestinal bacilli.

In 1885 Escherich recorded the isolaticn of a
gram-negative intestinal bacillus which he designated B. coli
communis and this classical type has been long considered the
prevalent intestinal bacterium. In general this organism has
been described as a motile, non-sporing, aerobic, facultatively
anaerobic, gram-negative bacillus, which grows at 37° C.,
ferments glucose, lactose and dulcite with acid and gas
production, forms indol from peptone, clots milk, reduces
nitrates, and grows in gelatin media without producing
liquefaction.

With the advance of bactériological knowledge and as a
reéult of esxtensive inveétigations on the bacteriology of
faeces, water, milk, etc., this original type has come to
represent only one of a considerable bacterial class or gréup.
The organisms of this group, however, are characteristic
normal inhabitants of the animal intestine and are therefore
conveniently designated by the generic term B. coli.

Their pathological importance has been well establishéd
ig virtue of\their potentially pathogenié'properties, ahd, in
the bacteriological diagnosis of intestinal infections, their
Precise recognition and the separation and differentiation

of specific pathogenic organisms from them have necessitated
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the most careful study of their biological characters. Morsover
their occurrence in water supplies has led to an extensive
study of the whole group from the point of view of sewage
contamination and the importance of certain types as indicators
‘of such contamination has been emphasized. Thus, the detection
~of these organisms constitutes an essential method in the
routine examination of water supplies. This group of bacteria
is also concerned in the process of souring of milk and certain
of the classical types were originally isolated from this
source, e.g., B. acidi lactici (Huppe).

¥hile the whole gréup of organisms biclogically allied
to Escherich's original type has been classified as B. coli,
the question as to which varieties represented " typical "
B. coli, as apart from " atypical " forms, has been studied in
connection with the bacteridlogy of water (Houston and others).
Much confusion has resulted, however, as regards the definition
of a typical B. coli owing to the different identification
standards set up by various observers. Some of these
definitions have been too limited in their application'and
different degrees of importance have been attached to different
characters. (Savage, Prescott and Winslow, Konrich, Reports
of the English and American Committees on sfandard me thods for
the examination of water).

While there has been considerable variation in the

Criteria adopted by different workexrs for the identification of
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the colon bacillus, the characters generally accepted as commorn
to the whole group of " B. coli " may be summed up as follows:-
gram-negative, aerobic, facultatively an-aerobic, non-sporing
bacilli growing at 37° C., and fermenting glucose and lactose.
Other characters, e.g., different fermentative reactions,
motility, indol production, Voges and Proskauer reaction, simply
determine the differentiastion of separate types. Thus, the
term " lactose-fermenter " has been frequehtly used as a
convenient designation for the group (MacConkey).

The question arises as to whether zelatin-iiquefying,
gram-ne-avive bacilli which correspond in other characters to
B. coli types are to be included in this biological group.
Among the lactose-fermenters classified by MacConkey certain
gelatin liquefiers were represented, e.g., B. cloacae,
. B. oxytocus perniciosus, and other authorities (Prescott apd
Winslow) have accepted this reaction as one of the possible
characters of the group. In my own experience of a large number
of coliform strains from faeces, urine, etec., and also water
(Bgypt 1915-1918) T have never met with gelatin-liquefying,
gram-negative, aerobic, non-sporing ‘tacilli capable of growing

at 37° C., apart from those referable to the B. proteus type.*

B. proteus: gram-negative, motile, aerobic, non-sporing,
bacilli, growing well at 37° C., showing a tendency to

" spreading " type of growth, fermenting glucose with or
without gas, not fermenting lactose, dulcite or mannite,

varying in fermentation of saccharose and in indol formation,
ligquefying rapidly gelatin or solidified serum.



While the characteristic B. coli has the nropesrty of
fermenting lactose, it is doubtful (as will be shown later,
p» 43 ) if lactose fermentation can be regarded as a specific
character of a particular group of intestinal 5acilli and
studies on the variation of these organisms (v.p. 55 ) have
shown how certain types only acquire this property by |
mutation 6n culture medium.

Thus non-gelatin-liquefyiné, glucose-fermenting,
non-lactose-fermenting bacilli of intestinal origin hé%e to
be considered in any system of classification of the
gram-negative intestinal bacilli.

| From our present knowledge of the aerobic intestinal
bacilli it would appear more rational from the purely
biological standpoint to recognise a large class.of intestinal
bacilli having the common characters: aerokic, gram—negative,'
non-sporing, growing at 37° C., fermenting glucose with or
without gas production, not liquefying gelatin; comprising
certain specific pathogenic organisms specially designated,
and identified by cultural and serological characters, .e.g.,
B. typhosus, etc., and a large number of saprophytic, theough-
potentially pathogenic, varieties which can be generally
classified into different types according to their cuiturai
characters. The term B. coli (if it is to be used at all) in

its widest application would thus become referable to those

members of the class which do not possess specific pathogenic



properties irfespectiVe of certain cultural characters
including lactose fermentation. The term " typical B. coli *®
would be used, if necessary, to designate those‘types
(fermenting lactose, cl&tting milk, and producing indol) which
are most prevalent in the intestine and therefore undoubted
indicators in water of recent sewage pollution. The only
justification for recognising a spécial group of " lactose-
fermenters " depends on the statistical fact that these types
are most prevalent in fresh animal excreta but it is
questionable if the statistical basis can be used for a
biological classification.

The further question arises as to the significance of
‘gélatin liquefaction and whether a wider definition of the
class is required,’i.e., to include B. proteus. It must be
adnitted that with the exception of gelatin liquefaction,
types of B. proteus may correspond closely to certain non-
liquefying intestinal bacilli.

Organisms of the B. faecalis alkaligenes type have alsc
_to be considered in regard to the classification of the
gram-negative intestinal bacilli* B. faecalis alkaligenes ha?
been recognised as differing trom the motile organisms of

the coli-typhoid class in the " terminal " position of its

N
»

In Jensen's classification (v. infra) B. fascalis alkaligenes
is grouped along with the other gram-negative intestinal
bacilli.



flagella as opposed to the " lateral " arrangement in the case
of B. coli and B. typhosus. (Berghaus, Klimenko). While this
is true for my own observations of these organisms, non-motile,
gram-negative, aerobic bacilli which do not ferment glucose or
any other sugar have been frequently noted in dysenteric
stools,and strains of this type have been found which,on first
isclation, did not ferment glucose and only gained this

property after a period of growth in a glucose medium. This
might appear to link up organisms of the Be faecalis
alkaligenes type with the sugar fermenting intestinal bacilli.

The " lactose-fermenters ® have been the subject of
\much careful study: originally different classical types had
been separately described, e.g., B. coli communis,

B. neapolitanus (Emmerich), B. acidi lactici (Huppe) ,

B. lactis aerogenes (Escherich), etc., and these names may
still be retained for organisms which accurately correspond to
such classical strains.

‘The work of MacConkey on the lactose~fermenting ccliform
bacilli represented the first attempt in the direction of a
rational system of classification of these organisms.

A number of cultural tests had been commonly employed
which were shown by him to be of little differential value and
he further established the importance of a seledted though

comprehensive series of biochemical reactions as type criteria.




¥acConkey (1$05) in his first paper dealing with this
subject arbitrarily divided the lactose fermenters into four
sub-groups according as they did or did not decompose
saccharose and dulcite. The first group represented by the
classical B. acidi lactici included those which fermented
neither dulcite neor saccharosé; the second included those
which fermented dulcite but not saccharcse, e.g., B. coli
communis; the third comprised types such as B. neapolitanus
which fermented both dulcite and saccharose; and the fourth
consisted of strains which fermented saccharose but not
dulcite.

This classification was of course entirely arbitrary
and inccmplete.

In 1909 MacConkey reviewed tke whole subject and
indicated that if, in addition to the fermentation of dulcite
and saccharcose, further fests were added, - effect on adonite
and inulin, presence of motility, indol production, the Voges
and Proskauver reaction,~theoretically 128 possible varieties
could be differentiated. At that time he had examined 497
strains from human and animal faeces, water, etc., and of the
128 possible types had met with 36 varieties differentiated
according to their action on (1) gelatin, (2) dulcite,

(3) saccharose, (4)‘adonite, (5) inulin,in some instances.

(6) inosite, and by (7) the presence or absence of motility,

(8) indol production and (9) the Voges and Proskauer reaction.



MacConkey had at the same time tested a number of other
fermentable substances which had been commonly employed, but
indicated that no further information was to be obtained by the
ugse of sugaré, etc., such as galactose and laevulose on which
the various sub-groups had all the same effect; and in the case
of quercite and erythrite found that practically none of his
strains had any fermentative action. Out of 497 strains
examined, 178 were from human faeces and of the various types
‘.noted the most prevalent were type No. 71, B. coli communis,
and B. vesiculosus (see table I).

MacConkey's system of classification has been supported
and adopted by Bergey and Deeham, Clemesha and others, and
medified by Jackson who employed the reactions in mannite and
raffinose as further differential characters.

Howe, on the other hand, claimed that motility, indol
formation, mannite and dulcite fermentation were of little
value for classification owing tec the fact that, from»the
statistical point of view, these reactions showed no
correlation with one another or with 6ther criteria. Prescott
and Winslow have also urged the value of the statistical basis
for a biological classification and that the characters of
these organisms should be considered not independently but in

relationship to one another.

Kligler emphasized the importance of salicin fermentation

for differential purposes and elaborated a eomprehensive system



of classification of Jdextrose-fermenting intestinal bacilli; Te
suﬁdivided these organisms first according to their action on
lactose a2nd the further classification depended mainly on the
reactions in dulcite,saccharose and'salicin; he included among
the various sub-groups B. proteus and B. cloacae (gelatin
liquefiers) .

An clder system of classification which is of interest
to consider briefly is that of Jensen who on the basis of
certain simple fermentative reactions arbitrarily divided the
whole coli-typhoid group into several main sub-groups; the
criteria were the reactioné in glucose, lactose, saccharose
and maltose, and in this way the following organisms were
differentiated: B. faecalis alkaligenes, B. " metacoli,"

B. typhosus, B. paracolon, B. coli anaerogenes, B. coli

(2 types) and B. " pseudoccli" thié system was later
amplified,for the differentiation of coliform bacilli, by
Wulff who employed certain additional tests: galactose,
glycerin, adonite, mannite, dulcite and xyloée fermentation.

This system of classification cénnot be considered as
sufficiently COmpleté; thus no cognisance was taken of indol
production and the fermentation of inosite. As will be shown
later (v.p. 4/ ) these reactions are important and
characteristic features of certain B. coli sub-groups.

Houston in connection with the bacteriological

examination of water has classified coliform bacilli into
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" typical " and " atypical " varieties (v. supra) and further
divided the typical organisms accorling to the fermentation
of dulcite and saccharose.

While different systems of classification have thus
been adopted which in the hands of various workers have served
a practical purpose in enabling them to recognise typical
varieties as apart from those which are less characteristic,
it can hardly be claimed that these orgénisms'have vet been
completely classified nor that the significance of different

characters has heen accurately assessede.

CENERAL OUTLINE OF THE IFVESTICGATION.

In +the cbservations tc be recorded, a further study has
been made of the " B. coli " group and the characters of a
large number of strains of gram-negative, aerobic, non-sporing,
glucose-fermenting, non-liquefying bacilli (excluding the
specific pathogenic organisms of this class) have been
investigated.

The question of thé biological classification of these
crganisms has also been studied from the serological aspect.

In addition certain observations have been made with |
regard to variations among the coliform bacilli and their
biologicai significance.

T"he various strains were isolated from pathological

specimens of urine, faeces, appendix. abscesses, etc.
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CRITERIA EVPLOYED ¥OR DINFFRINTIATION

OF TYPES.

In classifying coliform bacilli into particular types,

MacConkey's criteria were for the most part adopted and for
‘all practical purposes proved sufficiently complete.

Raffinose and salicin fermentations were, however, fournd to
yield further differentiation and these tests were, therefore,
included among the criteria adopted.

Certoain oiher fermentable substances which have heen
employed by different workers prcved of little or no
differential value; *thus maltose was fouhd to be fermented by
all the lactose-fermenting strains; glucose-fermentirg,

vncn-lactose-fermenting strains, however, vary in their action
on this sugar. The same was found to be true for mannite.
Laevulose and galactose were with few excepticns fermented by
all the glucose-fermenting strains, and glycerin by all the
lactose~fermenters. Of ccurse, as is well known all lactose

fermenters are also glucose fermenters. The beraviour of

these bacilli in raffinose in the majority of cases corresnonded

to their effect on saccharose (as shown also by Winslow and
Walker), but a certain proportion exhibited differences in

their effects on theée sugars.

The action of the lactose fermenters on dextrine differws
from the fermentation produced in other carbohydrates: in the

Case of simple peptone water media containing dextrinme and
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neutral red (as indicator) it was found that after 24 hours
incubation the neutral red became of a bright yellew colour
and there was some degree of gas producticn; the gas formed
was analysed and found to consist mainly of hydrogen. The
medium remained neutral. This effect was common to all the
lactose~fermenting types and the test afforded no information
as regards differentiation of various strainse.

With one exception all the strains that fermented
inosite also fermented adonite. In all cases the Voges and
Proskauer reaction was only given by inosite-fermenting
stfains.

It was found on repeated testing of various strains
that the presence (or absence) of motility was a definite and

constant character.

Similarly the presence (or absence) of indol in peptone
water cultures (after 10 days at 37° C.) proved to be a
stable property of these organisms.

It was concluded therefore that of the various tests
used by different workers, the most complete set of criteria
for the differentiation of B. coli types were:=-

(1) presence or absence of motility, (2) production of indol,
(3) the Voges and Proskauer reaction, the fermentation of
(4) glucose, (5) lactose, (6) dulcite, (7) saccharose, '
(8) adonite, (9) inulin, (10) inosite, (11) raffinose,

(12) salicine



The majority of the strains to be described were retested
after about two or three months and apart from the variations

noted (p.SOﬁj) their characters proved markedly stable.

METHODS .
Motility: in determining the presence or absence of this
character a hanging-drop preparation from a 4-6 hours bouillon
cul ture, or the " condensation " fluid of a sloped-agar
culture of the same age, was examined. Tested in this way the
presence (or absence of motility) proved to be a definite
character.

Liquefaction of Gelatin: this was tested for by making stab

inoculations in ordinary nutrient gelatin and }ncubating the
tubes at 22° C. for two weeks.

Indol production: the presence or absence of this property was

determined by testing a ten days peptone water culture‘of the
strain in question with Ehrlich's reagents: paradimethylamido-
benzaldehyde and persulphate of potassium, according to the
usual procedure s

Voges and Preoskauer reaction: for this test a 2% peptone water
solution containing 1% glucose was incculated, and incubated
at 37° C. for 3 days, when a solution of potassium hydrate

was added and the tube allowed to stand at room temperature
for several hours. A positive reaction was indicated by the

development of a red fluorescence.



Fermentation Tests: the basis of the medium used for testing

sugar fermentations was a 2% peptone solution with 0.5% sodium
chloride. To avoid the possible decomposition of the sugar in
the medium by overheating in the process of sterilization, the
different fermentable substances were added to the already
sterilized medium in the form of sterile watery solutions. Tne
proportion of sugar in the medium was 1%} neutral red

(0.25% of a 1% watery solution) was added as an indicator of
acid production. The medium was distributed in Durham's tubes
(for the observatiéﬁ of gas production) and placed at 100° C.
in the Koch's sterilizer for 10 minutes on two successive days.
This short final sterilization while not acting:ﬂeleteriously
on the sugar was sufficient to ensure complete sterility.

I have observed that for the proper appreciation of gas
precduction, fluid media must be used, as shake or stab
cuitures in 80lid agar media are open to fallacy. With certain
Bpeéimens of peptone-water-agar (without meat extract), it was
found that gas production might result on inoculation with
Bs coli, iee., even in the absence of sugar, and this was
especially marked if the agar was not freshly prepared.

Thus, a shake culture of B. coli communis made in peptone
water agar immediately at'ter preparation showed no gas
“producticn in the medium; the same medium a week later was
‘again inoculated and on this occasion a considerable number of

gas bubbles appeared in the medium after 24 hours incubation;



a fortnight later inoculation resulted in an abundant
production of gas throughout the medium. ¥Yo acid formation
was however noted.

-Litmus has been frequently used as an indicator of acid
formation, but with this agent, espscially when incorporated
in nutrient medium, difficulties have frequently arisen owing
to the many intermediate degrees of colour betwe?n unequivocal
"alkalinity on the cne hand and undoubted acidity on the other.
It has the further iiéadvantage, as I have noted, of bsing
decolorized rapidly by many organisms of the coli group. In
my own experience neutral red is a more valuable indicator as

it is not subject to these disadvantages.

SYSTEM OF CLASSIFICATION AND

DESICNATION ATOPTED.

Among the coliform bacilli studied, it seemed possible
to classify into separate sub-groups types of organisms»havihg
well'defined common cmracters.

Thus the different types which were .characterized by tbe'
aﬁsence of gas productionvin the case of all the sugars
fermented even after repeated subculture (coli anaerogenes)

were classified in a separate sub-group. Serological



investigations (v. infra) in which ths group action of the
complement-deviating antibody of immune sera to certain more
typical B. ccli varieties showed that the coli anaerogenes
organisms were not closely related to the gas producing
types of B: ceoli.

It was also nofed that certain types of coliform
bacilli which produced on culture medium unusually large,
thick, cpaque, slimy and sometimes " viscid ® colonies were
all characterized by possessing the power of‘fermenting
;nosite, while the usual B.léoli varisties had not this
property. These.organisms wer=, therefore, grouped together
and classified apart from the mére typical coliform bacilli.
All these varieties proved to be non-motile, all fermented
lactose, saccharose, raffinose and salicin, and with one
exception adonite; in this sub-group, therefore, severzal
characters were definitely correlated. The separatiocn of
these organisms from the typical coliform bacilli was also
found to‘be justified by serological tests as in the case of
'the'anaerogenes sub=group.

It was further concluded from the serological studies
referred to above and dealt with in detail later fhat a sub-
group comprising all the " typical B. coli " éould be
recognised whose common characters were: gas-producing,

indol-forming, non-inosite=fermenting.



After Jdefining these three sub-groups, there still
remained the organisms having the common characters:
gas-producing, non-inosite-fermenting, non-indol-fofming.
Serological -observations showed that this category 4id not
represent a serologically homogeneous sub-group, but for
purposes of & preliminary classification I have grouped all

the organisms of the category together.

Thus, four main sub-groups of the gram-negative, glucose-

fer@enting, ncn-gelatin-1iquefying, intestinal bacilli may be
recognised and this system of classification has been used ini
the following records. In addition, the various types
belonging to these sub-groupé have been designated numerically
(i.e., 1, 2, 3, 4, etc.) in order of their prevalence in the
series investigated. 1In the B category the lactose-fermenters
have been distinguished from the non-lactose-fermenters by a
different series of numbers,k to 11 and 101 to 107. The
latter class includes certain " paracolon " types which in

the serologiéal tests appeared to be differentiated from
organisms fermenting lactose in primary culture.

246 Strains {rom urine (pathological specimens), faeces
and other sources have been carefully studied and classified
in this way (tables 2, 3, 4, 5). In table 6, for comparison,
these strains which correspond to MacConkey's types are

Classified according to his system.



TAcLE 1. (yuobeu 10l WwacLuukey Lavy).

Type Numver Voges and
(Mac Curgl;ey 's uf WOTiilty Lactuwse Duicite Sacwiaruse Awavuite Inulin Incsite Indoi Proskauer Gelatin
Cirussificativii) Strwins : 3 Reuwction :
Nued " 9 -+ + - - -+ — — -+ — -
B. acidl lacuici (Hupps), .

ez L - + ~ ~ + - - + - -
B. Gruntnal,Nc.4 & + <4- -— —_ — —_— — + — —
B. vesiculosus  NG.D 1Y) - <+ - - —_ —_ -— -+ _— -—
Noo7 i -+ -+ -— - _ -— - — -—
E. coll mutaviiis, )

(Mussini), so.8 0 - +- - - - - - T - -
¥c.33 - + + + —_ + -— -— e —_ —
B. ccell comnunis, Nved4 37 4 -+ -4 -— | — - - S W — —_
B. Schafferi,Nc.3d 11 — -+ -+ -_— —_— -— — + —-— —
No.67 1 - -+ + + <+ — + - -+ -—
No.72 42 + -+ B -+ -— - -— + -— -
B. neapulitanus,Nu.72 15 - e -+ -+ — ~— -— o -— -—
No.74 1 + -+ -+ -+ — - — C— _— -
No.75 - - + + - - - + - -+ —
No.99 - -~ -+ -— -+ + -+ -+ -— — —_
No.iO4 i - -+ —_ -+ -+ -_ -+ -+ — -—
B. lactis aerogenes ,Nc..i05 & et + - -+ -+ — -+ L — -+ -
-No.106 < ~+- -+ - -+ -_ — - . -+ - —
B. coscorcvoa,siv.i07 i -— ~+ - + —_ — —_ -t — -—

)

In this and ) 4+ =~ acid and gas, iiquefactiun of gedat i, motile, indus prouuction as ,tne’c'aaé"'fz'iay;fjb‘e";
subseguert ) ' \ ) e :
tablies ) 4L . acid without gas;, — = n¢ acid or gas production, etc.
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Total
Abscesses Sources
10 15 3 28
14 5 1 1 (Blood 21
culture)

4 5 4 13
4 6 2 12
4 - 6 1 11
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1. s 2 e
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TABLE 6.

Appendix Other

MacConkey's types Faeces Urine Abscesses Sources Total
" No.l ‘ 4 -1 5
No.2 B. acidi lactiecil 1 1
No.4 B. Crunthal 5 7 2 14
No.5 B. vesiculosus 5 7 5 17
No.7 1 | 1
No.8 2 1 1 4
No.33 1 1
No,34 B. coli communis 17 o 1 1 28
No.35 B. Schafferi 6 10 3 19
No.67 B 2 o 5
No.71 12 16 s 2 34
No.72 4 6 1 1 12
No.74 4 8 1 13
No.75 1 1l
N0.99 | i 1 ‘ 2
No.l0l 1 1 - 2 |
No.103 B. lactis
aerogenes 2 ’ 1 ‘5
N0.106 2 5 "
No.107 B. coscoroba 2 o 1 -_2_
| Total 172

———————
_ Swemewmangeve

Note: of 246 strains 172 corresponded
to types described_by.MacConkey.



1&.

Tvpes of coliform bacilli found in pyogenic infection of

the urinary system.

As shown by MacConkey, certain coliform types tend to be
more prevalent than others in human and animal faeces; thus
the type designated by him No. 71 is of commonest occurrence.
As is well Kknown gram-negative bacilli are the nost frequent
causative agents in pyogenic infections of the urinary tract
and are found either alone or associated with the pyogenic
cocci. In order to ascertain what types wsre characteristic
of these pathblogical conditions a number of coliform bacilli
isolated from urinary cases were carefully investigated.

The specimens of urine were from cases of c¢cystitis and
pyelitis. The samples were centrifugalized in sterile tubes
and from the sediment, plates of Endo-agar or MacConkey's
bile-salt-neutral-red-lactose-agar were inocﬁlated by
successive strokes of the platinum loop. Separate colonies
were thus obtained, and to ensure the purity'of the ultimate
culture investigated, further successive strokes were
generally made (from single coionies) on another plate and
the final culture made from a single colony on thé second
plate. In some cases agar slope cultures were made from
single colonies on the primary plate; this culture was then
replated and the final culture obtained by subipoculating a

8ingle colony.
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107 strains of coliform bacilli from 90 cases of urinary
sepsis were examined. In the majority of instances, pure
cultures of individual types were isolated. It might be
expected in lealing with a bacterial group such as B. coli
tmat separate colonies similar in appearance might on
examination prove to bhelong to different types. I have on
several occasicns selected two or three similar colonies at
random from the same plate and found cn examination that they
represented the same cultural type. Not infrequently,
however, mixed cultures are met with but it is remarkable
that in such instances one notices some difference in the
colonies, e.g., difference in size, thickness, depth of
colour on Endo or MacConkey's agar, or complete absenca of
pink coloration. Of course, non-lactose-fermenters produce
®* pale " colonies on these differential media, dbut in primary
culture the absence of red coloration is no proof that. the
. organism is a ncn-lactose fermenter. The fact that mixed
cultures of different coliform species may occur in urinary
sepsis is of special and obvious interest as regards the
preparation of autogenoius vaccinss.

As in the case of faécal strains there is a distinct
tendency towards the prevalence of certain types in urinary
conditions and the commonsst intestinal spzcies are also the

most frequent types met with in pathological urines.
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Type 1, Sub-group A, corresponds to B. MacConkey Yo. 71
and is the commcnest coliform species met with (v. tables 1,
2; 6)« It proved the most frequent type (15 strains) in
urinary sepsis. The other prevalent varieties were types A2
(B. coli communis), A3 (B. vesiculosus), A4 (B. Grunthal),
A5 (B. Scmafferi), Bl (B. MacConkey No. 74).

Of the 107 strains |

66 belonged to the sub-group A

28 " n 7 ] B
5 L] ] “ c V
8 L] " L] D'

Thus the.majority are-referable to the A sub-group which
comprises all the " typical ® B. coli varieties. Strains of
non-lactose-fermenters were also isolated, Al9, A34, A35 and
A36; those of types 19, 34 and 35, however, developed
lactose-fermenting variants in lactose medium.(v.p.50—57). N

Type A36 corresponded in cultural reactions to
B. Morgan No. 1; it was isolated in pure culture from a case
of pyelitis and cystitis.

In sub-group B, type 1 was of commonest occurrence
corresponding to MacConkey's type No. 74. The relative
prevalence of other varieties is shown in table 3. Among the
organisms of sub-group B certain non-lactose-fermenters are
also represented including 7 strains of " paracolon " types,

B.101 and B 103.



Patrick reported organisms of these types in cases of
bacilluria occurring in the course of typhoid fever. They were
present in such large numbers as to render the urine turbid.
In primary culture they did not exhibit any gas production and,
therefore, simulated B. typhosus in cultural reactions. I had
the opportunity of examining his strains and found them to be
typical " paracolon " bacilli with the reactions’shown
(B 101 and 103) and similar to strains I had isoclated from
cases of urinary sepsis.

Certain non-lactose-fermenters of the B sub-group were
also noted which developed lactose-fermenting variants
spontaneously in lactose media (B 106 and 107) (v.p. 56-57).

5 inosite-fermenters (sub-group C)\were also isolated
from urine and 8 strains referable to sub-group D. 4 of the
latter were non-lactose-~fermenters; 2 of these fermented only
glucose and, being non-motile, were, therefore, similar in
cultural reactions-to B. dysenteriae Shiga. They were not,
however, agglutinatéd by an anti-Shiga serum. One of these
strains developed a lactose fermenting variant. The

characters of these strains are shown on table 5.

Among the gram-negative bacilli found in these cases of urinary
sepsis, B. proteus (Urobacillus liquefaciens septilus Krogius)
was not infrequently noted,usuvally associated with B. coli or
byogenic cocci; gram-negative bacilli characterized by absence
of carbohydrate fermentation have also been noted both in

mixed and pure culture: 4 strains of this type were isolated:

2 were motile (corresponding to the typical B, faecalis
alkaligenes) and 2 non-motile.
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Types isclated from fasces, appendix abscesses and ¢thar

gourcas.

111 Strains from specimens of faeces were analysed in
the same way,; these were derived partly from normal specimans
and also specimens submitted for bacterioclogical examination,
e.g., for detection of B. typhosus. Their grouping was as
follows:-

Sub=-group A - 68

" B - 22
" c - 20
. D - 1.

Ag in the case of the urinary strains most belonged to the
sub=-group A; only one anaerogenes type was noted (D 3).

The majority of the strains classified in this series
were isolated from plates made dirsctly from faeces, but 4 of
sub-group B and 10 of C were obtained from cultures in
brilliant green peptone water employed for the enrichment of
B. typhosus (Browning, Gilmour and Mackie). As indicated later
it was found that types of B andi C sub-groups were more
resistant to brilliant green than the A types; hence the
relatively large proportion of C types in the series.

Among these strains were 4 non-lactosejfermenteré of the
A 12 fype and 1 of the A 29 typeﬁ these two variefies Jiffer

from one another in motility. 1 non-lactose-fermenter of ths
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A 19 type was also isolated. This strain like the similar type
found in urine developed a lactose-fermenting variant (p-fé%T)-
5 non-lactose fermenters &f the B 102 type were isolated
from faeces, but all of,theée developed lactose fermenting
mutants. The other non-lactose fermenters noted were B 101
(2 strains), B 103 (2 strains), B 104 (2 strains), and B 105.
8ingle strains of the B 103 and B 105 types developed
lactose-fermenting variants (v.p.56'f?).
20 8trains from appendix abscesses were also investigated;
these were grouped as fpllows:-
Sub~-group A - 18, of which the A 3 and A 1 types were
most prevalent}
All were lactose fermenters (v. table 2).
Sub=-group B - 1
Sub-group C = 1.
A few strains from other sources were exXxamined: 2 from
cases of conjunctivitis both belonging to the A sub-group, 1
from a suppurative otitis (A 15), 1 from a case of pu%?eral
sepsis (A 6), 2 from skin ulcers (C 5 and D 1), 1 from a case
of cholecystitis (B 1), 1 from blood culture after an abdominal
operation (A 2).
The total number of strains examined from different
sources’could therefore be classified as follows:-
Sub-group A -« 157
(A 1 most prevalent type - 28 strains;

10 primarily non-lactose fermenters).



24.

Sub-group B - 52
(B 1 most prevalent - 13 strains;
21 primarily non-lactose fermenters).

Sub-group € - 27

(C 1 most prevalent type - 5 strans).

Sub-group b - 10 | '

(D 1 most prevalent type - 3 strains).

Considering the various strains collectively in these
series which correspond to types isolated and classified by
MacConkey, the commonest is the No. 71 type {34 strains)
(table 6). Of the series isolated from urine, this type was
also the most prevalent, though among the faecal strains the
B. coli communis was the commonest. Collectively, however,
the most prevalent types in my series were B. MacConkey No. 71
and B. coli communis.

With comparatively few exceptions, the gram-negative
bacilli found in urinary sepsis, as shbwn, are normal
inhabitants of the intestine and this parallelism between
the faecal and urinary types is a further confirmation of the
generally accepted view that these infections are auto-
infections from the bowel.

As indicated above the A sub-group comprises the most
frequently occurring types of coliform bacilli, the éo called
typical varieties. This group also appears to embrace the

largest number of different varieties or types (36). While
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organisms of the sub-groups B and C are less frequently met
with in excremental material, they nevertheless represent
characteristic faecal organisms. Organisms of the anaerogeres
type are of comparatively rare occurrence, bgt as shown, this

type may be associated with certain cases of urinary sepsis.

THE SEROLOGICAL INVESTIGATION OF

THE B. COLI GROUP.

The following serological studies were originally
cérried out with a view to throwing further light on the
biological relationships’of the various types of B. coli and
its oongéners..‘The agglutination and complement deviation
reactions of immune sera to certain of the commoner varieties
wexre studied and the results, aparf from their bearing on
this particular question, represent observations of

considerable interest from the purely immunological standpoint.

AGGLUTINATION REACTIONS.

While in the case of B. typhosus, precise species
specificity is characteristic of an agglutinating antiserum,
among the coliform bacilli a much more restricted Qegree of
specificity was observed - specificity for the individual
strain.

An immune sSerum to a particular strain of Be. typhosus
will agglutinate most B. typhosus strains with little

variation in degree; immune sera to certain B. coli types,
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on the other hand have been found to exert little or no action
on other strains identical as regards cultural reactions to
that used for immunization.

Several authors have drawn attention td the high degrée.
of specificity of B. coli agglutinins‘(Van Everen, Pfaundler,
Cany, Wolf, Amiradzibi) but the agglutination reactions of
these organisms have not been accurately studied in correlation
with their classification into different types gqua cultural
reactions; thus Amiradzibi immunized guinea pigs against five
strains which all possessed certain common characters - power
of fermenting glucose, lactose, clotting milk and producing
indol; he found that the strain used for immunization was the
only one agglutinéted. These common characters are, however,
as shown above, referable to a considerable variety of types
or species. In the experiments t'o be recorded it is shown ,
that among the commoner types of B. coli (A sub-group) even
after these organisms have besn classified and separated into
different species by cultural tests, it is still impossible
to demonstrate any species specificity of an agglutinating
antiserum'and that agglutinating sera are specific only for
the individual homologous strain.

Antisera were obtained to certain_strains which |
represented common coliform types (1) Type A 1 (B. MacConkey
No. 71), (2) Type A 4 (B. Grunthalj, (3 Type A 3

( B. vesiculosus), (4 Type A 2 (B. coli communis) and a number



of other strains corresponding in all their characters with
these types were tested with the iﬁmune seTlae.

Immune Sera: Rabbits were immunized against the particular

organisrs by repeated intravenous injection of increasing
amounts of bacillary emulsions sterilized at a temperature of
65° C. for + hour. For this purpose 24 hours agar slope
cultures were emulsified in convenient quantities of 0.85%

sodium chloride solution. The series of doses ﬁere as follows:-
i%,-%,-%y 1l and 2 emulsified agar slope cultures, given at
intervals of 7 to 10 days. Ten days after the last injection
the sera were tested with the strains used for immunization and
if found of suitable value, i.e., agglutinating in a dilution
of 1:2000 or in higher dilutions, the ‘animal was bled and the
serum after separation stored in sealsd tubes. 1In the original
experiments sterility of the serum was ensured by heating at
570 C, for 1 hour on %;g successive dayé. In some cases it was
noted that there was a marked depreciation of the agglutinating
value of the serum by heating, due apparently to the varying

thermostability of the agglutinin. To obviate this the

measures adopted for bleeding and ccllecting the serum were
-carried out with the utmost precautions to exclude contaminati-n
and the serum was heated at 570 C. for only % hour cn 2

Buvcessive days.

Method of carrving out the agglutination tests: A 24 hours agar

slope culture was'émulsified in 5 C.C. of 0.85% salt solutioﬁ,
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and the emulsion allowed to stand in the incubator for about I
hour to allow the larger clumps and fragments of agar to de-
posit. The supernatant fluid was then decanted and made up to
10 C.C.. Varying dilutions of the antiserum were mixed with
ecual volumes (0.5 C.C.) of bacillary emulsion and the mixtures
placed in narrow tubes in which the agglutination could be observ-
ed by the nsked eye. As a control 0.5 C.C. of the bacillary
emulsion was mixed with an equal volume of salt solution and |
included in the tegt series; this eliminated any fallacy due

to autoagglutination. It is to be noted, however, that auto-
agglutination was rarely seen among these bacilli. The tubes
were placed in the incubator for I3 hours and thén at room
temperature for %+ hour; they were again placed in the incubator
for 2 hours, when readings were taken of the resulte.Ultimately
they were allowed to'étand at room temperature till next day
when further readings, if necessary, were made. It wés usually
noted that the variations in temperature produced in this way
set up convection currents in the fluid and this hastenéd
aggiutination. The degree of agglutination was determined by
the amount of sediment in the various tubes as compared with
the control, or by the clarity or turbidity of the supernatant

fluid as compared with the fluid in the control tube.



Complete agglutination is signified in the tables by
+ + + -, and lesser degrees by <4 4+ 4+, 4+ -4, and +.

Results observed with antisera to A types 1, 2, 3 and 4.

Marked specificity for the individual strain on the part
of these immune sera was observed. Tables 7, 8, 9 and 10 show
that the only strains agglutinated to any extent by the

corresponding antiserum were the particular strains used for

immunization. Thus, the antiserum to strain 1 type 1
agglutinated strain 1 in dilutions up to 1:50,000 ; 14 other
strains of the same type were tested with the antiserum but
none showed any agglutination by dilutions higher than 1:500
and 8 were not even agglutinated by a dilution of 1:100. A
strain of type 3 also exhibited little reaction with the type 1
~antiserum (table 7). Similar results were obtained with
antisera to types 2, 3 and 4.

While this restricted specificity was found to be the
general rule with antisera to these common types of B. coli, an
exception has been noted; an éntiserum to a type 2 (B. coli
cbmmunis) was found to agglutinate a particular strain of |
type 1 (B. MacConkey No. 71) in a four times higher dilution
than in the case of the homologous strg?ggéhd this type 1
strain was not found to be specially suéceptible to other

B. coli agglutinins, (tables 9 and 10) i.e., it was not itself

susceptible to other agglutinating sera nor did it show any



TABLE 7.

Antiserum to Strain 1, B. coli, sub-group A type 1.

(B. MacConkey No.71)
Dilution 1:100 1:500 1:1000 1:5000 1:10000 1:20000 1:30000 1250bOO

Strain 1, ++++ 4444 o4 444 44t et +et +
Al

Other strains having same characters i.e. of type A 1.

Strains

4, 6, 7, 0 0 0 o o . 6o 0 0

10, 11, 12, |

13‘ 15. ) : ‘. 4

Strains te + .0 0 0 o 0 0

3, 9.

Strains + o 0 0 o0 0 0 0

2, 8.

Strains

5, 14 e 4 0 0 0 0 o o0

Strain1, ++ O = 0 o - o0 o - 0o . o0
A3 |

Controls showed no agglutination.



TABLE 8.

Antiserum to Strain 17 B. cpli type A 2

(B. coli communis).
\

Dilution 1:200 1:400 1:800 121600 123200 1:6400 1:8000 1:10,000

Strain 1: TEEE 43 49+ 2444 et ++4 44 +

A2

Other strains having same'characters i.e. of type A 2.

Strains

2, 3, 4, 0 0 0 0' o 0 0 - 0.
5, 6, 7, |

8, 9, 10.

Strain + 0 0 0 0
11

Strain 1, 0 0 0 0 0 o - 0 0
A4

Controls showed no agglutination.



TABLE 9.

Antiserum to Strain 1, B. coli type A 3

(B. vesiculosus).
Dilution 1:60 1:120 1:240 1:480 1:960 1:2000

Strain 1, ++++ +e4d T 44 44 . ¥

A3

Other strains having’éame characters i.e. of type A 3.

-

A

Strains
3,4, 5, O 0 o . 0 0 0
8, 7.
Strains

2 ' o -0 o o o0
Strain )

8v : ++ ,t 0 0 0 0
Strain 1, + 0 0 0 o 0 A
‘A1 S o .
Strain 1, + 0 . 0 0 . 0. . O

A4

Controls showed no agglutination.



TABLE 10,

Antiserum to Strain l, B. coli type A 4
" (B. Grunthal)

Dilution 1:50 1:100 1:200 1:400 1:800 121600 123200 1:8000 1:10000

Strain 17 tett 4t 4444 Sbid F4d4 44 +444 44 +

A4

Other strains having same characters i.e. of type A 4.

Strains 0 0 0 0 0., O 0 0 0

3, 4, 6,

8.,

Strains + + o . 0 0 0 .0 0 0

2, 5, 9.

Strains ¢+ O O 0 0 O 0 o .o

7, 10. '

Strain 1, rer t 0 0 o 0 0 o 0
Al “ | |

Strain 1, ++ 0 . 0 o’ o 0 0 0 0
A3

Controls showed no agglutination.
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tendency to autoagglutination. Moreover, this agglutinin had
no effect on a number of other strains of type 1 (table 11).

To ascertain whether this peculiarity was a function of
the immune animal, ancther antiserum to the same tyne 2 straih-
wags obtained and the serum behaved in p;actically the same
manney, indicating that this property cf " paragglutination "
was dependent on the particular strain (table 11). /

It is noteworthy that this instance of paragglutination
is characterized by the more powerful effect of the
paragglutinin than the primary agglutinin.

As is well known the agglutinin has marked affinitiss for
the homologous bacillus and is absorbed or uszd up by the
organisms during the process of agglutihation. Moreover, a
bacillary emulsion is capable cf absorbing much more agglﬁtinin
than is reguired for complete agglutination of the organisms.
It was found that if these agglutinating sera were absorbed,

(1) by the homologous strain, (2) another strain of the same
type and (3) another strain of a different type, and then
tested with the homologous strain, the agglutinin could be
élmost completely absorbed by the homeclogous strain, but that
the absorptive. effect of the other organisms was relatively
‘weak and equal in degree (tables 12 and 13).

For this nurpocse concentrated emulsions were prepared
and a certain dilution, 1:500 or 1:1000, of the antiserum was

treated with the different organisms at 370 €. for 2 hours;



TABLE 11.

First antiserum to Strain 1, B. coli type A 2

(B, ¢oli communis).
Dilution 1:100 1+1000 1:8000 1:10,000 1220,000 1:59,000 1:40,000

Strain 1, ¢+++ +$+ée4 ++ 4 0 0 0

A2

Strain 1, #+++  ++¢ ++4 t+4 44+ +4+ +4
Al

(B. MacCon-
key No.71)

Ten other strains having same characters as Btrain 1, A 1l

showed no agglutination with antiserum diluted .1:500
Second antiserum to Strainl, A 2.

Dilution 1:200 1:400 121000 1:2000 1+4000 1:8000 1:16000

Strain 1, +++¢+ +++ +44 ++ 0 0 0
A2

Strain 1,  e+r +e+ 4 4+ +t + 0
Al

Controls showed no agglutination.



TABLE 12.

Antiserum to Straiﬁ I, B. coli type A 1.absorbed at
1:500 by large excess of emulsion. (v.table 7)
of (1) Strain I, A 1l.
(2y o 2, Al.
(3) v 1, A 2.

Treated Sera.

Dilution 1:600 131200 132400 1:4800 1:9600 1:12,000°
tested with Strain I , A 1.

(1) 4+ * 0 0 -0 0
(2) +4+4 ey e +34 EIE *
(3) $e44 rh4s TPE e wee +

Controls showed no agglutination.



TABLE 13.

Antiserum to Strain 1, A 4 (B. Grurithal) absorbed
at 121000 by'excess of emulsion ( v. table IO )
of (1) Stn.:'ain 1, A4
(2) » 2, A4
(3) » 1, A 3

Treated Sera.

Dilution 1311000 1:2000 134000 1:8000- 1:10,000

tested with Strainl, A 4.

(1) 0 0 0 0 "o
(2) tedd PP L 0
(3)  ++a4 444 Fd4d + 0

Controls showed no agglutination.
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the mixtures were centrifugalized till the supernatant fluids
were Quite clear; these were pipetted off and tested each with
the homologous strain in various further dilutions.

Absorption tests were also carried out with the
antiserum which sho@ed the paragglutination phenomenon. It
was found that while tfeatment of the serum by the strain used
for immunization removed the agglutinin both for this strain
and 'the heterologous strain, the heterologous strain was only
capable of absorbing its own agglutinin (table 14). This is
true for coagglutination effects generally (Castellani), and
showed that the twe strains we2re not serologically identical.

It was thus quite impossible to establish any

differentiation by agslutination tests between different

types of these coliform bacilli, and no species specificity

was displayed by their agglutinins; the specificity is

restricted to the individual strain and, by the ordinary
agglutination.reaotion; and also by absorption tests,it is
quite impossible to demonstrate that organisms cof the same
species (determined by cultural reactions) as the homologous
strain, are more clcsely related to it than respresentatives

of other types. Thus, the indifiduality of the bacterial
Btrain is most strikingly elicited. In this group strains

are constantly assuming new characters (v.p. 5% ) ana becoming

highly specialized. Hence we must assume that a high degree

of individualityv is attained by each strain and that



TABLE 14.

(1) Antiserum to Strain 1, A 2 (B. coli communis) absorbed by
Strain I, A 1 (v. Table xa) at 1:1000 dilution.

(2) Same antiserum absorbed by Strain 1, A 2 at 1:1000 dilution.

1

Treated Serum (1)
Dilution 1:1000 1:2000 1:3000 1:4000 1:6000  1:8000
~tested with
Strain 1, A 2 <4444 ++44 +444 +444 +4+ +4

Strain I, A1  ++ + 0 0 o 0

Treated Serum (2)
tested with
‘Strain 1, A 2  +4 + 0 o 0 0

Strain I, A1 O o - o o o 0

Controls showed no agglutination.
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differences of cultural characters within certain limits are of

little significance.

Results observed with antisera to B types 1 and 2.

In the foregoing observations regarding the action of
B. coli agglutinins, the commoner types, B. MacConkey No. 71,
B. coli communis, B. Grﬁnthal, B. vesiculosus belonging to the
indol forming sub-group (A)'of coliform bacilli were studied;
tfurther experiments were then carried out with agglutinating
sera to certain of the B sub-group which are of less frequent
ocgurrence. '

Antisera were obtained to strains of types B 1
(B. MacConkey No. 74) and B 2 whose characters are shown in
table 3. A number of other strains identical in their
charécters to these types were tested with the respective
immune sera. The results with an antiserum to strain 1,
type B 1 are shown in table 15. It was noted that while the
strain used for immunization was agglutinated by a 1:8000
dilution of the serum, 3 other identical strains were only
agglutinated by a lower dilution (1:100, 1:1000) and strains
of sub-group A type 1 and B 2 also were not agglutinated
except by low dilutiocns. Strains 3 and 6 were agglutinated,
however, toc the same degree as the strain used for immunization.

An antiserum to strain 3 was also obtained and tested
with the other strains (including No. 1). The corresponding

effect was found to occur, i.e., marked agglutination of



TABLE 15,

Antiserum to Strain 1, B, ecoli type B 1 (B. MacConkey No.74)

Dilution 1:100 1:3500 1:1000 1:2000 1:4000 1:6000 1:8000 1:10,000

Strain 1,

B1l

Strain 2,

B1l

~ Strain 3,
B1l

Strain 4,
B1
Strain 5

B
Strain 6,
Bl
Strain 1

Al

Strain 1,
B2

titd

+444

+444

++

+htt

‘444

44

44

+444

+44

444

++++

‘4

+4++

++

444

bt

444

+444

+4++

+4++4 +44

444 +44

te+ s ‘44

Controls showed no agglutination.

++

++

0
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strain 3 and also of strains 1 and 6 while the other strains
were not affected to any extent (table 16). In this type
therefore the specificity was not so restricted and the
homologous strain was not the only strain which showed marked
' Cettain
agglutinability by the antiserum. TE—@ARe¥ strains of the
same type were, however, not more agglutinable than a
heterologous strain belonging to an entirely different
sub-group. Thus no species differentiation could be elicited
by means of these antisera.

In the case of the antiserum to a strain of B 2, two
other corresvending strains were also tested. The strain
used for immunization was agglutinated by dilutions up to
1:10,000 (table 17); strain 2 was agglutinated by dilutions
up to 1:3200, but strain 3 showed a less degree of
agglutinability (end-titre 1:800).

Among these B types there is a relative specificity of
the agglutinin for the individual strain as in the case of -
the indol forming types, but the results indicate that the
specificity is much less restricted. In the case dfl
agglutinating sera to A types 1, 2, 2, and 4, the strain used
for immunization showed marked agglutinatioh, while other
strains of the same types respectively were practically
inagglutinable except by low dilutions of the serum. In
the case cof antisera to type B 1 strains, other strains of

the same type showed an almost equal agglutinability, and as



TABLE 16.
Antiserum to Strain 3, B. coli type B 1. ,
Dilution 1:50 i:;OO 1:800 1:1600 1:3200 1:6400

Strain 1, +++4 +44+ +444 44t +at +

B1l

Strain 2, ++++ ¢+ O o 0 0
B 1l

: | ,

Strain 3, +++¢ e tied e e .0
Bl

Strain 4, +ees ter @ 0 0 0
B1l

Strain 5, © ++ 0 o 0 0 -0
B 1 |

Strain 6, +++¢¢  +444  E3ea d4e ; ‘4 +
B1l

Strain 1, +4+¢ ¢ 0 0 0 0
Al

Controls showed no agglutination.



TAELE 17.
Antiserum to Strain 1, B. coli type B 2.

Dilution 1:50 1:100 1:400 1:800 1:1600 1:3200 1:6400 1:10,000

Strain 1, ++++ +4++ —++++ 444 v4tH et et +
B2

Strain 2, ++++ 4444 +4es 4444 444 ++ 0 0 -
B2

Strain 3, ++++ ++4% 44 4+ - O 0 0 0
B 2

Strain 1, +++ 0 0 0 0 0. 0 0
Al

’

Controls showed no. agglutination.



regards the antiserum to strain 1, B 2, of the two other
correspending strains, one was agglutinated by relatively high
dilutions though not quite equal in agglutinability to the
étrain used for immunization. |

Results observed with antisera to B types 101 and 103

(paracolon bacilli).

Agglutinating sera for twoc types of the so called
paracolon bacilli, i.e., types which ferment glucose and
mannite with gas production and do not ferment lactose or
saccharose, were-prépared. In this case specificity for the
individual strain was completely absent and eiact species
specificity waé observed.

The immune serum to sfrain 1, B 101 agglutinated this
strain in dilutions as high as 1 in 8,000,000 (an unusually
‘powerful agglutiniﬁ) and 3 other similar strains were
agglutinated by equally high dilutions (table 18). |

It is of interest to note that strain 4, B 101 under-
went spontaneous variation in saccharose medium (fluid); so
that a new strain was developed ditfering from the original
strain in fermenting saccharcse within 24 hours growth
(v.p. 57). Both the original and variant strain were
‘equally agglutinable by the antiserum. The immune serum to
strain 1, B 103 agglutinated 3 other similar strains to the

same degree as the strain used for immunization (table 19).

z



TABLE 18.
Antiserum to Strain 1, B 101 (B. paracolon type)

Dilution 1:2000000 1;2000000 1:4 000000 126000000 1:8000000 1:10000000

Strain 1, tete 44 +4 BT + 0
B 101

Strain 2, t4+4 +444 4444 X2 ++ 0
B 101 ,

Strain 3, L 2 2 e a2 tee ++ 0
B 101

Strain 4,  ++++ +Hee O +4ed B 2 . 0
B 101 |

Strain 1, 0 o 0 0 0 0
A1 5

~ Strain 1, 0 -0 .0 .0 0 0

B 1 ) ‘

Strain 1, e 0 0. 0 .0 0
B 103 |

(Note the very high -degree of potency attained by

this particular agglutinating serum).

\



Antiserum

Dilution 1:500

Strain 1,

B 103

Strain 2,

B 103

Strain 3,

B 103

Strain 4,

B 103

Strain 1,
B 101

+4t+

et

444

44t

4+

Controls showed no agglutination.

to Strain 1, B 103 (B. paracolon type)

TABLE 19.

1:1000 1:2000 1:40001:8000 1216000 1:32000

4444

+4t4

44t

tt+t

+4tt

4444

444

t+t+¢t

444

+4+4+

+++4

+et++

e+t

+44

g4

++4

T4t

4+

+t.

T+

tt
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Thus among the coliform bacilli investigated serologically,
different grades of specificity on the part of agglutinating
gsera have been noted:

(1) in the case of the commoner types, sub-group A types 1,
2, 3 and 4 (gas producing, indol <, inosite —,
lactose ) marked specificity for the individual
strain was observed.v

(2) in the case of certain lessvcommon types, sub=-group B
types 1 and 2 (gas producing, indol =, inosite -,
lactose ) absolute specificity for individual
strains was not cbserved but there was not complate
specificity for the species or type as determined by
‘cultural tests. '

(3) in the case of certain paracolon types (B 101 and 103)
{gas producing, indol =, inosite =——, lactose =)
precise specificity for the cultural type was

observede.

COMPLEMENT DEVIATION REACTIONS.

As in the case of agglutination by immune sera to
organisms of the A sub-group, the specificity of the complement
deviating immune body is found to be related not to the
homologous species but to the strain used for immunization.
This specificity for the individual strain was not so
pronounced as in the case of the agglutinin and was only

relative. While " group " agglutination among the different
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B. coli species was slight and often inappreciable, the
complement deviating antibody displayed marked " group ® action
within certain well defined limité and in the experiments to

be recorded some indication of the biological relationships

of different B. coli types has been elicited from a study of
these group reactions.

Complement deviation methods.

Antigen: Emulsions of the bacilli in 0.85% salt solution were
generally used as antigen; these were prepared by mixing an
18 o 24 nours agar slope culture of the particular organism
with a given uuantity (10 C.C.) of salt solution. The whole
agar surface had been inoculated abundantly so that a
continuous growth was obtained, and by using tubes with agar
surfaces of approximately equal size, the emulsions of
different organisms generally exhibited an approximately
equal degree of turbidity.» The emulsions were sterilized in
a vaccine bath at 65° C. for 4 hour; this is usually

suf ficient to ensure the killing of organisms of the coli
group and does not affect the antigenic value of the emulsions.
These antigens generally exhibited a more or less degreé of
anticomplementary action by themselves; this effect appeared
to depend mainly on two factors (1) the particular specimen

of complement and (2) the presence in the emulsion of

P

Table 20 shows how closely the antigenic properties of these
emulsions correspond; compare the deviation by the A 4

antiserum - strains 2 A 4, 1 A 3 and 1 A 1. ‘
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fragments of agar which after heating of the emulsion render
it extremely viscous. It was generally found better to employ
complement-serum 18 to 24 hours after its withdrawal as fresh
complement tends to be more deviable by anticomplementary .
agents. Apart from this, individual animals vield complements
which may display varying degrees of deviability; some are
extremely deviable, while others afe little affected by ths'
usual inhibitory agents and it is thus impossible to predicate
now a certain specimen of complement-serum will behave. As
regards the other complicating factor it was found essential
before heating to centrifugalize the emulsions for lor 2
minutes. This deposited any agar fragments and the supernatant
emulsion was then pipetted offt.

/ It was thus possible to obtain bécillary emulsions which,
with suitable complements, showed little anticomplementary
effect in the quantities used.

Bacillary extracts have been extensively used in place
of simple emulsions. These were originally employed by
Wassermann and Bruck and various workers have preferred them
on the ground that they are less anticomplementary than
emulsions. I have prepared extracts by Dean's method of
alternately freezing and thawing emulsions and then removing
the chteria by centrifugalization. These extracts were foundv
no less inhibitory in certain amounts with various specimens

of complement than the ordinary emulsions. Throughout the

my. s . ' .
This is well known as regards the Wassermann reaction.
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experiments emulsions have been used as antigen; they are
easily prepared and with suitable complements exhibit little
inhibitory effect.

The immune sera used were those already referred to in

connection with the agglutination experiments.
Guinea pig's serum was used as complement and ox blood
corpuscles sensitized with 5 doses of a haemolytic immune body

(from the rabbit) was employed as the haemolytic syste me

The method of carrying out the tests, where careful
comparisons were made of the deviation of an antiserum along
with different bacillary strains, was as follows: varying
quantities of the serum ware added to a fixed quantity of the
antigen and then a quantitative estimation of the amount of
complement deviated by these mixtures was made by adding
varying amounts of complement from 3 M.H.D. up to 20 M.H.D.
(for 0.5 C.C. of the test blood suspension), incubating the
mixtures for 13 hours at 37° C., and then adding 0.5C.C. of
the blood suspension. After a further hour's incubation the
results were read.

Control tests were also carried out to determine the
number of doses of complement absorbed by the.antigen and
immune serum respectively. .At the same time the dose of
complement after incubation for 1% hours was ascertained by
adding suitable amounts of the cpmplement-serﬁm to tubes

containing a volume of salt solution equal to that of the
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antigen used in the tests, incubating along with the other
tubes and then adding the test corpuscles.

The nunmber of doses of complement deviated was taken as
one less than that represented by the smallest amount in the
geries which produced complete lysis (complete lysis occurring
when one dose is left free). The nunmber of doses deviated by
the serum and emulsion separately was deducted from the numbsr
of doses absorbed by the szrum and antigen in combination, and
the result represenfed the exact degree of deviation produced
apart from the inhibitory effects of serum and bacillary
emulsion. Thus any inequality in the anticomplementary action
of different antigens was allowed for.

By this method in which the amount of complement
deviated by varying amounts of antiserum along with a fixed
quantity of bacillary antigen, is tested, it is possible to
‘precisely differentiate B. typhosus from B. paratyphosus A and
B. 1In one of my own experiments 0.0002 C;C. of an antityphoid
serum along with a strain of B. typhosus (ﬁot that used for
immunization) deviated over 17 doses of complement while with
B. paratyphosus A 0.025 C.C. of the serum was required to
produce a deviation of 10 doses and 0.0002 C.C. produced
practically no deviation. Thus by careful quantitative
comparisons, it is possible to establish a precise species
differentiation between certain allied organisms. In the case

of B. typhosus the relative specificity is for the species.



Regults chserved with antisera to A typ=s 4, 1 and 3.

In the cass of the antiserum to strain 1, A 4 (B. Crinthal
over 15 doses of complexent were absorbed by the combination of
0.801 C.l. of antissrum and the strain used for immunization
while with anaother strain of the same type (Vo. 2) it was
necessary to employ 0.025 C.C. of antissrum to obtain this
degre= of ceoml=zment abscorption, and on diminishing the amcunt
of antissIuz there was a rapid falling off in the amsunt of
corplerent isviated (table 20). With representatives of otrerx

-
-

typical 2. coli varisties, the amounts of complement deviated
by diff=rant GQuantitiee of antiserum were practically the same
ag thcse leviated with the No. 2 strain of type B. 4. Thus,
even by varyizg the amcunt of antiserum no demarcaticn cculd
be deronsteatel in the A sub-grocup between, for example,

types L and 3 oo the ome hand and tyne 4 on the other. This
was founl to he truz also in the case of antisera toc types 1
and 3 of gub-groap A (tables 21 and 22).

Experizments were also carried out in which the amount »f
antiserur was mailntained constant and the quantity of antigen
varied; with the aoctliserum to straih 1l of type 1 no
differen*iaticom could be established between another type 1

straim arcd & strain of a different type {(type 2) (table 23).

GROUP REACTICHNS.

The growy rsactiom wa@s then studled to ascertain its

signmificarcs as regaris the bioclogical relaticnships batween



TABLE 20.

Lysis of 0.5 c.c. 5% suspension ox blood + 5 doses immune body.

Antiserum Complement
to Strain Bacillary Doses of Complement. deviated by
1, A 4 (B. Emulsion. Emulsion
Griinthal ) . Al one.

2D. 5D, 10D, 15D, 20D. 2 D. 5 D.

0 0 0 0 Trace Just

0.025 c.c.) ( o
) ( com,
) (
0.01 cec. ) (0 0 0 0 0 ..
) 0.4 c.cf
0.005 ¢.c.)Strain ( O 0 0 0 0 .o cee
)1, A4 ( _
0.001 c. c.; g 0 0 0 0 Com. «ae
0.0005 c.c.) ( o 0 Al. Com. .o “oo cee
) ( Com. '
) (
0.0001 c.c.) ( 0 Dist. Com. ves  cue
0.025 c.c.) ( o 0 0 0 0 Just Com.
) ! com.
. )0.4 c.c{ , '
0,01 e¢c.c. )Strain ( Dist. Mkd. Al. Com, e .o .o
;2, A4 é : Com. ’
0.05 c.c. ) ( Mxda. Al. Com. cee - e con “ee
) ( " Com.
) (
OOOOlc.C. ) ( Al. Como [ ¢ o0 LI 3 L ) ®e e
) ( Com.
0.025 c.c.) ( o 0 0 0 0 V.mkd. Com,
) ( . : '
0.01 CeCoe )O -C'( Dist- Disto Mkd- Com. e w e s e ¢ 0
YStrain (
0.005 c.c.;l, 5 ( Dist., Mkd., Com. co voo “oe ces
( .
OoOOl CQC ) ( Mkdl J.ust . e @ .‘.A LN BN J 9 8 & * o
conm.

Table continued on next page-Meaning of contracti i
on next page. | page; g ctions glVGW@lso



TABLE 20.

(Contd.)

'Lysis of 0.5 c.c. 5% suspension ox blood + 5" doses immune body.

Antiserum Complement
to Strain Bacillary Doses of Complement. deviated by
1, A4 (B. Emulsion. Enulsion
Grunthal). Alone.
2D, 5D, 10D, 15D. 20D, 2 D. 5 D.
0.025 c.c.) ( o 0 0 0] 0] Mkd. Al.
) ( com.
) ( :
0.01 c.c. )04 c.c O Dist. V.mkd. Com, cen cen cee
) St r in ( Trace -
)1, A1 (
0,005 c.c.) ( o Dist. Al. ces cee e ses
;» g Trace com.
0,001 c.c.) (Trace Mkd. Comn. ces cee Ve ces

0.025 c.c. Antiserum alone deviated 2 D of

O‘Ol ' " "

"

In this and in subsequent tables:

C. or Com.--complete lysis

Al.C. or Al.Com.--almost complete lysis:
Vemk. or V.mkd. --very marked lysis

Mk. or Mkd.--marked lysis’
- Dt. or Dist.--distgnct lysis
Ir. or Trace --trace of lysis

¥.Tr. or P.Trace --faint trace of lysis

0 -- o 1y81s

L]

no

Complement.



TABLE 21.

Lysis of 0.5 c.c. 5% suspension ox blood + 5 doses immune body.

" Antiserum Complement

.to Strain Bacillary Doses of Complement deviated by
I, Al (B. Emulsion. ‘ _ Bmulsion
No.71 McC) 0.4 c.c. Alone.

2D. 4D, 7D, 12D. 20D, 2D. 4D,

0.01 c.c. ; é_ 0 -0 0 0 0 . cen

0.005 c.c.) ( o 0 0 0 0 ces .o
)Strain ( .

0. 001 c.c.)I, Ad1.( © 0 0 0 0 Mkd. Just
Y(B. Fo.( ' com.

0.00C5 c. c.; é 0 0 0 0 0 o .o

0.0001 ¢ec.) ( 0 Dist. Just ces .o . .o

Como '

0.01 c.c. ; ( o 0 0 0 0 eee uen
(

0.005 e¢.c.)Strain ( O 0 0 Trace Com. Mkd. Just

;2, A com.
0 ‘
0.001 c.c.) ( o Dist. Mkd. Al., Com. . .
. com. '

0.01 c.c. ) ( o 0 0 0 Trace ... cee
)Strain ( , .

0.005 c.c.)1, A6 ( O 0 0 Trace V.mkd, V Just
)polita ( ‘

0.001 c.c.)nus) (

0 Mkd. Mkd. V.mkd. Com. ... ‘e

Table continued on next page



TABLE 21. {(Contd.)

Lysis of 0.5 c.c. 5% suspension ox blood ¢ 5 doses immune body.

Antiserum Complement
to Strain Bacillary Doses of Complement. deviated by
I, A1 (B. Emulsion Emulsion
No.71 MeC) 0.4 c.c. " Alone.
2D, 4D. 7D, 12D. 20D, 2D, 4D,
0.01 c.c. } (o 0 0 0 Trace oo “ee
)Strain (
0.005 c.c.)l, A2 ( O 0 o) Trace Mkd. Mkd. Just
) (B. colil ‘ conl.
. ) C ommunis)
05001 c.c.) ( 0 Trace Mkd. V.Mkd. Com. ... .
0.01 cecs ) (o 0  Dist. Mkd. Al. Com. Com.
) ( com.
yStrain ( ,
0.005 c.c.)1, A4 ( O Dist. Mkd. V,Mkd. Al. cae een
)B.Grun-( com.
| Ythal. (
0.001 c.c.) (Dist. V.Mkxd. Al. Com, C o, cos ces
: © com. ‘

0.025 c.c. Antiserum alone deviated 2 D of Complement.

0.01

"

L "

"

no

1



TABLE 22.

Lysis of 0.5 c.c. 5% suspension ox blood + 5 doses immune body.

Antiserum Complement
to Strain  Bacillary Doses of Complement. deviated by
l, A3, B. Emulsion Emulsion
Vesiculosus. 0.4 c.c. Alone.
2D. 5D, 10D. 15D, 20D. 2 D. 5D. 7 D.
0.025 c.c.;‘ E 0 0 0 0 O ver eee e
0.0l COCO ; é 0 O 0 O o e e 0 e e L 4
" 0,005 c.c.)Strain ( © 0 0 0 0 V.mk. Al. Com,
)1, A 3 ( com.
) (R.vesi(
0,001 c.c.%culosué% 0 o} 0 0 0 ces ses  ase
0.0005 c.ce) (o 0 Mkd . A1, COMe sen  aee oo
) ( com.
) (
0.0001 C.C.) (Dist. Mkd. com. [ R 3N 3 L N B e & 8 . & @ s e 9
0025 C.Co) ( O O O O Disto L] * e LN ]
) ( .
0.0l c.c. ) ( o 0 Dist. V.mkd. Com, Dist.Al. Com,.
)Strain ( ! com.,
)2, A 3 ( :
0,005 c.c.) ( o Trace  Mkd. Com. COMe sse osos ase
) (
0 001 C.C.) (Trace N.[kd. Com. Como Com., e s s e ee e
0'025 c.c.) ( O O 0 F.t]'.’. Disto s s e s e e s o 8
. ) ( .
0.01_,0.0. )Strain ( O O Disto Alc Como DiSt.Al. Com-
)1, A 4 ( com., com,
) (B.Grun(
00005 C.C-)thal) ( 0 Trace .V.n]kdo Como Com. X s e e eee
) (
0.00]_ c.c.) (Tra,ce Dist. Como Com. COIH. ¢ e e o e s s

.Table continued on next page



TARLE 22, {(Contd.)

Lysis of Q0.5 c.c. ﬁ@;sugpension ox blood ¢+ 5 doses immune body.

Antiserum Complement
to Strain  Bacillary Doses of Complement. deviated by
1, A5, B« Emulsion dmulsion
Vesiculosuss 0.4 c.c. Alone.
2D, 5D, 10D, 15 D. 20D, 2D, 5D. 7 T.
00025 CnCI) ( O O O W.tl’.'. i\t/&rkd‘ . ¢ LI BN ¢c e s
)Strain (
0.01 c.c. )1, A9 ( O 0 Trace V.mkd. Com. Dist. Al. Cox.
)(BR.No. cam.
)106 Mes(
0.005 c.c.;Conkey)g 0 0 Diste Come COMe cae  sas oo
0,001 c.c.) (Irace Dist. Com. Com. COMe cue  wes  see

0,025 c.c. Antiserum alone deviated 1 D of Complement.

o o Ol " " L]

no



TABLE 23.

_Eysis of 0.5 c.c. g% sugpension ox blood ¢+ 5 doses immune body.

Antiserum Complement
Bacillary to Strain Doses of Complement. deviated by
Emulsion. I, A 1l. Emulsion
(B.Yo.7"1 Alone.
MeConkey) .-
00025 CeCo 2 D. 4 D’.’ '7 D. 12 D.~ 20 D] 2 D. 4 Dl
Strain I, y
Al.
0.2 c.Ce 0 0 0] 0 Ftr. Com., Com.
012 cecCe 0 0 Etr. Ftr. Dist. Com, Com.
0,04 c.c. 0 Trace Dist. Dist. iMkd. Com, Com.
0.02 ceCo 0 Dist. Mkd. Mkd. Con. Com. Com.
Strain 1,
A2, .
0.2 c.c. 0 0 0 0 0 Com. Com.
0.12 c.c. 0 0 0 Trace V.Mkd. Com, Com.
0.04 c.c. 0 Fir. Mkd. Com. Com, Com. Com.
0.02 c.c. Trace Dist. V.mkd. Com. Com. Com. Com.
Strain 2,
. A,
0.2 c.co 0 0 0 0 0 Com. Com.
0.12 c.c. 0 0 0 Mkd. ikd. Com, Com,
0.04 c.c. 0 TFtr. Trace Mkd. Com, Com. Com,
0.02 c.c. 0 Trace Al. Com. Com, Com. Com.
com.

0.025 co.c. Antiseru@.alone deviated 1l D of Complement.,
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different types, and the .classificaticn or grouping of these
organisms.

Group actioh by complement deviating sera has been
studied in other bacterial clasees: thus Sacqué%é; found that
the food-poisoning gfoup could be classified into two
sub-groups (Enteritis I and II). An immune ssrum to an
organism of sub-group I reactedkwith other sub-group I types
but not with organisms of sub-group II: similérly an antiserum
to a sub-group 1I type reacted only with other organisms of
the same sub-groupe.

On testing the antiserum to strain 1 type 4 (B. Grunthal)
along with a large number of different coliform strains
(typical and atypical) it was found that the group reaction was
- limited to a certain class. If these coliform bacilli are
divided up as follows, as in the origihal clasgification given

above (p. /5 ):

Coliform bacilli

1

gas producing these that do 'not produce
(Yaerogenes") gas from any of the sugars
types. . fermented ("anaerogenes")
: ' types.

Sub=-group D.

non-inosite-fermenters © Inosite fermsnters
Sub-agroup C.

indol forming non-indol~forming
Sub-group A. Sub=group B.
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then sub-group A will comprise all the typical varieties, e.g.,
B. Manonkey No. 71, B. coli communis, etc. It was found that
the group effect with‘the A 4 antiserum was limited to these
types, i.e., to sub-group A; for example with representatives
of this sub=-group over 15 doses of complehent were deviated in
the presence cf 0.025 C.C. of the antiserum while with
representatives of the other sub-groups B, C and D, in the
presence of the same amount cof antiserum not more than 5 doses
were deviated and with some no deviation was observed (table 24).
Bome of the strains were tested both with the A 4 antiserum

énd also with the A 3 antiserum and the results were found to
correspond (table 24). It is noteworthy that certain
representatives of sub-group A whose fermentative reactions

did not correSpond'tovthose of the accepted B. coli types,
deviated in the presence of 0.025 C.C. of antiserum over 15
doses of complement and even by varying the amount of antiserﬁm
one could not differentiate them from an A 4 strain other than
strain 1, i.e., the strain used for immunization (table 25).
Included among these were two strains which according to the
usual criteria would not have been classed as typical B. coli,
'viz., two non-lactose-fermenters,.and a strain which only
fermented lactose after mutation; these strains all p;oduced

indols The fact that such gram-negative bacilli behave in

complement deviation experiments with an antiserum to a strain

of typical B. coli similarly to other typical organisms




Different

Lysis_of 0.5 cecs 9% suspension ox bivoa + 5 Guses immune Dody .

LAl 4.

;
e e ga.

-~

B Antiserum tou Strain 1, A 4()5’. Grﬁnthal) —_— UeORD Cc.Co

of : _ |
Strains Iyped 1 =2 1 & 2 = 3 4 3 5 4 o O 7 6 50 il 10 = 5 9 10L 34 19 12 22 9 1
taciliary Sub- A C ¢ Coli B B A B2 B A B A A A A B A A B GoliC B 5 a4 A Do b A A 1-1@3;‘0—
Emuision  group anae - ' anae - Pira- -{yph,jun_ pro-
Oed CocC. .roge- Tuge - colon yph. Jun-
= D
_F
Doses of 3D O0J.C.V. Al. ik 0O O ALDLO J-0 0 0 O O 0 ©O AL. O C C © O o 0 0 0 € Mk. Tr.C G
Compleme rlto' ' Inka C . C . C . Co
D 6 C C C Al .ilk. G C uik.O ¢ 0 0 0 0 Tt o©O 0] c Tr. C C C O 0 0 0 0 c A1, Dt. C c
CO ' : = ' ' C. .,
10D 0 C C € C C 0 ¢C C 0O C O 0 0 0 WO ©0 ¢ ¢ ¢ ¢ ¢ 0o 0p 0 o0 ¢ ¢ Ale ¢ C
15D 0 ¢ ¢ C € ¢ 0 C C 0O C O 0 O0 0 C 0 w ¢ cC- ¢ ¢ ¢ 0 0% 0 0 € ¢C cC ¢ ¢
20D 0 C ¢C € C C TreC C T™C O Tr.0 O C Tr. 1n C C ¢ ¢ C 0 o 0 o 0 ¢ C ¢ ¢ ¢
Antiserum tou Strain 1, A S(B, Vesiculosus) — 0.025 CaCu
Doses of . ,
Complement. 3 D Dt. V. Dt. Dt. T, O d. 0 0 0 0 0 ; Tr. C Mk. Tr. C
Ink- C- - . : .
oD Al.C Ve Ve Dt. 0 J. 0 O O O Tz f Tr. C‘ C Dt. C
Cl m-k. mk. C. !
10 D c ¢ ¢ ¢ C 0O J. 0 6 O 0 k. Tr. C C él. c
- G .
15 D c ¢C C C C O J. O Tr.0 O C. f Mk. C \_c.; c c
C. ;
20 D cC C C C C Tr. %-,. ,M-.’Dt.]@u‘,o C | ‘. ll::. o c o o
Complement 8D 2D 3D D 4D 5D 4D 5D 4D 3D 2D 4D 5D 4D 3D 7D 3D 4D 4D 6D 2D 2D 2D 4D 4Digp 4D 4D 3D 4D 4D 3D 4D
deviacted by ' “6l ‘
enulsion

alone.




TABLE 25.

Antiserum Complement
to Strain Bacillary deviated by
1, A 4 (B. Emulsion. Doses of Complement. Emulsion
Grinthal) . Alone.
i T4
2D 5D. 10D. 15D. 20D. 2 L. 5 L. 70D,
0.025 COCO; E 0 0 0 0 0 Mkd. Com. .
0.01 cece )04 cocd{ O 0  Trace Dist. Al: eav» sos o
)8train ( Com. :
12, A 4.(
00005 C-C-)Lactose+( 0 0 _chkd'- Com. LY a8 s o v e s+
)Indol +( \ ’
0.001 c.c.) ) (Trace Dist. Al. s vas oer oces
) - com. :
0.025 C.c.) ( 0 0 0. 0 0 Mkd. Com.
)On4 C-C( :
0.01 c«cCo )Strain ( ¢ .0 0 Dist. Vemkde eso coe veo
JA 12, | - '
0.005 c.c.)Lactose~( O Trace Al. Com. cer  eee er .
) Adonite —{ ' com.
(Inosite <
0.001 ce.cs)Indol 4+(Trace Dist. Al. = s« cee ees  eas
) ( com.
Ot025 0.00)0'4 CoC( 0 0 0 O 0 »r @ Nrkdu Com.
)S8train ( ] .
0.01 c.c. )A 19. ( O 0 0 Trace Micd. eve  ens .
)Iactose +( -
00005 C.C.)a.ftel’ 0 0 Dist. Hikcd. Come wus * .0 °
Jmuta- ( |
OcOOl CoC.)tiOn. ( 0 Dist. V.mkd. Com. P s e n e n s
) Adonite —(
) Inosite—(
YIndol +(

Table continued on next page




Antiserum Complement
to Strain  Bacillary Doses of Complemant. deviated by
1, A 4 (B. Emulsion. Emulsion
Grinthal). Alone.
20. 5Ds 10D0L. 15 . 20 Ds 2 D. 5 L. 7 I.
0.025 c.c.)0.4 c.c{ O 0 0 0 0 Mkd. Com.
. JStrain (
0.01 c.c. )A 15. ( 0] 0 0 0 Trace +se. 'K} »
)Lactose +(
0.005 c.c.)Adamte+( O 0 Dist. Com. cre wes  ees
' ) Incsite —(
0,001 C-C¢)Ind01 +( 0 Trace Com., s a0 Y s a0 er s
0.025 c.c.) ( © 0 0 0 0 Mk. Come
)0.4 c.cf :
0.01 c.c. )Strain ( O 0 0 Trace COMe vee eos -
JA 34. (
01005 CoCo)IﬂCtose_( O Dist- V.Mk. Al- Com- «s® oo s
)JIndol +( Com.
) Inosite=~(
0.001 c.c.) (Trace Dist. Com. Com. ComMe wse  o.s
00020 C.C.) ' ( O O O 0 0 LI S ) s s -
)0.4 c.of S
0.01 c.c. )Strain ( O 0 0 0 0 Dist. Al." Com.
JA 6. ( . Com.
0.005 c.c.)Lactose+( O 0 Trace ‘Al. COMe oo sss oo
)Indol +4( Com. ‘
) Inosite —( :
0.001 c.c.) ( © Dist. Com. =~ Com. COms ees euo .




stronzly suzzests that lactose fermentotion which hos always

been considered one of the most important characters of B. coli

can hardly be taken as of more importance biologically than

other sugar reactions.

Among the 31 strains of sub-groups A, B, C and D examined
in this way, three A types (No. 1, B3 and 22) 4id not react
characteristically with the A 4 and A 3 antisera, i.e., the
group reaction was absent in the case of the No. 1 and 22 '
strains and not well marked in the case of the No. ¥ strain
(table 24). The No. 22 strain was isolated from a case of
conjunctivitis in which it was present in pure culture; the
No. 1 and é% strains were of direct faecal origin. On the
other hand no representatives of the other sub~-groups B, C and

D exhibited any reaction with the A 4 and A 3 antisera.

Results observed with an antisérum to a No,l type sub=group_B.

Lfhe specificity and group action of an antiserﬁm to a
strain belonging to one of the common types of sub-group B was
also investigated. The antiserum to strain ¥, B 1
(B. MacConkey No. 74) whose agglutinating properties have
alreédy been referred to was employed for this purpose.

It was found that the serum displayed no specificity
either for the individual strain or the type to which it
belonged. In fact certain strains of other different types
within the sub-group B exhibited as much affinity (as determined
by complement deviation tests) for the serum as the strain used

for immunization (table 26). The group reaction was strictly




TABLE 26.

’_l

Lysis of 0.5 c.c. 5% ox blood suspension ¢ 5 doses immune bol:.

Antiserum Complement
to Strain  Bacillary Doses of Complement. deviated by
%, B 1. Emulsion ' Emulsion
(B. No. 74 0.4 c.c. Alone.
MacConkey) . .
3D. §5D. 10D. 15D. 20D. 3 D. 5 D.
0.005 c.c.; g 0 0 0 0 0 .o .
0.001 c.c.) ( 0 O  Dist. Al.  Com. Ik. Cox.
)Strain ( Com.
)3, B 1.(
0.0005 ¢ .c4) (B. No.g 0 Dist. Mk. Com. Com. e .
)74,
0%901 c.C. ) lilonkey)(Trace V.mk. Al. Com. Come. e .
) Com.
0,025 c.c,) ( O 0] 0 0 0 e .
_ )Strain ( ‘
0.01 cvc. )2, B1 ( O 0 0 Trace Al. ¥x. Conm.
) (B. No.( gom.
)74, (
0.005 c.c.)McConkey)( O 0 Trace Al. Come. .os .
) ( Com.
0.005 c.c.) ( o o0 0  Trace Dist. .«s .
) (
OoOOl C-Co) ( 0 Trace Dist. ke V.mk. Venmk. JUS’C
)Strain ( com.
)1, B 2.( :
0.0005 c.c.) ( o Trace Mk. Al. Com. ‘on .
) ( Com. .
| ) ( ;
0.0001 c.c9 (Trace k. V.mk. Just Com. .
) ( com.

Table continued on next page




TADLE 26.

(Contd.)

Lysis of 0.5 c.c. 5% ox blood suépension + 5 doses immune bod..

Antiserum ‘ : Complement
to Strain Bacillary Doses of Complerment. deviated by
3, B 1. Emulsion Emulsion
(B. No« 74 0.4 c.c. Alone.
MacConkey) . :
3Ds. 5Ds 10 D¢ 15Ds 20D 30D. 57D

0'005 COC-) ( 0 O O O Trace‘ - e ¥

) ( .
0.001 c.c.) ( O Trace Dist. Mk. Al. Mk. Co

) - Com.

)Strain (
0.0005 c.co®E=m,. ( O Trace Mx. Just Com. . .

;2, B Z-E com.
0.0001 c.cJ (Trace Mk.  AI. Just Com.  eee .

) ( Com.

com.

0.025 ce«cs Antiserum alone deviated 1 D of Complement.




limited to types belonging to the B sub~group. Thus with a
number of strains of sub-group A, C and D practically no
deviation was obtained (table 27).

In the case of sub-group A it was found that by Jdeviation
tests non-lactose-fermenters and organisms wnich only fermented
lactose after mutation could be classed along with the typical
lactose fermenting types. In sub-group B non-lactose-fermenters
(B. paracolen types) and strains which developad lactose-
fermenting mutants (B. coli mutabilis typés) could not be
identified with the lactose fermenting types, i.e., the group
action of an antiserum to a lactose fermenter was limited to
those types which fermented ;actose in primary culture.

As a result of thess serological findings some indicatin~n
has been elicited of the bionlogical grouping of the different

cultural fypes of coliform bacilli.

fhé results may be summarized as follows: -

In sub-group A (gas-forming, indol +, inosite —,
gelatin —) as détermined by tests with'antiseré to types 1,
2, 3 and 4 there is a high aegree of specificity of the
agglutinin for the individual strain used for immunization,
but no evidence of specificity for the type, or grdup action

towards other organiszs of the sub-group; there is a relative




TABLE 27.

Lysis of 0.5 c.c. 5% ox blood suspension ¢ 5 doses immune body.

Antiserum ‘ : : Complement
to Strain Bacillary Doses of Complement. deviated by
3, B1 Emulsion Emulsion
(B. No. 74 0.4 c.c. Alone.
MacConkey) .
3D. 5D. 10 D. 15 D. 20 D. 3 D. 5 D.
0.05 c.c. ) (0 0] 0 0 Trace ... .
)Strain (
0.025 c.c.)2, B1 (O 0] Ftr. Dist. Mk. Mk. Com.
Y(B. No. ( .
0.01 c.c. )74 (0 0 Dist. V.mk. Com. . csa
) (McConkey)(
0.005 ca.c.) (0 Trace Mk. Com. Com. o .
0.05 c.c. ) (0 o] 0 0 Dist. ... NP
) ( ‘
0.025 c.c.) (0 0 Trace Dist. Mk. V.mk. Com
)Strain (
0.01 c.cs )of B 3.'§ 0 Trace Dist. Mk. Con. sen
) .
0.005 c.c.) (o Dist. V.mk. Com. Com. .
0.0% c.c. ) (0 0 0 0 0 . .
) (
0.025 CoCo) ( O O O TI‘aCe Dist- Dlstv JU.S't
)Strain ( Con.
~ )of B 10.(
0.01 c.c. ) ( 0 0 Trace Dist. Al. « e .
' ) ( Com.
) ( \
00005 CcCo) ( O TraceDiSt- Al' Com- . . »
) ( Com.

Table 27 continued on next 4 pages




TnBLE 27. (Contd.)

Lysis of 0.5 c.c. 5% ox blood suspension ¢ 5 doses immune body.

Antiserum Complement
to Strain Bacillary- Doses of Complement. deviated by
3, B1 Emulsion Emulsion
(B, No. 74 0.4 c.c. : . Alone.

(MucConkey) «

30. 5D 10D. 15D, 20D. 3 D. 5 D.

0.05 c,c. ) E 0 0 0 0 0 aeo
)

00025 CoCc) ( O 0 O O DiS‘t‘ DiSt- J"J_St
)8train ( Corm
)Of B lOQ(

0.01 c.C» ; EO Q Dist. I"’Eko Vumkc s @

0.005 c.c.) ( O Trace Dist. V.mk. Com. N

0.05 c.ce )Strain ( O 0 0 . 0 0 Mk. Cox.
Jef B 9. (

0.05 c.c+ )Strain ( O 0 0 0 0 Mk, Com.
Jof B 4. f

0.05 c.cs )Strain (Mk. Com. Com. Com. Com. Mk. Com.
)A 1, B. ( '
JNo« 71 (

) McConKey) (

0.05 c.c. )Strain (V.mk. Com. Com. Coms. Come V.mk. Com.
‘ Jof A6 ( ' '
)neapoli-(
) tanus.




TABLE 27.

(Centd.).

5

doses immune body.

Lysis of 0.5 c.c. 5% ox blood guspension ¢

Antiserum Complement
to Strain Bacillary Doses of Complement. . dJeviated by
3, B+ Emulsion Emulsion
(B. NO' '?4 004 CeCns Aloneﬂ
(MacConkey).
30D. 5D 10D, 15 D, 20D. 3 D. 5 D.
0.08 c.c. )Strainﬁ@(Al. Come Ccime Com. Com.  Al. Com.
)ef B. (Com. Com.
Jcoli (
) communis(
0.05 c.c. )Strain (Mk. Com. Com. Com. Com.  Mk. Jus*
Yof C 1. ( ' Com.
0.05 c.c. )Strain (lik. Com. Com. Con. Com. Yk. Conm.
Jof C 2. (
0.05 c.c. )Strain (Mk. Com. Com. Com. Com. VK. Com.
Jof T 6 ( ’
)Coli (
)Anaero- (
)genes. (
0.05 c.c. )B. para-(Dist. Mk. Com. Com. Com. Mk. Com.
) typhosus( .
0.025 c.c.)B. (Mk. Al., Com. Com. Com. .o .
;’ 2 Com.
0‘01 CeCoW ) 4(V.mk. Com" . T ® e . s .
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TARLE 27. (Contd.)

Igsis of 0.5 c.c. 5% ox blood suspension # 5 dosss immune body.

Antiserum ’ Complement
" to Strain  Bacillary Doses of Complement. deviated by
3, B 1 Emulsion Bmulsion .
(B. No. 74 0.4 c.c. Alone.

MacConkey) .

5De 35D 10D, 15 D. 20 D. 3 D 5 D.

0.05 c.c. )Strain (Dist. Mk. Al. Com. Com. sen oo

)of para-( _ Com.
Jeclon .

0.025 c.c.)bacillus(Dist. Vemk. Com. Com. Com. e.. Just.
JLactose —( Com.
)Indol —(

0¢01 c.c. )Incsite - (Mk. Vemk. Com. Com. Com. cre e
) Qlucose + (
0.005 c.c.)B 101l. (Nx. Com. Com. Com. Com. . s .

0.05 c.c. ) (Trace Dist. Al. Com. Com. .o oo

) ( Com.
)Strain (

0,025 c.c.)of (Dist. Mk. Just Com. Com. .ee Com.
)para- ( Com.

Jcolon  ( _
0-01 C.C. )baCilluS(DlS‘t- V.mk- Com- Com‘ Com- -, . e R )

)B 103. (
0.008 c.c.) (Digt. Cor. Com. Com. Com. cee e
0,05 c.c. ) (Mx. Al. Com. Come. Com. .« . cw.
) ( Com. )
)Strain ( :
0.025 c.c.)of B. (V.mk. Com. Com. Com. -Com. Just Com..
. Jcoli ( Com.
) mutabi lis(
0.01 ¢c.c, })B 103 (Veomk. Com. Com. Com. Coms  sa. oo
‘ Xpefore ( ‘ '
Ol 005 C -C.)muta.tiOn)( Just com- Com. Com' Com- «s o es o

(Com.




TARLE 27. (Contd.)

N
s

Lysis of 0.5 c.c. 5% ox blood suspension ¢ 5 doses immune body.

Antiserum Complement
to Strain Racillary Doses of Complement. deviated by
3, B. 1 Emulsion EBmulsion
(B~ Noa 74 Q¢4 CoCo . AlOﬂBa

MacConkey) .

3D, 5Ds 10D. 15D, 20D. 3 D. 5 D.

0,05 c.c. })Strain %Mk Com. Com. Coms  Come Just Com.

Jof B 105
JLactosew(
Y after (
)Y muta- (
Jtion). (
) Inosite —(
)Indol - (

Com.

0.05 c.c. )Strain (V.mk. Com« Com« Com. Com. Just Com.

ot B. ( Com.
YLactose=( .

) (4 after(

ymutation)(.

YImmsite —(

)JIndol - .

)JB. 102. ( ’

0.05 c.c+ )B.proteus(Mk. Com. Com. Com. Com. Just Com.
) ( . ‘ :

COm-

'0.05 c.c. of Antiserum alone deviated 1 D of complement.
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gpecificity of the complement dev1at ng immune hﬁqx as
determined with antisera to types 1, and g' for the individual
strain but not for the cultural type; there is, however, a
well marked group reaction limited to strains of the sub-group
irrespective of other cultural reactions (e.g., lactose,
dulcite, saccharose, inulin fermentation, motility) and not
extending tc the B, C or D sub-groups, B. paratyphosus B, or
B. proteus.

In sub—group.B as determined by observations with
antisera to types 1 and 2,

he

Sp601f101ty of agglutinating antisera

fAif? /§

butAnot complet=2 specificity for the cultural type; there is

absence of relative specificity of the complement deviating

antibody (antiserum to type 1) for the individual strain and
the group reaction, as far as my observations go in the case of
the types tested, is limited to the lactose-fermenting types
and does not extend to the A, C or D sub-groups, the non-
lactose fermenting types of the B sub-group, the types which
only fermented lactose after mutation, B. paratyphecsus B or
B. proteus.

While among thé indol <, inosite —, gas - types
lactose fermentation uppearéd of no more significance than
certain other reactions, in-the case of the indol —

inosite — gas <4 types, the lactose fermenting types seemed
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to be separately grouved as apart from the non-lactose-fermsnt=rs
and those which only fermented lactose after mutatione.

Also in the case.of two types of non-lactose-fermenters.
of the B sub-group exact specificity of the agglutinin for the
type or species was no%ed and this alsd differentiated these

organisms from the lactose fermenting types.

The comparative resistance to brilliant green of differsnt

- types of coliform bacilli with reference to the classification

of these organisms.

In the course of certain observations on the enrichment cf
B. typhosus by culture from fasces in fluid media containing
brilliant green (Browning, Gilmour and Nackie) it was noted that
different types of B. coli exhibited different degrees of
susceptibility to this chemical. The "™ typical " varieties
(sub-group A types 1, 2, 3, etc.) were completely inhibited in
their greowth on culture medium. by concentrations of brilliant
green which had no effect on B. typhosus, but it was noted that
the inosite fermenters (sub-group C) on the contrary exhibited
8 resistance to the dye greater even than that of the typhoid
bacillus.

As this appeared to be a striking difference between two
Bs coli sub-groups already classified separately on an entirely

different basis, there seemed some likelihood that the study of
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the behaviour of different coliform types towards this dye
might throw come further light on the biological relationships
of the various cultural types,

| For this purpose a series of representative strains from
the four subgroups were tested as regards the inhibition pf
their growth on peptone-water-agar by different guantities of
brilliant green incorporated in the medium.

The concentrations of the dye tested were 0.I6, 0.22, 0.32,
0.42 €.C. of & I:I0,000 watery solution in T0 C.C. of the
mediume.

Fmulsions of the various organisms were prepared in sterile
galt solution; of such density that the fluid showed a mere
trace of turbidity to the eye, and cultures were made by taking
one loopful of the emulsion and spreading it on the medium in
gtroke form(one stroke only). On ordinary medium this inocul=-
ation prddueed an sbundant line of growth along the needle tract.
One plate was, of course, used to accommodate several strokes
from different organisms.

The plates were incubated for 48 hours and readings were
made after 24 and 48 hours.

with two excéptions, all the sub-group A organisms tested
pProved relatively susceptible ( as compared with B. typhosus )
to the dye , including non-lactose-fermenters ( table 28 ),
the exceptions were (I) a strain of type 9 and (2) a strain

of type 22 (isolated from a case of conjunctivitis );



TABLE 23.

Brilliant Green 1:10,000 watery solution per 10 c.c.

.peptone-water-agar.

Observations aft{er 24 hours incubation.

Strains of 1 2 3 4
0416 coce 0.22 c.ce 0432 cuc. 0.42

Sub=-group A.

Type 1 (B.MacConkey r+ - ' - -

No.71)
" 3 (B.vesiculosus) + + | - -
"3 T .
" 5 (B.Schafferi) + N -
LI | ++ - ‘ - o -
* 6 (Neapolitanus)- - - + - - -
" 4 (B. Grunthal) ' . - -
"3 * * - -
"6 . - - -
" 15 o = P .
" 30 + - - oL
"2 g ’ *e - - -
* 35 (Lactose -) - -i - -
" 2 ‘ + - ' - : -
L] Q ’ + + ‘ - ’ -
"3 - - - -

(Table 28 continued on‘nexﬂﬁ pages )




Strains of

Sub-group A.

Type

S
B.typhopus

B, Proteus

Sub-group B.

28
33
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B+ = b B o
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Strains of

Sub-group B.

Type 101

L

f

"

104

103
106
103

102

105

102

103

(paracolon)
(paracolon)

devel oped
lactose
fermenting
mutant

developed
lactose
fermenting
nutant

lactose
fermenting
mutant

Lactose
fermenting
mutant

lactose
fermenting
mutant

Sub-croup C.

Type 1

f

2
5

LTABLE 28, (Contd.)
1 2 3
0«16 cice 0.22 c.c. 0.32
FEr s 444 t4+4
+tett et +4td
tHt+ et +4tr
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ettt +4+¢ t4tt
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TABLE 28. (Contd.)

Strains of 1 . g 2 ‘ 4
éi#?ﬁﬂé_g 0:16 c.c. 0-22 q.é. 0-32 c.c. 0-42
Type 2 ' t++4 +++4 +4+4 4+
“ 4 +htt rer C erer +¥++
» 3 - » ;%++ Pres +r+e -4 +4
" 9 . taes TS PRI b br

Sub-group D.

Type 1 PP rte + 4 PR
" 3 - - - -
hd 5 - - / - -

. 7 ++ - - -

" 4 TRPRPar + - -
7

" 2 + - - -

The amount of the resulting growth is denoted by: ++++, +++,

*+, +; — signifies no growth.
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ancther strain of type 9, however, ccrrespcnded in its behavicur
to the other A types. It is noteworthy that these two strains
also differed in the complement deviation éxperimsnts from other
A typess

The strains of sub-group B showed some variation in their
resistance to brilliant green as might have been expected from
the biological differences elicited by the serological tests.

Those belonging to the series 1-11 (fermenting lactose
in primary culture) all showed a higher degree of resistance
to the dye than the A types and equal to or slightly greater
than that of B. typhosus. Those types which developed lactose-
fermenting mutants exhibited a high degree of resistance, i.e.,
muchvgreater than that of series 1-11 or B. typhosus, while the
paracolon types were apparéntly léss resistant even than the A
types.

In the B sub-group, therefore, the various types could be
classified into 3 categories according to their resistance to
brillianizzg;related with certain cultural characters and
reactionse.

In the C sub-group all the strains tested exhibited a
.high resistance to brilliant green, edual to that shown by the
mutating strains of sub-group B. |

In the D sub-group there was some variation in the

Susceptibility of different types, but the number of strains
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available for testing was toc limited to draw any inferences
from the resul ts.

These findings correlated with the serological observa-
tions are of considerable interest; from the serclogical
study, it was concluded that the gas -=, indol <4, inosite —
types could be grouped together apart from the other crganisms
of the B. coli group. The tests carried out with these
organisms growing on brilliént green media also show the -
striking distinction between organisms of the sub-group A on
the cne hand and the C types and also certain cf the B types
on the other.

While the A types (with few exceptions) are all more or
less similar in their behaviour and the same is also true for
the C types, various B and D types behave differently.

In the B sub-group the lactose~-fermenters were |
differentiated serologically from the paracolon varieties and
those which only fermented lactose after mutation; in the
brilliant green resistance tests a correspénding difference was
established.

These'experiments, therefore, apart from the practical
bearing they had in connection with the brilliant green
renrichment process for the isclation of Be. typhosus were of
consﬁderable interest in correlation with the previous work

on the classification of the B. coli group.



VARIATION AMOVC 7% QOLIFORM RACITLI

Variation in Gas Pro.juction.

| Among these organisms certain ancmalies have been noted
as regards thnis property (Mair, Wilson and others); thus,
strains when first isolated may show complete absence of gas
production, but on repeated subculture develop this property.
Reference has already be=n made to strains of paracolon
bacilli (p. / ) which in primary culturé simulated
B. typhosus in their cultural reactions. The possibility of
this variation must be considered, therefore, in the practical
identifieaticon of intestinal bacilli. A B. paratyphcsus A in
the first cultures made after isolation may show complete
absence of gas production and if it only ferments dulcite
slowly as is often the case, it may thus simulate B. typhosus
in cultural characters. B. dysenteriae 8higa may alsc be
gsimulated by a non-motile organism which after repeated
subculture fermsnts glucose with gas prcduction, th&ugh in
primary cultufe it produces no gas (of zlucose, lactose,
dulcite, saccharose, mannite, maltose, only glucose fermented).

My attention was firét drawn to this variation by the

occurrence of a strain of B. coli (B 1) which, when tested
shortiy after isolation produced gas from dulcite only and when
retested aftar a month's culture was found to have attained the

power of producing gas from lactose and saccharose thbugh still
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non-gas-precducing in glucose. Later it also acguired the vower
of fermenting glucose wifh gas formation.

Though the absence of gas production in the case cof
B+ typhosus and B. dysenteriae is known to ﬁe a stable
character of these organisms, the questioﬁ arose as to whether
* anaerogenes " types of coliform bacilli simply :epresented
variant strains of aerogenes types.

While certain strains have been noted which immediately
after isclation produced no gas'from_ggy of the sugars
fermented (e.g. B 101), it was fcund that in many cases gas
production was only absent in certain of the sugar tests
(e«g. strain of B 1 quoted above): Also, as a general rule,
such organisms after a few subcultures quiokly developed the
property of gas production, i.e., the character seemed to be
enly in abeyance. On the other hand the various strains
- classified as " anaerogenes " (sub-group D) even after
repeated subculture and after being kept in artificial growth
for long periods, still remained non=-gas-producing.

It has been shown by Penfold that by growing B. coli on
monochloracetic acid agar a variant strain could be se lected
ocut which'differed from the original in the absence of gas
formation in certain sugars. With a view to determining the
possibility of transmuting an aerogenes type into an

anaercgenes variety, certain B. coli strains were submitted to

Penfold's procedure.



Method: the mcnochleracetic acid was made up in a 10% watery
golution and after having been made slightly alkaline to
litmus by adding sodium carbonate, was sterilized by
filtration through a Naassen filter. The solution was then
incorporated in a 2% peptone-water-agar in measured
proportions. vThe percentages ihdicated below are expressed
in terms of tre amount of the acid in the quantity of medium
used for plating.

In the first experiment a series of plates each of
10 C.C. of monochloracetic-acid-agar, the acid being in the
following proportions:- \

1 2 3 4
0.05%  0.1%  0.5% 1.0%
were inocculated with a typical B. coli communis strain. On
plate 1 a normal ahount of grecwth was obtained but the
colonies varied considerably in size. On plate 2 the diffefence
in the size of the colonies was more marked and many of the
larger colonies showed papillae as described by Penfald. On
plates 3 and 4 no gfewth appeared. A subcultivation on
ordinary agar was made from a large colony on plate 2, and
from this, plates containing the following concentrations
of manochloracetic acid were incculated as before.
i 2 3 4 5
0.2% 0.3% 0.4%2  0.5% 0..7%



On all these plates abundant growths were obtained and all the
colonies wexre of the large type:. A subcultivation was again
made on ordinary agar from plate 5 and from this,plates
containing the acid in still higher proportions were inoculated:
1 2 3
0.5% 1% 2%
Growth was abundant on plates 1 and 2; in the case of plate 3
the growth was slower in appearing, but ultimately a few large
colonies developed. Thus a monochloracetic acid resistant'
strain was selected out and subcultures on ordinary medium
when tested were found to produce:
acid cnly from glucose;
acid and considerably reduced amount
of gas from lactose;
Ditto. from galactose;
acid and gas (in a slightly
reduced amount) from duléite;
Ditto. from mannite.
A similar test was carried out with a sub-group A type 1
strain; the selected strain capable of growing on 2.5%
monochleracetic acid agar showed also absence of gas procduction
in glucose, considerably reduced gas production in lactose and
galactose, and slightly reduced gas production from dulcite and
mannite. Qther strains of tynical B. coli and a B. proteus
were tested with similar result, as regards the particular

sugars of the ahove series fermented.
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The results differed from those of Penfold * in that the
only " sugar " (of 2 monosaccharides, a disaccharide and 2
héxahydric alcohols) from which these variants completely
failed to produce gas, was glucose, though in the case of
lactése and galactose there was some depression of‘the gas
producing property. .

All these variants maintained their stability as regards
the new character even after several months subculture on
ordinary aéar, but by subculturing every day in glucose peptpne
water for a week, a reversion cf the strain was noted and the
power of producing gas was regained.

Harden and Penfold found that, from the biochemical
standpoint, the change was more a quantitative than a
qualitative one. Thus from my cbservaticns it was only
possible to commletely abolish the gas production of B. coli
in the case of glucose, and it was also shown that the
oiiginal cleracter could be easily regained under certain
conditions. It was in no way possible to select from an
aerocgenes B. coli type a corresponding anaerogenes varietye.

The absence of gas productieﬁ after several subcultures
may, therefore, be regarded as a fundamental character of

certain coliform typess

Penfold's variant strains showed absence of gas production
in lactose as well as glucose.



Variation in biochemical characters among the

e e iy Sl oyttt

bacillis

Such variations have been observed occurring spontaneously
in culture medium and afford some indication of the process of
evolution going on among these organisms under natural
conditions. The marked diversity of types in this group as
regards cultural reacticns has been well shown by the work of
all thcse who have studied these organisﬁs and in the
serological observations already recorded the highly Specialized
characters of individual strains have been alluded to; it may
be assumed, therefore, that new types or species are constantly
being developed from pre-existing varieties and that these
bacilli tend to acquire new characters which are not
spontaneocusly lost, i.e., that the tendency is a progressive
one and represents the origin of new species.

In 1907 Massini* dsscribved a non—lacfose-fermenting
gram-negative bacillus (B. coli mutabilis) which on Endo-agar
developed lactose fermenting mutants represented by red
papillae on the pale colonies of the original strain and after
further subculture as red colonies. This was corrcberated by
Burk and later by Muller in the case of the fermentation of
other carbohydrates.

In studying the fermentative reactions of coliform

bacilli it has been noted that certain strains may not show

* Reported also by Neisser (1906).
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any cbvious change in a partiéular sugar, e.g. lactose,until
the lapse of several days; organisms of this type were
investigated by Penfold who showed that these slowly fermentirg
gstrains were primarily non-lactose-fermenters which in fluid
media threw off lactose fermenting variants, the variant
'producing rapid fermentation of the sugar. Thus the obvious
difference batween the variant and the origiral strain lay in
the rate of fermentation of lactose. The strains studied were
characterized by the formaticn on differential medium (such

as MacConkey's neutral red lactose agar or Endo-agar) of pale
colonies which developed after a few days red papillae as in
the case of Massini's strain.

A number of strains were met with in the course of my
own study of the B. coli group which though primarily
non-lactose-fermenters, in fluid medium containing lactose
apparently‘threw of f lactose fermenting variants. All these
organisms formed pale colonies on MacConkey's agar; certain of
them corresponded to the type described by Penfold in
developing red papillae. By subculturiqg the papillae cn
ancther plate of MacConkey's medium, red colonies wesre grbwn_
representing a variant which differed from th§ original strain
in producing rapid fermentation of lactosé in fluid medium,
whereas the sugar was only fermented after several days (and

often without gas production) by the original strain.
\



Some of these orgaanisms, on the other hand, showed nc
evidence of mutation on so0lid media containing lactose ( e.g.
MacConkey's agar ) i.e. red papillae were not observed, but
on eubinbculating from the fluid lactose medium on MacConkey's
agar a mixture of pale and red colonies was obtained; the
pale colonies corresponded to the primary strain, the red colontes
to the variant.

Similarly strains were noted which mutated as régards the fer
-mentation of other sugars, e.g. dulcite, saccharose, adonite.

The variations exhibited by these strains and the differences
between the original and the variant strain are shown in table
29, |

It is noteworthy that the majority of these mutating streins
were of the B subgroup.

While most of these variations were in the fermentation of
lactose, it has been shown how similar mutations may occur in the
fermentation of dulcite, saccharose and adonite.

It may also be noted here that no variations have been
met with as regards the fermentation of inosite. Similarly the
presence ( or absence ) of indol formation has been found to
represent a stable‘character. O0f course, quantitative variat-
ions in indol production have been observed and it has been

shown how the amount of indol prodﬁced may be increased




TABRLE 29.

In this table: A == acidf G == gas, the amount of gas
production being indicated by G+, C 44, G ¢+4+; C = clot

(from milk) .

Strain- Tays .
of incu= lact- Dul- Saccha- Ado- Milk.

type . bation. ose.. -'cite. Trose. nite.
B 102 1 L - : ‘ ' , — Colonies on
MacConkey's
2 - . A agar
A AC developed
red papillae
Variant l AG 4 ++ AC after 3 days.
B 104 1 — o A Colonies on
o - : A MezcConkey's
, ‘ agar
5 AG 4 AC. developed
Vafiant 1 AG ¢ ‘ -AC red papillae
' : after 4 da:s.
D1 1 — N —  Absence of
' papilla
- - formation.
5 — —
10 A A
Variant 1 A : A
' 2 A AC

Table 29 continued on next 5 pages




TABLE 29. (Contd.)
Strain Days .
of incu- lact- Dul- Saccha~ Ado- Milk.
tyna. bation. ose. cite. rose. nite.
B 107 1l — — Absence of
o A A papilla
5 AC + A formation.
Variant 1 AG +++ A
2 AG++f AC
A 19 1 — A Absence of
o — A papilla
f ation.
5 A AC ormation
10 AG + AC
Variant ¥ AG ++ AC
A 19 1 — -— Absence of
- papilla
2 A formation.
5 AG + A
Variant 1 AG ++ ( AC
B 103 1 — —_— Absence of
5 — papilla
. "‘ formation.
10 A A
Variant 1 AG ++ AC




(Contd.)
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Strain @ays
of incu- Lact- Dul»- Saccha~- Ado- Milk.
type s bation. ose. cite. rose. nite.
B 8 1 - Absence of
) — papillae
from celonizs
8 - on neutral
10 A red dulcits
agar.
Variant 1 AG ++
B 10 1 — Absence cf
(after ) _ vapillas
mutation) 5 from colonies |
- on neutral
' 10 AG ¢+ red adonite
agar.
Variant 1 AG ++¢
B 108 1 — — Absence of
) — — papil la
A formation
5 - on MacConk='s |
10 A A medium.
Variant 1 AG AC
A 28 1 — Colonies on
) —_— saccharose
5 — neutral red
, agar
10 AG + developed
red papillae
A after 4 days.
Variant 1 AG ++
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TARLE 29. (Contd.)

Btrain Days

of incu- Lact- Dul- Saccha- Ado¥ Milxe.
types bation. ose. cite. 1zrose. nite.
B 8 1 — Absence of
2 : — . papillae
- from
5 A colonies on
saccharose
neutral red
Variant 1 AG ¢ agar
B 105 1 — - Colonies cn
2 — A MacConkey's
_ agar
5' A A dgveloped
10 A AC red papillas
after 3 days.
Variant 1 AG + . . AC
B 103 1l | — — Colonies on
D) — — MacConkey's
agar
8 A, . A developed
10 A - AC red papillaz
after 3 da s.
Variant 1 AC ¢ AC
A 34 1 — - Absence of
2 — — papillae
. A from
5 -— .
colonies ¢on
10 A A MacConkey's
agar
Variant 1 AG A
2 AG ++ AC




TAPLE 29.

(Contd.)

Strain Tays .
of incu- JLact- Dul- Saccha- Ado- Milk.
types bation. ose. cite. 7rose.
A 35 1 —_ —_— Absence of
) — -— papil lae
from
5 A A colonizs =on
10 A A MacConke: 's
agax.
Variant 1 AG ¢+ AC
B 101 1 — Avbsence ¢f
_ 5 — papillae
from
5] —_ 5% oni o
colonies con
10 A saccharose
agar .
Variant 1 AG

Note: In all,5 strains were noted corresponding in cultural

reactions to B 102 and also developing lactose fermenting

variants (represented by red papillae on the colonies on

MacConkey's agar).
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or diminished under certain conditione (Peckham, Horrocks). f
considerable proportion of all the cnliform strains examined
were retested after 2-3 months from the time of their original
classification and in al; cases indol formation or the absence
of this pronerty proved stable.

Variation in cultural characters associated with

variation in agglutinability.

It has been shown that variation in biochemical reactions
is not associated with any change in the ssrological charactars
of the strain (Penfold) and this was confirmed in the case of
onz of the mutating strains described above.

Recently Fletcher (3) has described atypical forms of
B. paratyphosus B and B. aertryck occurrihg under natural
: cpnditions, which in artificial culture exhibited variatipn
both in cultural and serological charaqters and reverted to
the typical form; the original strains were capsulated bacilli,
produced slimy or "™ mucoid " colonies and were much less
agglutinable than the classical strains; after subculture,
however, typical bacilli developed from the mucoid strain and
these reacted to full titre with a specific agglutinating
serum. Fletcher has alsc described the same variation in the
case of strains cf dysentery bhacilli.

In the course of my observations on the B. coli grap

a similar variation was notedj;it was found that a B. vesiculosus

(MacConkey) strain which produced on agar plates large, raised,




thick, cpague, slimy or " viscous " colconise and grew in the
form cf a thick, whife, glistening, viscous growth on agar
slope cultures, when grown on agar containing brilliant green
in such amounts as to produce slight inhibition of growth,
developed variants from.the original type as regards colony
characters; 1t was also noted that these variations were
associated with Jdifferences in agglutinability by a specific
serum to the originél strain.

The general characters 6f the original strain were as
follows: gram-negative non-motile bacillus; not liquefying
gelatin{ fermenting with gas production gluccse and lactose
but not dulcite, sacchafose, adonite, inulin, inosite;
producing indel from peptcne; not yielding a Voges and
Proskauer reacticn. The colony characters have already been
referred to. When plated out on nutrient agar containing
0.06 C.C. of a 1:10,000 watery solution of brilliant green
to 5 C.C. agar, it developed two different types of colony;
thick viscous colonies corrésponding to those of the original
stfain, and thin, transparent, non-viscous colonies.

Subcultures from the thin colonies reproduced on
ordinary culture medium similar thin, non-viscous colonies
and thus from the criginal growth a variant strain could be
selected out liffering in cultural characters from the

original strain and remaining true to type even after repeated




subculture. In all the other general characters ths new strain
corresponded to the original. The original culture did not
show variation in colony characters when plated on ordinary
medium. It had been used as a type in certain serological
investigations, and there could be nc doubt as to its purity
since the strain had been originally obtained after three
successive platings and subculture from single cclonies.

An agglutinating serum had been prepared by immunization ;
of a rabbit. T i

Subcultures from a thick viscous colony on the brilliant
green agar plate, replated on the same medium again vielded
dif ferent typeérof colony:

Type A - thin non-viscous colonies as in the

first experiment;

Type‘B - small thick opadue markedly viscous
colonies; v ?

TXPe C - 1large thick opaque non-viscous _ |
colonies; |

and als? large cpaque viscous coloniés corresponding to these’

of the original strain.

The different appearances of these colonies ars shown
in the photographs. |

Primary subcultures from colonies A, B and C reproduced

the respective colohy characters; repeated subcultures

Temained true to type and there was nc tendency to reversicn

o subculture. 1




Photograph showing appearances of different

colonies referred to in text

original
with thin
border

Colonies on agar plate after 4 days at 37 C.
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On micrescopic examination types B and C were more
coccoid in shape, while A represented typical bacillary forms.
By overstaining with Leishman's stain (10 minutes with the
pure stain and 30 minutes with a 1:2 dilution in distilled
water) a thick somewhat irregular capsule was demonstrated in
the case of B, while A and C were apparently non-capsulate.
Hiss's method failed to show a distinct capsule. It was found
that, after 3 or 4 days incubation, from some of the large
thick viscous cclonies representing the original strain, thin
tranéparent borders were developed and appeared tc correspond
to the thin colony variant; subcultures from these borders
reproduced thin colonies of type A which remained true to type.

It was found later that subcultures frcm the large thick
viscous colonies on the original brilliént green agar plate,
replated on ordinary medium also developed colonies from which
the type A variant grew out in thne torm or‘a tinin LOTUeT.

Thus from the original strain thrée different varianté
had been developed, as regards growth characters on solid
culture medium; the biochemical reactions and other cultural
characters of the original strain were reproduced in the new
types, and it was shown how the variant A actually develcped
from the original type of cojony.

Agglutinatiop tests were carried out with\the antiserum
to the original strain, and striking differences in

agglutinability were noted between the different types.



€2,

The end-titre of the reaction with the original strain
was 1:1600; type A was agglutinated by the same serum in
diluticns up to 1:10,000;C displayed a lésser agglutinability
than the original'strain, the end-titre being 1:1000; in the
case of B the end-titre was 1:3000 (see table 30).

These results are of special interest as demonstrating
variation in agglutinability associated with variation of
other characters. On retesting these variants after several
subcultures the agglutination results were found to be ccnstant.
Similar observations were made with another B. vesiculosus
gtrain tb which én agg;utinating serum had been prepéred.

The original strain grew in the form of large, white,
opaque, non-viscous colonies. On brilliant gfeen agar two
types of colony were observed; those which represented
apparently the original strain aﬁd thin transparent colonies
resenbling variant A of the first experiments; subcultures
from thesé remained true to type as regards the new character’
but did not differ in other general characters from the
dxiginal straine.

Agglutination tests yieldéd results which corresponded
to those found in the first experiment; thus the thin colony
variant again proved much more agglutinable than the original
strain (see table 31). Similar mutations as regards colony
characters were observed with two other B. coli strains and the

variants remained true to type even after repeated- subculture.



TABLE 30.

Agglutinating serum tu B. vesiculosus strain H -
Sexum dilutions

1:400 1:800 1:1000 1:1i200 4:i600 1:2000 133000 1:4000 - 1:6000

Orlginal Btrain T R ) 444 ‘4t +4 - - .- _ .’
Variant A. +ite tt4e te+¢ t444 1444 +4¢¢ P P P | 0 _

" c. +4¢ t+¢ + - - - - ».3;; S

" Be tiet bttt Hted +etd et tt ¢ e e

Reading after 4 hours at 37 C... =
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Aggiutinating serum to_u. vesiculosus strain L - R

Serum dilutions

i

1:800 1,1000 1%2000 1,3000 1:4000 1:5000 138000 1:10,000 ;;lQOOQV l:lﬁqu fl:205QQO O

?,

Original Strain} tet ++ +t +4 + + - - S e e e
\ . g .

Variant et teet +44¢ +e44 ta+e 444 4344 44+ 4 Cee -

Reading after 4 hours at 37° C.
Ewmulsions of equal density. =
' ta
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It is to be noted that many'B. coli strains grown on
medium containing a slightly inhibitory concentrat on of
hrilliant green may develop thin cclonies, but on subculture
the thin colonies revert to the original typee

The question, of course, arises as to whether variations
in agglutinability might be dependent on morphclogical
differences, e.g. the presence of a glutinous capsule. In
the first experiments the most agglutinable variant was ths
A type (large thin non-viscous colonies), the least
agglutinable the C type (large thick non-viscous colonies)
while the original strain (large thick viscous coclonies) and
the B type (small thick viscous colonies) represented
intermediate degrees of agglutinability. No conclusions can
be drawn to show that Qgglutinability is influenced by the
presence of a glutinous capsule. These_observations are,
however, of speéial interest in showing how the serological
characters of a partiéular organism, interpreted by the usual
'metnods, may‘vary under certain conditions.

It can be understood how a group of bacteria which are
constantly developing mutants with new biochemical characters
has come to represent in the course of time a considerable
number of different cultural types as seen in the B. coli_
group; in the séme way constant variation in serological
characters, without change in biochemical reactions, would

explain the highly specialized serological characters of the
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individual strain and the absence of specificity of an antiserum
for the cultural fype-

- The process of evolution and origin of new types going
on ameng these gram-negative bacillﬁiis not only of the
greatest biological interest, but the study of these variations
elicits some explanation of the great diversity of types and
also the highly,specialized serological characters among the

coliform bacilli.
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PART 2

oBSERVA:IONs
ON THE
BACTERTOLOGY
OF

BACILLARY DYSENTERY.



INTRODUCTION,

It is a well established fact that dysentery, apart from
amoebic infections, may be produced by different hacterial
types, and certain classical orgsnisms, biologically allied
though specifically different, have been zenerally accepted as
undcubted causal agents of this disease e.g. B. dysenteriae
Shiga. PB. dysenteriae Flexner. DNuring the late war, dysentery
was extremely prevalent in the Mediterranean and Egyptian
Campaigns ani the pathology of the disease attracted
considerable atterntion btoth in the ¥ilitary laboratories with
the Expeditionary Forces and also in the home labofatorieé.

In 1918 and 1917 bvacillary dysentery attained a high incidence
in the Tgyoptian Force and the large number of cases constantly
being admitted to the Base Hospitals in Alexandria provided .
abundant material for a systematic bacterioclogical study of
this condition.

Investigations of non-amoebic dysentery both in the acute
and subacute stages of the disease revealed the presence of a
varied bacterial flora in the intestinal discharges, comprising
many unusual tvpes foreign to the healthy intestine apart
altogether from those'organisms whieh corresponded
biologically to the classical dysentery-producing bacilli.

In a not inconsiderable proportion of such cases examined

in the acute stage i.e. while blood and mucus were present in



the stools, typical dysentery bacilli could not be detected.
Thus in the Egyntian Expeditionary Force (1916) the percentage
of acute cases ™ in which typical organisms (Shigd, Flexner,
Y - Hiss and Russell, types) were present was 35.2 at the

~ Base Jaboratory, Alexandria,** 36.3 at the laboratoryv cf the
Australian General Hospital, Cairo and 35.2 at the State
Institute of Hygiene, Cairo. (Official report of the Sanitary
Advisory Committee, M.E.F., 1917). There was little variation
therefore in the proportion of .cases in which these qrganisms
could'be demonstrated by different observers in the same
theatre of war working under diffarent conditions and often
applying different technical methods. Mofeover there wds no
reason to suppose tlat thesé cases collectively represented
amoebic infections in which amoebae were not demonstrated
though as recognised by Wenyon and O'Connor microscopic -
examination of the faeces, unless repeated,may fail to reveal
amoebae in certain cases of amoebicvdysentery.

Apart from dysentery in the army it was shown by Fraseér

in 1916 working in the Kuala Lumpur Laboratory (Malaya) that
in 50% of the cases of non-amoebié dysentery typical dysentery

baéilli could not be isolated from the stools.

*The number of cases in-which typical organisms were isolated
stated as a percentage of the acute cases in the tctal series
examined.

———

*+" Central Laboratory, Alexandria " of M.E.F. and later " The
Military Bacteriological Laboratory, Alexandria " of the E.R.¥.



While, among the dysentery cases that occurred in the

Egyptian Force, the classical types, B. dysenteﬁge, Shiga and
Flexner-Y, were recognised as important aetiological agents,
it was apparent that other gram-negative bacilli not generally
. present in the normal intestinal flora, were frequently
asscciated with non-amoebic dysentery. Certain of these
organisms were closely related biologiecally to the classical
varieties but differed in biochemical or serological characters;
they were found in cases from which the classical varieties.
were absent and camé to be spoken of generally as " atypical
B. dysenteriae.* Others bore no resemblance to organisms of
the dysentery group though they could not be regarded as
knormal inhabitants of the bowel; these organisms were noted
frequently as concomitants of the typical and " atypical "
dysentery bacilli but in many cases'they were the only unusual
bacteria present in the intestinal diécharges.

The guestion therefore arose in the investigation of
bacillary dysentery in Egypt as to the exact aetiological and
dlagnostic significance, of these two classes of organisms,
particularly the so called atypical dysentery bacilli.,

It had been customary to identify the typical dysentery
bacilli by certain biochemical and serological tests
(v. table lp\) and organisms corresponding in these respects
to the Shiga, Flexner and Y types have been accepted as

undoubted dysentery bacilli. When strains were first encountered



resembling these organisms in some of their characters but
atypical in biochemical reactions or inagglutinable by antisera
to the classical tyﬁes, the tendency was to disregard their
occurrence and only the typiecal organisms were accepted for
diagnostic purposes.

Comparatively little,however, was known at-that time
regarding the group of oréanisms bioclogically allied to the
classical B. dyéenteriae.

'In 1900 Strong described a " dysentery bacillus " which
differed in certain biochemical characters and in its
serological reactions from the previously recognised types,
though resembling them closely in other characters; this
organism differed from the Flexner and Y types in ferhenting
rsacchaioée and in being inagglutinable by a Flexner or Y
antiserum.

Ohno among his 15 types of dysentery bacilli described
organisms which differed from the classical types in the
fermentation of lactose and saccharose. |

Lactose~fermenters were also noted by Kruée among the
types of " pseudo-dysentery " bacilli (i.e. strains other
than B. dysenteriae Shiga) classified by him.

Ruffer and Willmore recoided'in 1909 the finding of a
dysénter& bacillus which was apparently responsible for the
largest proportion of cases among the Moslem pilgrims at

El Tor on the Red Sea; it exhibited many of the characters of



the classical Flexner type but the reactions in saccharose

and dulcite varied in the case of different strains; the
serological characters also differentiated it from the Flexner
bacillus.

It was apparent that a group of gram-negative intestinal
bacilli could be recognised with the following common
characters: absence of motility, absence of liquefaction of
gelatin, fermentation of glucose without gas production and
absence of gas production in the case of all sugars fermented.
This group therefore comprised the typical dysentery types and

also the " atypical * varieties.*

PRELIVMINARY OBSERVATIONS,

There can be no doubt that épidemics of dysentery in
difterent parts of the world have been mainly due to definite
types e.g. the Shiga and Flexner bzcilli, but in Egypt it
appeared that the dysentery cases were by no means so uniform
from the aetiological standﬁoint; this was indicated by a
preliminary investigation carried out early in 1916 by Thomson

and Mackie.*»* 30 cases of dysentery were carefully

*It is to be noted that this group so Aefined would include
certain non-motile varieties of the D subgroup of "™ coliform "
bacilli (v. Part 1. p, &! ), such as have been noted in

urinary infections.

**] was personally responsible for the bacteriological data in
this paper.



6

investigated bdth clinically and in the laboratory. Recently
passed sﬁools were examined frequently for protozoa and as
regards the cellular exudate present, and were also
immediately cultured fof the detection of unusual bvacteria.*
A record was kept also of temperature, treatment, etc.

At that time among the non-amoebic- cases no Shiga types
were noted; 7 were apparently due to organisms which
corresponded in character to the Flexner-Y type and raacted
with an anti-Y agglutinating serum (Lister Institute,v. infra);
in 8 cases organisms were observed which resembled the
classical dysentery bacilli in certain of their characters
but differed in biochemical reactions and in being |
inagglutinable by a Shiga, Flexner or Y serum.

The following types were recorded: -

Case 1. -~ a non-motile, non-liquefying,gram-negative bacillus
which fermented élucose and maltose without gas productioq,
prpduced indol, but had no action on lactose, dulcite,
saccharose, or mannite, and did not agglutinate with a Shiga
or Y antiserum. (No amoebae were found even after repeated
examination; stools - fluid with mucus but no blood).

Case 2. - a non-motile, non-liquefying, gram-negétive bacil lus
which fermented glucose without gas productiqn, did not‘
produce indol, had no action on glucose, lactose, dulcite,

saccharose, mannite or maltose and did not react to a Shiga

*llethods employed are detailed below (p. Il. ).



gerum though otherwise the organism was identical with

B. &ysenteriae Shiga in cultural'and biochemical chéracters.
(No amoebae were found after repeated examination; stools
were almost entirely blood and mucus; copious cellular

- exudate present in stool consisting of degenerate volymorph
leucocytes and macrophage cells (v.p. I ).

Case 6. - a non-motile, non-liquefying, gram-negative bacillus
which fermented glucose, mannite and maltose without gas, and
after mutation lactose (v.p. 27.), produced indol but had no
action on dulcite or saccharose and did not react to a Y
agglutinating serum. {(No amoebae fouﬁd; stools contained
mucus but no blood: cellular exudate presentf.

Case 7. - a non-motile, non-liquefying,sram-negative bacillus
which fermented glucose, dulcite, saccharose, mannite and
maltose without zas, produced indol but had no action on
lactose and did not agglutinate with a Y serum. (No amoebae
found after repeated examination; stools contained ﬁucus but
no blood at time of examination; cellular exudate.consisting
of pus cells present).

In 2 cases Entamoeba histolytica was present.

In 5 cases the only unusual organism found in the stools
was a B, Morgan No. 1 type (v. table 3 ) In one of these
cases recorded,this organism was isolated at a relatively late
8tage of the illness but was present in large numbers as

Judged by the number of colonies in plate culture. The stool
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~at this time contained mucus and some blood: no amoebae were
foqnd on repeated éxamination but the cellular exudate‘was
abundant.

In 2 cases large numbers of’colonies of B, faecalis
alkaligenes were noted in plate culture and no other unusual
organisms; the stools were fluid with blood and mucus present
on microscopic examinatidn; yus cells were noted but no
amoebae.

In 2 non-amoebic cases the only unusual organisms
present were B. paracolon types (v. table 3 ) and in 1 case
large numbers of B, proteus colonies developed in plate
culture but no other unusual bacteria nor amoebae were
detected. ,

Cultures from the stools in 1 case contained very
large numbers of enterococci:; a few colonies of B. faecalis
alkaligenes were present in plate culture but no other
unusual bacteria were noted and no amoebae were detected
after repeated éxamination; there was a coﬁious cellular
exudate as in the typical bécillary dysentery; the stools
were fluid,with mucus but no blood. When:ﬁrst‘examined the
motions numbered 30 to 40 a day; there was a leucocytosis
of 30,000 p..c.m.m., The case was an extremely acute one
but though the excreta were examined bacteriologically on
three occasions, and first on the 5th day of the illness,

no dysentery bacilli were isolated; on each occasion large



numbers of enterococcus colonies were present on the
plates. |

In 2 cases no unusual organisms were fouﬁd.

In this series of cases therefore typical dysentery
bacilli were found in 25% and organisms of the so called
" atypical " class in 2&%.

These preliminary observations raised certain important
questions with regard to‘the aetiology and bacteriology of
non-amoebic dysentery as it occurred at that time in Egypt
and clearly showed that the diagnosis of the cause could only
be made with certainty by laboratory examination.

The occurrence in acute cases of (1) " atypical "
bacilli allied to the classical dyséntery types and (2) such
organisms as B. Morgan No. 1, B. faecalis alkaligenes,

B. paracolon, B. proteus, enterococeci (especially when present
in the faeces in large numbers) suggested their pathogenic
significance and indicated the necessity for the further
‘investigation of non-amoebic dysentery.

The question has also been raised as to whether certain
of these organisms might be present normally in small numbers
in the intestine, held in check by the normal flora but still
under certain conditioné capable of replacing the common
coliform types (Browning, Mackie and Thornton). It has been
shown for example how the presence of a selective antiseptic

Such as brilliant green in faeces cultures’may-lead to the
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appearance of unusual organisms not frequently found in the
normal flora (Browning, Mackie and Thornton - 2). Alsc in
typhold and paratyphoid cases unusual intestinal organisms
have been noted in large numbers in cultures from faeces
though not so frequently as in non-amoebic dysentefy S
B. Morgan No. 1 and similar types, B. faecalis alkaligenes
B. paracolon types, enterococci (v. tabie 4); in no case of
enterica however were atypical organisms of the dysentery
group found in faeces culture.

It was noted & that in amoebic¢ dysentery unusual
bacteria were only infrequently met with and it was one of
the features.of amoebic dysentery that plate cultures from
the stools often revealed a growth of only typical coliform
bacilli.

It has also been suggested that some of these strains
afe organisms to which the}natives of Bgypt may be more or
less immune but to which Europeans are susceptible (Browning,
Mackie and Thornton - 3); thus it was well known that few
soldiers shortly after coming to Egypt escaped an acute
non-dysenteric diarrhoeal attack lasting 2 to 5 days with
fever sometimes reaching 103° F. Several of these cases
were examined and the organisms found(uéually in large numbers)
in the stools were B. Morgan No. 1, B. paracolon, B. faecalis

alkaligenes, or enterococci.
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Morgan's investligations in epideﬁic infantile diarruocea
in Great Britain have &% indicated that organisms of the
B. Morgan No. 1 type are true pathogenic entities.

Tt has also been clearly shown that B. faecalis
alkaligenes is capable of exerting pathogenic properties, and
bf invading the blood stream and producing'an irregular or
intermittent pyrexia with more or less toxaemia. (Shearman
and Moorhead, Thomson and Hirst). The possibility of its
producing a local pathogenic effect in the intestine can

hardly be disregarded.

FURTHER OBSERVATTONS ON BACILLARY DYSENTHERY,

With a view to the further investigation of non-amozbic
dysentery, a large number of cases of obvious dysentery and

also " simple " diarrhoea were systematically studied.

METHODS .

Fresh stools were examined (1) miecroscopically - for
the detection of amoebae and other protozoa and also the
recognition of the cellular exudate present; (2)
bacteriologically - cultures being made on plates of
MacConkey's bile-salt-neutral-red-lactose-agar.

For the preliminary microscopiec examination the
following preparations were made: towards one end of a
microscopic slide a large drop of normal saline was placed

and at the other a similar drop of Lugol's iodine solution;
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a.loopful of the stool or a portion of mucus (if present)
was mixed in the saline and another loopful in the icdine
“golution; these preparations were covered with No. i cover=
glasses and examined with_a.%" or oilfimmersion lens;

As the investigation proceeded it became appareﬁt that
the preliminary recognition of a bacillary infection could be
made by careful micrtscopic examination of the intestinal
discharges; in bacillary cases, generally, microscopic
| examination revealed the presence of an abundant and
characteristic cellular exudate and the absence. of pathogenic
apoebae. The cells present were mostly pus cells, often
extremely degenerate, with a varying number of red corpuscles
and in the early stages epithelial cells; in addition to these,
large phagocytic cells (macrophages) were often a conspicuous
feature; they were immobile even in recently passed stcols
and were differentiated from amoebae by'the character of the
nucleus which was relatively large and not of the ring-like -
type characteristic of amoebae; this was well secen in the
iodine preparations. They somewhat resembled large endothelial
cells. Wenyon and O'Connor (2) have drawn attention to thése
macréphage cells and have indicated how they have been
mistaken for amoebae by inexperienced observers.

In the stool of amoebic infections there were few body
cells unless the case was a mixéd infection; leucocytes were

8canty and not so degénerate as in bacillary dysentery.

[
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This preliminary ohservation made it possible to report
at once that a particular case was a hacillary dvsentery so

that specific therapy might be applied witlhout delay.

Bacteriological Rxawnination.

The medium found ﬁost convenienf for culture was
MacConkey's bile-salt-neutral-red-lactosezagar made according
to the original formula. It was simple in composition, easily
prepared and stable as compared with other differential media
for the intestinal organisms. It also proved sufficiently
inhibhitory towards the common aerial organisms to facilitate
manipulation of plates in Jdrying and inoculating. It always
yielded well Jeveloped colonies of the dyvsentery bhacilli when
present and thsre was no evidence tmt it failed to_develép
sufficiently abundant growths of these organisms. The surfaces
of the plafes were always rendered as dry as possible before
inoculating. (If even a small amount cof condensation water
is present, a confluent growth results instead of isolated

cclonies) .

The Method of Inoculating Plates from Yaeces.

It the'stoql contained mucus, a portion of the mucus was
picked up on the platinum loop and used for inoculation; if +the
specimen was simply a fluid faecal stool, a large locpful was
used. The contents of the loop were first smeared cver a
sectionn of the plate (A) (ﬁ. diagram), and then the loop was

sterilized in the flame. It was recharged by rubbing it over



Diagram to show method of inoculating plates
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the area A and then the plate was inoculated by successive

strokes, first the series B and then the series C at tizght

angles to B. The loop was again charged from A and further
successive strokes were made, D and E.

This method was found to yield more uniformly
satisfactory results than other methods of inﬁculatiﬁg plates.
‘0f course, results depend on the concentration of organisms
present in the specimen and the size of plate used. Plates of
about 54 inches diameter were used or when this size was not
available the inoculation was distributed over two plates of
34 or 4 inches, by the same method. (It is essential that
the plates be abundantly inoculated but if the specimen
contains an excess of organisms,’ it may be difficult to obtain
satisfactory separqtion of the colonies. This is more likely
to happen if the plate is inoculated with a spreader e.g. a
glass rod bent at a right angleJ The method described allowed
a heavy inoculation to be made with the resulting colonies
well separated (unless in area A).

The plates were ' ingubated over night; after 15-24 hours
the colonies were usually sufficiently grown for picking off
these that were considered likely to belong to the " dysentery
group," If no suspiecious colonies were noped after 24 hours,
the plates were re-incubated but only in exceptional cases did
this prove of additional value. As regards the colonies of the

dysentery bacilli, there were apparently no morphological
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characters which would enable one to differentiate them from
cblonies of cértain other non-lactose-fermenting bacilli e.g.
B, Morgan No. 1, B. faecalis alkaligenes, B. typhosus and the
paratyphoid bacilli. Their colonies also tehdea to vary
somewhat in size, opacity and type of border. ©Mn MacConkey's
medium the colonies were generally small,” vpale," film-like,
semitransparent dises with a circular or wavy margin and of
course were easily distinguished from B. coli colonies which
were larger, more opaque ard ¢enerally colourzd " red." In
this investigation, as complete a bacteriological examination
as possible was made and all the "iabnormal " organisms
present in the stools were studied; these were for the most
part non-lactose-fermenters and their colonies were of the
pale.variety on MacConkey's medium; certain " atyvical "f
varieties of thg dysentery‘group weré found to ferment lactose‘
An fluid medium but in ‘the primary.cultures these organisms
usﬂally presented pale colonies after 24 hours.

Subcultures were made from each type of pale colony oﬁ
the plate and as it was found that colonies which appeared
to be similar might represent entirely different organisms,
at least 4 colonies were subcultured.

For picking‘off colonies a straight platinum wire with
.its end éhaped l1ike a lance-head was used; this enabled one
easily to pieck off a small colony without touching an

ad jacent one.
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Iqéubculturing pale colonies from MacConkey's medium,
not infrequently an enterococcus colony was subcultured; in
general these were smaller, of more regular outline, and
distinctly more opaque than the coionies of B, dysenteriae
but sometimes they were difficﬁlt to differentiate. Tt was
found thereforé advisable to mske films from the agar slopes
and stain them by Gram's method before proceeding with
further tests. |

Sufficient growth on agar slopes was usually obtained
within 8 hours at 37°¢ to proceed with the examination of
the cultures; the following media were inoculated from each
culture.
| 1., tube of peptone water.

2. Durham's tube of glucose peptone water (with neutral
red as indicator).

3. | " 1actose " " -
4. " " saccharose " " "
5 - “" " . manni te " ft Lid

and these were incubated for 12 hours. The peptone water
culture was examined for motility'of the organisms after
6=7 hours.

In this way it was possible to ascertain to what group
the various strains belonged and whether two or more
represented the same type (in which case only one was

investigated further).
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If a culture exhibited the following characters:-
gram-n2gative non-sporing bacillus, motility Q—, glucose _{_*,
lactose —, saccharose -—, mannite — or _| i.e. corresponding
to the Shiga or Flexner-Y type (see table 2A), the final
identification was made by tests with specific agglutinating
sera (anti-Shiga and anti-Y). The agglutinating sera were
those suppliz=d to the Military Laboratories by the Lister
Institute, London. The Y serum was prepared by immunizing
animals with the original Y strain of Higs and Russell and it
was shown by Chick that antisera to this organism usually
agglutinatéd strains of the Flexner bacillus to a degree
commensurate with.the homologous strain but that sera prepared
with B. dysenteriae Flexner were more specific (v.p. 22).

Those strains which agglutinated with Shiga or Y antissra
were classitied as typical B. dysenteriae Shiga and Flexner-Y
respectively.

For the agglutination test the bacillary emulsions were
obtained from the original agar slope cultures and the tests
were carried out by the technique described in Part 1 (p. 27).
It was found that the agglutination of B. dysenteriae develops
much more slowly than in the case of B. typhosus or V. cholerae
and the clumps tend to be smaller and less flocculent. ﬁefore
reading the results the agglutination tubes ware allowed to

stand in the incubator at 37° C. for 3 hours and then feor 1

hour at room temperature.

—— s e 41 0. ——

» - s i
A = acid no sas, — = no acid or gas.
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+the culvures, whether a specific agglutination reaction
was obtained or not were then studied further: dulcite and
maltose tubes were inoculated and the peptone water was
tested for indol after 48 hours and if negative, again after
7-10 days. <The fermentation tubes were also kept at 37°C.
for 7 days before final readings were made. A gelatin stab
culture was also made to test for liguefaction of this medium.

If the strain still appeared to have the characteristic
reactions of a typical dysentery.bacillus, the agg}utination
test was repeéted after the strain had been subcultured
several times.and a small proportion of strains inagglutinable
after isolation rapidly became agglutinable on subculture.

If the strain remained inagglutinable, it was classified
with the " atypical " varieties., If, in the preliminary tests,
ﬁhe sugar reacti&ns ware not those of the classical types but
if the orgenism was a non-motilé,non-sporing,gram-negative
bacillus which d4id not produce gaé from the sugars it
fermented, it was»claséified with the atypical dysentery
bacilli and its cultural and biochemical reactions were
investizated thoroughly as in the case of the inagglutinable
Strains referred to above (v. table 2B). A large number of
these organisms were also tested with anti-Shiga, -Y, and
- Flexner sera but were invariably found inagglutinable.
Animal virulence tests (v.p. lq ) were also carried out with
representatives of the various cultural types of these

orzanisms.
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GENFRAL RESULTS

During the period April to September, 1916, 1530 cases
of acute and chronic dyseniery, * simple diarrhocea," and cases
recovered from dysenteric or diarrhoeal il lnesses were -examined
in the course of the usual laboratory routine. Man& of these
cases at the time of examination showed no evidence of dysentery
as judged by the condition of the stools and the bacteriologicel
results were negative; some of the specimens examined were fluid
diarrhoeal stools without obvious blood and nucus. The general
results of the investigation are shown in Table 1#. To
indicate the proporticn of the total number of these cases
which presented at the time of examination obvious pathological
signs ¢f dysentery, the number of cases with mucus or blood and
mucus in the specimen examined is given.

The percentage of the different dysgenteric infections

reckoned in terms of the acute cases was as follows:-

Entamceba histolytica** — 11.2%
B. dysenteriae Shiga — 8. )
)_2801
B. dysenteriae Flexner-Y - 19.1) )
' )-47.2
" B. dysenteriae, atypical " — 19.1 )

*It is impossible to give fuller details as the detailed
laboratory records were lost at sea in 1918 due to the sinking
by enemy action of the transport on which I was travelllng
from Egypt.

**It i5 not intended to deal here with the strictly protozoological
aspects of dysentery; the protozoological findings are only
inserted for comparloon and to complete the data in the series
referred to.



TABLE 1.

Total number of cases examined - - - -~ - - = - - - - - - 1530.
Cases with mucus or blood and mucus in stool -~ = - - - - 443.

Caces in which Entamoeba histolytica (free

or encysted) found = = = = = = = 2 = 2 « - « - = - = 50.
Cases in which B. dysenteriae Flexner-Y found =~ - - - = 8E.
.~ " - Shiga mo ..o - 40.
LB " ‘"atypical dysentery bacilli" found ;’- - - 85,

Mixed intections (amoebic and bacillary - 1 with
B. dys. Shiga and 1 with B. dys. Flexner-Y) - - -~ = PR

Cases in which no amoebae or dysentery bacilli

found but B. Morgan No. 1l present in stool - - - - - 59.

U “ « B. «C.L.A." No. 1 fn " [ 6.
(v. table 3) ‘

" " " B."C.L.A"No.2 " " " _._._._. 26.

o * B. faecalis alkaligenes " " Ll - - 7.

“ " " B. paracolon types " " . . <« -'-  80.

In a few cases(in the absence of other findings) the only~
unusual ofganism present was B. proteus,and in‘some cases also
plate cultures yielded an abundant growth of enterococci. 1In

a considerable number of cases B. Morgah No. 1, B. FC.L.A."‘l
and 2, B. faecalis alkaligenes and B. paracolon types were ‘
present along with B; dysenteriae, and in many cases from which
B. dQysenteriae was absent mixed infections with two or even

three of these organisms were noted. In the tahle these cases



TABLE 1 (Continued) .

are recorded under the organism found to be most numerous in

the particular case. (In 168 cases also flagellate protozoa,

lamblia intestinalis, Tetramitus Mesnili (Wenyon),

Trichomonas hominis were noted in the absence of other

findings.)



TABLE 2A.

CLASSICAL DYSENTERY BACILLI

Gram-negative, non-sporing, aerob‘ic bacilliy

Motil- Gluc- Lact- Dul- Saccha- Man- Malt-

ity. ocse. ose. cite. rose. nite. ose.
B.dysen- |
teriae
Shiga S — - -
Flexner -_— L -_— - -— L 4
Y - -I_ - - - . _ _t _J_ —
* TYPICAL " DYSENTERY BACIILLI.
Agglutinated by antiserum to
classical strain. - ‘.
4
"Flexner-Y" — 4 — — — 4L .

Agglutinated by antiserum to

classical Y strain.

1L . ‘Acid no gas.

~— = No acid or gas production.

|+
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TAELE 2E.

ATYPICAL DYSENTERY BACILLI.

Gram-negative, non-sporing, aercbic bacilli;

Types . Motility Glucose Lactose Dulcite Saccharose Mannite Maltose Indol Gelatin . | . -
yp . , ..~ (Corresponds to B. dys.

1. — 4 o R — - — - _(Shiga but not agelu-
(tinavle by an Anti-Shiga
(serum. _

2, - 4 -— - -— -— —_ L -
3, — L -— - - -— 4 —_— — .
4. - L - - - - 4 + -
5. —_ L -— -_— _— L —- - - ) Correspond- to B. dys.
6. -— o -— -— -— L — "4bv. -— )_Flexner-Y but not
7. - L -— - - L e - - ) agglutinated by the
8. -— L — — -— L L e - ) anti-Y serum.

12, - L - - 4- - 4 o+ -

16. - L - - L L n ot -

17, - A - L - - — - —

20, _— L — A — — L +- —

2. - * - - - + - F =

24. - 1 -— i - 4 4 4 —

32, - 1 - L r - 4 -~ -

40. - 4 4 — — Ao L 4 -

48, - L L - L L e + -

56. — L L L - L L 4+ -

64. — L 4 4 AL AL . —_

L = acid no g'a.s.

The numerical classification is based on the various possible combinations of cultural reactions.
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TAELE 3.

CONCOMITANTS OF E. DYSENTERTAE.

Motility . Glucose Lactose Dulcite Saccharosé Mannite Maltosé; - Inqo1< iJGélétin

1. B. Morgan No. 1 + j: | - - . - - _' - ;j  j JF_gj  ;‘ :,_
2. B. "C.L.A." 1 + L -— - - - - - _
. + _

" 2 — - — -— -— | — -+ - -—

" 3 - + - - - ~ - + -

"4 + + - - - - + = -

. 5 - -+ — - - - 1-F'. - —_—

"8 + + - - - - o+ o -

" " — + —_ - —_ f— -~ ha;gk —

3. B. faecalis + — - —_ -— —_ — Ry -

alkaligenes types -— | | .-, 

4. B. paracolon types ':t -+ — :t - jp?F" -+ 'ﬁ;::,. -~
5. B. proteus types <+ i — - i o o~ i. - i +

All gram-negative, aerobic, non-sporing bacilli.
6. BE. pyocyaneus.

7. A gram-negative, non-carbohydrate fermenting, non-motile, cocco-bacillus.

€. Enterccocci.
Table 1 indicates generally the frequency of these organisms in dysentery cases; those réiarre¢ztc:abdv§ hut not

represented in table 1 were only noted in the subsequent investigations and were of rare occurrence.
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The‘perCentage of acute cases of non-amoebic dysentery,
therefore, from which classical dysentery bacilli coul i be
isolated was relatively low and as many atypical organloﬂo wers
noted as typical Flexner-Y tyves; in a large number of acute
cages also only organisms such as B. Morgan No. 1 and allied
types, B. faecalis alkaligenes, B. paracolén types weré present.
In short, the more extensive investigation of dysentery cases

confirmed the original observations.

Continued investigations with particular reference to
the tynes of dysentery bacilli that could be isolated from
acute cases yielded the following total results: in 481 cases
from which these organisms were isolated |

99 were B. dysenferiae Shiga infections
179 " " Flexner-Y "
~and in 173 atypical varieties were found.

In the majority of cases with obvious dysentery or
diarrhoea from which these organisms or entamoebae were absent
the following types were present in the stools, and often in

large numbers:

. Morgan No. 1 . )

. " C.L.A. " types )

. paracolcn types ) ‘

. faecalis alkaligenes ;- see table 3.
)

wwwww

proteus

B pyocyaneus

Enterococci )

A gram-negative non-motile non-carbohydrate-

fermenting cocco-bacillus.
Often two or three of these crgunisms were present together

in the stools. The most prevalent types have already been
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indicated (table 1) — B. Morgan No. 1, B. faecalis alkaligenes,

B, paracolon and B " C.L.A." No. 2.

B. DYSENTERIAE SHIGA STRAINS.

‘he Shiga strains isolated invariably corresponded in
their cultural and biochemical reactions to the classical
type and showed a specific agglutination reaction (i.e.
approximately to end-titre) with a homologous agzlutinating
serum. Only a few strains which corresponded in cultural
reactions to the Shiga type and did not agzlutinate in primary
culture, became agglutinable after repeated subculture. No
non-mannite-fermenting strains which resembled the Shiga type
in most of tﬁeir cultural reactions but differed as regards
the fermentation of dulcite, saccharose, maltose, or the
production of indol ever agglutinated even in low titres with
a Shiga serum. Thus the only organisms of the dysentery
group which reacted to the Shiga serum were those which
corrésponded exactly with the classical type in cultural
reactions.

B. DYSENTERIAB,, FLEXNER-Y STRAINS.

Originally the Flexner and Y (Hiss and Russell) types
were described as separate varieties but it proved difficult
to identify by serological reaétions new strains with these
classical types. In routine diagnostic work such differentia-
tion appeared unnecessary and the system adopted was to

classify all mannite fermenting types which reacted with the
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Y serum as Flexner~-Y orcanisms in virtue of the fact that this
serum also agglutinated in high titres all organisms which
reacted to the anti-Flexner serum. The Y serum used was thaﬁ
of the Lister Institute and at that time was prepared by
immunizing with the classical Y strain of Hiss and Russell
(vep. 17}« The strains of this type invariably corresponded

in their cultural reactions to the clasgsical types, varying
dnly in fermentation of maltose and as regards the formation

of indcl. All the strains irrespective of these variations
égglutinated approximately to end-titre with the Y serum. No
strains of the dysentery group which differed in biochemical
characters from the typical varieties reacted with the Y serum.
| Saccharose-fermenting strains which reacted with a Y gerum have
been described by other observers kMartin and Williams, Glynn
and others) tut in these investigations in Egypt it was
invariably found that the Flexner-Y strains failed to ferment
saccharose or lactose and that mannite-fermenting strains

which after some days incubation fermgnted saccharose or
lactose were not agglutinated by the Y serum and were there-

fore classified as atypical organisms.

An anti-Flexner serum (Royal Army Medical College) was
also used in parallel series in the agzlutination tests of a
considerable number of mannite-fermenters and only a small

proportion of these reacted to it even in low titres. A
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strain which was agzlutinated by the Flexner serum was
invariably agslutinated by .the Y serum.

A high-titre agglutinating serum wsas obtained to a
strain which reacted with the Y serum. but not with the
Flexner serum; 1t was found that this serum only agglutinated
a small number of strains which reacted up to end-titre with
the Y serum and none of these reacted with the ¥Flexner serum.

Thus at least three serological types could be
recognised in the group:

Serum to strain

Anti-Y gerum “Anti-Flexner azglutinated by
(Lister " gserum (R.A.M. Y serum but not
Institute) College) by Flexner serum
(Majority: of -}- —_ _
strains of , .
Flexner-Y
group) .
- 4 —
-+ — | -4~

-+ indicates agglutination approxiﬁately'up to end-titre

of serum. |

It was apparent therefore that the Flexner-Y group was
not serologically homogeneous and that it included different
serological types all capable of reacting to the particular
Y serum; thus the classical strain with which the agglutinating
serum was prepared appeared to represent antigenic properties

cominon to the wnhole group, Lhe serological problem in this
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group seemed therefore a complex ohe, but at that time further
study of the subject was interrupted by the routine work of
the laboratory.

:Subsequently the serological characters of the group
were studied in detail by iurray, and by Andrewes and Inman.
Hurray found that four antisera prepared from selected members
of the Flexner-Y group.were required to " bring down the whole
of the series of Flexner-Y's studied," but noted that there
was a considerable amount of " overlapping " in the
agglutination results between the different serological types.
Andrewes and Inman indicated from their observations the
existence of % at least fou: distinct antigenic components in
the group," designated V, W, X and Z and that " any one of
these four may so predominate in different strains as to
impart a distinet serological facies." ©They also showed as
regards the ¥ type of Hiss and Russell that there was not
sufficient evidence of its representing a fifth antigenic
component since the agglutinin could be absorbed by a
combination of V, W, X and Z. They indicated also that the V
type corresponded with the original Flexner strain,

'hey recommended for the identification of the Flexner-Y
group a polyvalent agglutinating serum prepared by pooling
monovalent sera to these differént typesJ

It was noted that certain Shiga strains were agglutinated

approximately to full titre by the Y serum; these strains
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corresponded in cultural‘reactions with the classical Shiga
type and reacted with an anti-Shiga serum. Chick has drawn
attention to the fact that the Y serum exerts a well marked
" group " agglutination towards B. dysenteriae Shiga, but with
an end-titre lower than that for the homologous organism.

On the other hand no Flexner-Y strains reacted to any
degree with the Shiga éerum.

Only a small number of strains found to be inagglutinable
in primary culture became agglutinable after repeated

subculture.

THE " ATYPICAL DYSENTERY BACILLI."

'The'” atypical " varieties owing to their close
biological relationship to the classical organisms appeared
of considerable significance from the aetiological standpoint
especially when they occurred in iarge numbers\in the excreta
during the earlier phase of an acute case in which no amoebae

or typical dysentery bacilli could be detected.
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In these investigations organisms of this type were 8O
frequently met with in acute dysehtery that their occurrence
could not be ignored. They had apparently no place among the
normal intestinal flora as judged by a considesrable personal
experience of intestinal bacteria in Great Britain and in
Egypt. Moreover in a series of 438 specimens of faeces from
enterica cases cultured by direct plating on the same medium
as that used for the isolation of dysentery bacilli, organisms
of this type were never met with though all types of pale
colonies on these plates were fully investigated.

In only two cases of amoebic dysentery were these
organisms noted; of course classical dysentery'bacilli have
also been found irn amoebic cases.

These facts together with their close similarity to the
typical varieties suggested the likelihood of their being
dysentery producers.

Bahr has suggested that the atypical organisms might
be concomitants of the typical varieties and not primary
causal agents themselves; from my own experience I am unable
to agree with this view; it was quite evident, however, that
certain-other organisms which appeared in the stools of
dysentery cases (B. Morgan No. 1, etc. - v. supra) could be
regarded as concomitants (v. infra).

The group of atypical dysentery bacilli may be defined as:

gram-negative, non-motile, non-sporing, aerobic bacilli, not
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liquefving oelatin, always fermenting clucose (without cas
production), different strains varving as resards the
fermentation of lactose, duleite, saccharose, mannite, maltose,
(in all cases without gas production), and the formation of
indel from veptone, and not agglutinated by a Y, Flexner or
Shiga serum, even after repeated subculture. The reactions

of the types met with are shown in table 2B.

Some of them corresponded in all their cultural reactions
to the Shiga or ¥lexner-Y types but failed to react with the-
’rgspective agzlutinating sera; these were at first described
as " inagslutinable B. dysenteriae Shiga or Flexner-Y."

Martin and Williams also described organisms of this type and
regcarded them as true dysentery bacilli. Only a few strains
which at first avppeared to belong to this category became
agelutinable after reveated subculture cn artificiél media,

and were of course classified as typical varieties; certain
strains which in »nrimaryv culture might havs been classified

as inagzlutinable RB. dysenteriae rapidly underwent spontaneous ¢
mutation and displayed fermentative characters which clearly
differentiated,tﬁem from the typical organisms. Thus, strains
which at first appeared to correspond to the Flexner-Y type in \
biochemical characters, developed in 1ac£ose, saccﬁarose and
less frequently in dulcite variants which rapidly fermented

these sugars just as in the case of the mutating coliform
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pacilli (v. Part 1, p. 55). These all nroved inagglutinable

by the ¥ serum. Other strains retained their original

characters and remained stable. Certain also, when first tested,

exhibited fermentative reactions after 24 hours which
differentiated them from the classical types and all of these
proved inagglutinable by the Shiga, Flexner and Y sera.

Some doubt has be=n dast on the fermentative characters
of o;ganisms recorded by workers in the East duriﬁg the war
owing to the Jdoubtful purity of " sugars " supplied to the
Military Laboratories from Army Stores. Specimens of impure
3ugérs were occasionally supplied, but only in the hands of
inexperienced workers could such impurifies escape notice:
it therefore became a routine method at the Base Laboratory in
Alexandria to test specimens of lactose, dulcite, saccharose,
mannite and mal*tose with known‘strains of B. typhosus,

B. naratyphosus A, B. dysenteriae Shiga, B. dysenteriae.Flexner
and B. dysenteriae Y. If any aberrations wsre noted, the
specimen in question was discarded.  In 1916 also practically
all the sugars used by me were pre-war preparations of Merck

or Kalbaum. )

A number of representative strains of atypical organisms
were sent to me in South Africa from Egypt in 1918 and on
retesting with pre-war Merck preparationspgave the same

reactions as those recorded in Egypt.




ANIMAL EXPERIVENTS.

Representative strains * of these various types were
proved to be markedly virulent by intravenous and
intraperitoneal injeetion of rabbits, prodﬁcing a
characteristic haemorqggic enteritis. The organisms were
tested shortly after isolation. - The effects corresponded to
those produced by typical Shiga and Flexner-Y sirains.

at first emulsions of living organisms were injected
intraperitoneally but it was observed that intravenous
injection produced the same effect and demonstrated a highly
seleétive action of the organism or its toxin on the
intestinal mucosa. . |
| The Jdose injected was usually §th - }th of a 24 hours
agar slope culture emulsified in saline and the animals
usually died within 24 to 48 hours. Some strains of atypical
varieties, however, exhibited a much higher degree of
virulgnce and the intravenous injection of vath of a 24 hours
agar slope culture produced the characteristic effect.

Comparative tests with a recently isolated Shiga, and
a tyve No. 2 strain showed the latter was 1istinctly more

- virulent i.e. smaller doses were lethal than in the case of

!

the particular shiga strain. . .

4

*In the case of the commoner types at least 3 straips were
tested; only one strain of certain types was met with
(3, 12, 17,720) and this of course was the only strain tested.
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Bn avtonsy the mucosé of the small'intestine was found
to be intensely inflamed and usually showed massive
haemorrhages in the tissues: the lumen of the small intestine
was distended with blood stained muco-purulent material
containing degenerate polymorph leucocytes, macrophage cells
and masses of exfoliated epithelium. The haemorrhagic
lesions different from the punctiform haemorrhages sometimes
seen in the intestinal wall in certain experimental
septicaemias. The large intestine was generally less
affected and in some cases the changes were cpnfiﬁed to the
small intestine. In certain of the éxperiments, however, the
stomach, the small and large intestine were uniformly affesected,
and exhibited the characteristic haemorrhacic inflammation.

The organism,injected intravenously,could also be

demonstrated, often in almost pure culture, in the contents of

e————

£ intestine. This has also been shown by Besredka.

——

0f course the degree of effect produced py different
strains varied considerably but not according to their
cultural type. The same variation was noted in the case of
the typical organisms tested and as\might have been expected
Idepended on the virulence of the individual strains. In
comparing the effects of animal inoculation by typical and
atypical strains no essential differencescould be established,
and as already shown a particular atypical strain might be

even more virulent than a typical orczanism (v. supra).
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None of the various tyvpes récorded were non=virulent
on testing shortly after isolation, but it was noted that
certain strains which had besn cultivated artifiecially for
2 to 3 months were non-virulent even in large doseé.

The animal experiments demonstrated a highly selective
effeet on the intestinal mucosa and the capacity for
producing haemorrhagic enteritis may be regarded as an
attribute characteristic of the dysentery group. A number of
other types of intestinai bacteria found in dysentery cases -
coliform baeilli, B. Morgan No. 1 and similar types,

B, faécalis alkaligenes. B. paracolon types, etc, were tested
(ve Do 3? ) but failed to produce similar effects. The

V. cholerae and the paracholera vilrios also exhibit a
selective toxic action on the intestinal mucosa, but in this
case haemorrhage is absent or only punctiform\haemorrhages
are noted (v. Part 3 1o./3 ).

Trom their occurrence, often in large numbers, in
early cases of acute dvsentery (in the absence of classical
types) and their characteristic effects in animal experiment
(which were similar to those produced by typical Shiga and
Flexner-Y strains) together with thelr close biological
similarity to organisms .of the group of typical dysentery

bacilli, it was ¢oncluded that these atyvpical organisms were

to be regarded as true dysentery bacilli.
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Additional Note: It was thoucht that further confirmation

of the pathogenic rcle of these organisms might be obtainad
if the sera of patients wers found to exert a specific
agglutination reaction to the infecting organism. At my
request Capt. Storer, R.A.M.C., undertook this enquiry: in
only a small vroportion of cases of proved Shiga and Y
infections could a definitely specific reaction be obtained;
in some cases the reactioﬂ dccurred in such relatively low
titres as to introduce the fallacy of a normal serum effect,
(as shown originally by Lentz). A few cases of atyﬁical

B. dysenteriae infections were examined but in only 2 was
there any evidence of a specific reaction to the associated
organism. As a considerable number of cases due to Shiga and
Flexner-Y tvpes failed to show a definitely specific
agglutination reaction, the negative result in cases with
which atypical orcanisms were associated could not be regarded
ag of any significance and as this line of investigation 4id
not promise any further elucidation of the aetiological

problem, it was not pursued further.



In 1918 Andrewes studied a number of strains of
" atypical dysentery bacilli " submitted to him from other
laberatories and classified them into 3 main types designated
* B. ambiguus " (corresponding to type 2), * B. alkalescens *
(corresponding in cultural reactions to type 24), " B. dispar "
(corresponding to lactose fermenting types shown in table gi.
. He concluded from his observations that the first tw6
varieties had " no connection with dysentery " but committed
himself to no definite ccnclusion with regard to the " B.
dispar " type. He found tlat the " B. ambiguus " and
" alkalescens " types were non-virulent to fabbits but the
" B. dispar " wuas markedly pathogenic. Such conclusions
arrived at from the mere laboratofy'stﬁdy of a number of
strains, without reference to other data in favour of their
aetiological relaticnship to dysentery seem hardly justifiable.
Andrewes reported that the " B. ambiguus " type was practically
non-virulent; yet this type in my own experiments proved
highly virulent on intravencus injection of the rabbit; of

course my own strains were tested as regards their virulence

!

- immediately after isolation. Conclusions drawn from negativer
animal tests with strains that have been growing on culture
medium for some time can hardly be regarded as reliable.

An organism corresponding to type 2 and Andrewes'
B. ambiguus was described by Schmitz in a localized epidemic
among Rumanian prisoners of war. ©&chmitz found this organism

virulent to rabbits.
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Two outbreaks of mild dysentery with whieh this type
of orcanism was associated have»also been recorded by
Broughton-Alcock. |

The War Office Committee on Dysentery reported that
this organism could not.be.eXcluded as a cause of the disease
though they concluded it was of little gpidemiological
importance in comparison with bacilli of the Shiga and
Flexner type.

As regards the lactose-fermenting types the Committee
was not prepared to dismiss these orcanisms as éetiological
factors but‘regarded them also as of less epldemiological
importance than the typical dysentery bacilli. |

Atypical varieties corresponding to certain of those
classified in the table were also isclated from acute cases
"~ of non-amoebic dysentery in EBgypt by J. G. Thomson and Hirst.
| They found that of 100 strains of the dysentery group, 29
were typical Shiga organisms, 32 were Flexner-Y types and 39
atypical varieties.

In my ‘own investigations aﬁypical organisms were
isolaﬁed from stools within a few minutes }rom the time they
were passed and were the predominant organisms present. Thus,
_ there was no support‘for the sugsestion that they were
" products of decomposition of faeces kept for some time "
(Bahr). Moreover specimens of faeces containing typical

B. dysenteriae were kept at room temperature (Egypt in winter)



for 24 hours and it was found fhat the dysehtery bacilli
generally Jdied out after 8 to 8 hours, but no organisms
capable of growing on MacConkey's medium appeared after 24
hours which were not originally present in the specimen;
B. coli and the various " concomitant " organisms if present
persisted after the dysente:y bacilli had disanpeared.

In only 2 of the cases investigated were mixed infectipns
with typical and atypical organisms noted; these were *oo
relatively uncommon to indicate that the atypical bacilli
were only. concomitants. A case of mixed infection with
typical Shiga and Flexnsr-Y types was noted; this has also

been recorded hy Balhr.

CLINICAL AND EPIDEMIOLOCICAL SICGNIYICANCE OF ATYPICAL

DYSTNTERY RACILLI.

Dysentery has usually been definsd as a condition of

diarrhoea characterized by the presence of blood and mucus in
the stools. Leaving out of consideration amoebic dysentery,
the accepted typical dysentery bacilli were not infrequently
met with in cuses which were reggrded clinically as * simple "
diarrhoea without obvious blcod or mucus in the discharges;
these cases were astiologically of the same nature as the

more typical cases and had‘éo be regarded as examples of

" bacillary lvsantery "; the stools usually showed the

same type of cellular exudate as in the more acute cases.
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Thus, " bacillary dysentery "™ comprises not only the typical
acute cases but also the less severe conditions - clinically
diarrhoea without the usual Aysenteric signs. This was
recognised by the War Office Committee on dysentery. Ryle
has also drawn attention to these cases of mild bacillary
dysentery. Thus, in assessing the part played by an organism
in the causation of dysentery it seemed necessary to consider
the possible clinical conditions with which such organisms
might be associated.

As regards the type of infection dﬁe to atypical
varieties, the greaier proportion of the cases considered
collectively were of the milder type (diarrhoea with or without
mucus in the stool but little or no Blood),_and the proportion
of cases with the typical acute signs i.e. passing the
characteristic blood and mucus stools was lower. Nevertheless
severe cases of dysentery were not infrequently met with
apparently due to these varieties and fatal cases wére noted
in which atynical dysentery bacilli were isclated from the
dysenteric lesions post mortem.

The Shiga infections were mostly of the severe type and
the atypical B. dysenteriae infections of the milder type,
while the Flexner-Y infections occupled an intermediate position
in this respeét. These facts were determined by a careful
‘review of the records of a large series of unselected cases from

Which these orsanisms had been isolated.



FREQUENCY_ OF DYSENTERY BACTLLI IN THE FAECES AT DIFFERENT

STACES_OF THE DISEASE.

During the first few days of the illness, the dysentery
bacilli were usually present in considerable numbers and
often in almost pure culture; after this they tended to
disappear from the discharges and to be repiaced by
" concomitant " organisms (table 3.). Thus at a later stage
of a dysenteric illness plate cultures often shéwed large
numbers of colonies of these concomitants and the dysentery
bacilli were absent. This explained to some extent how in
a large proportion of cases only such organisms as B. Morgan
No. 1, B, faecalis alkaligenes, B. paracolon, etc. were found,
in the ahsence of organisms of the dysentery group. -

The following record of a case examinedidaily exemplifies

the change in the flora during the dysénteric illness:



Days from
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Organisms present in cultures from stools.

commencement
of illness.

2.

Se

5.

6.
7
8.

9.
10,
11,

12,

Nt Nl Nt Nl el

Almost pure growth of B. dys. Shiga;

and a few coloﬁies of B. coli.
» Do,

B. dys. coloniesvndt so numerous; a few
colonies of B. Morgan No. 1 and
B. coli.

No B. dys.; large numberé of colonies
of 3. Morgan No. 1; a few B. qoli
colonies. | .

. Do.
Do.

No B. dys.; B. MbrgansNo, 1 colonies

less numer ous: |

B. coli colonies more numerous.

R. e¢oli colonies only.

Case not treated by antidysentery serum.
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Thus, as the case tended to recovery these concomitant
organisms also diminished in numbers and ultimately gave
place to the normal orsanisms of the bowel. It may be said
that in szereral if cases are examined within the first two or
three days, tbe‘infecting orzanism can be isolated without
difficulty, but at a later stage only the concomitant may be
found. In 3 number of autopsies also in whieh cultures were
made directly from the intestinal lesions no dysentery bacilli
were isclated but cultures of these concomitants were obtained.

The organisms which may be grouped together as
" concomitants " of B. dysenteriae are indicated in tabvle 3,
and their cultural reactions are shown.

Tt was not infrequently noted in protracted cases that
large numbers of colonies of enterococci developea on the
plates; a case has however been recorded in which enterococei
were present in large numbers at an earlier stdge_of the
illness. (v. p. & ).

It was of course Aifficult to determine the asctual paft
bPlayed by these organisms, but it might appear-as if the
dysentery bacilli proper only initiated the leg;ons and that
other orsanisms such as these referred to acted/aggravating
or maintaining the pathological éondition.

It is to be noted that many of these types also

appeared in enterica cases (table 4. ).



TABLE 4.

Unusual aerobic organisms present in faeces of enterica
cases from which enterica organisms absent.

Series of 438 cases of enterica.
(Enterica organisms isolated from - - - - 52.)

- B. typhosus, B. paratyphosus A and B.

B. Morgan No. 1 present - - - - - = 5
B. "ClLuAi" l - - - - - ,— - - 7-.
B. "C-I)nAt“ 2 - - - - - - . -. - 2

B. faecalis alkaligenes

!
[}
[}
]
]
'
e
- O

B.,paracolon types - - - - - - - 107
Non-motile gram-negative cocco-bacillus |
at first not fermenting any sugars

but later producing acid (no gas)

from glucose - - - - - - - - 1
B. pyocyaneus - - - - - - - - 5
Motile gram-negative non-liquefying

bacillus fermenting glucose and saccharose

without gas, ﬁot fermenting lactose,

dulcite, mannite, not producing indol - - = 1

Enterococci (present in large numbers) 26

In many of these cases the organisms referred to were

present in large numbers.



Virulence tests were carried oﬁt with representative
strains of these organisms; strains of B. Morgan No. 1 and
B.C.T.A. 1 an1 2 were found to be virulent to rabbits on
intraperitoneai injection, but produced no svecific effects;
intravenous injection apart from a transitory toxaemia wasg
without effect.

These results yielded‘a significant contraét with those
followihe intravenous or intraperitoﬁeal injection of the
typical and atypical dysentery bacilli.

Several strains of B. faecalis alkaligenes were
similaﬁly éééé%gﬁ but proved non-pathogénic both by
intraperifoneal and intravenous injection: the paracolon
strains were also non-virulent.

Thus it was impossible by animal inoculation tests to
demonstrate any specific pathogenic effects on the part of
these concomitant orcanisms.

It seems a likely possibility that these bacteria are
inhabitants of the intestinal tract which are present in
minimal numbers under normal conditions, and therefiore are
not usually detectable in ordinary cultures from faeces; under
certain conditions (e.g. in enterica and particularly in
bacillary dyseﬁtery) they may be able to multiply in such
large numbers as to represent the predominant faecul orsanisms.

Moreover, if these organisms are potentially pathogenic, when
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they are present in large numbers they may play an adjuvant

part in the pathogenesis of dysentery.

RELATIVE PREVALENCE OF THE DIFFERENT INFECTIONS AT

DIFFERENT PERIODS.

The chart shows the curves of relative prevalence of the
different bacillary infections, B. dysenteriae Shiga,
Flexner-Y, atypical bacilli and also those due to Entamoeba
histolytica during the six months from April to Sevtember,
(inclusive) of 1916. The data from which the curves were
plotted out were the number of cases in which the reépective
organism was found stated as a percentage of the total number
of cases examined during the particular month. This allowed
for variation due to differences in the total number of cases
examined; thus the number examined and therefore the number
of cases in which positive findings were recorded varied each
month.

No relationship was noted between the pfevalence of the
different bacillary. infections. In April no infections with
the Shiga type were noted and more atypical strains were
isolated than those of the Flexner-Y type; In June on the .
other hand, the vroportion of Flexner-Y strains isolated was

greater; in September the infections with the Shiga type

exceeded those with atyvnical bacilli.



Chart to show the relative prevalence of the different

infections at different periods
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On the other hand it was found that in certain cases a faw
colonies of dysentery bacilli could be detected in plate
cultures made from the excreta at a later stage of the diseass.
Thus, in 15 out of 28 cases in which the stools.were examined
.repeatedly lysentery bacilli were noted in the 2nd week, and
in 3 cases in the 3rd week. In one case, the organisms were
still det=ctable until the 18th day, and subsequently
reappeared on the 25th day.

Thus the =xcretion of these organisms may be intermittent:
in one case dysentery bacilli were present on the 4th and 5th
days, absent on the 6th andsp?esent again on the 8th and Sth
days; in another case dysentery bacilli were present on the
6th and 7th days, absent on the 8th andrpresent again on the

9th day. '



The‘Occurrence of Healthx Carriers.

With a view to determining the existence of healthy
carriers hoth among troops and natives in Alexandria, the
faeces cof a number of healthy individuals were examined; the

results of this investigation are shown:

Number
examined. Carriers.
Dysentery convalescents ) Flexner-Y - 4
in Convalescent 8 )
Hospital - - - 100 )-Shiga - 3
i.e. 8%)
) Atypical - 1
Orderlies in a General 4 ) Flexner=Y - 2
Hospital - - - 60 - :
1.6.6.60) Atypical - 2
. both
Personnel of Army Service 2 ) Flexner-Y
Corps Motor Transport )=
Unit - - - 53 i.e.3.7%) organisms
a
Native prisoners in 1 ) Flexner-y
Egyptian Prison, )=
Alexandria - - - 100 i.e. 14) type.

The convalescent cases were recently recovered patients
but at the time of examination were in good'health. In a%
dysentery bacilli were detected. The organisms were not
present in large numbers in the excretla. It is possible that
this proportion of carriers among recent convalescents was a

low estimate as only one examination was made; if the



excretion of these organisms is intermittent ss seasms livelly,
the proportion Qf convalescents that remain carriers for some
time after rezcovery may be much hisher.

Tn a series of 60 orderlies at the 21st General Hcspital,
Alexandria, whose faeces were examined, 4 vroved to be carrier=
(6.6%) and 2 carriers were also detected among 53 officers
and men ¢f an Army Service Corvs unit encamped in Alexandria.

Among 100 Egyptian natives at the TRayptian vaernment
Prison, Alexandria, 1 carrier was detseted.

It was found that dysentery bacilli might be presant in
the excreta of men who presented ﬂo history of Adysentery or
diarrhoea. For example, a man in the Steward's Store of the
2lst Ceneral Hospital, who apparently had never suffered from
diarrhoea or dysentery while in the Mediterranean ¥orce, wWas
found to be a carrier, and the dysentery bacillus (Flexner-Y
type) was isolated on two separate occasions at an interval
of 21 days.

Most of the carriers however, had suffered at a vrevious
date from either dysentery or diarrhoea. In one case the
dysenteric attack had occurred 18 months previously and there
had been complate freedom from intestinal disturbanee for 9
months hefore the date of examination.

Tt was therefore apnarent that dvsentery bacilli may be

present not only in the excreta of versons suffering from



dysentery and Jdiarrvoea but also in the stools of thoss whe
have suflerad from these conditions at soms previous date
and also those who have not had any intestinal illness.

In a country lixé Bgypt where bacillary dysentaxy is
endemic ani espacially in the absence of adequate sanitation,
a certain proportion of the populationlmust represent loci

from which thig infection is spread.

- Lengthn of time Jduring which excreta are infective.

This probably variss under different conditions and
while as a general rule the dysentery bacilli tend to
disappear rapidly (in 6 to 8 hours) as judged by cultuiés
made at intervals from stools kept at room temperature, in
certain cases both the Shiga and Flexner-Y types have heen
found to survive as long as 24 hours. Thus the stool is
infective for o periol sufficiently long to allow of the

dissemination of the organisms by some vehicle of infection.

The possibility of infection by water, sand, food and flies.

The water supply of Alexandria was cobtained from the
Mahmoudieh Canal (which was kXnown to be heavily polluted).
The water was filtered through sand by a " rapid filtration "

prccess hafore distribution to the city, but sven the

Tfiltersd water contained " typical " B. coli often in as smzll

quantities as 0.1 c.c. and invariably in quantities of &5 c.c.

i1
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No dysentery bacilli were ever found in the filtered water and
there was no epidemiological evidenée of dysentery being a

" water-borne " disease. On the other hand, it might be said
that the City suoply was potentially infective in view of the
fact that the intake water was heavily polluted ard the
filtration was imperfect as determined bybthe_frequent hich
B. coli content. Certain experiments were carried out to
ascertain whether B. dysenteriae survivea for any length of
time in a polluted water to which they had been added:; it was
found that they 4id not persist for more than 48 hours in the
unfiltered Mahmoudieh Canal water kept in flasks in the
ldboratory and exposed to light during the day. The canal
water contained large numbers of coliform bacilli.

Around the native dwellines of Alexandria (and also ip
other Fzyptian towns and villages) the ground is liable to
frequent faecal contamination (D. Thomson and Mackie) from
human sources; during dust storms, dust and sand readily gains
accegs to food, mflk, water, etc., (unless carefully
protected) ard the question was raised as to whether in Egyot
dysenteric infection might be conveyed in this way. 34
specimens of sand from various sources were examined including
specimens from polluted cround in certain native quarters,
but no dysentery bacilli were ever detected.

Specimens of dried sterilized sand placed in Petri

dishes were artificially contaminated with B. dysenteriae

»



Shiga and Flexner-Y types, and then placed where they were
directly exnosed to the sun. B. dysenteriae Shiga died oﬁt
after six hours and the Flexner-Y organism survived for 24
hours but was not recoverable after 48 hours. |

Milk was the only specimen of food which was
systematically examired; large numbers of specimens of milk
supplied to the Military Hospitals were examined bacterio-
logically in the courée of the laboratory routine, but |
though these specimens almost invariably were heavily
contaminated with‘coliform bacilli, no dysentery bacilli were
ever detected.

It seemed likely that the house-fly might carry‘
dysentery bacilli from excreta to food (where insanitary
conditions prevailed and act as a vehicle of infection.

| Flies were experimentally allowe? to contaminate

themselves from dysenteric stools and were then transferred
to Petri dishes containing MacConkey's agar in which they
were kept for 1 to 2 hours. In this Way the medium was
inoculated by the fly in the same way as it wouid infect
foocd material. This method had been utilized in a previous
investigation on the dufation of infectivity of flies after
feeding on susar containing typhoid aﬁd paratyphoid bacilli:
the organisms deposited by the fly could be determined by

the examination of colonies developing after incubation of
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the plate. It was found in this way that fli=s infected with
entarica organisms remainéd infective for 4 fo 7 days. Flies
infacted in the same way witn dyéentery bacilli remainesd
infective for not more than 24 hours. A small proportion of
the flies fed on dysenteric stools were feound to be infective
ani lysentery bacilli were isolated from the medium with which
they had be=n subselquently in contact.

56 " wild * flies caught in the Native Quarters were
examined in the same way but no dyssentery bacilli were
isolated from them. These flies usually produced abundant
contamination of thé plates with which thay had been in
contact; the organisms grown were generally coliform bacilli
but not infrequently colonies of B. Morgan No. 1 and allied
typesy -.B. faecalis alkaligenes and B. proteus were noted

i.e. organisms found assoclated with dysentery and diarrhoea
(v. supra). ‘
While it is possible that flies convey dysentery
bacilli, no‘direct evidence was obtained to show that thip
was a frequent mode of transmission and infection.
These investigations also show that dysentery bacilli
do not nersist for long periocds outside the body in excrata,
pclluted water, and sénd, and it seemed likely that under

active s=2rvice conditions direct or indirect personal con+*act

was the most important factor in the spread of bacillary
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dysentery in . view of the frequency of healthy carriers, the
fact that many cases of simple diarrhoea without characteristic
dysenteric symptoms were due to dysentery baecilli and the
probability that these cases often escaped notice, phe

infected person continuing on duty or recoverinz without being

admitted to hospital.
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INTRODUCTION.

At the Base Laboratory of the Egyptian Expeditionary
Force (1916-1918), I had the opportunity of investigating 57
strains of " non-cholera " vibrios isolated from typical |
choleraic cases, from cases of acute diarrhoea (not choleraic
in type) and also from healthy carriers. These organisms in
their general characters all cloéely resembled one another and
evidently belonged to a well defined biological group; in many
respects they corresponded closely to the classical
V. cholerae but were differentiated by serum reactions. ‘

It has been recognised by other workers in the East that
apart from the typical epidemic cholera of Asié due to a
vibrio with the biological characters of the classical vibrio
choleiae of Koch, choleraic conditions may be pfoduced by |
different vibrio types (Castellani, Chalmers and Waterfield).
As suggested by Castellani, a choleraic illness due to a
vibrio which cannot be identified with the V. cholerae might
be designated " paracholera "

In the identification of vibrio strains isolated from
choleraic cases, the possible occurrence of variants of the
V. cholerae must be considered. Thus the El Tor vibrio of
Gotschlich differed from the classical type in producing an
active haemolysin but was agglutinated by a specific

anticholera serum,and,in view of its serological characters,
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has been generally regarded as a variety of the typical

V. cholerae. It has also been claimed that strains of

V. cholerae may under certain.conditions lose their specific

. serological characters (e.g. agglutinability by avhomologous
antiserum) and thus simulate non-cholera types. it is,
however, genefally agreed that the failure of a vibrio strain
(especially after repeated subculture) to react with an
anticholera agglutinating serum is evidence that ii belongs

to a different speciesf Moreover, ths serological diffeyantia-
tion is confirmed if an agglutinating antisérum to this strain

fails to react with a known V. cholerae.

THE OCCURRENCE OF PARACHOLERA VIBRIOS IN A

LOCALIZED GHOLERAIC QUTBREAK.

My attention was first drawn to organisms of this type
by their océurrence in certain choleraic cases forming a-
small localized outbreak in one of the Convalescent Hospitals:
in Egynt.

The following clinical summaries will serve to indicate

the conditions with which these organisms were associated:
On October 26, Pte. G., a patient convalescing from
" pleurodynia ", developed a sudden acute illness which

presented the characteristic clinical signs and symptoms of



Asiatic cholera. The condition started with severe colic,
followed by intense diarrhoea and vomiting, and severe
cranping paihs in the thighs and legs. The evacuatibns were
typically " rices-water " in éharaoter. Ths acute stage was
.fcllowed by a state of extreme collapse with subnormal
temperature, low blood pressure, sunkeﬁ eyes, cold livid skin,
and a weak husky voice. He was treated in the collapsed
state by intravenous injection of hypertonic saline solution
and subsequently made an uninterrunted recovery. It is of
interest to note that this patient had been suffering from
digestive disorder for six days previous to the onset of the
“choleraic illness.

The same day, October 26, another patient Pte. B.,'in
the same hospital suddenly developed acute diarrhoea with
abdominal pain and cramps in the legs, but the illness was
not so severe as in the first case, and was not associated
with any‘marked degree of collapse, though the blood pressure
was relatively low. This man‘had been suffering for some
months past from recurrent mild diarrhoesal attacks.

On the followiné day, October 27, three other patients
in the hospital, Pte. C., Trpr. W., and Pte. P., developed
acute cholerq;o diarrhoea. In the case of Pte. C., the
condition was associated with abdominal pain and vomiting

but without marked collapse. The intestinal discharges were




of the " rice-water " type. Trpr. W's. illness was simply an
acute but transient diarrhoea with little general disturbance.
This patient had an " enteric " illness in August. The day
before the acute attack he had siight diarrhoea. Pte; P.
suffered from a more acute diarrhoea, with vomiting, cramps in
the legs and some degree of collapse.

On October 28, at midnight, an R.A.M.C.-orde:ly, Pte. L.,
wh§ had been in attendance on Pte. B. the same day, suddenly
developeﬁ an acute choleraic condition which was more or less
similar to that of Pte. G., and was associated with marked
collapse. His evacuations during the acute stage were
typically " rice-water " in character. He, however, made a
gocod recovery after two days' illness. .

_ From all these cases vibrios were isoclated®* In the cases,
G., L., and P. large numbers of vibrio-like organisms were
quite evident on microscopic examination of the discharges.

On November 1, another patient in the hospital developed
an écute cholera-like illness. The diarrhoeal stage, which
lasted about eleven hours, was followed by a collapsed state
with complete cessation of the diarrhocea. The first stool
passea after this, about 24 hours after the onset of -the illnsss,
was examined but no vibrios were detedtéd. Specimens of the

earlier evacuations were not obtained for bacteriological

examination.

In the cases Pte. C. and Trpr. W. vibrios were first detected

in primary culture by Captain E. J. Storer of the Military
Bacteriological Laboratory, Alexandria. The subsequent isolation
and investigation of these strains were carried out by myself.
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In the case of G., vibrios were detected on the.first and
second days but were found to be absent on the third day from
the onset of the illness. In the other casss also vibrios
disajspeared rapidly froﬁ the faeces.

Appropriate preventive measures were at once taken by ‘
the D.A.D.M.S8. (Sanitation) when vibrios were found in the
first case and after November 1 no further choleraic cases
were reported.

The presence of vibrios in large numbers during the
acute phase and their rapid disappearance after recovary were
regarded as suggestive of their aetioclogical relationship to
the disease.

Clinically, certain of the cases, especially that of
Pte. (., were indistinguishable from Asiatic cholera. Others

were milder in type.

Igolation of the Vibriogs,

Peptone-water tubes weré inoculated from the intestinal
discharges and incubated at 379 C. for 6-8 hours. On
examination of the cultures large numbers of actively mo%ile.
vibrios were found, considerably in excess of the other
organismévpresent. A loopful of the thin pelliole-growth.oﬂ
the surface of ths medium was introduced into fresh peptone~

water tubes which were incubated for a period of about 12




hours. A practically pure vibrio culture was obtained in this
way by " enrichment " in peptone-water and the strains were

. 0 . 7z -‘
isolated from colonies on plates of Dieudonne's medium,

s

incculated from the first or second peptone tubes.®

Characters of the Vibrio Strains Isolated.

———

The six strains corresponded closely in their worphclogical
and cultural characters.

Morphological Characters: Actively motile * comma "-shdped
organism, 1'3 to 2 microns in length and 0*4 micron in breadth;
there was, however, considerable variation in size, and "S"
forms wsre noted i; young cultures. Films from older cultures
showed the charactaristic invoelution forms of the V. cholerae.
In preparaticns stained to show flagella by ths method of
Nicelle and lorax, a single terminal flagellum about three
times the length of the vibrio was demonstrated.

Staining reactions: the vibrio was gram-negative. In

young cultures it stained well with the ordinary stains but in

older cultures the staining reaction was faint.

Cultural characters: all the strains were readily
cultivated on ordinary media under aerobic conditions, both
at 37° C. and 22° C.

Stroke cultures on sloped agar, after 24 hours at 37° C.

consisted of a moist whitish growth slightly more opaque and

*Iurther details of the techrnijue emrployed are given below
(p.as).




1

-

more abundant than that of a V. cholerae. After 2~3 déys ths

growth became slightly brownish-yellow in colour (like

Colonies on agar, after 24 hours at 379°C., weré moist,
white, somewhat raised, with a completely circular Weli—
defined margin, and slightly more opajue than those of
V. choleras. The average diameter of 24 hours colonies was
2«3 m.m. Aftsr 48 hours thay began to assume a brownish-
yellow coloux.

In gelatin stab cultures (15% gelatin) at 16° - 18° C.,
a white line of growth was apparsnt in 24 hdurst' After
26-48 hours,l;quefaction began at the upper end of the staﬁ,
and by the 3rd o1 4th day a * cup " formed with a funnel of
1iquefacticn extending down along the line of inoculation.
Liquefadtion occurred more rapidly than in the case of a
V. cholerae strain but otherwise ths type of growth;was the
samne. |

In peptone-water, the crganism grew abundaﬁtly producing
é'general turbidity of the medium and a characteristic |
" pellicle " on the surface. There was no apparént pigment-
production.

# ~
On MacConkey's and Dieudonne's media, the vibrio grew

. well, producing colonies which were somewhat larger than those

of V. cholerae. The colonies on MacConkey's agar, after;48

e
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hours showed a characteristic yellowish-brown colour and were
less raised and opaque than the colonies on ordinary agar..

On alxaline potato medium, an abundant ﬁoist white groﬁth
developed at 37% C. after 24 hours. In 4 or 5 days it became
brownish-»init in colour.

On solidified blood serum at 37° C. abundant growth and
rapid liquefaction of the medium oCcurfed, so that in 36 hou;s
about three-quarters of the sloped medium was liguefied. A
V. cholerae strain in the éame time liquefied about one-quarter
of the same amount of serum medium.

Biochemical reactions: the results of the fermentative
tests were as follows:- |

Glucose -~ - -

acid; no gas

Galactose - - - " . u

Laevulose - = = " “ .
Maltose - - - - . t

Saécharose - - = " "

Mannite - - - - n -

Dextrine - - -~ - w "

.Glyceriﬁ - - - - " " |

Dulcite - - =-. - no acid production after 10 days
Adomite - - - - % %« e
Rhamnose - - =~ -= " " n n T w
Raffinose - - - " " " "
Inulin - = - = " .0 " " n

Salicin - - = - " " LI " .



Sorbite - - - s8lightly acid 1lst day; later
' alkaline.
Milk - - - s8lightly acid; no clot.

Lactose - - - at first no fermantation; after
7-10 days distinctly acid

except in the case of strain W.

Cholera-red reaction (depending on the formation of nitrites

and indol) was maikedly positive after 18 hours growth. The
test censisted in adding about 2_0.0. of 50% sulphuric acid
to a peptone—waterkculture. Haemolysis, tested by cultivation
on blood agar, was evident after 36 hours' growth.

Phosphorescance was absent.

Serological Reactions

V. Cholerae Antiserum.

Agclutination. There was nc agglutiﬁation of any of the
strains by a 1:50 dilution of an anti-cholera serum (Lister
Institute) whose end-titre was 1:2000. The tests were
'repeated after the strains had been subcultured several times,
with negative result. Cimilarly, the stréins after recovery
from experimental animals (v. infra) still failed to react
Wifh the V. cholerae antiserum. |

Compnlement Deviation. No complement deviation reaction

was obtained in the case of any of the strains along with the
anticholera ssrum, though a marked reaction was =licited in

the case of a known V. cholerae strain.
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Patients' Sera.

Agglutination. The sera of the six cases were tested

7 days after the onset of the iilness, bbth with the particular
strain isolated and also with a V. cholerae. Pte. G's. serum’
agglutinated the respective strain and also V. cholerae in
dilutions up to 1:200 after 4 hours.

None of the other sera reacted to the strain isclated or
to V. cholerae. G. had been inoculated twice with cholera
vaccine 9 months previocusly. The serum of a healthy person
inbculated three months previously with cholera vaccine did
not agglutinate the same V. cholerae strain in dilutions
higher than 1:20 and did not act on strain G. even in a 1:20
dilution.

The occurrence of specific agglutinins in the serum of
infected persons 1is strongly indicative of the causal
relationship of the vibrio to the illness with wnich it was
asscciated. Only one of the six cases (Pte. G.) reacted in
this way,; the negative reaction in the other cases could not,
however, be considered of any significance (see also ?art 2
" p.31A). Trus, even in true cholera the aggiutinin reaction
is variable and thcugh well marked in certain cases is

frequently quite absent (as shown by the protoccecls of Greig's

investigations).
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Ag regards the ﬁ concomitant " reaction of G's. serum to
V. cholerae, it might be supposed tmut an increase of the post-
inoculation agglutinins had occurred in an analogous fashion
to that noted in the case of“paratyphoid patients previously
inoculated with B. typhosus vaccine (v. Part § p.3).

('s. serum was retested a month after the onset of the
illness. It was noted that the end-titre of the agglutinins

for strain G. and V. cholerae was now 1:100,

Antiserum to Strains G. and L.

Rabbits were immunized by intravenous injection of
increasing doses of agar slope cultures emulsified in normal
saline and sterilized at 65° C. An agglutinating antiserum
was first obtained for strain G. and tested with the otler
strains and also a typical V. cholerae. The results are shown

in the following table:-
Agglutinating Serum V. Strain G.

Serum Dilution. - | o

Strain 1:100 1:200 1:400 1:800 1:1600 1:3200 No serum

G. +4++ ++++ +44+4 ++4 + - —

w. +4+4 Pt bty it +44 — A —

P. P T L R L 2, ++ -— -

C. +++4 +i+e +++¢4 ++44 4+ —_— —_

L. — -— — — -_— -— —

B. — -— — -_— — S —
V.cholerae — — — - - - —

Readings made after 4 hours.

(++++ == complete agglutination and the various ‘degrees of

partial agglutination are represented by +++, ++, +.)
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When it was found that strains L. and B. did not react with
the antiserum to G. even in low dilutions, an immune serum to
strain L. was obtained and tested with the other strains and

V. cholerae. The results are shown in the following table:-

Agglutinating Serum V. Strain L.

Serum Dilution.

Strain 1:100 1:200 1:400 1:800 1:1600 1:3200 No serum

TG — —_ _— — — —_— —_—
W| — — —— — — — ——
PQ' — — -_— — — — o—

C . — — . —— mm— S —— —

L. +++e ++tt ++44 44+ ++ + —
B. +4te +444 XY ++++ ++4 ++ —_

Readings made after 4 hours.

These results clearly showed that the six strains
represented two different serclogical types.‘ The antiserum
to G. agglutinated G., W., C., and P., but had no effect on
L. and B., while the immune serum to L. agglutinated L. and
B., but did not react with the strains of the other species

(G., W., C., P.). It was also apparent that both these types .,

¥

were serologically different from V. cholerae. It is of
interest to note here that Pte. L. was probably infected from

Pte. B. (vide clinical summaries).
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Pathogenic Effects on Animals. /

Guinea pigs: all the sfrains were tested by intraperi-
toneal injection of one-half of & 24 hours' agar slope culture
emulsified in saline. The animals showed signs of collapse -
after 2-3 hours and died in 4«6 hours. At autopsy the abdomen
was markedly distended; the peritoneal cavity contained
considerable excess of fluid which was turbid and in some
cases blood-stained. ©Small intestine - the mucosa and whole
intestinél wall was inflamed; there was no faecal material in
the bowel but the lumen was distended with an opadue yellow
mucous fluid slightly blocd-stained; microscopic examination
revealed large numbers of vibrios and.an abundant cellular
exudate. Vibrios were récovered by culture from the peritoneal
exudatey the intestinal contents and also the heart blood. -
These effects were similar to those produced by two
V. cholerae strains which were similarly tested for purposes
of comparison.

Pigeons: two of the strains were tested by injection of
£3th of a 24 hours' agar slope culture into‘the pectoral
muscle. No pathogenic effects were noted. ,

Rabbits: striking results were obtained in these
experiments and it was found poss8ible to reproduce a typical
cholera picture, post-mortem by intravenous injection of even

gath of an agar slope culture. The six strains all exhibited
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the same effects. In general, after intravenous injection of
éath of a culture, the animal died in about 24Vhours or less.
In one case there was a marked diarrhoeal condition before
death. . Post-moftem - the small intestine contained no faecal
material; the mucosa was intensely inflamed and the lﬁmen df
the bowel was distended with a white milky mucous fluid (in
some cases with blood~-stained muco-purulent material). The
intestinal fluid contained an abundant cellular exudate
consisting of degenerate leucocytes and masses of exfoliated
epithelium. The pathological conditioﬁ‘was most marked in the
lower part of the small intestine. Cultures of the intestinal
contents on MacConkey's agar in some cases represented a pure
growth of vibrios.

These animal experiments showed a highly selective toxic
action on the mucosa of the small intestine. The results also
corresponded to the pathogenic effects similarly produced by a

known V. cholerae.

The Identity of the Strains Isolated.

From the bacteriological findings it was apparent that
these vibrio strains closely resembled the V. cholerae in many
of their characters; they differed, however, in their
serological reactions. As regards theirlgeneral cultural

characters, no essential difference could be established; the
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liquefaction of gelatin and solidified éerum was, howe%er, more
marked.s The biochemical reactions were similar to those of

V. cholerae. The haemolytic test differentiated these strains
from the classical cholera vibrio (which is non-haemolytic)
but as is well known, varieties of the V. cholerae (identified
by certain specific serological reactions) have been shown to
be haemolytic, é.g. Ruffer's Groups II and III. [Group II was
agglutinated by an antiserum to the typical cholera vibrio
'and also reacted positively in the Pfeiffer test but the
complement-fixation reaction was absent. Group III failed to
react in the Pfeiffer test but was agglutinated by the
antiserum and also gave the complement-fixation reactiona

Strains were also met with in Egypt (1%16-1918) from
choleraic cases which,though markedly haemolytic,stillnreacted
up to end-titre with a V. cholerae serum,* and these were
classified as " V. cholerae."

It has‘been suggested that agglutinability of a cholera
vibrio by an anti-cholera serum may not be a constant
character. Thus, it was shown by Crendiropoulo how
agglutinable vibrios in the faeces might be succeeded after a
time by inagglutinable organisms in the bile. Creig has also
demonstrated how a non-agglutinable vibrio isolated from

water, after inoculation into an experimental animal and

* These strains were submitted to me for investigation from the
Field Laboratories.
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subsequent isolation from the bile tended to alter its
morphological and serological characters so that it resembled
more closely the standard V. cholerae.

While strains of V. choleraée may be met with which in
primary culture fail to agglutinate with a specific antiserum -
as in the case of B. typhosus, B. dysenteriae,'etc., - there
can be little doubt that the agglutination test with a
V. cholerae serum is generally a suitable means of
differentiating the cholera group from other vibrioes (v. also
Chalmers and Waterfield). Moreover, the fact that antisera to
strains G. and L., while strongly agglutinating the homologous
strains, had no effect on a typical V. cholerae (which
reacted to an anticholera serum) was conclusive proof that
these vibrio strains were specifically different from the
V. cholerae.

" As regards the general classification of vibrios, Chalmers
and Waterfield have recognised the following groups:-
(1) Albensis (2) Cholera (3) Metschnikovi (4) Gindha
(5) Finkler and Prior (6) Drennani (7) Terrigenus.

The " Gindha " group was defined as follows: " vibrios,
motile, aerobic, non-phospherescent, growing in and liquefying
gelatin, not producing pigment in peptone, not agglutinated by
true cholera immune serum in 1:200 or greater dilutions, with

growths in gelatin stubs resembling those of V. cholerae, and
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not causing death in 24 hours in pigéohs whan injected into
the pectoral muscles in small quantities." |

Chalmers and Waterfield described a vibrio strain of this
type causally associated with a case of paracholera at Pdrt
Sudan in December 1915, and identified it with the V. Gindha
(Pfeiffer) which was originally found in the water of a well
at Gindha (in Erythrea) after an epidemic of " cholera."
Chalmers and Waterfield also classified the various vibrio
species which they recognised as belonging to the'V. Gindha
group? These included among other species the V. Gindha and
the V. Kegallensis. The latter was described by Castellani
as a paracholera vibrio and was'found by him to be associaied
with a cholera-like disease in Ceylon: Nén-cholera vibrios
have also been described from time to time in choleraic and
diarrhoeal cases by different workers; Greig observed
non-cholera vibrios in cases of " cholera " but as he failed
to obtain any agglutination reaction by the patients' serum
to these étrains and as they Were also noted as concomitants
of the V. cholerae, he apparently dixegarded them as
choleragenic organisms.

It is significant that a human experiment with the
original V. Gindha resulted in a severe cholera-like illness

(V- MaCé) ~
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The V. Ginaha was differentiated from the other members
of the group according to Chalmers by (1) the power of
reducing nitrates and forming indol - on which tne cholera-red
reaction depends; (2) the rapid liquefaction of solidified
blocd serum. In the case of the V. Kegallehsis the cholera-
red reaction was absent. According to these criteria tte
" paracholera " strains described above would correspond to
the V. Gindha, on alkaline potato medium, however, they
produced a characteristic pinkish growth while the classical
V. Gindha as described develops a " ma;ze-yellow * growth. It
is- to be noted, however, that the type of growth on potato is
somewhat variable; 1t is uncertain therefore if this can be
regarded as a differential criterion. IXurther reference is
made later to the serological identity of Chalmers and
Waterfield's strain. The cholera red reaction differentiated
them from the V. Kegallensis.

It appears doubtful if this system of classification is
sufficiently complete for the identification of the paracholera
vibrios. Thus of the six strains isolated from these choleraic
cases referred to above, it has been shown thmt four were |
specifically different from the other two, though all presented
similar cultural charactars. This group . therefore comprises
different serological types (as will be shown more fully later)
and any system of classification must be based both on

cultural characters and also specific serum reaciions.
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The evidence was strongly in favour of these strains
being causally related to the choleraic disease‘with which
they were associated, and they have therefore been classified
as paracholera vibrios. ZFor further reference, fhe two types
répresented respectively by strains G. and L. have been

designated V. paracholerae A. and B.

FURTHER INVESTICATIONS.

A few days prior to the occurrence of these choleraic
cases a number of patients in the convalescent hospital had
suffered from an acute diarrhoeal attack but as the conditioh
proved transitory no baterioclogical investigation had been
requested.

At that time also a considerable proportion of the
patients were convalescents from the Mesopotamia Expeditionary
 Force iﬁcluding men who had suffered from a choleraic illness.

It was therefore decided to carry out a systematic
examination of all the patients in the hospital (about 900)
with a view to ascertaining if any were vibrio carriers.

The faeces of each patient was examined on two.occasions
by the technique described later (p.d%) and the investigation
led to the demonstration of vibrio carriers among (1) cholera
convalescents; (2) men who had suffered a few days previously

from acute diarrhoea contracted in the hospifal (already
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referred to); (3) cases with a history of " diarrhoeal " or
" dysenteric " attacks in Mesopotamia or Egypt (Sinai
Peninsula); (4) men who presented no history of previous
intestinal illness (including both convalescents from the
Mesopotamia and Egyptian Forces). There had been of course
free " contact " among the patients in the hospital.

The systematic'examination* revealed the presence of
vibrios in the faeces of 34 cases.

None of these strains corresponded serologically with
the V. cholerae and in their general cultural characters and
biochemical reactions were identical with the strains
described in the paracholera cases. The only variation noted
was in the case of lactose fermentation; certain strains
‘developed acid from lactose after 7-10 days; most of the
strains, however, failed to ferment lactose.

Their pathogenic effects on laboratory animals were also
identical with those of the original strains described above.
Their serologicalcharacters were studied and it was
found that only a small proportion of the strains corresponded
Berologically with the A and B types found in the paracholera
cases and among the remainder it was possible to differentiate

8 additional serological types

#*In the preliminary work of detecting the vibrios in primary
cul ture, I was assisted by Captains Storer and Hirst; the
isolation and detailed study of these organisms was carried
cut by myself.
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This differentiation was well marked, i.e. the antiserum
to one fype agglutinated organisms of the same'type in high
titres (the end-titre corresponding to that for the strain
used for immunization) and had no effect on strainslof other
types even in low titres; the serological distinction was
thus similar to that described between the A and B types.

Among the cases from which these vibrio strains were
isolated, 10 were found to have suffered from acute diarrhoea
a few days before the paracholera outbreak.

The strains from these 10 cases represented types
serologically different from A and B; 4 corresponded to one
serological type and 6 ﬁo:another, classified respectively as
C and D.

Among the remaining 24 strains, types A, B, C and D
were all represeﬁte; and also six other serological types
designated E, ¥, G, H, I and J. 4 strains respectively of
types A, E, G and H were found in " cholera " convalescents.

-The cases from which the other strains were isolated gave no
history of a choleraic illness but included men who had |
suffered from " diarrhoeal " or ﬁ dysenteric " attacks in
‘Mesopotamia and also cases from the Egyptian Expeditionary
‘Force presenting a similar history. In others ggain no

history of intestinal illness was obtainable.
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Of course, any of these cases might have been infected by
contact in the hospital and it is well known how, duriﬁg an
actual cholera epidemic, contacts may be infected and become
carriers without suffering from the.disease.

Thus the findings may be summarized as follows*:-

Paracholera cases from ) (4 of type A
which vibrios were isolated) 6 (2 " B.
Cases convalescent from ) (4 of type C
acute diarrhoea )_ 10 .
(contracted in hospital) in) (6 " D.
which vibrios were found ) (
Cases free from diarrhoea ) (the 24 strains
or other intestinal illness) represented 10
(while in hospital) in )- 24 -(3ifferent sero-
. . logical types
which vibrios were found ) (1, B, C, D, E,

i.e. healthy carriers ) (F, G, H, I, J.

Tha question also arose at that time as to the occurrence
of vibrios of the same type iﬁ'the native Egyptian; specimens
of faeces from 100 healthy natives in the State prison at
Alexandria were examined with negative result in all cases;
the native staff at the convalescent hospital were also
examined on two occcasions but no carriers were detected. It
was known of course that non-cholera vibrios had been
frequently met with in pilgrims from Mecca at the quarantine

stations of the International Quarantine Board.

*It is impossible to give fuller details as the laboratory
records were lost at sea due to the sinking by submarine action
of the transport on which I was travelling from Egypt in 1918.
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Choleraic disease had apparently been prevalent in .
Mesopotamia and as certain carriers of the different types
presented a history of " cholera " or " diarrhoea " in
Mesopotamia during the previous three months, it was presumed
that these organisms might be of lMesopotamian origin.

Some of the carriers were investigated at intervals; in
certain cases, vibrios were found in the faeces over a period
of one month; in other cases they apparently disappeared
Tapidly from the stoole.

Among the carriers were men who had suffered from
% diarrhoeal " or " dysenteric " illnesses in Egypt; a few
months previously a limited cholera epidemic had occurred in
the Egyptian Expeditionary kForce but it was known that the -
causative organism in this case corresponded to the classical
V. cholerae * and none of the patients in the hospital had
been in the particular area in which cholera occurred or had
been in centact with men of the particular military units
affected. At that time no'non-cholera vibrios”had_been,

'<1soiated from diarrhoeal cases in any of the military
laboratories of the Force but Wntil two months prior to this
»fhere were no facilities for laboratory examination in the
field. It was only at the Base that detailed examinations

could be carried out.

v

#1 had the opportunity of studying certain of the strains.
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It was assumed from‘the evidence available, that vibrios
of the type described were responsible for an intestinal
condition, varying from a simple diarrhoea to an acute illness
clinically indistinguishable from Asiatic cholera; that these
organisms represented a group not serologically homogeneous
but including different serological types; that théy were,
like V. cholerae, apparently of Asiatic origin.

During 1917, I had a further opportunity of investigating
another series of 17 vibrio strains all presenting the same |
'general characters as those originally investigated; with one
exception, these were isolated in the field laboratories from
sporadic cases of acute choleraic diarrhoea, some of which
simulated clinically true cholera. At that time the Force was
operating in Palestine. The cultures were submitted to me
for investigation by officers in chargé of Field Laboratories.

Two of these strains corresponded to the A type and 3 to
B.

Two strains were found to belong to another serological
type different from the series A to J and thereforebdesignatéd
K. A culture of the V. Gindha type isolated by Chalmers and
Waterfield was obtained from Dr. Chalmers at Khartum and it
was found to belong to this serological type (K).

Two strains submitted for investigation from one of the
field laboratories were also found to represent a further

serological type, designated L.
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A fatal case of choleraic type similar clinically to that
of Pte. G. (v. supra) bccurred in an officer a few days after
his arrival in Alexandria* from England; vibrios were present

- in large numbers in the stools and on isolation of the strain,
it was found to be similar in cultural characters to the
other vibrios but proved on serological investigation to belong .
to a different type (designated M.) '

7 other strains were investigated; none of them
agglutinated even in low titres with antisera to types A - M,
and antisera prepared by immunizing rabbits with these strains
agglutinated only the corresponding strain, i.e. the
particular strain used for immunization. ;

The question arose as to whether this group of vibrios
was analogous in serological reactions to the B. coli group
(v. part 1) in which agglutinating antisera are specific for
the individual strain. Strains of types A and B were .
isolated, however, in different places and at intervals of
6 months. Lt. Colonel Ledingham, Consulting Bacteriologist
of the Mesopotamia Expeditionary Force also informed me that
he had isolated a strain in Mesopotamia (1917) corresponding
to the B type (identified by an agglutinating antiserum
supplied to him by me). Moreover, the " V. Gindha " of
Chalmers and Waterfield isolated at Port Sudan was found to
be serologically identical with 2 stfains isolated in 1917

in Palestine (v. supra).

* At a Base Depot Camp. ‘ ?
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Though certain of the serological types, in the series of '_‘
strains investigated were represented by only one strain,
other serological subgroups included a number of strains, e.g. 
A, B, etc. h
Among the 57 strains studied, 20 different serological

types were recognised.

CONCLUSIONS.
Besides the typical epidemic Asiatic cholera due to the

V. cholerae, choleraic and diarrhoeal conditions may be due
to a group of vibrios of the type described, conveniently
classified as V. paracholerae.

These organisms closely resemble V. cholerae in
morphological, cultural, and biochemical characters and as
regards the effecis of experimental inoculation in animals
but are easily distinguished by serological tests.

The paracholera group is not serologically homogeneous
but represents a considerable number of serological types
precisely differentiated by agglutination reactions.

In general paracholera cases are of less severity than
typical cholera but on the other hand in certain instances
may closely simulate true cholera.

Fatal cases are uncommon; of those known to me only 2

proved fatal (due to types K and M).
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The diarrhoeal and choleraic cases with which these

organisms are associated are either sporadic or occur in tihe!

form 1 smill localized cutbreaks.
These organiems are like V. cholerae transmitted by
etarriers and are probably of Asiatic origin.

Individuals may be infected without contracting any

dntestinal illness and become carriers.
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A _NOTE ON _THE METHOLS ADOPTED FOR THE ISOLATION
AND_SERQLOGICAL ILENTIFICATION OF VIBRIOS.

In studying the technique of isolation of V. cholerae
and the paracholera vibrios from faeces, it was found that 5
successlnl results depended on the careful observance of
certain details. The method adopted consisted first in
" enriching " the vibrio in alkaline peptone water - a medium
known to be specially favourable to the growth of these

organisms - and then sub-inoculating on a selective alkaline

s0lid medium (Dieudonns's).
1. A tube of 10 c.cs peptone water was inoculated with a
flake of mucus or in the case of a fluid faecal stool with
a large loopful of the specimen. In examining possible
carriers the stool if solid or semisclid was thoroughly ‘7?
emulsified in sterile salt solution and a large loopful added
to the peptone water. The peptone water used was l% peptone
‘with O.Q% sodium chloride standardized 8o as to be neutral
to phenol-phthalein, i.e. distinctly alkaline to litmus.

The tube was incubated at 37° C. for 6 to 8 hours.

2. A plate of Dieudonné's medium was also inoculated

directly from the stool and incubated for 12-18 hours.
'Digudonné's Medium: defibrinated ox's or sheep's vlood
was mixed with an equal volume of normal sodium hydroxide

golution and steamed in the Koch's sterilizer for 1 hour on
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3 successive days. This blood-alkali mixture was then added
to neutral peptone agar (3% agar) in the proportion of 3
parts of the former to 7 parts of the latter. The medium was
again steamed for 1 hour. It proved essential that the
medium should be tested before use by inocuwlating it with a
strain of V. cholerae as when freshly prepared it was often
extremely inhibitory, due to the presence of a volatile
ammoniacal substance in the blood-alkali mixture which could
be removed by repeated heating. If found inhibitory the
medium was re-steamed and the plates were exposed to air for a
short time covered by a sheet of sterile paper. |
Dieudonné's medium proved highly selective for vibrios

‘and almost completely inhibited the growth of the usual
coliform bacilli of the faeces. The only other intestinal
organisms found to be capable of growing well on this medium
were:

Certain B. faegalis alkaligenes types;

some enterococcus types;

certain unusual types of coliform bacilli of

rare occurrencs.
Thus a practically pure culture of a cholera or para-
cholera vibrio could be obtained on this medium from a

mixture containing other intestinal organisms.
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3. The peptone-water culture was examined after 6-8 hours

by means of stained films made from a drop of the surface lager
of the culture: a large loopful was placed on a slide and
-8lowly dried at room temperature; the film was -E8n fixed by
‘heat and washed in a stream of water to remove the dried
peptone particles which stain deeply and obscure the film,; the
prenaration was then stained with dilute carbol-fuchnsin for 13
~-minute and exXamined microscopically. At the same time a

Zhanging drop preparation was examined. At the edge of the

-drop vibrios were easily detected by their characteristic

~morphology. and " scintillating " or darting motility. e

In general, however, the fuchsin-stained film could be -
-relied on alone for the detection of vibrios.
4. If vibrios were present a subinoculation was made on a:?

ADieudonnéws plate. If no vibrios were detected a
zsubinoculation was made into a second peptone water tube;
this tube was incubated for 6 to 8 hours and a film from it
~zwas then examined as in the case of the primary culture; if

vibrios were present, a Dieudonné plate was inoculated from
_the peptone culture. If no vibrios were detectable the
-result was regarded as negative.

If vibrios were present in large numbers in the S§eqimen K

of faeces, an abundant growth dould be obtained on the

Dieudonne plate inoculated directly from the épecimenn As

i
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this growth was practically pure, an emulsion could be

prepared from it for agglutination tests with an anticholera
serum sc that within 18 to 24 hours it was possible to g
determine whether the causative vibrio was V. cholerae or a -

" non-cholera " organism. In this way the bacteriological

diagnosis could be expedited.

Where vibrios were relatively less numerous and were
not cultured directly on a Dieudonné plate, the organism
could be isolated after enrichment in either one or two

peptone-water cultures.

In two instances it was noted that though negative
results followed the peptone-water enriching process, a
growth was obtained on a Dieudonné plate directly inoculated :

from the faeces. It seemed therefore advisable to carry-outf‘

both procedures to ensure the maximum success in the isolat@@n‘-
of these vibrios.

A film made from the growth on Dieudonné'plates
(inoculated directly or from peptone-water cultures) usually
revealed a pure growth of vibrios.

Pure cultures on agar slopes were obtained from’isolatqgl

colonies; the morphological,cultural and biochemical
characters of the strains were then studied and animal
inoculation and serological tests were carried out as

indicated above.
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‘The technique of agglutination, agglutinin absorption
tests and complement deviation tests was that described in
Part 1, pp.3Y,30,36. - |

Pfeiffer's reaction: the technique adopted was as follows:

4 1arge'loopfuls of a 24 hours' agar slope culture were
emulsified in 4 c.c. of normal saline; to 2 c.c. of this
emulsion 0°002 c.e. of the anticholera serum was added (A);
the remaining 2 c.c. were retained for a control test (B); 4
loopfuls of a 24 hours' agar slope culture of a kxnown |
V. cholerae strain were emulsified in 4 c.c. normal saline and
to 2 c.ce 0°002 c.c. of the same serum was added (C), the
remaining 2 c.c. being retained (D).

A, B, C and D were injected into the peritoneal cavities
of small guinea-pigs of approximately equal weights; the
peritoneal fluid of each animal was examined after % hour and
also after 2 hours. OSpecimens were most easily obtained by
introducing the needle of a 2 c.c. syringe into the peritoneum
and drawing up a small Quantity of fluid with the syringe. A
drop was then ejected on td a coverglass and examined as a
hanging drop preparation.

If the unknown vibrio was V. cholerae - Animal injected‘

with A: the vibrios became immobile and globular and finally .
became broken up and disappeared from the fluid. The animal

was also protected from the lethal effect of the organism;



animal iﬁjected with B: the vibrios remained actively motile,
showed no bacteriolysis and the animal died usuaily within
24 hours;
~animal injected with C: the result was the same as in the
case of A;
animal D: the result was the same as in the case of B.
Experiments C and D were included as controls.
In the case of the paracholera vibrios - in exXxperiment A:‘Qw

the organisms remained actively motile after 2 hours and'the

aninmal died within 24 hours; while in experiment C

bacteriolysis and protective action occurred.
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PART 4

THE ISOLATION. OF PARATYPHOID BACILLI FROM FAECES
BY TNRICEMTNT ¥ITH BRILLIANT-GREEN IN FLUID MEDIUM;
WITH ‘
ADDITIONAL NOTES OF THE ISOLATION OF PARATYPHOID BACILLI
FROM URINE AND THE RPCOGNITION OF B. PARATYPEOSUS B
COLONIES IN PLATE CULTURES. '




~ In 1913 Browning, CGilmour and Mackie introduced a method
for the isolation of B. typhosus from faeces by enrichment
of this organism withﬁbrilliant~greeﬁ in fluid medium. It
was shown that those types of B. coli which are commonly
found in faeces, sub-group A (Mackie) - vide Part I - are
more susceptibile to the inhibitory effect of brilliant-green
than B. typhosus and the ﬁaratyphoid bacilli; thus in fluid

medium containing brilliant-green, inoculated from faeces,

B. typhosus if present is capable of outgrowing the coliform '

bacilli. It was recognised, however, that some coliform
types, less frequently met with in faeces were even more
resistant than the typhoid bacillus, e.g. certain sub-group B

types and the inosite-fermenters (sub-group C) - v. Part I

. p. 1,.(4.

1.

Browning, Gilmour and Mackie claimed for the method that

(1) it rendered the isolation of B. typhosus and B. para-
typhosus possible when these organisms could not be detected
on plates inoculated.directly from fae?es, and (2) that
frequently, when only scanty colonies of B. typhosus were
present in direct cultures, the brilliant-green fluid medium
yielded an almost pure growth of this organism, thus
facilitating its detection and isolation.

The following are the details of the method originally

advocated: a peptone-water medium was prepared in the usual

way, containing 2% peptone (Witte's) and 0-5% sodium chloride;
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5 cec. were distributed in 6 inches by § inch test tubes
plugged with cotton-wool, and sterilized at 120° C. for 15
minutes in the autoclave. From a stock 1% solution of
brilliant-green in distilled water, a 1:10,000 dilution was
made up by adding O+l c.c. to 949 c.c. of distilled water.
Of this dilution the following amounts were added to tubes of
the peptone-water:
1 2 3 4 5 6

0+04 0.08 0-12 0:16 ‘022 0«3 c.c.
A large loopful of the faeces (which was emulsified if
necessary in sterile salt solution) was added to each tube andi
thoroughly mixed with the medium. After 20 to 24 hours’

incubation at 37° C. subinoculations were made from each tube )

on plates of MacConkey's medium. These plates were incubated
for about 24 hours and the resulting growths were examined in-
the usual way.

The brilliant-green enriclment method has been accepted
by various/workers as superior to the ordinary methods of
direct plating on differential sclid media and has been most
extensively employed with generally favourable results
(ve Browning, Applied Bacteriology) .

In the original papers by Brow?ing, Gilmour and Mackie,
the use of varying concentrations of brilliant-green was

described as an essential feature of the method owing to the
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variation in the optimum amount for obtaining the maximum
growth of typhoid bacilli from different specimens of faeces.
The procedure has been abbreviatéd, however, by certain
workers (v. Browning) owing to the additional time required
for carrying out the extended method; this modification has
generally consisted 6f limiting the inoculation to one tube
containing a 1:200,000 or 1:250,000 concentraticn of
brilliant-green (in 10 c.c. of peptone water).

While this procedure has yielded better results than
those obtained by direct plating, it is open to fallacy and
if the meximum success is to be obtained, it is essential to
use a series of amounts of brilliant-green as in the original
method. Moreover, where it is important that the most
thorough technique should be employed in the isolation of
fyphoid and paratyphoid bacilli, no reasonable amplification
of an isolation method can be neglected, provided that the
extra time devoted to it is likely to repay the worker by his
obtaining more successful results. Thus, a further
modification of the original method intended to obviate the
possibility of overgrowth of B. typhosus by certain types of
B. coli (ee.g. sub-group C) which are more resistant to
‘brilliant-green than the typical coliform bacilli, i.e. the
use of tellurate of soda(or telluric acid)in conjunction with

brilliant-green, was demonstrated by Browning, Mackie and
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Smith to be a further advance in the selective enrichment of
B. typhosus in fluid medium. The importance of this
modification was further emphasized by Browning and Thornton.

When brilliant-green-resistant coliform organisms are
.present in faeces containing B. typhosus or paratyphoid
bacilli, they are of course likely to overgrow the latter
organisms in certain concentrations of brilliant-green, but
on the other hand if a series of different concentrations of
the dye are inoculated, it may be found thgt there is an
optimum concentration in which the typhoid-paratyphoid
organism grows abundantly and the enrichment of the more
resistant coliform type occurs in higher concentrationse.

This was noted by Browning, Mackie and Smith and is also well.
exemplified in table 6 of this paper (v. infra). Thus, if
varying concentrations of brilliant-green are employed,
relative enrichment of B. typhosus or B. paratyphosus may
occur in a particular concentration even when resistant

B. coli strains are present in the faeces.

Browning, Mackie and Smith (1914) indicated that the use
of tellurate was applicable only as regards the isolation of
B. typhosus and B. paratyphesus A, and it was shown that
B. paratyphosﬁs B. and B. Gfertner were less resistant than

B. typhosus to tellurate by itself. *

#It was found later by Smith that B. paratyphosus B was more
resistant to the mixture of brilliant-green and telluric acid
than either B. typhosus or B. paratyphosus A. (v. Browning,
Applied Bacteriology, p. 112). !



In selecting a routine method, therefore, for the
bacteriological investigation of faeces carried out at the
Central Bacteriological Laboratory, Alexandria, durihg the
enteric prevalence in the earlier stages of the Mediterranean
Campaign when the great majority of enteric infections were
due- to B. paratyphosus A and B, it was decided to employ the
original brilliant-green method.

In all cases varying concentratiocns of brilliant-green
in peptone water were inoculated. As regards the details of
the technique: a dense and uniform emulsion of faeces was
made in sterile 0:85% salt solution and from this tubes of

peptone~-water (2%'peptone, 0-5% sodium chloride, neutral to

'~ litmus) were inoculated. In general a large loopful (0O-4 cms.
diameter) of the emulsion was added so that a heavy
iﬁoculation resulted. In the case of diarrhoeal stools the
amount added to the tubes depended on the density of the
specimen; if watery in consistence, three or four loopfuls
were used for the inoculation of each tube; if the specimen
was of greater density, one loopful was sufficient. The
tubes were then incubated at 37° C. Sﬁbcultures were made
never later than 12 hours (and sometimes as early as 7 or 8
hours) on MacConkey's agar. Clarke and Stokes whb made
extensive use of the brilliant green enriclment method

inoculated the tubes heavily and subcultured not later than

‘5.




9 hours after. Torrey used a fixed émount of brilliant-green
but varied the quantity of faeces added to the medium.

Though here allowance is made for variation in the optimum
adjustment of.the amount of faeces in relation to the amount
of brilliant green, it is doubtful if this procedure is
likely to elicit the best results if the enteric organisms

are scanty. It seemed more rational to use varying amounts

of brilliant-green and inoculate each tube heavily. Where

the number of typhoid or paratyphoid organisms in the specimen
is likely to be relatively small, it is undoubtedly essential
to inoculate with the maximum amount of faeces; if the

typhoid bacilli are preéent in the amount of faeces used for
a " light inoculation " they could probably be isolated by the
direct methods,-so that in such cases the only advantage of
employing an enricklment process would be increased facility of
* picking off * suspicious colonies on the subinoculated
plates owing to their relatively greater number or their
presence in practically pure culture. It is also more
essential if heavy inoculation is resorted to that varying
-amounts of brilliant-green shouid be used; the organic mgtter
added may be sufficient to interfere with the inhibitory
properties of the dye so that in the lower concentrations the
typhoid-paratyphoid bacilli are overgrown by coliform bacilli

especially if the bacterial content is great; as the influence
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of this factor must vary with different specimens of faeces,
it is obvious that the necessary allowance for it can only be
made by varying the concentration of brilliant-green.

Tre amounts of brilliant-green generally employed were:

1 2 3

0+25 c.c. 0*4 c.c. 0«6 - 0.7 c.c.
of a 1:10,000 solution in distilled water freshly made from
the stock 1% solution. .

The follqwing examples from my own experience of the

bacteriplogical results obtained in cases where B. paratyphosué{z
A and B were isoclated by the brilliant-green method serve to g
illustrate the importance of the actual method of application
of the enrichment process. In the ocases quoted, the
brilliant-green method was also controlled by direct plating
on MacConkey's medium and the results show the striking

superiority_of the enrichment method.

Table I. ;
Brilliant-green Resulting growth after
Tube . 1:120,000 in 10 c.c. 8 hours(when plated on
peptone water. MacConkey's medium)
1. Q25 c.c. - = - - - - - Practically pure growth of
! B. paratyphosus A.
2. 084 CeCe = = = = = = Scanty growth of atypical
B. coli. »
3. 0B CosCe = = = = = = No growth.

On direct plates no B. paratyphosus A colonies detectable.
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Here a " one-tube " method in which a 1:250,000 concentra-
tion of brilliant-green (i.e. 0*4 c.c. 1:10,000 in 10 c.c.
peptone-&ater) was inoculated would have completely failed to
yield any result, whereas a practically pure culture of
B. paratyphosus A was obtained in the tube containing 0+25 CeCu
of the dye. On the plate inoculated directly from the faeces
no paratyphoid bacilli were detectable showing that this
organism was present in relatively small numbers. It is to beA-
noted also that an atypical B. coli was grown in the 2nd tube,
i.e. it was apparently capable of growing in stronger
~ concentrations and was more resistant than the paratyphoid

bacillus; in a lower concentration of the dye, however, the

paratyphoid bacillus was not overgrown by it (see also table 6).

Table 2.
Brilliant-green Resulting growth after
Tube. 1:10,000 in 10 c.ce. . 12 hours(when plated
peptone water. on MacConkey's medi
1. 0°25 CeCs = = = = = = ‘Typical B. coli.
2 0*4 c.ce - - - = - = Mixed growth of B. coli
| and B. paratyphosus A.
3. O¢7 CeCs = = = = = = Practically pure growth .

of B. paratyphosus A.

On direct plate no B. paratyphosus A colonies detectable.

In this case 04 c.c. of the brilliant-green solution was
sufficient to enrich the paratyphoid_bacillus to a certain

extent, but a larger amount (0«7 c.c.) elicited an almost



- pure culture of this organism. This result was also obtained

.

from a specimen of faeces which showed no suspicious colonies,

on direct plating. ' 'f

Table 3.
Brilljant-green Resulting growth after
Tube. 1:10,000 in 10 c.c. 8 hours(when plated on
peptone water. MacConkey's medium.
1. 0:25 c.Cs = = = = = = B. coli - atypical‘
2. 0+4 c.¢c. - - - - - = B. coli - atypical
3. 065 cecs - = - - - - Atypical B. coli and

B. paratyphbsus B in
mixed growth. o

On direct plate no B. paratyphosus B colonies detectable.

This result is interesting in that no typiocal B. coli
grew in the brilliant-green medium, but in all the tubes there
‘was an abundant growth o£:;typica1 B. coli which was iL
relatively resistant to the dye. The highest concentration of

brilliant-green, however, seemed to be sufficiently inhibitory?:\‘

to allow the paratyphoid bacilli to multiply though not
sufficient to completely stop the growth of the coliform
organisms. No paratyphoid bacilli were detectable on the

direct plate.



Tube.

1.
2.
S

Table 4.

Brilliant-green
1:10,000 in 10 c.c.
peptone water.

0+25 cecCe

- e s e e

0«4 cec.

0'6 CesCoe

10.

'Resulfing growth after
10 hours(when plated
on MacConkey's medi

B. coli - atypical.
B. coli - atypical.

Atypical B. coli and

B. paratyphosus A mixed.

2 B. paratyphosus A colonies detectable on direct plate.

A.

This shows a similar result in the case ¢f B. paratyphosus .

Here it was possible to isolate the paratyphoid bacillus

ffrom the direct plate but in the highest concentration of

brilliant-green, marked enrichment of this organism occurred

in spite of the presence of a resistant coliform bacillus and

on the plates subinoculated from the brilliént-green culture,

large numbers of colonies developed.

Tube.

1.

2,
S

On direct plate a few colonies of

Table 5.

Brilliant-green
1:10,000 in 10 c.c.
peptone water.

0+:25 c.c.

0'4 CeCeo
06 c.c».

- - o m - -

B.

Resulting growth after .
8 hours(when plated on

MacConkey's medium. 7

Practically pure growth 6f‘
- B. paratyphosus B. o

‘Do.
Do.

paratyphosus B.

o
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In this case though the paratyphoid colonies were present
on direct plate, all the concentrations of brilliant-green
produced an almost pure gwowth of this organism, thus
rendering the detection of the organism much easier than by

the ordinary me thod.

Table 6.
Brilliant-green . Resulting growth after
Tube. 1:10,000 in 10 c.c. 8 hours(when plated on
peptone water. MacConkey's medium.
1. 0+25 CeCs = = = = = = B. coli (typical)
2. 0°4 CiCo = = = = = = Mixed B. coli (typical) and
B. paratyphosus A.
3. 086 CeCs = = = = = = Growth of atypical B. coli

(inosite-fermenting type
- sub-group C, Mackie).

No B. paratyphosus A colonies detectable on direct plate.

In this case the optimum amount of brilliant-green for
the enrichment of the paratyphoid bacillus was 0+4 c.c.; a
higher a@ount 0?6 c.Ce produced cbmplete inhibition of the
paratyphoid bacillus and favoured the growth of the more
resistant coliform bacillus present in the faeces. This is a
striking instance of the careful adjustment necessary for a
satisfactory result. It is remarkable how slight variations

in the amount of brilliant-green affect the character of thé

resulting growth, certain concentrations favouring the growth
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of one type of organism at the expense of another. In the
case quoted in table 6, though a highly resistant coliform
bacillus was present in the faéces, it did not interfere with
the growth of the paratyphoid bacillus in a particular
concentration of brilliant-green (tube 2) which represented
the optimum for the enrichment of the latter organism; the
optimum concentraticn for the'enrichment of the coliform type
was higher (tube 3). Thus, when varying concentrations of
brilliant-green are uééd, even if highly resistant ¢oliform
bacilli ére present in the faeces it may still be possible to
obtain in one concentration relative enrichment of the
typhoid-paratyphoid bvacillus. This has already beeh alluded
to. Table 1 exemplifies an analogous result.

As will be seen from these examples the optimum amount
bf brilliant-green necessary to elicit the maximum growth of
the paratyphoid bacilli varies with each specimen of faeces,
though lying within a certain range, i.e., from 0:25 c.c. to
07 c.c. of a l:lO;OOO solution in 10 c.c. medium, and the
resulting growth may be completely altered by even slight
variations in fhe amount of the dye used. On what this
variability depends it is difficult to say - probably
gualitative and quantitative variations in fhe bacteriai
céntent; difference in the resistance to brilliant-green of

various strains of B. typhosus and the paratyphoid bacilli.
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and possibly differences in the shemical content of the faeces
especially where heavy inoculations are made. Differences in
the reaction of the medium and the character of the peptone
may also affect the results (Browning)} in the cases quoted,
however, a pre-war Witte's peptone was used and the reaction
of the peptone water was always rendered approximately neutral
to litmus.

These results in which the.brilliant-green me thod was
controlled by simultaneous direct plating reﬁresented a
further demonstration of the superiority of this process,
provided a complete method is used.
| In cases 2 and 6 the abbreviated procedure would have
been equally successful with the original method, but in

'cases 1, 3 and 4 the " one-tube " modification would have
failed to produce a positive result. Moreover, in case 4 a

positive result would have been obtained by direct plating,
\
while the " one-tube " method would have yvielded & nsgative

result.

These observations clearly demonstrated the necessity of
adhering to the original method if uniformly satisfactory
results are to be obtained and the fallacy of using an
abbreviated or one-tube method.

Of course in a great many instances the typhoid and

paratyphoid bacilli can be isolated by direct plating, but in
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all such cases the preliminary enrichment in brilliant-green
peptone water is likely to render the detection of suspicious
colonies much easier and so ensures greater certainty in the
isolation of the enteric organisms. This feature alone, e.g.
as shown in table 5, has proved of the greatest importance
with the brilliant-green process and represents, apart from

other considerations, a striking advantage of the method.

ISOLATION OF PARATYPHOID BACILLI ¥RO INE.

Y

The attempt to isolate the specific organism is
undoubtedly the most important diagnostic method that can be
applied in a suspected enterica case. In the early stages of
the illness this may be achieved in a large proportion of
cases, as is well known, by the method of blood-culture; when
cases come under observationAonly at a later stage of\the
disease, for the isolation of typhoid or paratyphoid bacilli
it is necessary to resort to cultivation from the faeces and
urine. |

The essential difficulty in isolating the enterica
organism from faeces is due to their being relatively scanty
in the majority of cases and therefore considerably
outnumbered by coliform bacilli,- Hence special methods, such
as the brilliant-green enrichment process, have been devised

to overcome this difficulty.
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In the case of cultures from urine the isolation of a
typhoid-paratyphoid bacillus, if present, is comparatively
easy, since, unless the urine is contaminated, these organisms
occur in practically pure culture. On the other hand a
8ingle examination of urine is often of little value.
Repeated examinations, however, may yield successful results.
JDuring an enterica illness transient bacilluric periods occur,
and in a large proportion of cases if daily examinations are
made over a period of 7 to 10 days, on a particular day large
mumbers of organisms are present in the urine and can be
easily isolated. As the bacilli are present in considerable
numbers it is not even necessary to centrifugalize the
specimen; an abundant growth can be obtained by simply plating
out two or three loopfuls of the urine on a MacConkey plate.

The possibility of recovering enterica organisms in this
‘may when other methods had failed was noted in the course of
routine cbservations and to test the efficiency of the method,
a eeries of 12 cases in the énd and 3rd weexs were examined;
these cases all presented clinical evidence of enterica and
their sera exhibited specific agglutination reactions with
B. paratyphosus A or B. No growths were obtained by blood
culture and the fasces had been examined with negative results.
Daily examinations of the urine were made until organisms
were detected and in each case the specific organism

(B. paratyphosus A or B) was isolated in this way.
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Though this method may necessitate a considerable number
of examinations, the whole procedure is comparatively
uncomplicated and quickly carried out; moreover the results are
likely to repay the worker for the additional labour and time
involved. It is unnecessary to céntrifugalize the urine and
provided fresh uncontaminated specimens are submitted‘a
negative result is at once indicated by the absence of growth
on the plate.

In connection with this diagnostic method, it as been
noted that bacteriuria in enterica may occasionally be due to
organisms other than the enterica group, e.g. B. paracolon
types, " B.C.L.A. types " (v. part 2, table 3), a non-motile
cocco-bacillus similar tc that described in table 3 part 2,
and enterococci. These organisms when they occurred were
present in large numbers in freshly passed specimens. Patrick
in 1914 (v. part 1, p. 21) working in Creat Britain also'noted
in cases of typhoid fever the occurrence of bacilluria due to
certain B. paracoclon types.

Thus in carrying out bacteriological examination of
épeciméns-of urine in enterica the possible occurrence of

organisms other than the enterica group must be considered.
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THE RECOGNITION OF B. PARATYPHOSUS B CQLONIES
IN PLATE CULTURES.

The colonies of the typhoid-paratyphoid bacilli in plate
- cultures after 24 hours incubation at 37° C. shoﬁ ne
morphological characters which differentiate them from a
number of other non-lactose fermenting intestinal bacilli.
Therefore, in picking-off suspicious colonies on MacConkey's
medium, it is necessary to subculture several of the pale
colonies present for investigation, as other non-lactose- '
fermenters may grow whose colonies cannot be distinguished by
nakedfeye appearances from those of the enterica group.

In the case of B. paratyphosus B if was nofed that a
striking feature of the colonies could be elicited which in
several cases facilitated the ir recognition. After
incubation of the plates for 18-24 hours at 37° C., if the
culture is allowed to remain at room temperature for a further
24 hours, a raised opaque border develops round the cdlony.
This character, though not absolutely speéific for
B. paratyphosus B., proved sd distinctive as to enable scanty
colonies of this organism to be easily picked oﬁt in plate

cultures containing other non-lactose-fermenters.
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PART &

A+STUDY OF THE
AGGLUTINATION REACTIONS OF THE

SERUM IN PARATYPHOID INFECTIONS

OCCURRING AMONG TYPHOID INOCULATED TROOPS.

R T

|



The following observations represent the results of a
systematic study of the agglutination reactions of a series
of paratyphoid cases occurring among troops of the
Mediterranean Expeditionary Force (1915) who had been
previously inoculated with the original typhoid vaccine in
general use in the British Army during 1914-15. This study *
was carried out by me as part of an extensive investigétion
of cases of " enterica " at that time so prevalent in the
Force, and the practical importance of the work lay in the
diagnostic interpretation of results obtained by the usual
agglutination tests in typhoid inoculated perscns subsequently
contracting an " enterica " illness. The sérological
findings were of course controlled by isolation of the
causal organism in as many as possible of the cases examined
and in this way the significance of the different reactions
was confirmed.

Apart from the practical value of these observations at
a time when paratyphoid fever was prevalent among troops
inoculated with only tre typhoid vaccine and when it was
essential to ascertain the statistical prevalence of
paratyphoid as compared with typhoid infections,* this study-

elicited an interesting and important immunological phencmenon.

*100 cases with positive agglutination results were studied.

o - e o -

»»The determination of the prevalence of paratyphoid infections
led to the application of the " triple vaccine " in the M.E.F.




Certain of these observations were also confirmed later by
Captain H. G. Wiltshire in another series of cases and the
whole subject of the diagnostic interpretation of
agglutination tests in typhoid and paratyphoid fever among
typhoid vaccinated troops was dealt with by Mackie and
Wiltshire in a paper published in the Journal of the Royal
Army Medical Corps (1917) - Vol. 29, No. 3, p. 276.




The methods employed were similar to those already
described in Part 1; emulsions of living organisms
were preferred and the " macroscopic " technique
was used. The bacillary emulsions were freshly
prepared in 0'85%_saline solution frcm 18-24 hours'
agar-slope cultures; these emulsions were standardized
80 that their opacity was approximately equal to that
of a 0'1% suspension of very finely powdered pure
chalk in distilled water. The strains of B. typhosus,
B. paratyphosus A and B were those specially selected
in the Central Laboratory, Cairo (State Institute of
Hygiene) for use in all the laboratories of the
Mediterranean Expeditionary Force.

The diagnostic system adopted was to tést varying
dilutions of the patient's serum with each of the
three enterica organisms in parallel series. The
dilutions tested were as follows:

1 2 3 4 5 6
1:50, 1:100, 1:200, 1:500, 1:1000, 1:2000
and in the case of certain powerfully agglutinating
sera, 1:4000 and 1:8000.
These dilutions were obtained by placing in a

series of test-tubes a fixed quantity (0+4 c.c.) of




the serum diluted as follows:
1 2 3 4 5 ‘6
. 1:25, 1:50, 1:100, 1:250, 1:500, 1:1000,
and then adding an equal volume of ‘bacillary emulsion.
The tubes were incubated for 2 hours at 37° C.
They were then removed from the incubator and allowed
to stand at room tempsrature till next day. Readings

were made after 2 hours and finally after 20-24 hours.

General results obtained in paratyphoid cases among men

previously inoculated with B. typhosus vaccine.

In the great majority of these cases a specific
agglutination reaction occurred with one of the paratyphoid
bacillii, and in practically every case where the paratyphoid
bacillus was agglutinated by the serum there was also a
definite reaction with B. typhosus; in most instances, the
end-titre of the reaction with B. typhosus was lower than
that with the paratyphoid organism but it was frequently
equal to, and in a few cases actually higher than the end-
point of the reaction with the paratyphoid bacillus.

Tables 1, 2, 3 and 4 show characteristic examples of
these results; in table 1 the highest titre of the paratyphoid
A agglutinins is 1:2000, that of the concomitant typhoid
agglutinins, 1:1000;, after 2 hours there was no reaction with -

B. paratyphosus B in even & 1:50 dilution of the serum.




Table 2 shows an analogous effect in a case of B. paratyphosué

B infection. Table 3 exemplifies a case where a more marked

reaction occurred with B. typhosus than with the infecting
organism. In table 4 are shown reactions equal in degree with

both organisms.

Table 1.
Serum dilutions. gooptrol;
1:50 1:100 1:200 1:500° 1:1000 1:2000

B. typhosﬁs 44+ Fi++ ++++. 4 + | g -—

B. para- |

typhosus A T R T X red 54+ PR - -—

B. para-

typhosus B —_— _— -— -_ —_— - -—

Readings after 2 hours at 37° C. B. paratyphosus A
isolated. Inoculated with B. typhosus vaccine (2 doses) 8

months previously. Agglutination test on 7th day of illness.

(In this and in subsequent tables the degree of reaction
is signified by: +ée+, +++, ++ and +#; -— signifies absence of

agglutination.)




Table 2.

Serum dilutions. Ngogziaif
© 1:50 1:100 1:200 1:500 1:1000 1:2000 1:4000
B. tYPHOBUS +4+4 ++44  +4+ e + —_ —_ . -
B. para-
typhosus A -— — — — — — — ¢ —
B.'para- |
typhosus B ++++ ++++ ++++‘ htF 444 ++ +4+ —

Readings after 2 hours at 37° C. 1Inoculated with
B. typhbsus vaccine (2 doses) 15 months previously. Agglutina-

tion test on 1l4th day of illness.

Table 3.
. ' Control;
Serum dilutions. | No Serum.
1:50 1:100 1:200 1:500 1:1000 1:2000

B. typhosus\ tHE4 4444 +++4 +44+ e B, —
B. para¥ ‘
typhosus A ++++ 4444 +4+ —_ —_— e -
B. para-
" typhosus B + — - _ — —_ —

Readings after 2 hours at 37° C. BR.:paratyphosus A
igolated. Inoculated with B. typhosus vaccine 10 months

previously.

Agglutination test on 21st day of illness.

e e A et e P A % e = 2man | e = me
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Table 4.
Control;
Serum dilutions. No Serum.
) ' 1:50 1:100 1:200 1:500 !
B. typhosus FHEE b t4 44 _ —_
B. paratyphosus A ++++ +4++ 44 —_— —_
B. paratyphosus B -_— — —_ —_— -—

Readings after 2 hours at 37° C.
B. paratyphosus A isolated.
Inoculated with B. typhosus vaccine 1 year previously.

Agglutination test in 3rd week of illness.

Thus, at the very outset, the constant occurrence of
these " double " reactions introduced a szrious difficﬁlty in
the diagnosis of the infection, where the specific organism
could not be isolated from the body. It was well known, of
course, that inoculation with B. typhosus vaccine leads to
the appearance of a specific agglutinin in the blood serum
which for a short time after the injection may act in
relatively high titres. In the majority of the cases dealt
with in this investigation, a period of at least 9 months had
elapsed since the typhoid inoculation; a series of 20 healthy

individuals .inoculated 9 to 12 months previously were |

examined as regards the reaction of their sera to B. typhosus
(using the same technique as that employed in the diagnostic
tests) but the highest end-titre noted was 1:200 after 2
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hours at 37° C. Yet in the cases quoted in tables 2 and 3
the typhoid agglutinin acted in titres up to 1:1000 and

these cases had been inoculated respectively 15 and 10 months .
previcusly. This degree of reaction with B. typhosus could
not therefore be regarded as due entirely to the mere
persistence of the post-inoculation agglutinine.

It is noteworthy that the reaction with the particular
paratyphoid bacillus was highly specific; thus in the results
shown in tables 1 to 4, while the reaction to the infecting
organism occurred in titres as high as 1:2000 and 1:4000,
even 1:50 dilutions of the serum failed to produce any deéree

of effect with the other paratyphoid bacillus.

Absorption Tests.

The queétion arose as to whether the concomitant reaction
with B. typhosus was due to coagglutinins. Absorption tests
were therefore carried out in a number of cases;'these‘proved
that the serum contained independent agglutinins to the |
respective organisms. Table 5 éhows the resdlts of one of
these experiments.

Technique of absorption tests: 4 c.c. of a 1:25

dilution of the serum was made up and divided into
two eyual parts. Two 24 hours' agar‘slope

cultures of B. typhosus were emulsified in one part,
and two similar agar cultures of,the.particular

paratyphoid baciklus in the other. The emulsions

N ;
e e



were incubated for 3-4 hours; the treated serum was
then seﬁarated by centrifugalization and pipetted
.off from the bacillary sediment.

The usual series of dilutions were then made from
each portion of the serum and both were tested with
B. typhosus and the paratyphoid bacillus. Table 5
shows the results of an absorption test with a serum

which agglutinated both B. typhosus and B. para-

typhosus B. 1
Table 5.
Primary agglutination test
Dilutions of Serum. »
1:50 1:100 1:200 1:500 1:1000
B. typhosus R X IR YT b4t 22 e-y ’
B. paratyphosus A —_ - -— —_ —_
B. paratyphosus B. +++& ++4¢ +ebs N Ly ++

e Gp mn A M e MDY M MR AN T M e ML W G v M e TR TR e M W R S A W S e e G G R AR Y N Em EE MR N G Tm G S Sw W MR W we W A o S em

B. typhosus | - _— - - -
B. paratyphosus A _ — = - -—
B. paratyphosus B trtd bt +4+4 ‘et +

e T e . R e em M G e G S ML e dm R T M T T We M G M e Gm M B B S T e e T A NP S A e e B e e W SR B MM N e e a® e - e e - S

Sexrum absorbed with B. paratyphosus B.

B. typhosus ++Et i ed +44 ++ -
B. paratyphosus A —_ - —_ —_ -—
B. paratyphosus B -— —_— — - —

Readings after 2 hours at 370 C.
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Having exéluded coagglutination effects two interpratations
of these double Teactions seemed possible: (1) the cases were
mixed infections with B. typhosus and B. paratyphosus; (2) the
B. typhosus agglutinin still present in the serum as a resuit
of vaccination had been increased in amount during the
‘subsequent paratyphoid infection. In the great gajority of
cases in which well leveloped agglutinins to the paratyphoid
bacillus were detected, a corresponding effect with B. tynhosus
was also observed; in fact the frequency with which a douhle
agglutination resnult of this kind was noted, indicated the
improbability of the first interpretatiocn; there was no
reason to believe from the data obtained by isclaticn of
enterica organisms that double infections were so relatively
frequent. The second interpretation geemed a more likely

explanation of the concomitant reaction.

Absence of the Concomitant Reaction with B. typhosus.

In occasional cases the agglutination test showed the
presence of agglutinins to the paratyphoid bacillus only,
without any concomitant reaction to B. typhosus. ?ables 6 and
7 exemplify such results. In these cases the reaction with the
paratyphoid bacillus did not occur in titres higher than 1:500;
distinct concomitant reactions were noted, however, along with
even less marked agglutination of B. paratyphosus (v. tables 3
and 4). ©On the other hand, as indicated later, the ccnenmitant
reaction only occurred in paratyphoid cases in which thers was
a definite reaction fo the infecting organism. Both these

cases had been inocculated with B. typhosus vaccine but the
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intervals between the inoculation and the paratyphoid infection
were relatively long - 13 and 14 months respectively; table 2
nowever shows a well markéd concomitant reaction in a case
inoculated 15 months before the enteric illness. It cannot
therefore be concluded that the concomitant agglutination of

| B. typhosus is dependent on the interval between inoculation

and the occurrence of the paratyphoid infection.

Table 6.
Dilutions of Serum.

1:50 1:100 1:200 1:500 1:1000

typhosus — —_ — —_— —
B. paratyphosus A *3r4+ Fed 444 +4 —
B. paratyphosus B - —_ — -— —

VReadings after 2 hours at 37° C. Inoculated with
B. typhosus vaccine (2 doses) 13 months previously. -

Agglutination test on 10th day of illness.

Table 7. -
Dilutions of Serun.

1:50 1:100 1:200 1:500 1:1000

B. typhosus -— — — —_— -_—
B. paratyphosus A —_ —_ - - _—
B. paratyphosus B D ++4+ +++ +e+ —

Readings after 2 hours at 379 C. Inoculated with

B; tynhosus vaccine (2 doses) 14 months previously.

Agglutination test on 10th day of illness.

T
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Reactions with both B. paratyphosus A and B.

In two cases moderately high titre agglutinins to both
B. paratyphosus A and B were observed. Absorption tests were
carried out, the serum being saturated with B. typhosus,
B. paratyphosus A and B, and the " absorbed “ sera were tested
each with these three organisms. The results (as exemplified
in table 8) showed the presence of indepeﬁdent agglutinirs to

all three enterica organisms.
Table 8.

Primary agglutination test

Dilutions of Serun.
1:50 1:100 1:200 1:500

B. typhosus thEE bt Es + —_
B. paratyphosus A FEEE b+ e ++
B. paratyphosus B ++eE e *+ o+

A ke e AR . . Al . W WD S A A M G R G e A BS S e Sm Em G Th S G e en Wn G Gm G G EE Mm Gh R E R Gy S R TR Gm Gm SR S dn Em R AR = e M W

‘Serum after absorption with B. typhosus

m——

B. typhosus —_— _ — —
B. paratyphosus A +HEE Et et *+e +
B. paratyphosus B HEEE +e + -~

B o R e e e e e e L e L L L L T L S

Serun after abgorption with B. paratyphosus A

B. typhosus ++4t rEd — -
B. paratyphosus A — — — -—
B. paratyphosus B FHet +++ _— —

- e m o am e o e e = e T s e ee SR A= A om e e e S e e e - o = g T e e e T R e B e -

Serum after absorption with B. paratyphosus B.

B. typhosus et PP —_— —_—
B. paratyphosus A +Hee bttt +4 4 +
B. paratyphosus B —_— - - —

o > > mm Gm G am B G S e I G WD W AR T W W Y m S M G M T W R e W MY A ap S N A WS TN R TE TR Ve MM EE SR AR W e Nm Em wm S R W Ee W G e S W

Readings after 2 hours at 370 C.
Inoculated with B. typhosus vaccine (2 doses) 10 months

previously.
Agglutination test about 14th day of illness.
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It was concluded from the results of this experiment that
the case represented a mixed infection with B. paratyphosus A

and B; no specific organisms were however isolated.

Degree of Agglutination Reaction -

Absence of Snecific Reaction.

In a'considerable number of the cases studied, the end-
titre of the reaction with the specific organism was not lower
than 1:1000. The highest agglutination titre observed in
B. paratyphosus A infections was 1:4000, in B. paratyphosus B
infections 1:8000. The reactions with B. paratyphosus B were
generally more marked than in the case of B. paratyphosus A.

It had been suggested by some bacteriblogists in the
Mediterranean Expeditionary Force that the agglutination
reaction was developed at tco late a stage of the disease to
be of diagnostic valus. It is to be noted, however, that
high-titre agglutinins to B. paratyphcsus A and B. paratyphosus
B have been observed as early as the 7th day (e.g., v. table 1.)

It has been frequently noted that especially in
paratyphoid A infections the agglutinin development is slight
(v. table 9) even‘in the later stages of the illness and ﬁot
infrequently in proved B. paratyphosus A cases, specific
agglutinins cannot be demonstrated in the serun. In many
instances amcng this series of cases the B. paratyphosus A

agglutinins were poorly developed (with end-titres of 1:50
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or 1:100) and in certain cases from which this organism was
isolated specific agglutinins could not be demonstrated even

in convalescence. In such cases the only result of the
agglutination test with the three enterica organisms was a
reaction with B. typhosus in relatively low titres, =s.g.

1:100 or 1:200 (v. table 10). This was interpreted as due

to the persistence of the poét-inoculation agglutinin and
designated the " vaccine-effect." Table 10 shows the

" vaccine-effect " and absence of B. paratyphosus A agglutinins

in a case from which this organism was isolated.

Table 9.

Dilution of Serum.

1:50 1:100 1:200 1:500

B. typhosus e — — —
B. paratyphosus A +++ ++ + -—
B. paratyphosus B —_ -_ — —_—

Readings after 2 hours at 37° C.
B. paratyphosus A isolated.
Agglutinatibn test on 14th day of illness.

Date of typhoid vaccination unknown.
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Table 10. : \
Dilution of Serum.

1:50 1:100 1:200 1:506

B. typhosus +He 4 4+ —_
B. paratyphosus A — —_— — -—
B. paratyphosus & ' _— R — —

Readings after 2 hours ;t 370 C.

B. paratyphosus A isolated.

Agglutination test 4 weeks after onset of illness.
Inoculated with B. typhosus vaccine (2 doses) 9 months

previously.

In many cases diagnosed clinically as " enterica "
agglutination tests yielded results similar to that shown in
table 10, even when repeated at later stages of fhe disease.
Where no specific organism was isolated, such cases presented
a difficult problem in laboratory diégnosis, and at(that time,
they were accepted by some bacteriologists and clinicians as
- B. tyﬁhosus infections. Agglutination of B. typhosus in
titres up to 1:200 within 12 months after inoculation was
however compatible with a vaccination effect (v. supra) and
in vaccinated cases under these conditions could be of no
diagnostic significance. In view of the prevalence of
B. paratyphosus A infections and the observation of similar

agglutination results in cases from which this organism was
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isolated (e.g. case shown in table 10) it seemed probable that
many cases of this type were paratyphoid A infections in
which agglutinins were not developed. Of course some of these
cases may have been B. typhosus or B. paratyphosus B infections
in which there was a similar non-development of agglutinins.
The poéaible absence of a specific agglutination reaction
during the whole course of an enteric illness is certainly a
factor which limits the diagnostic value of the serological
test but, provided this possibility is fully appreciated,
there is not likely to be any misinterpretation of results and
" negative " effects may simply be disregarded as being of no
diagnostic significance.

The Question‘also arose as to whether any " exaltation %
-0f the B. typhosus pést—inoculation agglutinin was likely to
be produced in paratyphoid cases in which the homologous
agglutinin was absent.

In the case sho&n in table 10, the agglutination reaction
with B. typhosus was not greater than that which might have
occurred in a healthy individual as a vaccination effect. In
the case shown in table 1 where there was a marked reaction to
 B. paratyphosus A on the 7th day, the B. typhosus agglutinin
reacted in titres up to 1:1000; in the case quoted in table 3,

the concomitant reaction with B. typhosus also occurred in

high titres. Apparently this exaltation of the post-

inoculation B. typhosus agglutinin only resulted in paratvphoid
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cases in which there was a definite reaction to the infecting

organism. Occasional cases were observed in which a high-
titre (1:1000, 1:2000) reaction was obtained with

B. typhosus without any reaction to a'paratyphoid bacillus;
the possibility of this result being due to an increase in
the amount of the post-inoculation agglutinin in a
paratyphoid case without a specific reaction, was considered.
In the case shown in table 11, B. typhosus was iéolated and
such results were generally interpreted és signifying a

B. typhosus infection.
Table 11.

Dilution of Serum.
rl

1:50 1:100 1:200 1:500 1:1000 1:2000

B. typhosus N R s ++++ T "
B. paratyphosus A _ — —_ -— —_ —_—
B. paratyphosus B —_ -— — — -_— _

Readings after 2 hours at 37° C.
B. typhosus isolated.
Agglutination test 21 days from onset of illness.

Inoculated with B. typhosus vaccine 6 months previously.

In general, the lowest serum dJilution tested was 1:50;.
in paratyphoid A infections, agglutination in still(ldwer

' . 7
dilutions has been accepted by some observers as of diagnostic
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. "significance. Ofdou;se a particular standard is applicable
only to the method employed and the effect of a certain
concentration of serum tested by one method may #ary
considerably from that elicited by a different technique.
According to the method employed in these investigations
-there was apparently no advantage to be derived by testing
dilutions lower'than 1:50 for B. paratyphosus A agglutinins.
Thus in the cases from which B. paratyphosus A was isclated
and in which no agglutination of this organism occurréd in a
1:50 concentration of the serum, 1:20 dilutions were also

tested with‘negative result.

!

The Importance of Second Readings after 24 Hours.

While it was usually possible to elicit decisive results
‘after 2 hours at 370 C., in all cases readings were also
made after 20-24 hours (v. p. 3), and in certain instances
more definite results were obtained in this way. (v._tablés

12 and 13).



Table 12.
Dilution of Serum.

1:50 1:100 1:200 1:500 1:1000

B. _ _ _ _
After 2% typhosus +h
hours -EB. paratyphosus A  — — - —_ —
at ‘
370 C. (B. paratyphosus B  ++ — — — —
(B. typhosus +e+e ++ —_— — —
After
54 -(B. paratyphosus A — = — — — —_—

hours. (p. paratyphosus B ++++ s ++ — —_

Inoculated with B. typhosus vaccine (2 doses) 5 months
previously.

Agglutination test on 16th day of illness.

Table 13.
Serum Dilution.

1:50 1:100 . 1:200 1:500 1:1000

(B. typhosus * - - —_ —
After 2(
hours -{B. paratyphosus A  +++ + -_— —_— —
at
z70 ¢, (B. paratyphosus B — -_ —_ — —_—
(B. typhosus tee ++ - -— —
After
24 -(B. paratyphosus A 4+ tHe . Ht 4+ —_
hours. (p. paratyphosus B  +s - —— —_ —_
Inoculated with B. typhosus vaecine (2 doses) 11 months
previously.

Agglutination test on 7th day of illness.

B. paratyphosus A isoclated.
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The 24 hours' readings were generallj higher than those
made after 2 hours; coagglutination effects were often noted
after 24 hours but only in iow titres (1:50 or 1:100) even
when a marked reaction occurred with the infecting organism
.(v. table 14 - B. paratyphosus A infection showing'Weak

coagglutination of B. paratyphcsus B after 24 hours).

Table 14.

Dilution of Serum.

1:50 1:100 1:200 1:500 1:1000 1:2000

(B. tYPhDSUB EE + —_ —_— —_
After ( A |
) -(B. paratyphosus A #4+++ ++++ ++4+ bttt —_
hours. (g, paratyphosus B = — — — _— —
(B. typhosus FEEE EEEFR + ¥4 $ 0 - —_
After ( ' |
24 -EB. paratyphosus A ++++ ++++ ++++ 144 teb -
hours. (g, paratyphosus B +++ + — —_ — —

Inoculated with B. typhosus vaccine (2 doses) 7 weeks
previously.
Agglutination test on 12th day of illness.

B. paratyphosus A isolated.

The progress of the reaction over a period from 2 to 24
hours is shown in table 15; the effect apparently réached its
maximum in 9 hours, but it was fbund more convenient to make
the second reading on the following day after the tubes had

been allowed to stand overnight at room temperature.
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Table 15.

Dilution of Serum.

1:1000 1:2000 1:4000 1:8000 1:16000

(B. typhosus +++¢ ++ + —_ -
After 2{ |
hours -(B. paratyphosus & — —_— — — —
at
370 ¢, (B. paratyphosus B ++++ +e + - -
(B. typhosus ++++ e + — —
After
6 -( + paratyphosus A -_— -— — — —
hours. (g, paratyphosus B +4++  +4+¢ ++ —_ —_
(B. typhosus +Hth +4+ +44 + —
After
g -(B. paratyphosus A  — — - — —
hours. (
(B. paratyphosus B ++++ t+4+  H 44 ++ —
(B. typhosus ++t4 P 4 + —_
After _
54 -(B. paratyphosus A — —_— — — —
hours. (B. paratyphosus B ++++ +4++4 +4+4 +4 —

Inoculated with B. typhosus vaccine 12 months previously.

Agglutination test in 3rd week of illness.

Repetition of the Test during the

Course of the Illness.

When an indefinite or negative reactioh was elicited on
first testing, the examination was if possible repeated
later - often with striking results. Table 16 illustrates‘
how a repeated test in a case of B. paratyphosus A infection

with at first poorly develoned agglutinins, conclusively

proved the interpretation of the first test.



Table 18.

Dilution of Serum.

1:50 1:100 1:200 1:500 1:1000 1:2000

(B. fyphosus B — —_— —_— —_
About (
5th _(B. paratyphosus A 44 + — — — —
day. (B. paratyphosus B —_— - —_— — — -

(B. typhosus - +3¢ 4+ + — — —
About (
13th -{B. paratyphosus A +Hit FH+F EtE e 4+ ++
day. ( .

(B. paratyphosus B - - - — _

Inoculated with B. typhosusg vaccine 11 months previously.

N

Anomalous Reactions.

Anomalous reactions were occasionally reported by
different bacteriologists in the Mediterranean Force; one of
these apparently contradictory results was also noted in the
course of this investigation - . B. paratyphosus A was isolated,
yet on carrying out the serological test, high-titre
agglutination of B. paratyphosus B was observed though no
reaction occurred with B. paratyghosus A (table 17). The
agglutinatioﬁ test was repeated with similar result; the
identity of the strain isolated was carefully determined by
~ the usual biochemical and serological tests; the identity
ef the paratyphoid straiﬁs used in the agglutination test

was also confirmed.
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The possibility of this result being due to an unusual
paragglutination phenomenbn.(v. part 1 p.&740) could not
altogether be eicluded but it was assumed that the reaction
with B. paratyphosus B was the result of infection with this
organism. B. paratyphosus A was isolated from the case
but even after 3 wecks from the onset of the illness no
homologous agglutinins appeared in the serum. As already
shown this is a not uncommon feature of paratyphoid A cases.
Preéumptive evidence of the occurrence of mixed paratyphoid
infections has been noted (v. p. 11 table 8) and it seemed
a possible explanation of this anomalous result that the

. case represented a double infection with B. paratyphosus A

and B in which only one of the causal organisms was detected.

Table 17. ‘

Dilution of Serum.

1:50 1:100 1:200 1:500 1:1000 1:2000 1:4000

B. typhosus PP Y FERY 44 + -
B. paratyphosus A -_— - -— —_ — — —_—
B. paratyphosus B ++++ 444+ 344 -+ e 4+

B. paratyphosus A isoclated from urine (present in large
numbers) .

Inoculated with B. typhosus vaccine (2 doses) 5 months
previously.

Agglutination test on 18th day of illness.




Correlation of Bacteriological and

Serological Results.

It was of course impossible to confirm all the
serclogical results by isolation of the infectimg organism;
in certain cases, however, the inferences made from various
types of reaction were confirmed in this way (v. tables 1, -
3, 4, 9, 10, 11, 13, 14).

In the total series of cases studied by Mackie and
Wiltshire, of 32 proved B. paratyphosus A infections, 23
showed a specific agglutination reaction with the infecting
organism, 8 showed only a " vaccine effect " or a negative
result (as shown in tébles'IO and 11) and 1 case yielded the
anomalous result referred to above; of 8 cases from which
B. paratyphosus B was isclated all showed well marked
homologous agg}utinins in the serum.

The duration of the interval bet

-

n_ the tyophoid

=t e )

the results. The longest interval among the cases
investigated was 14 months; in some instances only about 3
months had elapsed since inoculation and in}one case the
interval was only 7 weeks. The concomitant reaction.with
B. typhosus was not however more marked in the recently
inoculated cases (v. tables 14 and 2) although the cases in
which no concomitant reaction was observed had been

inoculated over a year previously.




Diagnostic Standards.

From these observations it was concluded that in the
pafatthoid infections marked agglutination (+++), elicited
by the technique described, in ail:oO Ailution of the seruh
after 2 hours at 37° C. is of diagnostic significance. 1In
the majority of cases, hewever, more conclusive evidence was
elicited by titrating to the end-point 6f the reaction.

The concomitant reaction with B. typhosus in typhoid
vaccinated cases apparently represented a re-development of
the post-inoculation agglutinin and was therefore of no
diagnostic importance. The phenomenon, however, is of the
greatest immunological interest in showing the tendéncy on the
part of the tissues which have once produced specific antiboiies
to again develop similar antibecdies in response té a suitable
stimulus.not necessarily of the same specific nature as that
which called forth the original immunity reaction. Thus even
after immune substances have almost disappeared from the blood -
of a previously immune individual, there may still be a :
persistence of immunity in the sense that the body cells which
have previously responded may more readily react subsequently .

to an immunizing influence.

Reproduced with permission of copyright owner. Further reproduction prohibited without permission.



