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PREFACE

‘The 1nvestigationé which are presented in this
 thesis were started ih 1929 and have been pursued as
opportunity offered in the lntervening years. The
findings were published between 1931 and 1946 in a
series of papers in different journals. These are
now reproduced in chronological order as Annexures,
pfeceded by a brief summary which outlines the work
and indicates its application on a large scale in
general 1aboratory practice. There is considersble
overlapping and repetition in these successive papers,
but none of them can be omitted without destroying fhe
continulty of the series,ygnd it has been considered
_best to meke no deletions or amendments, but to render

them éxactly as they were originally printed.




SUMMARY

. Introduction.

The term dysentery was originally used to describe
any condition having as a symptom diarrhosa with stools
containing blood and mucus. The discovery of

Entamoeba histolytica by Losch (1875) and its incrimina-

tion as a cause of dysentery was the first step in the
more accurate classiflcation of this group of diseases.
In 1898 Shiga described a non-lactose fermenting coliform
bacillus and prodﬁced convincing evidence that infection
with this organism gives rise to acute inflammatory and
ulcerative colitis. Closely related bacilli, differing
from Shiga's organism in their biochemical reactions and
antigenic pattern, were isolated from cases of dysentery
by Flexner (1900), Strong (1900) and others. In 1915
Sonne found yet another type, and in 1917 Schmitz added
one more to the 1list. A critical review by Murray in
1918 gave éonvincing confirmation of the existence of
four main typeé of dysentery bacllli. Three of these,
'Shiga's bacillus, Sonne's bacillus, and Schmitz's B
bacillus, were clearly defined in their biochemical
reactions and antigenic structure. The fourth type - or

more correctly, group - embracing the organisms named




after Flexner, Strong, Hiss, Russell, and Lentz, had
identical biochemical reactions, but,.though closely
related, wers not wholly alike in their antigenic pattern.
This latter.group was investigated by Andrewes gnd
Inman (1919) and divided into five types, which they named
v, W, X, ¥ and Z. According to their conception, these
types shared four main antigens. Each of the strains,
vV, W, X and 2 ﬁas believed to contain a dominant quantity
of one of these antigens and minor quantities of the other
three, while Y contained approximately equal amounts of .
all four. For purposes of identification, a polyvalent
antiserum was brepared from all five‘strains, and it was
hoped that thils would enable all organisms of the Flexner
" "gpectrum" to be recognised with certainty. This hope
did not materialise. Experience in India revealed that
about 30% of all strains having the general and biochemical
characters of the group failad to react with this 'polyva-
lent! antiserumn. For purposes of diagnosis these inag-
glutinable strains were regarded as atypical but none the
less pathogenic Flexner-group bacilli, but this compromise
had many disadvantages, and féiled to carry conviction to
many who at that time still believed in the widespréad

occurrence of amoebic dysentery.
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Identification of new types of mannitol-fermenting
dysentery bacilli.

In view of this state of affairs, an investigation
was started which had as its object the differentiation by
gerological methods of these inagglutinable strains, and
the cohfirmation, of otherwise, of their pathogenic action.

Annexures I and II cover the initial part of this
work. In all, nine distinct stfains were ldentifiled
which had the biochemical characters of the Flexner group
but could be recognised as separate entities by virtue of
their antigenic strucéture. These nine strains could be
divided into two groups. The first, consisting of three
members, not only resembled Andrewes' types blochemically,
but also exhibited a certaiﬁ degree of crosa-agglutination
with them. There was no reasonable doubt that they were
members of this seriss, and would have been recognised as
such by Andrewes had they found their way into his collec-
tion, which contained only one strain emanating from India.
The remaining six strains fell into a different category,
as they had no demonstrable antigenic relationship with the
Flexner group. Their claims to be consideréd pathogenic
are discussed in detail, and at the date of publication of
Anmmexure II, it was considered that three of them could be

incriminated.




Distribution and Relative Frequency of the New Types.

Shbrtly after this first phase of the work was com-
pleted; an opportunity arose tb organise a wi@e-scale
investigation of the incidence of the different types of
dysentery bacilli, and in particular of these new types,
in garrisons in India. The findings over‘a period of
approximately three years are analysed 1in Annexure III.
They leave no doubt that these organisms are definite
entities which have a wide distribution and are found only
1n’association with cases having the clinical symptoms of
bacillary dysentery.

On a later occasion another similar opportunity‘
presented itself, and with the co-operation of pathologists
in Middle East Force, a record was keépt of all dysentery
organisms isolated between August 1940 and June 1943
(Annexure VI). The number totalled 23,951. Although
agglutinating sera were not available for the identifica-
tion of five of the less common of the new types, only 800
mennitol-fermenting strains (3.34% of all dysentery
bacilli isolated) werfe unidentified by the field labora-
tories. A cross-section of 109 of these was investigated
by the author. 55 were found to be of the five rarer
types mentioned above. A new Flexner type, of which there

were 6 strains, was found. The ma jority of the remainder




were not true dysentery bacilli.

It is of interest to note that in the world-wide
investigations carried out by British and American
bacteriologists during the 1939-45 war, general confirmea-
tion was obtained of the'occurrénce and pathogenic action
of these new types, and all nine first found in India are
accepted as true dysentery bacilli. On the other hand,
new discoveries were few. Two Flexner types (one from |
Middle East es mentioned above) have been described by
Francis (1946). Only a few strains of each have been
isolated. One other type having no antigenic afflnity to

Andrewes'! strains, which has been provisionally named

Shigella etousa, has been found in considerable numbers.

(Ewing, 1946, Heller and Wilson, 1946, Lavington et al,
19046).

Antigenic structure of the mannitol-fermenting dysentery
bacilli.

In the course of these investigations & previously
undescribed form of variation was observed in one of the
nei Flexner types. When first isolated from a dysenteric
stool this organism shows very restricted cross-agglutina-
tion with the antisera of Andrewes' types. After some
time in artificial culture, it throws off varlants which

are clumped to a high titre with these same antisera.
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Absorption tests showed that the variant differed from the
parent strain only in having lost its type-speclfic antigen.
With the loss of the specific antlgen the group antigen had
become "uncovered" and was susceptible to the'action of
group agglutinins. A series of experiments, detailed in
Annexure IV revealed the fact that this group antigen,
which 1s of some complexity, is present in all the Andrewes'
types in varying degrees. It also became appareﬁt that
Andrewes' Y strain is itself a variant, probably of W, and
is not a speéific type. Similarly the existing type
strains of X are apparently variants of Z, though this
point is less certain, as no recently isoldated strains of
X were available. By suitable absorption with group
variants, monospecific antisera for V, W, Z, and the three
related new types were prepared with difficulty.

 These findings necessitate a fundamental revision of
Andrewes' conception of the antigenic structure of the
Flexner group. Instead of being made up of a prédominant
quantityzof one specific antigen and minor quantities of
the other specific antigens; each in fact contains one
specific antigen and a background of non-gpecific or group
antigen which varies both in quantity and quality, and is
common to all members of the group. '

An interesting side-issue was the correlation of the

Indian Type 88 with the Newcastle bacillus of Clayton and




Warren (1929) and the Manchéster bacillus of Downie, Wade

" and Young (1933). Although these organisms have diverse
biochemical reactions, theilr antigenic pattern, both
specific and group, is identical, and it seemns indisputaple
that they should be regarded as biochemical variants of

one type.

Andrewes' VZ type has been shown to be a V strain in
which the group antigen is rich in the component normaily
present in large quantity in Z. It has no specific 2
antigen. His WX strain nas not been encountered, but is

presumably to be explained in the same way.

Classification of the mannitol-fermenting dysentery
bacilli.

It is considered that possession of gfoup antigen is
a major type character, and warrants splitting the mannitol-
fermenting dysentery bacilli into two gfoups. It is
therefore proposed (Annexures IV and V) that all types with
specific and group antigens should be classified together
under the name o Flexner, and that Andrewes' alphabetical
designations should be replaced by numerals. Under this
scheme there are now eight types - Flexner I to VIII. |
The second group, to which the writer's name has been
attached, embraces those straiﬁs which ha&e a type~-specific

antigen, but no group antigen. It contains the six
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Indian types, and it appears logical that "Shigella
. etousa"” should be added as a seventh. |

- This classificatlion is used by the Medical Research
Council "Dysentery Reference Laboratory",-and'also fof
naming the antisera issued by the M.R.C. Standards

Laboratory. .

REFERENCES TO RECENT PUBLICATIONS.
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ANNEXURE T.

SOME _INVESTIGATIONS INTO SO-CALLED _"NON-
AGGLUT INABLE" _DYSENTERY BACILLI.

Journal of the Royal Army Medical Corps, 1931,
Volume LVII, pp. 161 to 186.

In the routine examination of stools from cases of
bacillary dysentery (a disease which can readily be diag-
- nosed from the clinical featureé of the case combined
With the microscopic examination of the mucus exudate),
it is a common experfence to isolate organlsms which, in
their morphologlcal, cultural and biochemlcal characters
are identlcal with tﬁe classical strains of dysentery
bacilli, but which are not agglutinated by the appropriate
high titre sera. Although it is the practice in the Army
in India to return these as "dysentery bacilli, non-agglu-
tinable", the compromise-has several undesirable features,
and the present investigation is an attempt to classify

at least a proportion of these serological outcasts.

CLASSIFICATION OF DYSENTERY BACILLI.
To define the exact scope of this enquiry, a brief’
descriptive clagsification of dysentery bacilli may be

given.
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(a) Morphological Characters; Dysentery bacilli

are all non-motile, non-sporing, non-capsulate, Gram-
negative bacilli.” They can‘be grown on all ordinary
medlia, and asre readily maintained in artificial culture
over prolonged periods. |

(b) Biochemical Characters. A comparatively compré-

hensive classification can be effected by means of their
bilochemical reactions, particularly the fermentation of
certain carbohydrates and the production of.indol from
peptone. \

Lactose. All dysentery bacilli are alike in failing
to ferment lactose in the early days of their culture,
although one group is found to produce acid after some days
of incubation.

Glucose. All ferment glucose, with acid production.

Mannite. The reaction of this "sugar" differentiates
the two chief groups. The "Flexner" and "Sonne" groups

produce acid, while B. dysenteriae Shiga and B. dysenteriae

Schmitz do not.

Dulcite. According to the classification now in vogue,
dysentery bacilli do not ferment dulcite. It will be found,
however, that one of the organisms about to be described is

a late dulcite fermenter.

x B. morgan, which is motile, is not considered to be a
cause of tropical bacillary dysentery.
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Maltosse. The action on maltose is so uncertain as to
be valueless. In this investigation it was tried out in a
large number of cases and found of no help.

Saccharose. Differences of opinion exist as to the

action of Flexner bacilli on saccharose. The most care-
fully recorded results a;e those of Gettingsl. Of 285
strains tested, one gave acid, another slighf acid, and the
remainder produced no change in saccharose. The writer
haé had similar positive results in rare cases, usually
occurring in the third week of incubation. Whenever such
results occurred, fresh inoculations in saccharose have been
put up. On no occasion was the result confimmed. It has
been concluded, therefore, that the first result was due,
most probably, to some contamination either chemical or
bacterial. It is believed that impurity of the reagent
accounts for the majority of anomalous results. Non-
fermentation of saccharose is therefore regarded as an
essential characteristic of true Flexner bacilli.

Of the bacilli which produce acid in glucose and
mannite, s certain number will be found to produce acid in
saccharose, generally aftef a few days incubation. The
majority of these organisms will also be found to be late.

fermenters of lactose. This is regarded as a definite
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group, a member of which is B. dysenteriae Sonnse. There

are, hbwever, many others which are serologically distinct
from Sonne. These are commohly encountered in stools from
non-dysenteric cases, and it is doubtful if they have any
pathogenic actibn. Thelr importance from the point of
view of the present investigation lies in the fact that
they comprise a considerable proportion of the strains
loosely labelled "non-aggzlutinable Flexner", simply because
the saccharose tube is not incubated for a sufficiently
long time to detect the fermentation.

There remains the large and imporﬁant group of mannite

fermenting, non-saccharose fermenting organisms, which

includes those named B. dysenteriasa Flexner. They are in

India the most common cause of bacillary dysentery. It 1is
in this group that the greatest difficulty as régards |
azglutination is:encountered, and it is with these non-agglu-
tinable strains that this work 13»concernéd.

- Table I gives the above classification in gfaphic form.
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TABLE T.

Non- or late lactose fermenting coliform bacilli.
i

{ ‘ 1
Motile or gas- - Non-motile, acid
producing in without gas in glucocse
glucose. i
Enterica, r T
salmonella, &c. lannite fer- Mon-mannite fermenting
menting B. dysenteriee Shiga,
’ B, dysenteriass Schmitz,
&c.
a ila al g
Sacoharose %01d’ Saccharose not acid
B. dysenterias Sonne, x
B. dispar. i
B. metadysentery, &c. ' ,
; . b}
B. dysenterise Flexner Organisms with these sugar

reactions, but not agglutinated
with Flexner serum

PREVIOUS SEROLOGICAL CLASSIFICATION OF DYSENTERY BACILLI.

The problem of non-agglutinable Flexners is no new one.
During the war they were constantly being encountered, and
much diversity of opinion existed as to the validity of
various strains. To clarify mattérs, Sir F. Andrewes,2
under the auspices of the Medlcal Research Council, collect-
8d a series of cultures which he made repreéentative as far
as possible, and proceeded to elaborate the now accepted
classification of V, W, X, Y, Z, VZ and WX.

In passing, it might be of value to state one's
experience in typing all strains of Flexnef which have come

to hand in the course of two years. All Andrewes' types
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heve been encountered from time to time. 1In addition to
these recognized types, strains embodying almost every
possible variation of antigenic complex have also been
encountered. From the statements 1n a recent article in

= one 1s

the "Journal of the Royal Army Medical Corps"
rather led to think that there need never be any difficulty
in placing an organism in one or other of the above types.
This is definitely not the writer's experience, nor has 1t
been that of several others who have written on the subject
¢ and 6. Not only do variapions occur from case to case,
but if several colonies be picked off the same plate, and
carefully put up against identical sera, remarkable varia-
tions in antigenic structure will sometimes be revealed.
From the practical point of view, this is of no imporfance.
A gdod polyvalent serum will bring them all down, and there
need never be any doubt about an organism which satisfies
this test. It can be placed definitely in the Flexner
group.

It must be noted that of the strains used by Andreweé
in his invesfigations, oniy one came from India. Now in
1929, in the military laboratories of India, 894 organisms

giving Flexner biochemical reactions were isolated from

cases of clinical dysentery.' Of these, 282, or 31l.5 pr

cent. did not agglutinate with standard serunm. It seems
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only reasonable to assdme, therefore, that the series from
which Andrewes' classification was built up was not
sufficlently exhaustive, and that other serological strains
are entitled to consideration as being potentilal causes of
dysentery.

In order to select those most likely to repay further
investigation, advantage has been taken of the well-known
fact that the occurrence of dysentery bacilll in the stools
of cases follows & very definite course. If & perfectly
fresh piece 'of mucus from an early case be plated, numerous
colonies of the pathogénic type will be encountered. As
the case progresses, and macrophages come to replace the
polymorphs in the mucus exudate, the orgaenism is then much
more difficult to recover. Finally, when on careful
examination of the stool of the convalescent no mucus can be
found, it will be seen on cﬁlture that the organism has also
disappeared.

Vhere an organism, biochemically Flexner but nbn-agglu-
tinable, presented such an incidence in the course of a case
of bacillary dysentery, the strain was earmarked for further
investigation.

Similarly, the agglutinating powers of these organisms

were tested against very high titre Flexner sera, so that a
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relatiﬁely small proportion of heterologous agglutination
could be detected. Such heteroloéous agglutination was
encountered in certain strains, and these were aiso regarded
with suspicion.

Homologous sera were prepared for certain strains
selected in these ways, cross-agglutiﬁation and absorption
tests were performed, and by these means definite types
were identified and rendered identifiable.

In order to allow others to test the validity of these
findings, it is proposed to describé without further
preamble three strains determined in this way which embrace
the ma jority of non-agglutinables occurring in Southern
India.

Each of these strains will be given its laboratory

- 1ndex number.

While these organlsms were being collected and
investigated from cases of dysentéry, other work of a
routine nature, which coqstitutes a very Iinteresting and
important control, has been carried out in the laboratory.
An extensive examination of so-called food-handlers has
been 1In progress. In the course of two years the writer
has examined just over 2,000 of these, with a total of

between 5,000 and 6,000 platings of feaeces. In the
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majority of these cases thé platings were carried out under
circumstances ldeal for the recovery of any delicate
organisms present. The cooks, water-carriers, walters,
bakers, dairymeh, etc.,'were caused to swalléw e dose of
salts at an unearthly hour in the morning, then made to
parade and produce a specimen at the laboratory, which had
a speciel latrine and pans for the purpose. | The stools
were plated within a few minutes of being passed, the same
medium being used ﬁhat was employed for the investigation
of the dysentery cases. On no single occasion has an

88 (one of the two strains about to be described) been

recovered from these indlviduals.

Strain No. 88.

This has been isolated as follows: Bangalore, 1929,
8 times; Bangalore, 1930 and 1931, 8 times; Secunderabad,
1928, 1929, 5 times (a collection of 35 strains from this
laboratory was kindly given to me by Major W. Walker);
Poona, 1931, once.

All cases from which the organism was recovered
pfesented symptoms of dysentery. Clinically, the type of
case has been similar to the average Infection with Flexner.

The following mey be taken as a typical case:-




Lieutenant McK., I.M.S.

April 21, 1930. The illness started suddenly shortly
before midnight, with violent diarrhoea aécompanied by colic
and tenesmus. The patient felt distinctly 111, and found

his temperature to be 102.3CF.
| April 22. Twenty stools in the day. Abairt the
- twelfth stool blood and mucus appeared. This persistéd
for a few stools, and then gradually disappeared. It
should be noted, however, that the patient made what proved
to be a correct diagnosis of his conditicn shortly after
its onset and started vigorous saline treatment. Considera-
ble colic and tenesnus persisted throughout the day. A
specimen was brought to the laboratory about midday, and was
less than five minutes 0ld when received and plated. The
mucus showed a typical bacillary exudate.. The plate gave
an almost pure cﬁlture of 88. |

April 23. Eight stools, watery. No very obvious
mucus (report by patient's wife). Still on saline. Morn-
ing temperature 99.6°F., evening temperabture 99°F. = No
stools during night of 23rd to 24th.

April 24. Two stools, watery. One sent to the
laboratory. Slight flakes of mucus still present.

licroscopically still cellular. Organism again recovered
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‘on culture (two colonies on the plate). Temperature normal.
Much more'comfortable.

Thereafter the stools became more solid (saline treat-
men% being gradually omitted), and the patient went on sick
leave, ten days from the onset, feeling and looking
distinctly 5elow normal.

Biochemical reactions of 88. Lactose, no change.

Glucose, acid. Mannite, acid. Dulcite acid (late and
incoﬂstant); 50 per cent three to four days; 33 per cent
twenty-seven to twenty-eight days; 16 per cent unchanged
after six weeks. Saccharose, no change. Milk, acid at
first, neutral four to seven days, alkaline (majorlity very
faint) eleven to sixteen days. Indol, negative.

It will be noted that a distinctive factor exists,
némely, the fermentation of dulcite by approximately five-
sixths of the strains. This point will recelve further
consideration at a later stage.

Serological Reactions. (a) In relation to high

titre diagnostic sera.

This strain 1is a distinct and constant serological
entity. It is practically inagglutinable with V, W, X,
Y and Z sera, the sole exception being W, with which some
strains will agglutinate up to five per cent of titre of the

serum.




Figure 1.
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The agglutinogenetic properties of the organism are
moderate, and a serum with a titre of from 1,000 to 2,500
can be produced fairly easily. All strains agglutinate
to titre with such a serum. An interesting point is that
this serum contains a fair proportion of heterologous
agglutinins for V, W, and Y. The accompanying histogram
' (fig. 1), showing the agglutinin content of a serum pre-
pared.from 88, illustrafe this point clearly. Sera from
other strains have been prepared, and differ from this one
only in showing minor varlations in heterologous agglutinins.

(b) In relation to the serum of cases of dysentery.

The negative evidence may first be Ftated. In thirty-
three cases of infection with "classical" Flexner bacilli,
samples of serum taken at varying stages of the illness
(two from each case) were tested against an .emulsion of 88.
Of these, thirty-one were completely negative, and two
showed slight.agglutination in a dilution of 1 in 25.

Convérsely, with one exception, agglutinins for 88 have
been found in all cases of infection with this strain, which

it has been possible to test.
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‘The following Tables (II, III, IV and V) show the
‘agglutination and absorption results in four cases.’ Théy.
are self-explanatory, and furnish considerable evidence of

the pathogenicity of the strain:-

TABLE IIT,

Lieutenant McK. (case described above),

v W X Y Z 88 | Hom.
Serum (7th day) ... 25 | 125 - 50 - 25 -
Serum (abs. hom.) ... - - - - - -1 -
TABLE IIT.
Sergeant B.
v W X Y Z 88 | Hom sSh
Patient's serum, 8th day[25 | 10 - 35 - 30 40 -
| 15th day|20 - - 35 - - 25 -
TABLE TIV.
Private H.

v|w x| Y|z | 8| Hom | sh

Patient's serum,

11th day ... ... |25 |35 - |25 |25 jai55 | - -
17th day ... ... |50 [100 - 125 | - |250]| 25 -
" (abd. W.) -1 - - - | - | 250 - -

" (abs. hom.) - - - - - - - | -
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TABLE V.
Private R.

vl w| x Y|{ Z2| 88)|Hom. | Sh.
'[Patient's serum, 6th day ... | 50| 250| - | 25| - - N -
15th day ... | 50| 150 - | 25]15]|250| - -
19th day ... ... ... | 50 - - -1 -125 - -
" abs., W) - -1 - - -1100 . -
" abs. 83) ... | - | - -] -| -] -] -

Abs. = absorbed. Sh. = Shiga. Hom. =-homologous. The emulsion
of "88" used in these tests was prepared in the same way as standard
agglutinable emulsions of the other dysentery orgenisms. The same
batch was used throughout, and for the control tests mentioned above.

Relationship to B. alkalescens (Andrewes). The fact

of the organism being a dulcite fermenter immediately

raises the question of its relationship to B. alkalescens

(Andrewes), which also possesses this propertyv.
Table VI shows the biochemical reactions of the two
organisms.

TABLE VI.

Alkalescens 88‘-

Lactose L 2N BN ] Nil o o @ e o o e o0 Nil
Glucose cos Acld ... cos eee Acid
Mannite e Acid ... o e Acid

Dulcilte eee Acid 24 to 48 hours Acid 3rd to 31lst
day, if at all
Milk ces Alkaline 3rd day ... Acid at first
Neutral 4th to
7th day

Alkaline (faint)
11th to 1l6th day
Indol coe Positive N coe Negative
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A subculture of B. alkalescens (Andrewes' own strain)

was obtained from the National Collection of Type Cultures
at the Lister Institute. It gave exactly the biochemical’
reactions which are shown above, but, more important still,
it failed completely to agglutinate with 88 serum.

88 1is, therefore, an entirely separate strain from

alkalescens. It is to be recognized by the more delayed

fermentation of dulcite, by the absence of marked alkali

formation in milk ( the feature which gained for alkalescens

its specific name), by the absence of indol formation, and,
most Important of all, by 1ts different antigenic. complex.

It may be sald, in further evidence, that true

alkalescens of Andrewes type has been isolated here on two
occasions from the stools of cases which presented no

symptoms of dysentery.

Summary and Conclusions. 88 occurs in relstion to
cases of bacillary dysentery in the same way as do the
accepted dysentery bacilli, i.e., it can readily be
recovered in the early stages, and rapidly dissppears when
convalescence sets in. It has never been found 1n cases
of bacillary dysentery in conjunction with accepted
Flexner bacilli. It has never been recovered in the

examination of over 2,000 non-dysenteric cases.
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In its principal biochemical reactions it resembles
the Flexner bacillus. It differs in belng an 1lnconstant
late dulcite fermenter.

Serologlcally, it is a sharply defined entity. While
itself unaffected by Flexner sera, with the exception of
slight reaction to W, it produces a serum showing a fair
proportion of heterologous agglutinins to V, W, and Y.

The sera of patients infected with 88 show, particularly
about the third week, appreciable agglutinins for this
organism. Such agglutinins are lacking in sera from cases
of infection with the accepted Flexners.

88 differs from B. alkaiescens (Andrewes) in the .

following points:-
(a) Duleite fermentation, if present, is much delayed.
(b) There is no marked alkali formation in milk.

(¢) Indol is never formed (always in alkalescens
according to Andrewes).

(d) The antigenic complex is quite different.

. Strain No. 103.

This strain has been encounﬁered 4s follows:-

Bangalare, 1929, 5 times; DBangalore, 1930 and 1931,
5 times; Secunderabad, 1928 and 1929,‘5 times; Poona,
November, 1930 to February, 1931, 4 times; Mhow, 1931,

once.
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Like 88, 1t has only been isolated from casés preéenting
symptoms of bacillary dysentery. The se symptoms have been
mild to moderately severe, and require no special comment.
'The organism in its incidence presented the features
previously detailed. It has freduently been iéolated on
successive days from the same case. One case after a
fortnight's apparent convalescence, relapsed, diarrhoea with
blcod and mucus in the stools reappearing. The organism,
which had been absent Sn two occagions in normal looking
stools in the convalescent interval, was again recovered in
cohsiderable numbers from the blood and mucus during the
relapse.

No other dysentery organisms have been found in these
cases. Neither has 103 ever been found in the 2,000 odd
normal individuals who constitute the control.

Biochemical Reactlions. Lactose, no change; ' glucose,

acid; mannite, acid; dulcite, no change; saccharose, no
change; milk, acid, late neutral or faint alkaline; indol,
may or may not be formed. 103 thus‘agrees‘exactly in its
biochemical reactions with the classical'Flexners.

Serological Reactions. (a) In relation to high titre

sera.
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Using sera with a titre of 1 in 250, this organism
will frequently show agglutination in 1 in 25 against X and
Y, more rarely against V and W, but so far never against Z.
Quite commonly, however, no such agglutlnations occur.

The slight degree of agglutination has, in fact, been found
to vary from day to day in a way that 1is difficult to
explain.

Occasionally trouble is experienced through the fact
that immediately on isolation certain strains are somewhat
glutinous and difficult to emulsify. This property
usuelly disappears after a few subcultures. The difficulty
can be overcome by emulsifying the growth from an agar slope
wiﬁh ten per cent saline and then adding ten times the bulk
of distilled water. The culture washes off into the strong
saline in heavy flakes, but as soon as the distilled water
is added these flakes disperse 1n a remarkable fashion and
a perfect emulsion results. Emulsions sometimes show a
slight auto-agglutination on standing; for example, a
little white curd can usually be stirred up from the bottom
of the control tube in an agglutination test when it has
been left to stand overnight. |

The properties of the homologous serum will be more

conveniently described at a later point.
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(b) In relation to the patient's serum.

This part of the investigation has up to date been
unsatisfactdry. For a'variety of reasons it has been
possible to test the serum of only three cases. None have
shown any agglutinins for 103 as 1isolated; somewhat
significant results were, however, got in one case (see
Table VIII). It will be noted that a rise of agglutinins
for V and W occurred, and that all agglutinins were removed
by absorption with 103.

Development of an Agglutingble Variant. By far the-

most interesting charécter of this organism remains to be
detailed.

Various workefrs8 have from time to time described the
occurrence of a Flexner bacillus, non-agglutinabie when
isolated, which after a period of culture on artificial
media became agglutinable with Flexner sera.

Several explanations of this phenoménon have been
offered. In general it seems to have been adsumed to Dbe
a property acquired at random by one or other of the
classical strains which, owing to some unexplained condi-
tions (the medium used for isolation hés frequently been
blamed), loses the property of agglutination, buﬁ re-acquires

it after repeated subcultures, particularly in broth.
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Others suggest that the aggluntinability is
associated with the mutation of "smooth" to "rough". To
make this clear, it will be necessary to detéil briefly the
current doctrines regarding this change in the dysentery
orgaﬁisms,

On isolation, all members of the Flexner group are
"smooth" (S) By smoothness is meant that colonies on a plate
of solid medlum have é reguiaz outlinoe, aré devold of any -
grain or texture, emulsify readily in normal'saline without
auto-agglutination, and grow as a generalized turbidity in
broth. After subdulturé on artificiai media over periods
which vary in different cases,certain colonles of a different
type appear when the orgahism is plated. These are.
irregular in outline and contour, have distinct grain or
teiture, autd—agglutinate when emulsified in normal saline,
and grow in broth as a deposit. Such colonies have been
termed "rough" (R).
| ‘R colonies are believed to represent a degeneration
on the part of the organism. This, when if has taken plade,
is, as far as in vitro culture goes, to all intents |
irreversible, i.e., rough variants, once isolated, breed
true indefinitely. From the § form both‘S eand R colonies

may be produced.
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As a rule;’the two types, Wben growing side by side
on a plate, show an appreciable differeﬁce in size, R
ténding to be from two to three times the size of S.

The essential difference between S and R, however, lies
not so much in their physical characters as In antigenic -
composition. Whereas smooth V, W, X, Y and Z can be
differentiated by an agglutination test using monospecific
sera, rough V, W, X, Y and Z cannot be separated. They
are, in fact, identical. A serum prepared fér rough Z will
agglutinate rough V, W, X and Y to the same degree as rough
. In other words, the antigen of the R varlant is
common to the whole group. Further, S sera have no action
on any R organism, and vice versa, the common R serum will
not agglutinate any S strain.

Though in the transition stage, gradations between S
and R may, and do, occur, the change of antigen as between
true S and true R 1s absolute.

It has been suggested that late developed agglubina—
bility in Flexner-like organisms is due to (a) the develop-
ment of roughness in the strain, and (b) the use of high
titre serum prepared from a strain which had gone partially.
rough. Interaction between the R elements is supposed to

occup. This, however, 1is not the explanation. In fact,
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as far as Flexner bacilli are concerned, the fear of "rough-
ness" in the serum is rather a bogey. The production of

a high titre serum for a known R strain‘is a very difficult
matter, and the casual presence of a few degrees of roughnessg
in an emulsion used for making a smooth serum would have
little or no effect.

The explanation of the phenomenon does, however, lie 1n
mutation, but in mutation of a type which as far as the
writer is aware has never previously been described.

In thefirst place, it has been found that the property
of late developed égglutinability belongs to one specific
strain, viz., the one described above as 103. Of the
eighteen strains of this organism isolated, fifteen have
already developed agglutinability. Conversely, of thirty-
three other strains which were not agglutinable on isolation,
or when first tested with V, W, X, Y, 2, or 103 serum, and
which have been under observation for varying periods, some
as long as two years, none has ever become agglutinable.

The principles involved in this mutation are so much
at variance with accepted ideas that the mattef must be
discussed in detail. A description of the investigations
. and findings in connection with 103 is probably the simplest
way of approaching the subject.
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History of 103. 103 was isolated on June 16, 1929,

from the stool of an officer suffering from typical clinical i
bacillary dysentery. The biochemical reactions of the i
organism were as given above. T

On June 19, 1929, a broth-culture failed to agglutinate
with polyvalent Flexner serum..

On July 18, 1929, a broth-culture agglutinated to a
.titre of 1 in 50 with polyvalent Flexner serum (about five
per cent). ‘ ’

On August 7, 1929, a broth-culture agglutinated to a
high titre with V, W X, Y, and % serum, but the agglutina-
tion was only a partial one, i.e., the emulsion was not
completely cleared. End points were in consequence very
difficult to read.

On August 17, 1929, the test was repeaﬁed, usging
emulsions washed off agar’slopes with saline. Similar
results were obtained. The lack of clearing was so marked
that contamination was suspected, and platesvwére made of
some of the unused emulsion.

On August 18, 1930, the plates'showed tw6 very distinct
types of colony, whose characters will bé given in tabular
form later. Both types proved to have the correct Flexner
biochemical reactioﬁs; one was, as before, non-agglutinable

with Flexner serum, while.the other agglutinated with V, W,

X, Y, amnd Z serum.




strain was tried several times, and with more or less
difficulty the two types of colony could always be obtainéd.
As time went on the proportion of agglﬁtinable colonies
increased at the expense of the others, and from July, 1930,
repeated attempts to isolate a non-agglutinable colony from

this strain have been unsuccessful.

as occurring in strain 103, are as follows:-

(2)

The experiment of plating from the original stock

The physical characters of the two types of colony,

A. The original colony

Small lenticular colonies,
regular in outline and
texture. '

Emulsifies as a rule
readily in 0.9 per cent
saline, but occasionally
does not emulsify well.
Sometimes there is a
slight tendency towards
auto-agglutination, but
this is never complete.

. ¢colonies are dout three

34. |

B. The wvariant.

Large, more or less
straggling colonies of
irregular outline and
contour, and showing a
grain or texture. When
growing side by side on
the same plate, these

times the size of the A
type.

Emulsifies readily, and
has no tendency to auto-
agglutinate.
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A. The original colony B, The variant.

(3) Grows with generalized Grows with generalized
turbidity in broth. ~ turbidity in broth.

(4)  Produces both A and B Has bred true, producing
type colonies, unless .nothing but B colonies, from
an A colony 1s carefully the day of 1solation over
selected and regularly eighteen months ago.
subcultured each day.

(5) Non-agglutinable with Readily agglutinable with
Flexner sera. Flexner sera.

A consideration of these points will show considerable
resemblance to, and some. variation from, the S and R
variants of the orthodox Flexner strains. In points i,AS
and 4, A resembles S, while in points 1 and 4, B resembles
R. Variation occurs in pointg 2 and 5 in A, and points
2, 3 and 5 in B.

An attempt was made to test the agglutinins in the
patient'sserum against the A and B variants, and approximate-

ly ten weeks after recovery serum was obtained, and gave the

following results:-

TABLE VII.

v W X Y Z 1038 1034

1/250 | 1/250 |. Nil 1/125 Nil 1/350 Nil
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From this.it appears that at this intervai (ten weeks)
the patient's serum contained no égglutinins for the A form.
which was the ﬁype isolated. Conversely the B variant is
agglutinated to quite a high titre.

To study the antigenic characters of these variants
emulsions were prepared and rabbits immunized. In this
connection it may be said that although every effort was
made, it 1is not considered that from thid particular strain
a pure A emulsion was ever obtained. Production of B
variants in A cultures was occurring freely, and the agglu-
tination results confirm the fact that B (whose agglutino-
genetic properties proved to be much greater than those of
~A) was never -successfully excluded. Hereafter the variants

will be referred to as 1l03A and 103B.

103A.

The results of cross agglutination, and absorption
tests, are shown in fig. 2. As has been previously noted,
this strain has not been agglutinated by V, W, X, ¥ amd Z
smooth sera nor by a "rough" Flexner serum. It is very
slightly agglutinated by a high titre 103B serum.
103A serum, however, éoﬁtains considerable co-agglutinins
for V, W, X, Y and Z, and particularly for 103B. This

latter is no doubt due to the fact that, as explained above,
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B variants were not excluded from the emulsion used to
immunize the rabbit. Absorption results confirm the nature
of the co-agglutinins. |

This strain has only moderate agglutinogenetic
properties, but a serum with a titre of 1 in 1,000 was

obtained on two occasions without much difficulty.

103B.

Here again fhe results are most clearly expressed by
diagrams (fig. 3). | '
. It will be noted in the first place that 103B bears
little if any relationship to "rough" Flexner, being agglu-
tinated only to 2.5 per ceﬁt.of the titre of the serum used
in these experiments, while 103B fails entirely to agglu-
tinate "rough" Flexner. |

Cbnversely 103B is agglutinated to titre (actually it
was slightly beyond titre) by W, X and.Y, and to a relative-
ly high titre by V and Z. It is further agglutinated by
'103A serum to about three times the titre of that serum
for its homologous organism. The explanation of this has

alreédy been offered.
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Figure 3.
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103B has marked agglutinbgenetic pfoperties, énd 8
serum with a titre of 1 in 10,000 to 1 in 20,000 can readily
be produced. It will be noted that this serum contains
heterologous agglutinins for smooth V, W, X, ¥ and Z, and
also to a small extent for 103A. Abéorption tests are
particularly illuminating.' They indicate a close relation-
ship to all the classical Flexner strains, but particularly
to Y.

What is the explanatibn of these apparently anomalous
findings? It would clearly appear to be as follows.

When originally isolated the strain was pure A with
no B in its composition, hence its non-agglutinability at
that time and a month later. 103A is in fact a serological
entity which is practically inagglutinable with V, W, X, ¥
and Z serum, although capable of producing a serum with
heterologous agglutinins for these strains. Subsequently
B variants were produced and came to dominate the cultures.
This B varisnt; in contrast to the R variant of the
¢lassica1 Flexners, is readily agglutinated by all smooth
Flexnef sera. Its antigenic composition seems almost
identical to Y, from which 1t differs only in being much

more sensitive to agglutination.
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Briefly, this strain in its original phase is a
"separate entity; the variant which develops contains an
antigen embodying all those found in the smooth strains of

vV, W, X, Y and Z.

IDENTIFICATION OF FURTHER STRAINS

Using 103 serum as a test, a search was made among
previously isolated inagglutinable Flexners for further
strains of this ofganism. ' This met with immediate success.

Already in the labaratory there were tw strains,
inagglutinable when 1isolated by a predecessor, which had
become highly agglutinable. These proved to be pure type
B, and were agglutinated to full titre with that serum.
(N.B. - As shown in figure 3, V, W, X, Y and Z agglutinate
to only a low percentage of the titre of this serum.)

Four other inagglutinsble strains proved to be similar
‘to 103A. These were plated, and on one plate (from strain
D35) a single B type colony was seen. This when subcultured
proved highly agglutinable, and in fact was an exact replica
of 103B. Greater difficulty was experienced with the
other stbains, but with one exception they have now all -

produced B variants.
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Since the identification of 103, eleven newly isolated
strains have come to hand, nine isolated in the writer's.
laboratory, and two sent from other laborétories in the
Command. Of these eleven, nine have produced agglutinable
variants of the B typs.

The agglutinable variants have always been true to
type as far as agglutinability 1s concerned, but in some
cases the naked eye differences between A and B colonies
have been much less marked than was the case with 103.
Viewing the plate against the dark background of the
"eomparator" used for reading agglutihation tests often
proved helpful. A colonles appeared white and somewhat
opaque, while B colonies were more clear and translucent.
This character was also inconaﬁant, and ;n one case there
were no appreciable differences in the physical characters
of the colonies, which were selected more or less at random,
and proved by agglutination.

At the risk of being tedious, a few case histories are

given in illustration of the way in which mutation occurs.
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Strain No. B 172.

Patient was admitted with a history of one day's
diarrhoea with biood and mucus.

July 9, 1930. Specimen sent to the laboratory was a
liquid stool containing»blood and mucus. Miéroscopically
bacillary exudate.

July 10. Two coloniles téken from the plate made yes-
terday, which contained numerous other similar ones. Both
gave the biochemical and serological reactions'of 103.

Patient still has diarrhoea with colic and tenesmus.
Microscopically bacillafy exudate.

July 11. The same‘organism isolated from yesterday's
plate. |

Serological Findings. The following'table (Table VIIiI)

shows the agglutinins present in the patient's serum, and
the effect of various high titre sera on the strain as
isolated. This strain was at first a very difficult one

to emulsify.
TABLE VIIT

v WX |Y | 2 88 | Sh. | Hom,

Petient's serum, 1l4th day 25 -1 - |- |50 - - -
19th day ....... 50 125| - .| - |50 -] - -
" (abs. hom.) -

v WX (Y | Z |103A

Agglutination percentage of .
organism on isolation - -110¢0{10%] - | 100%
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July 13. Strain cultured in bfoth to which a drop
of 103 serum had been added.

July 14. Broth-culture plated.

July 15. A1l colonies alike. Replate.

July 16. Slight varlation in size of the colonies.
No apparent roughness. - One large colony subcultured and

gave the following agglutination:-

TABIE IX.

v W X Y Z

Per cent Per cent Per cent Per cent Per cent
50 50 20 100 20

July 17. No further specimens received till to-day,
when a2 normal étool containing no blood and mucus was sub-
mitted. Culturally negative. Specimens received daily
with similar findings till July 20.

July 18. Further plate of the same serum broth-
culture shows no varianés which physically resemble 103B.
One large colony selected, subcultured and agglutinated in
parallel with a subculture of the strainvas isolated as

control; results shown in Table X.
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TABILE X.

v W T gz

Per cent| Psr cent| Per cent|{Per cent|Per cent

Original ... - .- 20 20 -
"Serumed" ' ,
colony ... 50 50 . 20 100 20

July 21. The above test repeated, using fresh
cultures of the same strains. Identical results were
obtained.

August 6, Repeated attempts have been made, by plat-
ing from old broth-cultures, 0ld agar cultures, &c., to get
an agglutinable variant from the original strain without
the Intervention of serum broth. All have failed. A
fresh serum broth-culture has been made from which was sub-
cultured a colony giving the following results, shown in

parallel with a colony from an "unserumed" source:-

TABLE XT.
v W X ¥ ; Z
Per cent!{Per cent|Per centjPer centiPer cent
Original ... 10 - 20 L -
['serumeq" . , |
‘colony ... 80 100 14 100 { 10
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The two strains giving these results have been plated,
each on a half of an agar plate. In appearance the
colonies could not be distinguished. As a control a
colony was selected at random from each half of the plate
and agglutirated egainst Y serum. The "original" colony
gave no agglutinaﬁion, and the "serumed" went to titre.

Conclusion. This strain as isolated corresponds to

1034, In straight-forward culture it has retained its
characteristics.
By culturing in the presence of 103A serum a variant
having the serological characters of 103B has been produced.
Unlike the state of affairs with 103, it is impossible

to distinguish the variants by colony characters.

Straln No. BZb5.

August 27, 1930. Patient complained of diarrhoea
with blood and mucus of one day's duration. . Speciﬁen
sent to the laboratory consisted of blood and mucus only.
Microscopically bacillary exudate.

August 28. A strain proving to be similer.to 103,
readily isolated (a). Specimen received again blood and
mucus only. Bacillary exudate.

August 29. A similar'organism isolated (b). Stools

still show blood and mucus and bacillary exudate.
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August 30. Specimen sent was a watery stodl with
traces of blood and mucus. |

August 31. Watery stool with‘a little non-cellular
mucus. Plate negative. | |

September 1. Watery stool, no blobd and mucus. .
Plate negative.

September 3 to 9. Formed stools. A 1little adherent
mucus on two occasions. Plates negative.

Agglutination Results of Isolation are shown in

Table XII.
TABIE XII.

v W X Y Z 103A1103B

Per jPer | Per | Per | Per |Per | Per

centlcent| cent| cent| cent|cent|cent
5.9.30. Colony (a) a.. - - 6 6| - 30| -
5.9.500 COlOI’l’y (b) e e e - - 6 6 - 50 -
809050. Cololly (b) s 00 - - - - - lOO

The variations in agglutinability commonly encountered
in this series are seen here. A

As isolated, the strain was very difficult to emulsify,
and 0.2 per cent saline had to be used. This character-
istic was lost after a few subcultures.

Seps ember 7. Inoculated in broth to which some sterile
filtrate of a broth-culture of 103B had been added.
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September 8. Plated.
September 9. Colonies doubtful. . One subcultured

and agglutinAtes as follows:-

Viwl|X|Y]| 2 1034

Per cent
- =-1-1-] - 50

September 11l. Subcultured in broth containing a
drop of 103A serum.’ |

September 12.  Plated.

September 13. Some colonles on the plate have the
physical characters’of 103B. One of these subcultured

agglutinates as follows:-'

TABLE XIII.

) W X Y Z 103

Per |Per |Per |Per | Per | Per
cent|cent|cent|cent|cent|cent

"Serumed" colony eees. 100| 100 100| 100| 100| 100
Originalo 11609.30 e 0o e ) - - 10 lO had 100

September 16. The original strain was subcultured to
ascertain if B elements were appearing in the normal course

of events (see Table XIII).
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Conclusion. The agglutinable variants seem to have

appeared by virtue of culture in the presence of 1l03A serum.

No such variants are present in stock strains.

Strain No. P 8.

October 28. Patient admitted to hospital complaining
of diarrhoea with blood and mucus in stools. Nuch griping.
Temﬁerature found to be 99.6°F. The specimen sent-to the
laboratory consisted on blood and mucus; was alkaline in
reaction, and microscopically showed bacillary exudate.
Three colonies, proving to be 103, isolated. |

October 29. Specimen still bacillery exudate..

October 30. Still bacillary exudate. The same
organism again isolatéd. : |

October 31. Watery.stoolx Ng blood and mucus.

Plate negative.
November 1. No blood and mucus. Culturally negative.
The colonies isolated on October 28 and 30 gave the

following results:-

TABLE XIV.

v|wi| x| Y| z|2103a| 103B |

Per
1 1 cent
Colony of 28.10.30 RN . - - - bl -; 50
Colony of 30.10.30 .... -4 -1-1 -1 -1 50

(e
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November 7. Inoculated in broth and broth plus 103A

serum.
November 10. Plated from broth. No success.

November 19. A further set of plain and serumed
broth-cultures put up.
‘. November 26. Plated. Variations in size of colony
present, but not suggestive of mutation. Following

results obtained:-

TABIE XV.
103A 1038 .
Per Per
cent cent
Small colonies 66 2
Large colonies 100 5

December 10. Plated from plain and serum broth
cultures just over a month old. Serum broth gave colonies

all alike. Ordinary broth showed

. Figure 4. .
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some ? B type colonies.  Proved through sugars.

Agglutinated gave the following results:-

TABLE XVI.
103A 103B
Per Per
cent cent
Broth colonies cecoas 100 100
Broth and serum colonies | 66 1

It would therefore appear that the colony from the

plain broth is a B type variant.

December 13. A subculture from the original straln

and froﬁ the B type colony just isolated gave the following

results: -

TABIE XVII.
v W X 11 Z 103A| 103B
Per {¥Yer |Per |Fer |Per |Fer |Per
cent}cent| cent {cent| cent| cent cent
Original - - Li - - 66 1.5
B variant ... oo . 100| 100 100} 100| 100} 100| 100

ATTEMPTS TO HASTEN THE PRODUCTION OF AGGLUTINABLE VARIANTS.
Various attempts have been made to hasten the produc-
‘tion of agglutinable variants from the strains as isolated.

Growing the organism in broth to which a few drops of 1034
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serum had been added proved successful in four out of
twelve cases.in which it was tried. In the oﬁher eight
cases repeated attemﬁts have been unsuccessful. . In two of
these B type variants have not yet appeared; in two they
appeared in cultures in ordinary broth to which serum had
nbt been added; in four they appeared during routine sub-
culture.

On the éssumptioh that the production of B variants
might rest on the presence of an enzyme, a broth-culture
of 103B was made and filtered through a Chamberland filter.
Some of the filtrate was added to fresh broth and the |
organism grown in this and then plated. This was, however,
unsuccessful, and no B variant appeared.

Prolonged incubation - up to a month - in a broth
medium was successful in two cases. _

Two old strains have resisted all attempts to make
them produce B varlants. They have, howéver, produced
variants of an entirely different nature, approximeting
closely to the R variant of the classical Flexner, but
only agglutinating to about twenty-five per cent of titre
with a serum prepared from a R strain of Z.

In two other strains, both the agglutinable variant

and this R type of variant have been isolated.



MINOR VARIATIONS IN AGGLUTINABILITY.

In the process of this investigation very many plafes
have been made and large numbers of colonies put through
the same agglutination test time after time. It was
repeatedly observed that minor variations in agglutin-
ability occurred between colonies from the same plate and
glso sometimes in ordinary mass subcultures made from one
agar slope to another. No satisfactory explanation of this
phenomenon has been reached, and the causes afe probably
very c omplex. They are definitely not related to the
development of B variants. In 6ne case these variations
were noted a year before true B variants could be made to
put in an appearance. One such variation can be seen in
Table XII.

.Table XVIII gives the principal findings in the
eighteen strains that have been tested.
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RELATIONSHIP OF THIS MUTATION TO OTHFERS ALREADY DESCRIBED.

While it is not the object of this paper to discuss-
in detall the significance of this variant, a brief com-
parison with other known mutations may be given.

(a) It is obvious that it bears no direct relationship
to H and O, as seen in the enterica-salmonella group. The
organisms under discussion are devoid of flagella, and
agglutination in all cases is of a granular type. '

(b) It differs fundamentally from the S and R mutation
of the Flexner group. This has been already fully detailed.

(¢) Relationship to the specific and non-specific or
group phases, as observed by Andrewes in the salmonella
group, requires more conslderation. These, however, present
the following characteristics: (1) They are presént on
isolation, and are not a late development; (2) no physical
differences in specific and non-specific colonies ha&e been
observed; (3) changes from one type to the other occur.

In 21l these points there is variation from 103, the
most important point being the third. |

Further investigations along lines suggested by the
above are in progress. )

(d) That variants bearing a fairly close relationship

to true "R" have been produced by some of these strains is

a fact, the significance of which needs to be borne in mind.
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It is obvious that much remains to be done in the
investigatioh of this strain, which is the principal
reason for the publication of this paper in its immature
condition. There is ample scope in the military labora-

tories of India for such investigation.

SUMMARY AND CONCLUSIONS.

(1) 103 is avFlexner—like organism which has a claim
to be considered pathogenic'because of the way 1t occurs
in cases of acute bacillary dysentery, because it has never
been found in healthy controls, and because it bears a close
antigenic relationship to known Flexner organlisms.

(2) It haé the property of producing a variant which
is highly agglutinable with the usual Flexner sera. This
veriant at first ocours in the cultures side by side with
the original type. It more or less rapidly comes to
dominate the picture, and, finally completely "smothers"
any of the original colony types which may be pfesent.

(3) The variant 6nce isolated has the following
characters: (a) It breeds pure; (b) it may have physical
characters which, in part, resemble the R variant of the
recognized Flexners; (c) it has marked agglutino-genetid

properties, and in its antigenic composition closely
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resembles Y, but is more sensitive to agglutination.
Conversely, it is practically unrelated to Flexner R.

(4) The production of the variant may be hastened in
some cases by growth of the organism in the presence of its
homologous serum, in others by prolonged incubaﬁion in ab
broth medium.

(5) A more or less typical R variant has developed

from four strains of 103.

Strain No. 170.

This strain has been encountered as follows:-

Bangalore, 1929, five times; Bangalore, 1930, four
times; Segunderabaé, 1928, once; Poona, 1931, once.

It has been found only in the stools of cases presenting
symptoms of bacillary dysentery. These cases héve in the
main been mild, and correspond to the average Flexner infec-
tion as seen in India. It must be remembered that all
cases are diagnosed on the clinical features of the case
plus the microscopic characters of the stools, and hence are
generally placed on appropriate treatment at a vefy early
stage, a fact which no doubt greatly reduces their severity.

The following is a typical case history:-
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Capt. B. - August 6, 1930. History of diarrhoea for
four days,Amucus having been present for the last two days,
blood tinged for oné day. Temperature 1009F.. The
specimen sent to the laboratory reached it five minutes
from the time it was passed, and was a watery stool contain-
ing blcod and mucus. Microscopically the exudate was that
of bacillary dysentery. Plates made from the mucus showed
many suspicious colonies, four of which were selected and
tested. All turned out to be 170 type.

August 7. Watefy stool with streaks of cellular
macus. Pletes again produced many susplcious colonies.

Of five selected, three were of the 170 type, the others
not being dysentéry organisms.

August 9. Symptoms have largely subsided. Stool
sent to the laboratory was watery with a.trace of mucus,
non~-cellular. Plates negative.

August 22. Watery stool with slightly cellular mucus.
Plates negative.

August 25. Stools normal.

Biochemical reactions. Lactose, no change; glucose,

acid; mannite, acid; dulcite, no change; . saccharose, no
change; millk, acid, late neutral or faint alkaline; indol,
negative. 170 thus corresponds exactlvaith the known:

Flexners.
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Serological reactions. (a) In relation to the high

titre sera. '

This organism has apparently no antigenic relationship
to the classical Flexners. Tt fails to agzlutinate w ith
any serum other than 1ts homologous serum,‘even in 1ow
dilution, and its homologous serum does not agglutingte

v, W, X, Y, and Z, 88 or 1034, although it does produce a

’
peculiar powdery agglutination with 103B, to about fifty
per cent of‘titre.

The agglutinogenetic properties of the organism are
indifferent, and the highest titre reached in its serum
was 1 in i,OOO.

(b) In relation to the patient's serun. Of three
tested, none has ever shown any agglutinins for this

organism.

Conclusions. While there are no serological grounds

for considering this organism to be a cause of dysentery,
~the fact that it has been encountered only in the stools of
clinical dysentery cases, and that it has biochemical
reactions identical with the classical Flexners, gives it
at least a claim to consideration.

Further, when the poor agglutinogenetic powers 6f the
organism are considered, it is not surprising that the

patient should develop no agglutinins.
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OTHER STRAINS.

Other types are under investigatibn. Of the thirty-
seven stfains received from Secuhderabad, seven are serologil-
éally of one typé, which differs from any that have been yet
described. This type has not, however, been isolated to
date in the writer's laboratory, and for want of adequate
data a description is not yet published.

So far, attempts to classify the remainder of the non-
agglutinable strains that have been isolated have been
unsuccessful, and as far as can bé ascertained the lgtter
are rather a mixed collection with very little antigenic
relationship»to one another. Much work, however, remains
to be done before definite conclusions can be formulated.
Nor must it be forgotten that only strains ffom the South
ofrIndia have been examined. It is highly probabls that
similar investigations elsewhere will lead to the typing

of further strains.

\

TESTS WHICH HAVE NOT YET BELN CARRIBD‘OUT.
To forestall criticism, reference.may be made to certain
tests which have not béen carried out in these investigations.
(1) Liquefaction bf gelatine; The climatic conditions
under which most of this work weas done rendered this imprac-

ticable as a routine measure.
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(2) Acid agglutination. Previous experience of this
test in a similar investigation thirteen years ago, and
again four years ago, was very unsatisfactory, and created
the impression that the results of the test varied within
such wide limits as to render it practically valueless.

It has therefore not been employed.

(3) Testing of virulence by animal inoculation.

This has been avoided for two reasons. Filrst, because of
a strong antipathy to experiments of the kind; Second,
because a perusal of similar experiments carried out by
other workers raises the conviction that, unless the
experiments be conducted on a scale quite outside the
resources available to the writer, the results will be
~equivocal and valusless. At best, the logic of the con-
clusions drawn from such results is open to criticism.
Injected intravenously into the rabbit in somewhat
indifferently controlled doses, certain known dysentery
organisms produce death, presumably chiefly from bacillaemia
and toxaemia, but accompanied by certain lesions of the
intestine. * It happens, héwever, that very similar results
are produced by other organisms whidh are not known to 53
pathogenic to mang.“ The value of such experiments with an

unknown organism is therefore very doubtful, and at best the

evidence can only be regarded as minor contributory evidence
to the issue in question.
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ANNEXURE II.

FURTHER INVESTIGATIONS INTO THE CHARACTER AND
CLASSIFICATION OF THE MANNITE-FERMENTING
DYSENTERY BACILLI.

Journal of the Royal Army Medical Corps, 1932,
Volume LIX, pp. 241 to 251, and 55§ to 342.

A. INTRODUCTION.
The classification of the mannite-fermenting
dysentery bacilll of the type generally known as

B. dysenterise Flexner, and the pathogenlicity of the

various races of this group, are matters which have
perplexed bacteriologists and clinicians for many years.
At home it is generally accepted that the types
created by the late Sir Frederick Andrewes 1. viz., V,
W, X, ¥, Z, and combinations of these - embrace the
ma jority of, if not all, the pathogenlc strains, and any
organism which fails to agglutinate with the serum poly-
valent for these strains is regarded with considerable
suspicion. This opinion is well expressed in the
following sentences taken from "A System of Bacteriology,"
published under the ausplces of the Medicgl Regearch

Council®: "We have already seen that this (failure to
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agglutinate) does not absolutely exclude the bacillus’
from the Flexner group, since the antigenic range of the
type races is prbbablj insufficient, by a small margiﬁ,
to cover thé whole group. But the great me jority of
such aberrant strains will be found, pn thorough examina-
tion, to exclude themselves from the group by some
divergent cultural or biochemical character.”

In the Army in Indis a different state of affairs
obtains. It has been the pfactice to report all strains

which give the correct bilochemical reactions sas

B..dysenteriae Flexnér, or B. dysenteriase Flexner (inagglu-
tinable), as the case may be. The following figures,
taken from official records, indicate the extent to which

these "inagglutinable" strains have been occurring.

TABLE I.

Year |Agglutinable|Inagglutinable | Per cent inagglutinable

1926 271 129 32,25
1927 342 164 32,4
1928 - k92 306 . 38.2
12929 922 286 23.7

1930 1077 360 2b. 4
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It is obvious, therefore, either that strains in
India are being too loosely classified as "Flexner", or
that serological bypes are of common occurrence there'
which have not come under review at homse.

The quqstion is one of some importance. Until a
few years ago it was commonly believed that most cases
of dysentery occurring among the troops in India were
amoebic and not bacillary in origin, but the ploneer
work of Manifold® and others has shown that the reverse
is actually the case. The frequent occurrence of these
inagglutinable strains, elsewhere regarded with suspicion,
has been, in the controversy which arose on the subject,

a constant stumbling—block.in the path of those who
favourlthe bacillary doctrins. Further, while in certain
cases these.atypical strains were found to occur in such

a way as to suggest strongly their pathogenicity, in
others they appeared in circumstancés entirely the
reverse. There were, therefore, a priorl grounds for
suggesting that some strains were pathogenic and others
were not. With a view to solving, if possible, these

problems, the present invegtigation was undertaken.
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For a time 1t was thought that these 1lnagglutinable
bacilli might be Andrewes' types, which for some reason
or another failed to react to the agglutination test.
This conceptibn was soon found to be wrong, and 1t became
clear that the organisms were dlstinct serological types
which lay outside the antigenic range of the type rades.
As a preliminary step, it therefore became essential to
define and classify these serologlcal types. So far as
strains occurring in the south of India are coﬁcerned,

this has been more or less accomplished.

B. PROPOSED CLASSIFICATION.

(a) By Biochemical Reactions.

It has been found that a useful preliminary classi-
fication.can be effected by the blochemical reactions of
the ofganisms. The "sugars" useﬁ'aré lactose, glucose,
mannite, dulcite and saccharose. Table II shows the
relationship of the dysentery bacilli to other coliform
organisms, as well as the inter-relationship of the
three subgroups now suggested, which are differentiated

by their action on dulcits, lactose and saccharose.
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A more detailled classification by means of further
"sugar" media has proved unsatisfactory, smd, indeed,
the reactions shown in the tables are not invariably .
constant, as will be shown at a later stage. Serological.
tests are used for the further subdivision of the strains‘
and provide the only definlite method of identifying the

various types.

(b) By Serological Reactions.

High~-titre sera were prepared for a large number of
selected strains, and tested against every strain which
had been collected, and against other strains subsequently
isolated. In this way various types were ldentified,
which were further confirmed by a series of abgorption
and cross-agglutination tests. These types, and the sub-
groups in which they occur, are shown in Table IV. Some
of these are already universally recognized; others have
been previously described by the writer4; the remainder
are now described for the first time. Each new type is
given, as & means of identification, the laboratory index
number of the type strain. The Question of a less cum-
brous nomenclature need not be considered until the work

has received adequate confirmation. For convenience the
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strains described by Andrewes, viz., V, W, X, Y, Z,
and combinations of these, are called the "classical
Flexners."

There is also embodied in the table a seriss of
figures to show the relative frequency with which these
types have occurred in one areas in Southern India. With
the exception of three which were accldentally lost,
every strain of non-mannite fermenting, dysentery-like
bacilli recovered from cases of dysentery and diarrhoea
by the writer in the Madras District Laboratory, Bangalore,
in 1930, and Southern Command Laboratory, Poona, in 1930
and 1931, is included in this series, which is therefore
representative and entirely unselected.

Table III shows in and?her way the characters of the

three subgroups.



0.

POV =¥
o 20
+ . +
(33®1) v - ki A (aeT) V | 0
- (e3%r) ¥ v v - g
- - v v - v dnoa3qng
psOoIeY0oBg 8 TOTNQ | o3 TUUB][ | 950DNTYH | S8030¥]

‘IIT

JTIVL




71.

G¢ '8t . X .. T®3.0%,
L6 92 . poTJISSUTOUn
19°8 €2 *+  ouuog %eTasyueslp ‘g | D dnoaBqng}
TT°¢T 19 .- T30
- - v SU2OSSTeq[® °d
- = e 6T @ M
GL*0 2 .. Ta "
[A RN ¢ * Ml 4 u
Le°¢ 6 .. 882 d u
l8°L 2 .. 88 . odL1 | g dnoalqug
w6°89 ¢oT .- Te30g
. LT ¢ e POTJTSSVIOUN
T 1T . 0Lt u
00°6 e . ¢ot "
29°¢ L e 61T 4 odLy
69°1G 8¢T . SJIoUXeTd TeoTsseT) | v dnoalqng
pFejusoged | e8ejusoasd | T®B305 | suteazs Jo adfq TeotdoToasg
T3 0L Joaqump .

‘AT FIGVL




72.

It will be seen that the classical Flexners comprise

slightly over half the series. Taking these together

with B, dysenterise Sonne (the only other type which is
usually identified serologically) a total'of approximately
sixty per cent 1s reached. In round figﬁres, therefore,
two-fifths of all strains in this series giving in twenty-
four hours correct Flexner bilochemical reactions fall

into the class generally labelled "inagglutinable

Flexner".

C. PATHOGENICITY.

Cerﬁain tentative conclusions have been formed |
regarding the pathogenicity of the new types, but it is
obvious that in some cases these require repeated confir-
mation before they can be accepted.

With dysentery bacilll it 1s not possible to satisfy
the third of Koch's postulates, as the infection of
volunteers with cultures is an impracticeble proposition,
and animal inoculation affords no reliable information.
There are, however, data related to the first two postu-

lates which apply to certain of the types:-
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(a) The organisms have bseen recovered only from
cases with symptoms of bacillary dysentery. This implies
control investigations of the stools of healthy individ-
uals, and such controls have been carried out on a large
scale. During the three years that were occupled with
these researches, over 3,000 menlals were examined to
ascertain if they were "carriers" of infectious bowel
conditions. This involved, among other things, 8,000
odd platings of féecés, the majority of which were carried
out under ideal conditions. The subject was given a
saline purge, and the subsequent stool was passed in a
latrine on the laboratory premises. A fresh specimen
from this was at once secured and platéd and examlned in
exactly the same way as a dysentery (or enteric) specimen.
None of the strains which are conslidered pathogenic has
ever been isolated from these controls, except in a few
rare cases where, on investigation, the individual was
found to be suffering from acute or chronic bacillary
dysentery. In addition, by what is no doubt a colnci-
deﬁée, the only organisms isolated under these circum-

stances have been classlical Flexners, Shiga or Schmitz. .
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(p) The organisms have been present iﬁ the’gtools
during the same stages as the "classical" dysentery, i.e.,
in almost pure culture in the early acute stages and
rapldly diminishing in numbers as the case progresses.

(e) Although the cases were clinicélly and micro-~
scoplcally bacillary dysentery, and were carefully investi-
gated at the correct times, "classical" dysentery bacilli
have not been 1solated in assoclation with the new types,
despite the fact that several colonles weré invariably
selected and examined from each case. (N.B. This does not
apply to the types noted as probably non-pathogenic.)

This point 1is mentioned because it 1is commonly stated
that in the early stages of baclillary dysentery unusual
bypes of organisms, which have their habitat high up in
the bowel, are washed down and appear in assoclation w th
the causative dysentery bacilll. This has been found by
the writer in the case of B. morgan and of certain of the
saccharose fermenters. It does not apply to the other
strains. »

(d) Certain strains have a well-marked antigenic
similarity to the classical Flexners in that, when injected
into a rabbit, they stimulate the production of a varying

degree of heterologous agglutinins for the latter organisms.
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(e) Agglutinins for the organism may develop in
the patient's serum. This has been definitely found in
the case of one type (88), but has not been fully investi-

gated in the others.

D. DETAILS OF THE VARIOUS TYPES.

(a)  Subgroup A.
In the 1931-32 serles, 68.5 per cent of all strains
1solated belong to this subgroup.
Seventy~five per cent of the subgroup is made up of
classical Flexner strains. Of the remaining twenty-five
per cent all but three strains fall into the new types

described.
In addition to these three unclassified strains of

the 1931-32 series, eight other strains with the blochemical

resctions of subgroup A (collected from a variety of
sources) fail to conform to any of the types. These
eleven will recelve separate consideratién.

The serological characters of this subgroup are com-
plex, and will be detailed in the description of each type,
as will also questions of mutation and pathogenicity.

With the exception of Type 170 and the unclassified series,

they are closely interrelated.




76.

(1) Classical B. dysenterise Flexner (V, W, X, Y, Z, etc.)

There 1s nothing of importance to add to the knowledge
which has accumulated regarding these types, and only a few
general remarks need be made.

-The local incidence of the types in Southern India
is shown in Table V, which 1s an analysis of the 138 strains
" mentioned in Table IV. The sera used for identification
were those supplied by the Enteric Laboratory, Kasaull, in
the manufacture of which every care is exercised to use

only smooth strains of organisms.

TABLE V.

v W Xl ¥ Z vz Others

NUInbeI' L) e e e ee o 8 43 )4- 11 ’ 12 19 Ll-l

Percentage of 1930e31‘séries 3 16,1(1.5{ 4.12{4.5] 7.1 15.35

Percentage of each type in :
the classical Flexner 5.8 |31.16]2.9| 7.97|8.7]13.76 | 29.71
series
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The only strains calling for special comment are
those labelled "others". The majority were combinations
such as V, W, Z; X, Y, Z, etc.‘ A proportion, however,
did not agglutinate to full titre with any of the fivé
sera, and it is possible that sudh strains may possess a
distinctive antigen of their own in addition to the group
antigen. The next type to be described, P1l19, is an
example of this, differing only in that 1ts agglutination
wlth sera of the classical strains falls far short of
titre. The precise ldentification of strains which
agglutinate approximately to titre with several sera is of
little practical importance for diagnostic purposes. They
are sufficiently related to the classical types to enable
them to be classifiled along with the former without
difficulty.

Mutation. Strains of the classical Flexners were
'.not, with a few exceptions, preserved for prolonged
'periods, and no evidence of true mutation from S to R was
ever observed.

Pathogenicity. The pathogenicity of the classical

types has long been accepted. All the strains in this

series were isolated from cases of dysentery, either acute,
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moderate, or in some cases so mild as to be labelled merely
diarrhoea. |

So far as the writer's experience goes, there is no
such thing as a healthy carrier of dysentery bacillli. In
the few rare cases where d bacillus has been isolated from
an apparently normal individual, a careful search of a large
specimen of faeces, well washed in saline, invariably
revealed the presence of traces of cellular mucus. Further,
one would expnect a true "normal" carrier to excrete the
organisms on repeated occasions, as does a carrier of, say,

B. typhosus. This, so far as one 1is aware, has never been

found, other than of course in a chronic or subacute case.

Serological Diagnosis of Dysentery Caused by
Organisms of this Type.

During 1930 a number of agglutination tests were
carried out with the sera of patients infected with these
types. No new facts emerged, and the findings of others
were confirmed, viz., that the development of agglutinins
is very uncertain, that 1t occurs so late as to be of
1ittle or no value for dlagnostic purposes so far as acute
cases are concerned, and that the agglutinins which
develop frequently do not correspond to the antigenic type
of the infecting organism. The tést has been abandoned as

a routine, being of no practical value. v
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(2) Type P119.

This type is closely allied to the classical
Flexners, and particularly to X. | ' .
In all 12 strains have been isolated and investigated.
8 from Poona, 2 from Jubbulpore and 2 from Bangalore.x
In its bilochemical reaotions it corresponds exactly

with the classical Flexners.

Table VI shows the agglutination reactions on

isolation.
TABLE VI.
Serum

v W X Y| z |Pp 119
(P119 | 10 - 10 | 10| - | 100
¢( P 190 5 - L 10 - 100
(P 272 - - 10 10 - 100
( P 283 - 5 5 15 - 100
(P 326 5 - 0 .1 10| - 100
. P 329 - - 10 -5 - 100
Prganism § P 193 - - 10 10 | 25 100
é Dec. 6 L - 10 10 5 100
Dec. 7 5 - 25 10 5 100
§ Md. 5 7 - 25 10 8 100
Md. 7 5 - 25 10 5 100
( P 584 5 10 15 0 15 | w00

X A further strain has just been received from Mingaladon
in Burma. :
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/Tote - In this and all subsequent tables the
figures shown are in percentages of the titre of the serum
in questlon for its homologous organism; e.g., V'serum has
a titre of 3%5 for its homologous organism, V; thils serum
agglutinates P119 in a dilution of 3%5; P119 is therefore
agglutinated up to 10 per cent of titre, and the figure
10 ig shown in the table. |

It must be clearly understood that such figures are
only approximate. The apparent agglutinability of an
organism varies from time to time under the influence of a
variety of factors. As far as possible a uniform technique
has been employed, but experience demonstrates that standard .
results have not been attained. The variations are, how-
ever, insufficient to upset the conclusions‘formeig7

Table VII shows the serological interrelationship
of this type with the rest of the series:-

Tables VIII and IX show absorption tests with serum
prepared from Strain P1l19, and from Strain P493, another

similar organism:- '

éﬁéﬁg - In these and in all other absorption testé 1ﬁ
this investigation the method of complete saturation with
the absorbing organism was employed. The dose of

orgﬁnisms added to the serum was sufficilent to ensure that
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after two hours at 37°C. and overnight at room termperature,
the supernatant fluid still remained turbid, so that pro-
longed centrifuging was necessary to throw down the

suspended (i.e., non-agglutinated) organisms7

The capacity of X to absorb agglutinins from both
the sera tested will be noted, as well as the high content
of heterologous agglutinin for X in P493 serum. X serum
was accordingly absorbed, with the results shown in Table
X:-

From these results it will be seen that although
P119 has much in common with X, it has nevertheless an
antigenic structure peculiar to itself, and must therefore
be regarded as a separate tType.

Mutation. In view of the results obtalned with Type
103 (about to be deseribed), numerous attempts have been
made to cause P1l1l9 to produce an agglutinable variant, but
without success. Marked variations in colony characters
were obtained, but these did not betoken any alteration
in antigenic patternm. ‘

Pathogenicity. Of the elight cases isolated in Poona,

all were from typical cases of dysentery, six showing

bacillary exudate, and two indefinite exudate. In no case
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did a mixed infectlion with any other dysentery organism
occur, nor was the organism isolated except during the
acute phase of the disease. It was never found in the
8,000 odd'platings made from non-dysenteric individuals.

No agglutination tests have been carried out with
the serum of & patient harbouring this organism. |

In every way except its exact antigenic complex,
P119 is identical with the classical Flexners, and there
seems no reason why it should not be regarded as a hitherto
undescribsd member of the group. It is of relatively
common occurrence, as in 1931, 7 strains of this organism
were isolated in Poona, as compared with 4 of V, 3 of X,
and 2 of Y.
(3) Type 103.

Forty-one strains of this organism have now been
isolated or identified by the writer. These have the

following distribution:- »
Secunderabad, 1928-29 ces

3
Bangalore, 1929-30-31 ces 12
Poona, 1930"'31 e s e 19
Jubbulpore, 1931 N 1
MI].OW LN ] LN 1
Q,ue'b'b& K] veo e 1

4

Meerut cee s
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Description of Organism. As the type has already been

fully descfibed4, only. a brief résumé and a few additional
facts need be given.

Its bilochemical reactions are identical with those
of the classical Flexners.

Its serological characters are shown in Table XI.

Mutation. This organism is unique in that, after a
variable period of culture on artificlial media, it Qroduces
an agglutinable variant very similar to ¥Y; which in course
of time completely overgrows and replaces the original type.

Fifteen strains have been isolated in the Southern
Command Laboratory since the date of the last publication,
and intermittent attempts have been made to stimulate these
to form agglutinable variants. Two have done so, but the
remainder still show the 103 antigenic pattern.

Strain P6l, belonging to the series previously
reported, has produced an ggglutinable variant under cir-
cumstances worthy of record. This strain was selected
because of the fact that it showed no tendency to produce
agglutinable variants, and was sent to the Enteric Labora-
tory, Kasauli, to be used there for the production of Type
103 serum. On October 10, 1931, in the Southern Command

Laboratory, a plate which was made from a twentj-four—hour
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.broth culture of this straln was found to contain both the
original colony and the agglutinable variant. On October
15, 1931, information was received from Kasaull that their
strain had become agglutinable, although no variation in
colony type could be detected. A further sﬁbculture from
Poona was sent to Kasauli, and the occurrencé of both types
of colonies in this subculture was there confirmed. The
coincidence in time of the development of the agglutinable
phase is striking.

Mentlon must be made of the fact that colonies having
the physical but not the antigenlc characters of the agglu~
tinable variant have been sncountered from time to time in
plates from these strains. Such rough colonies aggluti-
nated in a manner similar to newly isolated 103. = Their
significance is not known. They showed only a trace of
agglutination with Flexner R serum.

It would, therefore, appear that 103 1s liable to a
variety of colony mutations.

Attention has also been drawn tovvariations in
agglutinability which this organism shows. Certain strains
fall to agglutinate beyond fifty per cent of the titre of
the serum. Whether this represents ; type within a type

is a matter for further investigation.
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Pathogenicity. All 28 strains isolated in Bangalore

and Poona by the writer were from typical cases of dysentery.
Twenty-seven were from cases showing bacillary exudate, and
1 from an indefinite exudéte. One case - a child of 1 year
progressed to a fatal termination. On the two occasions

on which a suitably fresh specimen was received for examina-
tion from this case, a rich culture of 103 was obtalned.

It is interesting to note that therapeutic serum had no
apparent action on the case. As no specific antibody for
103 is embodied in the serum this result is what might be
expectead.

In two cases thils type was ehcountered in a mixed
‘infection, the other organisms being W and 170.

It has never been found in the 8,000 controls.

No further tests with the serum of cases have been
carried out. Despite the absence of confirmation by this
test, no reasonable doubt is entertained that 103 is a wide-
spread cause of bacillary dysentery. |

(4) Type 170.

This orgenism has been 1isolated from 19 cases, viz.,
9 from Bangalore, 7 from Poona, 1 from Secunderabad, 1 from

Quetta, and 1 from Meerut.
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Description of the Organism. The blochemical

reactions are identical with those of classical Flexners.

Serologlcally the type 1is a distinct and separate
entity. It is not agglutinated by high-titre sera of any
of this series, neilther does 170 serum agglutinate any.of
the other types.

Its agglufinogenetic properties are moderate.

No variations within the type have been found. All
strains agglutinate to titre of the serum, producing some-
what heavier flocculi than is common with dysentery bacilli.

, Mﬁtation. No antigenic change has occurred in any of
the strains, soms of which are now over two years old.

Pathogenicity. Of the 16 cases investigated in

Bangalore and Poona, 11 showed typical bacillary exudate,
4 indefinite exudate, and one was from a case of diarrhosa.
In one case, 170 occurred in conjﬁnction with 103.

170 has shown the usual cycle of ihcidence in acute
cases, and has not been isolated from the 8,000 control
platings. «

Agglutination tests with the patient's serum and the
homologous organism have been tried in 5 cases, all with

negative results.
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On the whole it 1is considered probable that 170 is
a cause of dysentery, but in view of the antigenic dis-
similarity from the classical Fiexners, more experience
is necessary before a final judgment can be given.

(5) Unclassified Strains.

There remain 11 strains of organisms giving these
biochemical reactions which are serologlically different
from the foregoing types.

Sera have been prepared for some of these, ﬁnd lead

to the following further classification (vide Table XII).

" Brief Notes on these Strains.

73 and Md. 2. Both were isolated from typicel cases

of dysentery with bacillary exudate. No other organisms

isolated.

143 and 19%. One from a8 routine examlination of.a

food handler, the other from a case of diarrhoea with no
blood and mucﬁs. The organism has well-marked agglutino-

genetic properties.

Bl6la and P602. Both were from cases of diarrhoea

with mucus, microscopically not a typical bacillary exudate.
The colonies of P602 were rough in éppearance on the

original plate. Moderate agglutinogenetic propertles.
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18l. From a case of neurastheﬁia with occasional
loose stools. No mucus. Never suggestivé of dysentery.
Organism lsolated on one occasion only of many examinations
made. '

Of low agglutinogenetic power.

200. Isolated on one occasion only from a case of
dysentery during convalescence. No organism isolated
during the acute stages. Well;marked agglutinogenetic
propertiss.

Pl43. A typlcal case of bacillary dysentery.
Organism isolated durlng acute stage. Has moderate agglu-
tinogenetic properties.

Dec, 10 and P373. Accidentally overlooked and no

serum has been prepared. They may therefore be alike or
distinct serologically. They have no serological relation-

ship to any other organism studied.

(b) Subgroup B.
While the creation of a subgroup based on the

fermentation of dulcite may be questioned, the arrangement
in practice 1s a convenient one, and prevents the previous
subgroup from becoming top heavy.  There 1s evidence of

inter-relationship in that two of the types in this section
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“~

produce heterologous agglutinins for the classical Flexners.
Tables XIII and XIV show the biochemical and serolo—-
gical characters of the various types in the subgroup.
From this it will be seen that, except in the case

of P274 and B. alkalescens, ‘the types have no common

~antigen.

Mutation. There is no evidence of the occurrence of
true mutation in this group. On 1solation the colonies
are "smooth" in every way. Strains of all bypes which
have been kept in artificial culture ove? long periods shpw
superficial roughness to a greater or lesser extent. These
all, however, emulsify readlly, grow in broth without
depositing, and agglutinate to titre with the serum made

from smooth strains. .

(1) Type 88.

Thirty-nine strains of this organism have been
isolated or identified by us, 16 from Bangalore, 15 from
Poona, 1 from Belgaum, 5 from Secunderabad, 1 from
Jubbulpore, and 1 from Quetta. Strains have also been
reported from Wellington and Razmak.

The biochemical reactions are as in Table XIII. In

about one~third of the strains dulcite is not fermented.
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Alkali formation in milk does not occur till the second
week, and 1s always faint.

The serological reactions are shown in Table XV. A
fairly close relationship to the classical Flexners can be
seen. Absorption tests recorded in a previous article?
show that the "88" antigen is a separate emtity.

Pathogenlcity. Thirty cases have come under the

wrlter's observation. Of these, 22 were typical dysentery
with Eacillary exudate, 5 were dysentery with indefinite
exudate, and 3 were from cases with a history of dysentery
which had however passed the acute stage.

No other dysentery organism has'ever been recovered

in association with "38" nor has this organism ever been

. found in the control series.

Agglutinins for "88", and also for some of the
classical Flexners, particularly "W", develop in the serum
of patients infected with this organism. Saturation of
such a serum with "88" removes all the agglutinins, whereas
the classical Flexners are capable of removing only their
own (therefore heterologous) agglutinins.

Table XVI shows the findings in one case that was
investigated in thils way.

This type is definitely regarded as a cause of
dysentery.
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(2) Type P288.

Thirteen strains of this organism have been isolated,
11 in Poona, 1 in Secunderaebad, eand 1 in Bombay.

Description of the Organlsm. The biochemical

reactions of P288 are shown in Table XIII.

Serologically, as will be seen from Table XVII, a
bcertain relationship to the classical Flexners exists.
Although not agglutinated by the classical Flexner sera,
a P288 serum contains a propoftion of heterologous agglu-
tinins for these types. The 6rganism has well-marked -
agglutinogenetic properties.

Pathogenicity. Of the 11 Poona strains, all were

from clinical bacillary dysentery, 9 belng from stools
showing bacillary exudate, and 2 from indefinlte exudate.
The Bombay strain was from a case of acute dysentery in a
child. ‘

The incidence of these cases 1s Interesting. Nine
of the Poona cases occurred between 20.6.31 and 6.8.31,
and the remaining 2 cropped up simultaneously in an
officer's mess in January, 1932, 5 of the 9 cases occurred
in one regiment with the date of onset as follows:

16.7.31, 21.7.31, 26.7.31, 3.8.31, and 6.8.31.
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No mixed infections have been discovered nor has the
organism ever been found in the 8,000 controls. It has
been found only during the acute stages of the cases.

In one case the patient's serum was examined for
specific agglutinins with negative fesult.

It 1s considered that the evidence is in favour of
pathoge‘nicity because of (a) the fact that the organism has
only been isolated from cases of clinical bacillary
dysentery; (b) the definite connection between cerﬁain
cases suggcesting infection from a common source; and (c)

the serological relationship to the classical Flexners.

(3) Type P274.

Of this type only nine strains have been encountered.

Four of these occurred in the Secunderabad series, two were
found in Bangalore, two in Poona, snd one in Quetta.

The biochemical reactions call for no particular
comment, being as shown in Table XIII. The fermentation of
dulcite occurs between the eighth and sixteenth days.

Indol is not formed. - (Note the corresponding reactions in

B. alkalescens.)
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- Serological Reactions. P274 1s not appreciably

agglutinated by high-titre sera of any other members of
the series, and P274 serum has no action on any of the

organisms with the exception of B. alkalescens (Andrewes)

which 1s agglutinated to titre. Absorption tests give the
results shown in Table XVIII.

TABLE XVIII.
Serum Organisms
B. alkalescens| P274
B. alkalescens coe 100 0.5

P274 cos P 100 100
P274 absorbed P274 ... ’ 1 2

- P274 sbsorbed :
B. alkalescens .2 _ 20

It wl 11 thus be seen that while P274 serum has marked

heterologous agglutinins for B. alkalescens, the reverse

1s not true. Each possesses an antigen peculiar to
itself.
P274 has good agglutinogenetic propertlies.

Pathogenicity. The four Secunderabad strains were

all from ceses of clinical dysentery with bacillary exudate.
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Of four strains 1solated by the writer, two were from
dysentery cases with bacillary exudate, one from a case
with indefinite exudate, and one from a case of intermlittent
diarrhoea. In one of these dysentery cases the organism
was found on four successive days during the acute stage,
never later. Tests of patient's serum for specific
agglutinins in this case proved negative.

This type has never been encountered other than as
above.

Although, therefore, there is a certain amount of
evidence in favour of P274 being pathogenie, it is not yet

possible to express a definite opinion on the subject.

(4) Type D1.

This 1s a serologlcal type regarding which #ery little
first-hand information can be given. Of the thirty-seven
strains of "non-agglutinable Flexner" collected by
Ma jor W. Walker, R.A.M.C., in Secunderabad, and very kindly
handed over to the writer, seven were found to be of this
type. No similar strains were found in Bangalore or Poona
till August, 1931, when two were lsolated. These nine

strains are all that have come to hand.
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Biochemical reactions appear in Table XIII. It will

be seen that, as with B. alkalescens, dulcite is fermented
early, i.e., on the second or third day. Alkali formation
in milk is, however, late and slight.

Serologlical Chaeracters. This type 1s of comple tely

different antigenic pattern from the classical Flexners.
It is agglutinated by no serum in thils seriles other than
its own. Conversely D1 serum contailns no heterologous
agglutinins. Its agglutinogenetic properties are not of
a hligh order.

Pathogeniclty. Of the two Poona stralns one was

from a typical baclllary dysentery with baclllary exudate,
the other from a more doubtful case with indefinite exudate.
The seven Secunderabed strains were all from cases of
clinical dysentery, five of which showed bacillary exudate -
and two indefinlte exudate.

It has not been possible to test the agglutinin
content of the serum of patients from whom this organism
has been recovered.

While 1t is possible that the organism may be a
cause of dysentery, there is not sufficlent evidence

available to admit of this belng definitely asserted.
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(5) Type DI19.

Only two strains of this type have been found, both
in the Secunderabad serles. Both isolations were from
cases of bacillary dysentery with typical bacillary exudats.

The bilochemical and serological reactions can be seen
in Tables XIII and XIV, The organism has well-marked
agglutinogenetic properties.'

It is impossible to say from the evidence available

whether D19 is pathogenic or not.

(6) B. alkalescens (Andrewes).

This has been found five times, three times in Poona

and twice in Bangalore.

The biochemical reactions at once distinguish it

from other members of the group. Dulcite is rendered

. acid about the third day. Milk, at first acid, becomes

alkeline between the third and fifth days, the degree of

alkalinity ultimately being intense. Indol is formed in |

peptone water. B. alkalescens is the only indol-forming

member of the subgroup.

The serological characters can be seen in Tables XIV

and XVIII.
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Pathogenicity. All five strains were recovered from

the stools of normal individuals. There 1s, therefore,
no suggestion of pathogeniclty, a finding which accords with

the opinion formed by Andrewes®.

(7) Unclassified Strain.

One other dulcite-fermenting strain has been 1isolated
which has no serological relationship to these described.
It was found in the routine examination of a normal

individual.

(¢) Subgroup C.

This subgroup comprises over eighteen per cent: of
the 1930-31 series.

It has been only somewhat superficially investigated,
having been set aside for more detailed consideration when
the work on the other subgroups should be completed. A
transfer from practical work has rendered this impossible
so far as the writer is concerned, but the work will shortly
be taken up in another laborAtory. |

The prineipal member of the subgroup is, of course,

B, dysenterige Sonne, whose pathogenic broperties are well

known.
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No attempt has been made to classify the remainder
of the strains serologically. No doubt B. dispar (Andrewses

and the various brands of B. metadysenterise (Castellani)

are included, but in the absence of 1ldentification by
agglutination it is impossible to be certain.

The early production of colonies which are at least
superficially "ough" (R) is a well-marked feature of this

group. It is typified in the case of B. dysenteries Sonne

which, although usually "smooth" (3) when isolated may begin
immediately to become R, and may be almost completely R
within twenty-four hours. For this reason it is advisable
to use for dilagnostic purposes a serum capable of agglutinat
ing both the S and the R variants, as otherwise strains
which have undergone an early change to R may be missed.
Similar rapid mutation to R has been observed in all
strains of this subgroup which have been studied. Many
are completely R on the original plate made from the
patient's stool. For this reason 1t is thought that such
strains may be much commoner than the figures given here
indicate. When typical S colonles are present on a plate,
investigations, especially during the rush season, are apt

to be confined to these to the exclusion of any R colonies
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which may be present, which are consequently "missed".

Of course there are many blue colonies with R characters
which are totally unrelated to the group under discussion.
These R strains of subgroup C show well-marked

differences from the R strains of subgroup A (i.e. the
classical Flexners). Colonies of the latter not only
appear "rough" physically, but also grow as a deposit in
broth and auto-agslutinate in 0.9 per cent. saline. The
subgroup C "R" strains have not these characters. Although
to look at they are extremely "rough" colonies, they grow
uniformly in broth, and readily emulsify in 0.9 per cent

saline. B, dysenterige Sonne nevertheless shows the same

complete change of antigen in its mutation from S to R as
do the classical Flexners.

Iﬁ this connection there is a further point of
‘considerable interest. The classical Flexners (V, W, X,
Y, Z) have R variants with a common antigenlic pattern,
i.e., a serum which agglutinates V R will agglutinate
equally W R, X R, etec. Thils 1s not so in subgroup C.
Sonne R serum will not égglutinate any of the others, a
fact which suggests the possibility that there may be a

fundamental serologlcal difference between these
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blochemically similar types, and is in keeping with the
suggestion that while Sonne is definitely pathogeniec,

these others prabably are not.

(1) B. dysenteriae Sonne.

As this is a well-known type only a few salient points
regarding 1t will be mentioned.

Biochemical Reactions. The acid production in lactose

and saccharose is generally described as taking place from
the third to the fifth day, or at any rate within the first
week. With the strains isolated and the media used in
India this period has been more protracted, the average of
twenty-six strains belng fourteen‘days in the case of
lactose, and 14.5 in the case of saccharose.

Indol is never formed.

Serological Characters. Attention is again drawn
to the rapidity with which R variantsmay be formed. They
are not infrequently seen on the original plate made from
the patient's faeces. This org#nism is a serological
entity and produces no co-agglutinins fér elther of the'

other subgroups.

Pathogenicity. Of the 31 strains isolated by the

writer, 2¢ were Ifrom typical bacillary dysentery with

bacillary exudate, and 2 from less definite cases. .
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In two cases Sonne occurred in conjunction with other
organisms (one a "V" the other a "W"). The serum of

6 cases was tested for agglutinin production with negative

result.

Infection with this orgenism 1s of common ocourrence

in children. Of the 31 strains, 8 were from children and

2 from enlisted boys.

(2) Uﬁclassified Strains. In all, 39 strains have been

isolated, 3 of these being sent from other laboratories.

Biochemical Reactions. The acidification of lactose

and saccharose 1is very irregular. 26 stralns produced
acid in both these sugars; 9 in lactose only, and 4 in
saccharose only. The period varied from one to twenty-
seven days. It is possible that the non-lactose fermenters
and the non-<gaccharose fermenters may represent different
types, but the data have ﬁot been sufficiently conflirmed to
justify any expression of opinion.

A point worthy of note is that seventeen or nearly
fifty per cent of the strains form indol, in contrast to

the true Sonne, where indol production has never been

found.
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Serological Reactions. None of these strains are

agglutinable wilth any of the sera prepared in this investi-
gation against which they were tested (the earlier stfains
were discarded before the later sera were prepared).

An attempt to prepare a serum for one strain repeat-
edly isolated from a case of clinical dysentery with
bacillary exudate was quite unsuccessful. In another case

a weak serum with a titre of _1_ resulted.
250

Pathogenicity. The following list summarizes the

types of case from which the thirty-six stralns were

recovered: -
(a) Clinical dysentery with bacillary exudate

and no known pathogenic organism isolated ... 11

(b) Clinical dysentery with indefinite exudate
and no known pathogenic organism isolated ... 1l

(c) Diarl‘ho&a - Nno exudate s o0 Q o0 e o e LN ) 4
(d) Clinical dysentery with bacillary exudate,

but recognised pathogenic dysentery

organisms isolated as well as this type eee 12
(e) Convalescent dysentery ... cos .es cee 3

(f) Cases with no intestinal symptoms |
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| The biochemical reactlons afford no help in the
detection of pathogenic strains. Thus groups (a), (b)
and (c) above include strains which ferment both lactose
and saccharose; strains which ferment lactose snd not
gaccharose, and vice wversa; and strains which produce
indol as well as strains which do not.

Group (d) 1is significant, and strongly suggests
thet Groups (a) and (b) represent a similar state of
affairs with the causative orgaenlsm missed.

In only three cases did colonies occur on the
original plate in a way which was regarded as "suspicious"
or "likely."

While it is possible, therefore, that some of these
strains may be pathogenle, it seems falrly certaln that the
me jority are not, and it is considered that all should be
regarded a3 non-pathogenic till evidence to the contrary
is forthcoming. There is little doubt that these are the
strains which have damaged the faith of the clinliclian in
regard to the diagnosis of "non-agglutinable” Flexner, as
for the first few days they present the correct biochemical

reactions and would therefore be reported as Flexner.
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E. ANALYSIS OF RESULTS.

This research has been in progress for three years.
During this period every non-motile coliform ofganism,
non- or late-lactose fermenting, and acidifying without
gas glucose and mannite, isolated either from dysentery
cases, from routine faeces examination, or sent by other
laboratories, has been kept and fully investigated.

Exclusive of "classical" B. dysehteriae Flexner and

B. dysenteriae Sonne, 214 strains have come to hand. of

these, 13 either died or were lost before they were
pfoperly investigated; 10 of the 13 were lost in the first
| year. An analysis of the remaining 201 1s shown 1n

Table XIX, which gives the stations where these organisms
were Iisolated. With the exception of those for Bangalore,
1929-30, and Poona, 1931, the figures do not represent

the toal number of isolations of these orgenisms, but
merely the number which were sent to the writer for
investigation. Every strain which reached us 1s included
in the 214.
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F, PROPOSED FURTHER INVESTIGATIONS.

The ultiméte object of this work is to provide a
rapid and reliable method of differentiating between
pathogenic and non—ﬁathogenic dysentery organisms.

On the basils of the classification given above, 1t
1s proposed to continue amassing data on the varlous types,
and a scheme has béen evolved by which all these organilsms
isolated in the military laboratories in India will be
carefully examined and records of the type of case in
which they occurred tabulated. Agglutination tests will
be carried out with the patient's serum where possible.

It is anticipated that in a few years sufficient experience
will have accumulated to enable conclusive opinions to be
formed.

Special researches will be conducted by selected
laboratories on the "unclassified" strains of Subgroups
A and C. It may well be that certain of the strains shown
in Table XII are of common occurrence in other parts of
India. Also it seems probable that completely new strains
may be forthcoming.

Having come to conclusions on the question of patho-
.genicity, there will be little difficulty in making

practical application of the results.
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The biochemical reactions will still be used to
effect a preliminary classification, suspicious colonies
from plates belng inoculated into lactose, glucose and
mannite, and on to an agar slops. Members of the group
under discussion will reveal themselves as non-motile
coliform organisms which do not ferment lactose, but produce
acid without gas in glucose and mannite.

Further classification by bilochemical reactions 1is
impracticable in routine practice, as the changes are too
late in occurring.
| By agglutination tests, however, immediate results
can be secured. The manufacture of polyvalent serum for
strains classified as pathogenic is an easy matter, but in
view of the number of organisms with little or no antlgenic
relationship, it will be necessary to split them into two
or three groups, and prepare a serum polyvalent for each
such group. Using these (stock) sera; and a saline
emulsion of the organism from the agar slope, agglutina-
bility can readily be determined, and strains which prove
agglutinable would be reported as dysentery bacilli, all

others being discarded.
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G. SUMMARY.
(1) In India a large number of mannite-fermenting

bacilli resembling B. dysenteriae Flexner do not agglutinate

with serum polyvalent for V, W, X, Y and Z.

(2) By means of delayed biochemical reactions and
serological tests a more detailed classification has beeh
made which embraces the ma jority of these strains.

(3) Certain tentative opinions regarding pathogenicity
are expressed. Some of the new types are believed to be
definitely pathogenic, others remain doubtful, and others
are probably non=-pathogenic.

(4) A scheme has been elaborated by which these

orgeanisms will be investigatéd on a large scale.
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ATWEXURZT III.

i RIVIES OF THE DYSDNTSRY BaCILLI  OF INDIA,
WITH SEECIAL  REFERENCE TU  CERTAIN JRLCZNTLY
DESCRIBED TYPES. :

" Journal of the Royal Army Ilfedical Corps, 1936,
Volume LXVI, pp. 1 to 13.

INTRODUCTORY.

In two previous papefs (Boyad, 193;'and 1032) an
account is given of work carried out in Bangalore and
Poona with the object of differentiating the straihs of
dysentery bacilli previously classified in India as
"inagelutinable Flexners." It is shown that the majority
of'these anomalous organiéms can be grouped into distinct
types of definite .antigenic composiﬁiOn.

A scheme of'investigatién based on these findings
has been drawn up along the lines indicated iﬁ the second
article, and has been in operatioﬂ in all'military
laboratories in India since July, 1932. It has proved
successful in enabling all knowh types of dysentery bacllli
to be identified quickly and with precision, and as a
corollary has facilitated the detection of atypical strains,
which have in their turn been made the subject of épecial

study.
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In carrying out this investigation, a compreliensive
definition of the term "dysentery bacillus" has been
followed. The strict definition of a dysentery baclllus
st of necessity be "a bacillus capable of causing the
disease known as dysentery", and with rare exceptions,lsuch
béciili have certain morphological and cultural characters
in common. They are non-motile codiform bacilli which dc
not liquefy gelatin, and do not produce acid from lactose
in twenty-four hours, but which acidify glucose in that
period. There are, however, certain organisms having these
characters which do not, as far as our present knowledge
goes, cause dysentery: Dbut to avoid the possibility of
missing any dysentery-producing type, all strains having
the above characters have bDeen carefully investigated;

The search for dysentery group organisms has not veen
confined to material from patients showing active symptoms
of this disease. All strains of this kind found in the
routine examination of menials and convalescents have been
investigated. In the period under review, 35,126 menials
were examined, and a total of 119,581 plaéings made from
their stools. In éddition, several thousands of platings
were made of the stools of enteric convalescents. The

results of this work consitute a massive control which has
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an important bearing on the question of the pathogenic '
action of the various types.

The routine measures which héve been followed ensure
that all dysentery group organisms from every military
laboratory, and from whatever source isolated, are thorough-
1y examined, and it 1s therefore considered.that the figures
given in this article are representative in character and .
make no omissions of ény importance. |

The present paper is a study of the results obtained
in the years 1932, 1933 and 1934, during the latter two and
a half years of which period the scheme has been followed.
The figures and other data which form the basis of the
study are taken from two sources. Those relating to
organisms other than "new" types ére from the Annual
Reports of Commaﬁd, District and Brigade Laboratories.

Those concerning the "new" types are from special pro formas
which have been used in connection with this investigatlon,
and which accompany a strain through the different labora-
tories in which it is examined, and finally are forwarded

to Army Headquarters. |

The objects of the paper are twofold:-
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(a) To make an analysié of all dysentery group
organisms isolated in this thrée—year period in order to
show the fregquency with which the different types occur,
and to emphasize the fact that the scheme embraces every
type of importance which is to be found in Ihdid at present.

(b) To give a more detailed account of the cases in
which the "new" types were found, and to discuss the evi-
dence of the pathogenic action of these organisms.

ANALY3IS OF DYSENTERY GROUP BACILLI ISOLATED IN

THE YEARS 1932, 1933 AND 1934.

Full details of isolations by Cormands are shown in
Table I.

In this table Andrewes! typés (which Gardner has aptly
termed the V-Z spectrum) are shown grouped together and not
as individual types. ihile the Writér's experience
indicates that various criticismé of these types cén be
made; the fact remains that a'serum_Which is polyvalent for
the group meets all pracfical requirements so far as

identification is concerned.
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CNULERICAL INCIOZUCL OF TLD DIFF=RLET YYFZS.

It will be seen that, during the three years under
review, in round figures 20 per cent of all dysentery-like

bacilli isolated were non-mannlite fermenters (B. dysenteriae

Shiga and Schmitz), 52.5 per cent were of Andrewes!' types

(V-2 spectrum), just under 10 per cent were B. dysenteriae

Sonne, and over 13 per cent were of the "new types.

In all, 4.53 per cent of the strains isolated do not
fall within.these groups.

0f these, 1.73 per cent were "atypicaiustrains
isolated in the first six months ol 1032, before the scheme
of classification was adopted, and before.sera for the new
strains were avaiiable for general use. Under the instruc-
tions then in force they were reported as "Flexner inagglu-
tinable" and were diécarded.‘ There is every reason to
believe that the majority of them belonged to one or other
of the "new" types.

A further 1.76 per cent (exclusive, of course of

B. dysenterise Sonne, which is shown separately) were late

fermenters of lactose or saccharose or'both. These
strains have been specially investigateé by liajor R. A.
Hepple. His work confirﬁs'the previously-formed opinion,
that owing to the'feebleness of their agglutinogenetic

properties, serological classification of this group is



124.

impracticable. There 1s no evidence thatxmﬁy exercise any
pathogenic action. The majority of them were not isolated
from cases of dysentery, but were found in the normal stools
of menials or others undergoing “"carrier" tests. The
present practice is, therefore, to regard late lactose- and
saccharose-fermenting strains (other than Sonne) as a
Gefinite, if heterogenous, grouvp having no causal,relaﬁion-
ship to dysentery. The gelatin-liquefying properties of
thése organismslhave not been ﬁroperly tested.

The remaining 1.04 per cent are the only strains
which do not fall definitely into one group or another.
They will be considered in detail at a later stage when it
will be shown that the number of "unknowns" can be still
further rcduced. _

The total.number of strains which cannot be labelled
1s therefore well under 1 per cent, which would seem to
show that, so far as India is concerned, the new system

includes every strain of any practical importance.

JECGRAPEICAL DISTRIBUTION OF THE "NEW" TYPES.
The distribution of the "new" types, as a whole, is
not uniform throughout India. For example, isolations

are crogortionately much lower in the Eastern Command and
proyp Y
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Zurma District than elsewhere. There is reason to
believe that this has an artificial explanation, and that
in future years the disparity will be less.

Certain of the types are much more common in some
districts than in others. Thus, btypes 103 and P11l9 (which
are very closely related to, and indeéd should form part
of the V-Z spectrum) are of relatively cormmon occurrence
in the llorthern and Southern Commands, but are rare in the
western Command, while members of the dulcite-fermenting
group (88, P274, Dl) are more frequently found in the
latter Command than elsewhere. '

DéSpite these variations, which may well be of only
temporary significance, the distribution of these organisms
demonstrates that they are not merely local strains of no
general impbrténce, but are organisms which have a definite
and widespread association with cases showing the symptoms

of bacillary dysentery.

SCOURCE FRCL WHICH THESE BACILLI WERE RECOVIXED.
Vith few exceptions the recognized dysentery bacilli,
and the named "new" types, were isolated from cases suffer-

ing from dysentery.
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In contrast to the findings in dysentery casés, it is
noteworﬁhy that in the coursé of routine examination of
menials for the carrier condition, dysentery bacilli have
veen found only on rare occasions, aithough alllthe types
have at one time or another been encountered in these
circumstances. Without doubt the explanation of these
findings is that the individuals from whom the organisms
were isolated sﬁffered'frOm mild chronic dysentery. In
every case which came under his personal investigation the
writer has been able to confirm this point by the detection
of mucus exudate in the stools. In discussing the "new”

types, reference will be made to all isolations irom

individuals not showing active symptoms,

FURTHER DETAILS REGARDING THE "NEW" TYPES.

Data which Constitute Evidence of Pathogenic fAction.

Gardner (1929) cites'the following four points as
proof that baéilli of the Flexner group cause dysentery.

(1) The great majority of persons whosé excreta
contain Flexner group bacilli are suffering, or have
recently suffered, froﬁ clinical dysentery. The bacilli

are selectively situated in the intestinal lesions.
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(2} The great majority of those who neither have,
not have recently had, dysentery harbour no #lexner bacilli.

(3) The blood-serum of persons suffering {ron

dysentery and hafbouring Flexner bacilli in their intestines

nearlﬁ always gives supernormal values in the agglutination
and complement-fixation tests at some time during the °
Glsease.

(4) A number of‘instanoes of accidental laboratory
infection‘of himan beings with pure cultures of these
bacilli are on recofd, the result of the infection being
indistingulshable from baclllary dysentery.

To these may be added é fifth point, namely; the
recovery of cone suspicious type, and of no other pathogenic
organism, from a series of cases of dysentery occurring as
an isolated outbreak. The presumptive evidence in cases.
of this kind is very strong. -

It may bé said at once that in the case of the "new"
types, evidence of the kind postulated in boint (4) is, so
far, lacking. Ehile admittedly the existence of evidence
of this nature would strengthen the case, its absence 1is
of no positive significance. . No fatal case resulting from
ihfection with one or other of these organisms has occurred

and hence no attempts at cultivation direct from intestiral
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ulcers have been possible. Neither have complement-

’

fization tests been done; Dbut in view of the agglutination

results this is of little importance. The number of
individuals of the category mentioned in point (2) who
have been examined is, as already mentioned, approximately

35,000.

In considering the pathogenic action of these organisms,

the above pointé will.feceive special attention.

103, - This type has no claim to be regarded as new,
as the writer has been informed by Dr. W, . Scbtt,
Iiinistry of Health, who kindly examined certain strains
sent to him; that it 1s identical with one of the strains

previously described as B. dysenteriee Y, which, by somé

mischance, was not included in the series investigated by
Andrewes.

It is closely ;ilied to the V-2 séries, although it
is only agglutinated to a fractlon of the titre of a serum
polyvalent for those organisms.

4s has previously been descrlbed, it undergoes a
© striking mutation after varying peribds of life in arti-
ficial culture, and produces a highly agglutinable variant
wWnich closely resemﬁles the Y member of the V-Z spectrum.

This mutation has been observed from -time to time in the
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strains kept for the manufsacture of high titre serum in
the Interic Laboratory, Hasauli; and if appears advisable
to replace stock strains at frequent intervals by newly
isolated strains, which have been carefully identified.

It is highly probable that the strains which were sent
three years ago to the'Natipnal Collection of Type cultures
have undergone this mutation and now exist in the form of
variants indistinguishable from Andrewes' Y.

Cf the 135 isolations shown in Table I, 134 were Irom
cases showing the clinical plcture of bacillary dysentery.
No detaills as to severity are avallable regarding 5. or
the remainder 18 are recorded u=s severe, 43 as moderately
severe, and 70 as mild. In one case the organism was
isolated during the routine examination of a patient con-
valescent from paratyphoid A fever, who at the time showed
no symptoms of active dysentery.

In 1C3 cases the isolation was made from blood and
mucus exudate, macroscopically and microscopically typical
of bacillary dysenﬁery. In 30 cases the stools contained
blood and mucus, or mucus alone, but microscopically the
exudate was iﬁdefinite. In the paratyphoid case mentioned

above no exudate was present. One case 1s unrecorded.
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lixed infections occurred as follows: Uith W, 1 case;
with: V, 3 cases; with Schmitz, 1 case; with P119, 1 case;

with 5. histolytica, 3 cases. .

In cases of dysentery the collection of serum for
agzlutination tests is often difficult, as the patients
usually recover and are discharged from hospital prior to
the optimum time for taking serum, which 1s about the
twentieth day after onset of 'the illness. For this reason
many tests have been made before agglutinins had an
oppbrtunity to develop to their maximum, énd the number of
posltive results has without doubt been reduced in conse-
quence: Unfortunately records are not sufficiently com-
plete to enable the exact da& of disease when the blood
was taken to be given. These remarks apply equally to all
tests of the kind recorded in tﬁis article. |

In 58 of the above caseg the serum was tested for
agglutinins for the homologous organism. Of these, 37 were
negative, 5 produced agglutination in a ailution of 1 ; 25,
7 1in 1l : 50, 5in 1l ;'125, and 4 in 1 : 250 and over.

Gardner's points (1), (2) and (3) are therefore

satisfied.
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| Pllo. - As far as can be ascertained, this type does
not occur in any of the -European classifications, but it
has been recognized in Japén, where it figures as No. XII
of Aolki's classification. Further reference to this will
be made in a later communication.

Like 103; it is very closely related to the members
of the V-Z spectrum, and particularly to X. It possesses,
however, an antigen peculiar to itself, and as 1t is only
feebly agglutinated by a serum polyvalent for the V-2
series, it must be regarded as a separate type.

This organism was recovered from exactly 1CO0 individuals
of whom 98 showed the usual symptoms of bacilly dysentery.
Of these caseé, 12 were classed as,se&ere, 54 asvmoderately
severe, and 50 as mild; in 2 no record of severity was
made. These 2 isolations were frém menials'undergoing
carrier tests, and it-is significant that, although they
presented no symptomé, mucus was'present in the stools of
both.

In 83 of the cases, the stool from which the organism
was isolated consisted of blood and mucus éhéwing tjpical
_Bacillary'exudate; 12 showed blood and mucus or rmcus and

efinite exudate. The records relating to the remaining

f_,-l o
O

n

o1}

are incomplete.
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iixed infections occurred as follows: with Shiga,

1l case; with V-Z spectrum, 12 cases; wifh Sonne, 1 case;
witlh 1¢3, 1 case; with 88, 1 case.

Agglutination tests with the patient's serum against
the homologous organism were carried out in 59 cases; 17
" were negative; 2 showed agglutination in a dilution of
1 :25,81inl1 : 50, 8 in 1 : 125 and 4 in i : 250 or over.

Points (1), (2) and (3) are therefore satisfied. In
Both 103 and P11l9, the very close'antigenic relationship
which they bear to the V-4 sefies seems a further argument
in favour of their pathogenic roble.

170. - This type cannot be identified in any of the
well-known classifications, and does not appear to have
been previously described;'

It possesses a distinét antigen pecﬁliar to itself,
and has no serological relationship either to the V-Z
spectrum or to any other dysentery organism investigated
by the writer. ,

Of the 134 individuals from whom 1t was recovered 132
were suffering from symptoms of bacillar y dysentery. of
these cases 5 were severe, 32 were moderate and 93 were
z1ld, and 1l is incompleteiy recorded. The remaining two

isclations were froa menials undergoing routine exmination.
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Bighty-eight of the case: showed blood and mucus and
bacillary exudate, 40 showed blood and mucus or mucus with
indefinite exudate, 4 showed no exudate, and 2 are unrecorded

ilixed infections occurred as follows: Vith V-Z

spectrum, 1 case; with P274, 1 case; with Sonne, 3 cases;

with E. histolytica, 3 cases.

Agslutination tests, with the patient's serum against
the homologous organism, were carried out In 68 cases.
49 were nezative, 2 showed ajslutinatlon in dilution of
1 :25,12 in1l : 50, and 5 in 1 : 125. As shown by
rabbit inoculation, this organism has indifferent agzglu-
tinogenetic properties, with which finding the abovev

results are in keeping. '

It will be seen therefore that Gardner's points (1),
(2) and (3) are fulfilled by this organism. -

88, - This organism, which_is numérioally-the most
common of all "new" types, presents several features of
great'interest. -

In cormon with the four types which follow, it differs
from the V-2 races and from the three types just described,
in being a late dulcite-fermenter. This property is,
however, not constant, being absent in about one-third of

2all strains isclated.
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Although differing in its tiochemical reactions,
88 has been shbwn by Dr. %. i, Scott to be identical in its
antigenic composition to.the organism known at home as the
Newcastle dysentery bacillus, which has been proved
responsible for several small outbreaks of dysenteryvin
England and elsewhere. This antigenic similarity has been
confirmed oy workers in India (Lieutenant-Colonels R. .
Cridges and D. T. M. Large). [urther, a strain having the
biochemical characters of'Newcastle,>anq the usual serol-
ogical characters, has recently been 1lsolated from a cace
of dysentery in Baréilly.

Table II shows the more important bilochemical reactions
of 88 (and of P2838, P274, D1, and‘Dl9, which are identical

in this respect), of Newcastle, and of B. alkalescens

(Andrewes ). The last of these organisms has never been
found in association with cases of dysentery in India, but

has been isolated from normal stools.

TABLE IT.

: Lactose ‘Glucose Mannite Dulcite Indol
88, P288, P274,|No change Acid Acid Acid (late) _
pi, D19’ ’ 10th day
Newcastle No change|Acid and Gas|{No change | No change or|

or Acid Acid and Gas -

and Gas
B. alkalescens | No change Acid Acid Acid 3rd day . +
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The discovery of the Newcastle dysentery bacillus in
Indla is a matter of considerable importance, as it has
hitherto been the practice in military laboratories to
discard non-motile gas~forming organisms isolated from
cases of dysentery} (Repeated observations have led to
the conclusion that here B. Morgan 1s not a cause of
dysentery.) The routine method of investigation has now
been altered to ensure that such strains do not escape.
notice. |

88 shows a fairly close antigenic rélationship to the
V-Z spectrum, but is'only feebly agglutinated by a V-Z
polyvalent serun. IF possesses a main antigen peculiar
to 1tself., |

This organism was isolated from 240 cases, of which
231 presented the symptoms of baclllary dysentery.
Eighteen were sévere, 80 were moderately severe, 125 were
mild; and 8 are incompletely recorded. Of the remaining
cases, 8 were menials undergoing routine examination and
1 was a convalescent case of typhoid fever.

One hundred and thirty-seven 6f the cases showed
typilcal blood and mucus and bacillary exudate; 54 showed
blood and mudus or'mucus and indéfiﬁité éxudate; 10 showed

no exudate; and 12 cases are incompletely recorded.
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In 1 case 88 occurred in association with V, in. another
with Schmitz, in another with 170, and in 2 cases with

Sonne, while in O cases 1t was associated with Z. histolytical

- Agglutination tests with the patient!'s serum.against
the homologous organism were carried out in 868 cases. Of
these, 52 were'negative, 1 showed agglutination in a
dilution of 1 : 25, 7 in 1l : 50, 4 in l'; 125, and 4 in
1 : 250 and over. |

This type, théréfore, fulfils Gardner'!'s first three
criteria, A further point, namely its antigenic similarity
to the Newicastle bacillus, which has been shown to he the
cause of ldoalized outbreaks of dysentery elsewhere, éeems
to place the ques@iOn of its pathogenic action beyond
" reasonable do@bt. |
P288, - As far as can be ascertained, this type has'not

been described outside India. It is relatively uncommon

and in the three years under review iﬁ was reoovered'from :

only twenty-six cases. |
It has an antigen peculiar to itself, and shows no

cross-agglutination either with the V-2 spectrum or with

any of the other types.
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Twenty-five of the 26 isolations were [rom cases of
typical bacillary dysentery, of which 1 was severe, 1ll were
of moderate severity, 13 were mild. The remaining case
was a menial undergoing routlne examination.

In tuenty-two of the cases the stools snowed typical
bloou and mucus and bacillary éxudate,'and in three blood
and mucus or mucus and indefinite exudate.

In one casce P288 occurred in association with

. histolytica.

Agglutination tests With the patient's serum and the
homologous organism were carried out in eight cases. I'ive
were negati&e, 1 showed agglutination in a dilution of
1:12, 1 4in 1 : 50, and 1 in 1 : 500.

It is deemed advisable, for the sake of completeness,
to make brief mention of & small isolated outbreak of
dysentery apparently caused'by P288 which occurred in June,
1935. The Indian platoon of a British regiment statloned
in llingaladon, Burma, was affectéd, and.ten‘cases‘occurred
between June 4 and 19; from the stools of these P288 was
readily isolated, no other pathogenic organism being found.
Details of this’outbreak.éiven by Major ¥. A. O, Wilson will

be‘published in this Journal shortly.
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)

P288 therefore satisfies the first, second, third and
£ifth of the above criteria.

P274. - The history of this strain is somewhat
chequered and as invesﬁigations are incdmplete i1t is .not
proposed to glve any details at présent other than a-brief
outline of the difficulties which have been encounterecd.

Subcultures of the original strain of P274, and of an
identical strain P500, were sent by the writer to the
ZInteric Laboratory, Kasaull, for the preparation of high
titre serum Eo be used in the new scheme of classification.
A serum wus in due course prepared which had a titre of
5,000, and, using this, ten strains were ildentified in
various laboratories between Jdly, 1932, and August, 1933.

sbout sugust, 1933, whilst periodic routine tests of
the' serum were being made at Yaséuli, it was dlscovered
that the titre had suddenly fallen to 500. Reflection .
at a later date indicates that this sudden fall in titre
was probably due to the use of a new batch of bacterial
Suspension for testing the serum. At the time the 31gn1fi~
cance of this point'was hot éppreciated, and it was assumed

that the serum had deteriorated.
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4 fresh serum was accordingly prepared and issued, and
between August, 1933, and December, 1934, twenty-three

strains of P274 were identified in various laboratories.

Yow comes the interesting point. Prior to August, 1933, |
a number of strains of "inagglutinable Flexner" haed been
recelived for investigatibn-at Kasaulli. When theée were
tested with the new P274'serum no fewer than thirteen of

them agzlutinated to the tiltre of the serum.

The possibility of these unexpected results belng

caused by rutation in the strains of P274 was considered,'

but was discarded in favour of the simpler ekplanation that
the serum issued to laboratories had deterilorated even more
quickly then that stored in Kasaull.:

Some recent work has challenged this hypothesis in
rather a striking way. Since the discovery of the Newcagtle
dysentery bacillus in india, gas-forming strains are‘being'

tested with a serum which is polyvalent for all the.dulcite-

fermehting strains, of ﬁhich 88 (antigenically identical
with Newcastle) is one. TWO gas-forming strains which ﬁere
agglutinated By this sérum were discovered and presumed to
be Newcastle bacillus, but when these were tested with
monovalent serum it transpiredAthat they were clumped, nqt

by 88, but by P274 serum.
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This problem has been carefully investigated by
vajor I'a G. A. Smyth, who will publish full details 1in due
course. It has been found that P274 serum will agglutinate
these gas-forming strains in much higher dilution than it
will agzglutinate its homologous organism; yet this is
undoubtedly a heterologous agglutination, as absorption of
P274 serum by the gas-forming organism, while 1t removes
all agglutinins for the latter, has little effect on the
agglutinin content of the serum for P274 itself. |

These facté strongly suggest that the existing straln
of P274 is & variant which contains two or more antigens,
of which at least one was lacklng in the original 'strain.
The mutation which' has taken place from the original strain
bears points of resemblance to that which has occurred in

S dysenteriae Schmitz (Boyd, 1935), but there are certain

anomalous findings.which have still to be cleared up. All
freshly isolated strains which azglutinate with'f274 serum
are now being collected and.compared. Until the question
is settled, the validity of the strains which have been
named P274 is open to suspicion, and it is therefore pre-

mature to give any analysis of results.
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The expérience carries a moral which cannot be too
strongly emphasized. It istthis: No claésification of
dysentery bacilli 1s of realvvalué unless it is founded on
results obtained from recently isolated strains, Mutation
during artificial life especially in the mannite fermenting
series is Dby hp means a rare occurrence, and may involve
a change in the antigénic pattern of the organism which
will completely invalldate any conclusions formed, in so
far as they are appliéd’to newly-isolated strains. This
is no mere academic criticism, for many attempts at
classification have gone astray through lack of.appreciation
of this point.

Dl1. - This organism has an antigén peculiar to itself
and shows no cross-agzlutination with other strains.

Thirty-seven of the 41 cases from which 1t was isolated |
were clinically bacillary dysentery. Two were severe,

5 were of moderate severity, 26 were mild, 4 are incompletely’
recorded, and 3 were menlals undergoing routine exminations
who showed no symptoms.

In 27 cases the organism was recovered from typical
stools of blood and mucus showing microscopically bacillary

exudate. In 7 cases the stools dontained blood and mucus
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or mucus, -but microscopically showed indefinite exudéte.
In 3 cases information is not available.

On no accasion did the organiém occur In association
with other dysentery baéilli, but twice it was isolated

in mixed infection with E. histolytica.

Agglutination tests with the patient's serum and the
homologous organism were performed in 8 cases; Six were
negative, in one agglutination occufred in a dilution of
1l : 85, and in another 1 : 250,

Although the evidence of serological response by the
éatient is not so full as.might be desired; this is
chiefly because of the small nuﬁbers tested. Points (1)
and (2) are fulfilled.

D19. - Thiz is a rare type which hardly mqrits
individual attention, as it has been isolated on only five
occasions in three years. The original strain was one of

a collection made by Major ¥. Walker in Secunderabéd. No

isolations of this organism were made by the writer during

his three years in Bapgalore and Poona.
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A late dulcite-fermenter, it 1s unrelated in its
antigenic composition to any of the other types.

A1l five cases from which it was isolated were
clinically bacillary dysentery. Tﬁo were moderately -
severe, and 3 mild; 3 showed bacillary exudate. D19
occurred in association with W in one case and with Sonne
in another. These were the two moderatsly severe cascs.

Agglutination tests were carriéd out with the patienﬁ's
serum and the homologous organlsm in three cases: two were
negative, but in the third (which was not one of the mixed
infection céses) agglutination occurred in a dilution of
1 :-250. |

It is perhaps worthy of note that this strain has well-
marked agglubtinogenetic properties. The évidence satisfie?
Gardner!'s first three points, but is too scanty'to permit
of definite conclusions being drawn. |

Atypical mannite-fermenting strains (excluding
Tactose-saccharose fermentors;.

Pifty-seven strains of this kind were isolated. Of .
these, twenty-three were dulcite fermenters, and were not
‘sent to Kasaulil. They were not specially inve;figated”
but there is good reason to believe that a proportion Wwere

- B. alkalescens (andrewes), althou_h definite evidence on

tkis point is not zvailable.
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The remaining thirty-four strains have been investizated
by Lieutenant-Colonel R. F. Bridges at the Eneteric Labora-
‘tory, Kasauli, and it is by his courtesy that the following

results are available.

(1} One strain proved to be the Newcastle bacillus
already mentioned. Strictly speaking it should not be
classed as atypical, but should be bracketed with 88.

(2) Thirteen strains were proved by agglutination
and absorption tests to be identical with P143 one of ehe
less common strains isolated‘in Poona.l

The folloying 1s an anlysis of the 13 cases [from which
P1l43 was isolated. All were typical cases of bacillary
dysentery. One case occurred in Kasauli, 1 in Sialkot,
1l in Razmak, and the remainder in Quetta. One case was
severe, 4 were moderate, and 7 were mild; 1information is
not available regarding ﬁhe‘remaining'case.

The stools contained typical Llood and mucus in all

cases, and all except one showed bacillary exudate micro-

Scopically. In one case E. histolytica was discovered;

in the remaiming 12 no other organism of a pathogenic

nature was found. :

1 see Journal of the Royal Army Medical Corps, 1932,
Vol. 59, p.332. , ¥
The antiserum for all these strains was transferred to the
Enteric Laboratory, Kasauli, to serve ‘as a starting point

for further investigations.
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Agglutination tests with the patient's serum and the
homologous organism were carried out in two cases and were
. negative.

Gardner's first two points are satlisfied but other
evidence of pathogenicity is not yet fortﬁcoming.

(3} ©Tive strains proved to have sdme antigenic
relatiohship to one another, 2 being of one type and 3 of
another, the 2 types showing a moderate degrec of cross
agplutination. Although neilther was agglutinated by the
usual diagnostic sera, the serum prepared from one of these
types (the first) has considerable agglutinating powvers
against organisms of the V-Z spectrum. This type forms
indol, and does not ferment dulcité. The other type
" (three strains) ferments dulcite, but does not produce

indol, differing in this respect from B. alkalescens.

All five were froﬁ typical cases of dysentery.

(4) The remaining fifteen strains bore no serological
relatioﬁship to one aﬁothér or to any known organism.

From the above data it is considered that 103, P119,
170, S8, and P288 may be accepted as being capable of

causing bacillary dysentery. The evidence regarding Di,

and more especially D19 and P1l43, 1s less complete but
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nevertheless points definitely in the same direction.

P274 is still sub judice.

SUIZIARY AND CONCLUSIONS,

(1) A table is given which analyses the dysentery
group bacilli isolated in the military laboratories of
India in 1932, 1933 and }934. |

(2) Dysentery group bacilli isolated by the writer
in Bangalore and Poona of types not described in "A
System of Bacteriology"™ (1929) have proved to be widely
distributed throughout India, and wlth few exceptions have
been found only in the stools of caseé of clinical dySentery.?

(5). Using a system of classification in which these
strains are inclﬁded, it has Dbeen possible to .identify
practically all dysenterj group bacilli isolated during
this period. No further strains of any importance have
been discovered.

(4] The evidence as a whole is in favour of the-
belief that the majority of these “new"'strains‘(three of
whiéh héve been found in other countries) are capable of'

causing dysentery.
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ANNEXURE IV,

THE ANTIGENIC STRUCTURE OF THE MANITOL-FERMENTING
" GROUP _OF DYSENTERY BACILLI

Journal of Hyglene, 1938, Volume XXXVIII
pPp. 477=499

“In the years 1929-31 a study was made of the mannitol-
fermenting dysentery bacilli isolated from cases in the
military hospitals of India (Boyd, 1931, 1932). Several
new members of this group, previously classified as
"inagglutinable", were identifilad by serological methods,
and subsequently & scheme of identification based on these.
| findings was applied throughout the military laboratories
of India. Some of the results of this investigation have
already been published (Boyd, 1936).

As it will be necessary to refer to these new tjpes
in this paper, an analysis of 4,866 stralns isolated in
the years 1932-5 is given in Table I. This table does
-not include late fermenters of lactose and sucrose, but,
apart from these, embraces all the various types of
 mannitol-fermenting dysenterﬁ bacilli., It includes as
far as possible evenj strain having these characters which
was isolated in this period, and therefore offers a
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TABIE I,

Analysis of all Mannitol-Fermenting Dysentery Bacilli (except
Iate Fermenters of Lactose and Sucrose) isolated in Military
Laboratories in India in the years 1932-35. ’

Type of Orgenism Number Percentage
Andrewes' V-Z series 3686 75.9
Type 103 199 L.1

P 119 131 2.7

88 ‘e e 371 7.6
170 190 3.9 |

P 288 e e 6l 1.3

R A L5

D 1 67 14

D 19 cee e 8 0.2

P 143 e .16 0.4
Type unknown ces " ees #9 . 1.0

Total 14,856%

* Excludes 95 strains discarded before typing had been
carried out. ,
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reasonably accurate index of the frequency ﬁith which these
types occur in India, As a temporary measure, pending the
acceptance of a more accurate classification, the new ﬁypes
are named by'the index number of the type strain.

In all cases identification was effected by biochemical
and serological tests. The V~Z series includes all those
which agglutiﬁated with antiserums prepared from V, W, X,

Y and Z races as defined by Andrewes and Inman: the others
were identifled by means of Serums prepared from the type
strains. ‘

| In the course of this work a hitherto undescribed form
of variation was observed to occur in certain straihs. A
superficial investigation of this phenomenon showed that it
threw considerable light on the antigenic structure of the
group as a whole, and probably gave a clue to the vexed
question of classification. It was, therefore, decided‘

to study the matter more closely.

MATERIALS AND METHOD EMPLOYED

. Organisms
(Note.~ For brevity, the familiar symbols of the

Flexner group are freely used -~ e.g. V for B, dysenterias

Flexner V, etc. The National Collection of Type Cultures,

Lister Institute, is referred to as "N.C.T.C.")
Ve V Oxford (N.C.T.C.); V Lentz (Dr. Scott).
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VZ: VZ Massom, VZ Stansfield (both N.C.T.C.);
vz/D 427 (Major Bensted).
W: W Cable (N.C.T.C.).
X: X Hughes (N.C.T.C.); X Kelly (Dr. Scott).
Z: Whittington (N.C.T.C.).
Y: Y Hiss Russell (N.C,T.C.); Y Lentz (Dr. Scott).
- 103: type strain: 103/P'166; 103/Mohd. Zaman; and
others; all isolated in India.
P 119: type strain; f 119/493 (India).
88: type strain: 88/Q 6 (India).
Newcastle: Newcastle/Aberdeen (Dr. Scott).,
170, P 288, P 274, D 1, D 19, P 143: type strains.
In addition, a large number of strains 1solated‘by the
writer, or received from colleagues in India and Egypt, and
from Dr., W. M. Scott, Ministry of Health, have been used for

confirmatory tests,

Antiserums
Antiserums were prepared by inoculating rabbits intra-
venously with graded doses of organlisms elther as broth
cultures, or in the later stége 6f immunization as saline

suspensions. ‘'In both cases the organisms were killed

elther by chloroform or by formalin. Owing to the
variable agglutinin response of the rabbits, no standard
course was followed.’ Injections were continued until a

serum of suitably high titre was produced.
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Suspensions for Agglutination

Agglutinable §u3pensions were prepared by growing
the organism in broth for twenty-four hours. Thereafter
0.2 per cent formalin was added to kill the organisms and
to act as a preservative, and the suspensions were

standardized to a constant opacity.

Suspenslions for Absorption

Suspensions for absorbing purposes were prépared by
growing the organisms on Gordon's peaflour tryp-agar in
Roux bottles, qashing off with saline, killing and
preserving with chloroform, énd standardizing, after
concentrating by spinning, to contain 100,000 million
organisms per millilitre. Absorbihg suspensions were
prepared in bulk from 103 B, Y Hiss Russell, P 119 B,

V Oxford, W Cable, X Hughes and Z Whittington.

Absorption Tests

1 millilitre of serum was absorbed with quantities of
organisms varying from 50,000 millions to 500,000 millions
(1.e. 0.5-5 millilitres of absorbing suspension), the whole
being made up to & volume of 10 millilitres with normal
saline, ' The mixture was kept in the water-bath at 50° ¢.
for four hours, then placed in the incubator overnight, and
if necessary, cehtrifuged next morning. Controls

containing no suspension were placed in the water-bath and
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incubator for the same time as the actual tests; these

are the controls shown in the tables.

Agglutination Tests

Aéglutination tests were performed by Dreyer's
technique, The tubes were incubated at 500 €. for four
hours, and the results were at once read against a special
dark background, using a hand lens to determine the finer
degrees of agglutination. Intermediate results were
calculated by means of Dreyer's interpolation table,
slightly modifled. Nil results indicate a titre of less
than 1 in 10.

I. - ANTIGENIC- VARIATION IN TEE MANNITOL-FERMENTING
DYSENTERY BACILLI

Type 103

Variation was first observed, and has been studied
in most detail, in type 103. This is believed to be one
of the original Y strains, probably Y Lentz, of which only
group veriants now exist. A ‘

When newly isoleted, 103 did not agglutinate with
antiserums prepasred from the V, W, Z and Y races, and
agglutinated vefy feebly with X antiserum. After some
time in artificial culture, however, 1t was observed to
produce two types of colony. One of these which may be

called 103 A, was in all outward respects identical with
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the colonies of the freshly isolated strain, being smooth
in character, and virtually inagglutinable with antiserums
of the V-2 series. It differed only in having acquired
the power to reproduce both daughter colonies having its own
characters, and variants of the kind about to be described.
The second type of colony, which may be called 103 B, could
be distingulshed by 1its naked eye appearances, being larger
than normal and somewhat rough in outline. These |
appearances were not, however, accompanied by the characters
" of roughness defined by Arkwright (1921): cultures from
103 B colonies grew with uniform turbidity in broth, while
agar cultures could be evenly suspended in normal saline.
Suspension of 103 B proved to be readily agglutinated by the
V-Z antiserums. 103 B further differed from 103 A in that
it bred true, producing only colonies of its own type; with
one unexplained and doubtful exception, this haé proved to
be a permanent character.‘

In ﬁnselected subéultures from the original strain
the variant colonies were at first scarce. In time their
numbers increased, and ultimately they dominated the picture_
to the exclusion of the others. The process was, therefore;
a steady progression from a pure 103 A culture to a pure
103 B culture.

Variation of this kind has occurred in the majority of

“the 103 strains which have been examined. In some cases



1565.

the variant appeared in a few days or weeks after the straiﬁ
was 1isolated: 1in others it did not appear for some months;
and in certain strains, now sevefal years old, it has not
yet been found. In a few strains the variants could not
.be distinguished by the appearance of the colonies, all of
which were smooth and regular; they were to be found only
by testing the agglgtihation reaction'of a number of
colonies. ‘

The variation is illustrated diagrammatically in fig. 1.

105?105 AYIO?) A? 03 A——ete.
1 ' '

103 B 103 B 03 B
108 B 103 B 103 B
etc. etc. - ete.

Fig. 1.
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Cross-agglutination tests with 103 A, 103 B and the
vV, W, X, ¥, Z strains, and aléo'certain absorption tests,
are shown in Table II.

Thé high titre ﬁo which 103 B 1s agglutinated by the
antiserums of the Flexner organisms 1s a striking feéture,
and indicates that it shares a common antigen with these
strains. As far as 103 A is concerned, there is little
evidence from the way in which it 1s agglutinated by these
antiserums to suggest that it contains any of this shared
antigen: on the other hand, 1ts homologous antiserum has a
wellrmarked action on the allied organisms, a result which
indicates that it does in fact possess this antigen.

103 A antiserum, when absorbed by its homologous
organism, loses all agglutinins éxcept‘a trace of group
agglutinin. (It may be remarked that the removal of the
last traces of group agglutinin from high titre antiserums
has always presented considerable difficulties in certain
céses. Thislis probably due to some inherent property Qf
rabbits! serum). When absorbed by 103 B, 103 A antiserum
loses all gﬁbup agglutinin (excebt these same traces), but
retains its power to aggluﬁinate the homologous organism.

From these results it may be concluded that 103 A contaim
two antigens: one, a specific or type antigen which is
peculiar to itself; the other, a group antigen whieh it
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shares with the V-Z seriles. 103 B, on the other hand,
contains only group antigen; 1t 1s devold of any power to
absorb type agglutinin from 103 A antiserum, but réadily
removes the group agglutinin.

The somewhat conflicting observations that 103 A,
while almost inagglutinable with group antiserum, is
nevertheless capable of producing group agglutinins, may be
explained in several ways. |

(1) The supposedly pure 103 A suspension used for
"iImmunizing the rabbit may have contalned a few 103 B
organisms. Results similar to those in Table II have,
however, been given by, a 103 A straln o undoubted purity,
which has now been under observation for six years without
showing any variant colonies. This explanation, therefore,
seems unlikely.

(11) 103 A bacilli may contain in an accessible position
a mixture of large quantities of. type antligen and minute
quantities of group antigen, the latter insufficlent to be
‘clumped by group agglutinin, but sufficlent to give rise to
agglutinins in the rabbit. | _

(11i) The type antigen in 103 A may be situated in a
supeffigial or déminating position, while the group antigen

may be more deeply seated end in some way protected or
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1nactivgted by the type antigen. Under these ecircumstances,
when the organisms‘are'brought into contact with type
agglutinin clumping occurs in the usual way, but when they
are exposed to the action of group agglutinin, there 1s no
reaction, as the agglutinin cannot obtain access to 1its
antigen. On the other hand, when the organisms are
inoculated iﬁto a rabbit, disintegration of the bacterial
bodies occurs, accompanied by freeing of the antigens, each
éf which proceeds to give rise to 1ts appropriate agglutinin.

There are points both for and against the last two
hypotheses. The proportion of group agglutinin is so high
in 103 A antiserum that it is difficult to understand how it
can be produced by quantities of antigeh so minute as to Dbe
insensitive to agglutination. Conversely, a suspension of
103 4 is capable of absorbing practically all group
agglutinin from its own antiserum; this 1s difficult to
reconcile with the conception of a cpncealed group antigen
inaccessible to the action of 1ts antibody.

Another observation which-has an important bearing on
this qﬁestion 1s that 103 B has more powerful agglutinogenic
properties than 103 A, producing anaantiserumrﬂith;a'mnﬂh
higher titre. While this might be explained by the fact
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that in 103 B the group antigen is completely freed from
type antigen and is thus of enhanced quality, the simpler
explanation that 103 B contains an increased quantity of
grouﬁ anfigen seems more probable.

As the two hypotheses are not antagonist;c; 1t 1s
prébable that both play a part in the phenomenon.

These questions arerf Importance in reachihg an
understanding of the nature of the variation in 103.
This 1s clearly a retrogressive process in which there is
lcas of type antigen,.and coincident exaltation of group
aﬁtigen. It is a general rule that in any process of
degeneration the more highly speclallzed structures are the
first to be lost, and it may be concluded that the type
antigen, which is a distinctive}character of the organism,
falls into this category. In contrast with the loss of‘
type antigen, the group antigen obtains prominence in the
degraded variant, partly no doubt because of the removal
of the protective or inhibitory influénce of the type
antigen, but also because there 1s an increase in the
quantity of group antigen which may be 1n.the nature of a
replacement proliferation. This would suggest that group
antigen is of a more primitive nature than type antigen.

This variation of 103 differs radically from the

diphasic variation which occurs in the flagellar antigen

of the Salmonella group. In the latter the process 1s
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not accompanied by permanent loss of antigen. Reversion
from one bhase to another may occur at any time, and
bacterial cells of both types, each capable of pfoducing.
its own antigen, are present in all colonles although,
according to the phase, one type or the other predominates.

A form of variation which occurs.in certaln strains of
streptococcl, notably types 3, 13 and 19, has been described
in detail by Griffith (1935). This bears a close resemblance

to the variation which occurs in 103. When Streptococcus

type 3 was plated on an agar medium in which was ﬁﬁcorporated
about 2 per cent of homologous agglutinating serum, three
types of colony could be recognized, one opaque, another
transliucent, and a third showlng both opaque and translucent
sectors. Serological investigation showed that the opaque
colonies had type-specific characters, and that the
translucenf coloniés had group characters, while the mixed
colonies had both. In a plate made from an actively
growing unselected subculture type-specific colonies were
rare, group colonies rather more common, and mixed colonies
in a majority. When a type-specific (i.e. opaque) colony
was subcultured and replated, a more or less similar crop

- of colonies to that just described was produced. When a
group {i.e. translucent) colony was similarly plated, it

reproduced mainly translucent colonies, but a few mixed
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colonies showing both clear and opaque areas appeared on the
plate. Even after oft-rapeated subculture from selected
translucent colonies this mixed character remained, and from
the tinlest opaque focus it was possible to produce on
transference to a fresh plate opaque colonlies which could be
shown to be pype-specific. The genefal tendency, however,
was for type-specific cultures to assume group characters in
artificial culture. Griffith notes the similarity of this
variation to that observed in certain Flexner types (notably |
W and Y) by Dr. W. M. Scott. It also closely resembles the
varlation in 103. There 1s, however, one 1mportantA |
difference. In the streptococci, as Griffith observes, there;
is the same fluctuation of phases which has been observed in
the flagellar antigen of the Salmonella group; type
specific colonies can be recovered from cultures of the
group phase, and vice versa. In 103 the change 1s
permanent; type-specific colonies cannot be recovered from
the group phase. |

There are also many points of similarity between the
103 variation and that which occurs in the melitensis-
abortus group (Pandit and Wilson, 1932). Here a similar
Permanent loss of specific antigen occurs. Unlike

"para-melitensis" and "para-abortus", the 103 varlants,

and other Flexner variants which will be described later,
glve negative results with the thermo-agglutination test,

and with Millon's reagent.
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It is worthy of mention that in the course of this
investigation true "rough" variants of the kind described
by Arkwright (1921) have occasionally been encountered in
cultures of the Flexner races. These had the accepted
characters of roughness, and seemed to be almost completely
devoid of any antigen capable either of being agglutinated
or of producing agglutinin when inoculated into a rabbit.
In other words, the degeneratlon had proceeded a stage

further, and both type and group antigen had been lost.

Y Hiss and Russell (YHR) and W.

In cérrying out varicus investigations in connexion
with 103, it was observed that the Hiss and Russell Y strain
had absorptive properties almost identical with 103 B.

This can be seen in Table II. At first the two were
believed to be identical, but more recent work has shown
that this is not so, and that, as Dr. W. M. Scott has
suggested (personal communication) YHR 1s probably derived
from a W strain, and embodies’the group antigen of that
organism. | .

Cross absofption tests with 103 B and YHR show that
neither compietely éxh@usts the agglutinin in the gnti-
Seérum of the other.

On the other hand, absorption of W antiserum with YHR:
almost completely rémoves the group agglutinin which it
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contains (see Table III). Similar complete absorption is not
effected by 103 B, nor by P 119 B, another group variant
which will be described shortly.

In the process of absorbing W antiserum with YHR, there
is a considerable reduction of the titre of the antiserum
for 1ts homologous organism W, suggesting that YHR contalns
some specific W antigen. This fall in specific agglutinin;
however, reaches a point beyond which massive increases in
the absorbing dose of organisms produce no further loss.

It seems probable, thefefore, that the fall in titre for
W'merely represents the elimination of group agglutinin which
reacted to higher titre than did the specific agglutinin.

Absorption of the antiserums of the other members of
the Flexner group with YHR gives results resembling those
obtained with 103 B, and confirms that YHR is devoid of
type antigen. ’ |

As far as the writer's experience goes, organisms having
the characters of’YHR have never been isolated direct from
the stools of dysentery cases, and the resemblance which the
colonies of this strain bear to those of 103 B suggests that,
like the latter, it is a variant. Up to date, no colonies
exactly similar to YHR have been recovered from known W
strains, but investigations on this polnt aré incomplete.

Colonies which show a marked increase in group antigen and a



less obvious decrease in specific antigen can be recovered
from certain strains of W, but no colonies completely devoid
of specific antigen have so far been found.

There 1s, therefore, no conclusive proof that YHR is
derived from a W strain, but there 1s a strong presumptive

evidence that this 1is so.

Iype P 119.
A similar form of variation was observed in type P 119

after this strain had been kept in artificial culture for
approximetely five years. When first observed this
variation was diphasic, 1.e. A and B colonies each pfoduced'
A and B daughter colonies. The degradation progressed
rapldly, and in less than a year no true A colonles could be
recovered from any cultures éf this organism.

The "rough" characters of the variant P 119 B are more
marked than those of 103 B. In broth it grows with a well-
marked deposit, but this when shaken up remains in suspension,
So that no difficulty is experienced in carrying out
agglutination tests. . Cultures on agar form an even
suspension when washed off with isotonic saline.

In thé only other old strain of this type which 1s
available there is no evidence of variation.

The results of- absorption tests with P 119 antiserum

and the three group strains are shown in Table IV,
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P 119 B almost completely exhausts the group agglutinin
in the serum without appreciablj affecting the type agglutinin,
103 B and YHR have a similar action, but fail to remove
agglutinin for either P 119 A or P 119 B.

It may therefore be concluded that P 119 B has lost the
type antigen, but retains the group antigen of the parent
organism. This group antigen has mucﬁ in common with the
group antigen of 103 B and YHR, but has in addition aﬁ

element peculiar to 1tself,

V, X and Z.
Variants devoid of specific antigen have not yet been

isolated from V, X and Z, but colonies with decreased specific
antigen and an apparent 1n6rease in group antigen are to be |
found in certain strains of V and Z. It 1s not at present
possible to make a definite statement regarding X.' ’
Takita (1937) has made some interesting observations
regarding varlation in these types. On examining certain old
strains of V, W and Z, he found that two varieties of colony
Were present in plates made from these organisms. These
colonies could be differentiated by agglutination with the
_antiserums of the group. One of the colonies, which Takita
designated a, was agglutinated to high titre both by the
antiserum of its own type, and by the group antiserums. The

other colony, called b, gave a lower titre than & with the
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'ho_mologous antiserum, and was only feebly agglutinated by
the group antiserums. On sub-culture, a colonies preproduced
only a colonies, whereas b colonies, produced both a and b
varieties.

This #ariatién, described iﬁ detail in the case of the

strain V Lentz, can be shown diagrammatically (fig. 2).

Original § Va——>Va >
Culture é \,V-D Vo \Va N
: <::::th A;jva >
\\\NVb ﬁhv —
\\\\\“Vb______>etc.

. | Fig. 2. (After Takita.)

Further experiments were carried out with antiserums
prepared from V &, and V b substrains. It was found that
the results were not easy to interpret, and were in no sensé
decisive, but it was concluded that the V a substrain
contained both specific and group antigen, whereas the V b

substrain had lost all or most of the group antigep.
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From these findings Takita suggests that the main
difference between the parent V strain and the V a substrain
lies in the ahtigenic instability of the former (which
produced both V & and V b forms) and the stability of the
latter (which produced only V & forms); while the V b
variant has lost, completely‘or almost completely, the
group antigen, but shows a constant tendency to reverﬁ to
the form in which group antigens are,present. He regards
this variation of the V b forﬁ as a phasic variation of an
O antigen of the same type as that descfibed by Andrewes as
occurring in the flagellar antigens of the typhoid-
paratyphold group. . '

In qualification of his concluslons regarding the V a
substrain, Takita remerks that the possibility of the original
culture containing both a and b forms cannot be excluded.

This is, howevér, much more than a mere possibiliﬁy, This
variation in V Lentz is of long standing, and while from

the beginning of his investigation Takita had no difficulty
'in isolating & and b forms from plates made from hls original
cultﬁré, he produces no evidence of the presence of a third
type of colony - the parent colony producing both & and b
Substrains. Nor, as b forms are constantly producing both
& and b forms, does there seem any neceséity to postulate the

existence of a parent type of colony at this stage in the

life of the culture.
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While this does not alter the ultimate conclusions
reached by Takita.regarding the antigenlc content of the
substrains, it simplifies the interpretation of many of
his resulﬁs, and points td a more probable explanation of
the variant he has observed. There can be little doubt
that the b forms are the existing representatives of the
parent strain, and that they have acquired in artificial
culture the property of splitting off degraded variants,
the a forms. It is of course possible, but unlikely,
that this property of splitting off varlants was a primary
character of the strain.

Interpreted in this way the variation in V 1is closely
comparable to that occurring in 103. The V b forms
correspond to 103 A in that they contain type antigen and,
‘possibly, concealed groué antigen, and in that they give rise
to similar daughter colonies and to variants. The Va |
forms correspond to 103 B in that they are rich in group
antigen and reproduce only daughter colonles similar to
themselves; they differ in that they retain a portion of
type antigen.

This explanation of Takita's findings is incompatible
with the idea that the variation he has observed is of the
nature of a phasic variation of O antigen. On the other
hand, 1f it is correct it confirms and extendsvthe

observations already made 1in respect'of 103 by demonstrating
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an analogous variation in other members of the group.

One further point 1s worthy of notice. The variants
which appear in cultures of V and Z do not overgroﬁ the
parent type of colony in the same way as do the variants of
103 and P 119. Both types of colony have been flund in
cortain strains in which the variant retains some of the
type antigen, as opposéd to those in which type antlgen 1s
~completely lost. |

Type 88.
So far ho antigenic variation has been observed in 88,

a type which is of great interest because its antigen 1s ,
ldentical with that of the Newcastle bacillus. There 1is,
however, considerable evidence to suggest that the type K
describad by Sartorius and Reploh (1932) 1is derived from 88.
On grounds of snalogy 1t is to be anticipated that variants
would be formed by t&pe 88.

Other Types.

No variants have been found in cultures of 170 or of

any of the other less common types.

Summary and Conclusions,

Variation 1s of common occurrence in strains of
mannitol-fermenting dysentery bacilll when they have been

maintained in artificial culture for some time.
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The essentlal features of this variation are a loss,
partial or comblete,'of tybe aqtigen, and an increase,
apparent or real, of group antigen. The distinctive
characters of the organism disappear and retrogression towards
a type common to all races occurs.

The process of varlation is of a similar nature in all
races., Variants, whose characters are permanent, are split
off from the parent strain, and are generally, although not
always, to be recognized by their altered colony characters
as well as by their altered antigenlc content. The pro-
ductlon of varilants 1is scanty at first. In certain races
which produce a variant devoid of type antigen, the process
is rapidly progressive, and in time colonles of the parent
type completely disappear. In others, where thé loss of
type antigen is 1ncomplate,'a state of balance seéems to be
reached, and in unselected subcultures both forms of colony
occur over long’periods of years.

Three strains which possess only group antigen, and are
devoid of type antigen, have been examined. Two of these
are of known parentage, having takeﬁ origin from types 103
and P 119 respectively. The third Is the current edition
of the histopical strain Hiss and Russell Y, which is
believed to be a variant of Andrewes and Imnman's W. These
three strains are Very.closely_rélated to one another, but

display minor differences in thelr antigenic pattern.
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Considered as a whole, the changes which occur in the
process of variation favour the hypothesis that type antigen
1s a recent and specialized individual character’which
occupies.a superficial position or is relatively loosely
assocliated with the bacterial body, while the group antigen
is a more primitive and permanént character, more deeply
seated in or more intimately blended with the body of the
bacillus, Further, it seems reasonable to conclude that
organ13m§ which pbssess this. group antigen are Gloselj
related to each other. This has, therefore, a very
Important bearing on questions of classification.

II.- ANALYSIS OF THE ANTIGENS IN THE MANNITOL-FERMENTING
‘ GROUP OF DYSENTERY BACILLI, AND ITS BEARING ON
THEIR. CLASSIFICATION.

Since the discovery of mannitol-fermenting dysentery.
bacilli at the beginning of the present century, repeated
efforts have been made to classify these organisms and to
define their relationship éo one another. The most complete
survey of the subject 1s that made by Andrewes and Inman
(1919), whose classification of the group into the races V,
W, X, ¥, and Z has undergone little modification, and ié
8till generally accepted as thé basis of our knowledge on
the subject. _

Andrewes and Inman's conclusions may be summarized very

briefly as follows: They consider thaet in these organisms
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there are present at least four distinct antigenic
components, all of which are represented in any given strain,
but to a very different degree. In the races V, W, and Z
there is a great preponderance of a single antigenic
component, different in each case, together with a minor
proportion .of the components of the associated types. The
race X refuses to agglutinate with any but sera of 1t§ own
race, save to a trivial degree, but is able to give rise to a
serum which will agglutinate X, 2, and Vlraces. The true

Y race is believed to be of more primitive antigenic
structure than the others, and to present a mixture of V,

W, and Z, and to a lesser extent X componénts: there 1s no
evidence of a fifth, or ¥, component. Subraces termed VZ
and WX are also recognized.

Andrewes and Inman realized that the number of strains
at their disposal was limited, and that in a more extenslive
collection further types would probably come to ligbt. This
has proved to be correct, and these strains, frequently
referred to as "inagglutinable Flexner bacilli", bave provided
a recurring stimulus to the further investigation of this.
subject., Mention may be made of the work of Aokl (1921,
1923), who described twelve types of dysentery bacilli
(including Shiga's bacillus): of Clayton and Warren (1929a,D)

‘and Downie et al. (1933) who described the Newcastle-Manchestr
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baclllus: of Sartorius and Reploh (1933) who implemented
the usual methods of study by investigating reaction to
bacteriophage and described certain additional ﬁypes: and of
Waaler (1935), who studied "bacterial dissoclation" in the
group. These are but a few of the many approaches which
have been made to the subject. In none of them is there any
important departure from the general ideas enunciated by
Andrewes and Inman, and the only new type descrilibed which has
| found general acceptance 1s the Newcastle-Manchester bacillus.
The recognition of type and group antigen in these
organisms, brought to light by the experiments made with the
variants of 103, suggestéd a different conception of the
antigenic structure of the various members of the group.
It seemed possible that, as suggested by Andrewes and Inman,
each race possessed a distinctive type orvspecifié antigen,
but that co-agglutination resulted, not because of the
presence in each of a minor proportion of the type antigen
of the other races, but because each possessed, in addition
to its own type antigen, a varylng proportion of & common

group antigen.

An early series of experiments was carried out by
absorbing antiserums of V, W, X and z, of relatively low titre,
with 103 B.‘ The'results substantiated this hypothesis, and

seemed to show that the common group antigen was present - 1in
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i1ts entirety - in 103 B. Subsequent experimenté with high-
titre. antiserums, however, showed that in certain antiserums
the group agglutinin is not completely exhausted by 103 B.
Crbss absorption tests were than carried out with the
three strains believed to be pure group strains, namely
103 B, YHR, and P 119 B. The results are shown in Table V,
None of these antiserums is completely absorbed except
by its homologous organism, and eveﬁ then traces of agglutinin
remain, notably in Y. But whereas YHR almost completely
"exhausts the group agglutinin in 103 B antiserum and vice
versa, P 119 B is less effective in absorbing 105 B and YHR
antiserums.
It i1is therefore possible that 103 B and YHR share an
antigen containing two components, which may be designated
1 and 2, of which P 119 B possesses only component 1. Each
of the three has a residual component peculiar to itéelf, so
| that the content of each may be designated as follows:-
103 B: components 1, 2, 3.
YHR: components 1, 2, 4,
P 119 B: components 1, 5.
Of these components, 1l strongly predomiﬁates, and 2,
3, 4 and 5 occur usually in smaller quantities. .
As will be seen later, absorption of V, W, X and 2

antiserums confirms these findings, but reveals the presence
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Al

of yet‘another group component not found in any of these
three group strains. This is présent in V, X and Z, and may
be called component 6.

Using the three group stfains as absorbing agents for
components 1, 2, 3, 4 and §, and elther X or Z for component
6, an analysis has been made of the group antigen presént in

the different races.

B. dysenterise Flexner V (Oxford).

The analysis of this strain will be given 1n some detall,
to make clear the methods adopted.

The antiserum used in these tests agglutinated 1its
homologous organism in a dilution of 1 in 20,000.. Preliminary
absorption tests were carried out with this serum‘diluted
'l in 10, and the results are shown in Table VI.

It will be seen that the maxlmum absorbing effect is
usually produced by a dose of 100,000 million organisms.
The titre for the homologous organism is reduced by about
50 per cent. The greéter portion of the heterologous
agglutinin 1is removéd by 103 B and YHR, and to a lesser
extent by P 11¢ B. Each removes the agglutinin acting on
itself, the last traces of YHR going with reluctance. YHR
and P 119 B exhause the group agglutinin for W more
effedti§ely than does 103 B. Thié is to be expected of

YHR; the reason for ité occurrence with P 119 B 1is not
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clear. In all cases a conslderable residue‘of agglutinin
for X and Z remains,

Absorption was next carried out with mixtures of various
strains. The results are shown in Table VII.

When all three group strains are used simulteneously as
absorbing agents the only group agglutinin left in the serum
is that for X and 2, which in its turn 1s removed by the
addition of X to the absorbing mixture.

For complete absorption of this V antiserum it 1s
therefore necessary to use 103 B (group components 1, 2, 3),
YHR (group compoments 1, 2, 4), P 119 B (group components
1, 5) and X (group components 1, 2, 6, and possibly others),
'V has therefore, all six components in i1ts antigen. Of
these, component 1 predominates. |

Attention has already been drawn to the fall in the
titre of the absorbed serum for its hqmologous oréanisn.

The explanation of this seems to be that the unabsorbed serum
acts by virtue both of its group and of 1ts type agglutinins,
and has a higher group titre than type titre. After
absorption, clumping occurs only to the titre of the type
agglutin.,

In this connexion the results of an absorption test of
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the same serum, taken from the rabbit at an earlier stage 1in
the process of immumlzation, are of interest. 103 B was
used as the absorbing agent in a massive dose producing

comple te absorption.

TABLE VIII. - Absorption of Low Titre VvSerum with 103 B.

Suspengion -
Serum ' v W X YHR Z
V, control .. .. 1000 25 75 1000 250
V, sbsorbed 103 B .. 1000 - 20 - 50

As can be seen in Table VIIi, the titre of the serum
for its homologous organism remained unaffected. It would
seem that originally the serum had type agglutinin of as
high a titre as group agglutinin, and that subsequent
inoculation of the rabbit led to the production of group
agglutinin in excess of type agglutinin. This has been a
fréquent experience. In general, type agglutinin never
reaches a high lével, and titres in excess of 2,500 are the
GXception. Group agglutinin titres, on the other hand, are
much higher, and often reach a figure of 25,000.

Some interesting facts have emerged 1in ccnnexion with
the so-called VZ subrace, believed by Andrewes and Inﬁan to
contain relatively large quantitlies of the distinctive Z
antigen as well as‘distincfive V antigen. Three strains

were available for investigation, namely VZ Massom and
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VZ Stansfield, which were used by Andrewes and Inman, and
VZ D 427 isolated by Major H. J. Bensted in India. Tested
with monospecific V serum prepared as above, and monospecific
Z serum prepared along similarvlines (se¢ hereafter) the
results shown in Table IX were obtained.

It will be seen that the VZ strains contain the type
antigen of V, but not of Z. Their Z characters are
presumably due to the presence of a large proportion of group

component 6 which is found in V, X, and Z stralns.

TABLE IX. - Agglutination of VZ Subraces with Monospecific Antiserums.

Suspensions
r~ o N
v 2 vz VZ VZ
Serums Oxford Whittington Stensfield Massom D 427"
V (monospecific) .. 250 - 125 250 125
Zz (monospecific) .. -~ 125 - - -

B, dysenteris Flexner W_(Cable)

The reéults of the absorption of an antiserum prepared

from this strain are shown in Table III.
| .Except for traces of agglutinin for V, all group

‘agglutinins are ebsorbed by YHR, which contains components
1, 2, and 4. Component 4 is present to a well-marked degree,
as can be seen by the failure of 103 B to affect absorption.
The propoption of component 2 is shown by the difference in
the absopptive powers of 103 B (1, 2, 3) 'and P 119 B (1, 5).
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It is inconsiderable.

Results obtained with two other different batches of
W serum are substantially the same.

In one of these groups agglutinin for V was completely

'removed, in the others a trace remained. The reaéon for
this occasional incomplete removal of agglutinin for V is not
clear, but in view of its complete removal from some batches
of serum, 1t seems doubtful if 1t can be attributed to the
occurrence of specific V antigen in W. Whatever the
explanation, the quantity 1s so small that it has no
practical significance.

It will be observed that this particular strain, W Cable,
contains a high proportion of group antigen. Récently
i1solated strains of W are usually poor in group antigen, and
would hence be preferable for the preparation of type specific

Serum for diagnostic purposes.

B. Dysenterise Flexner X (Hughes).

Several attempts have been made to analyse the antigen
of this type but the resuits have been unsatisfactory.

Andrewes and Inman remark that X strains can be
agglutinated only by X antiserum, and react feebly with
antiserums of the group, but that X antiserum has a high titre

for the other members of the group. This latter observation
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refers alike to artificially prepared rabbit antiserum and
to the serum of human beings who have been infected with
this organism.

The strain X Hughes now appears to be more amenable to
group agglutination, and is well agglutinated by the anti-
serums of the group.

The followlng points have emerged from investigations
made up to date.

X étrains are not agglutinated by type specific
agglutinins for Vv, W, Z, 103, P 119, 88, or any of the less
common races: they are, hbwever, clumped by group agglutinin,
some strains reacting better than others in this respect.

X Hughes produces an antiserum of high titre which 1s rich in
group agglutinin, all of which is completely absorbed by the
homologous organism. When absorbed as far as 1ls pessible
with either 103 B or YHR, the titre of the serum for X 1s
reduced to a low level, an@ varying amounts of group.
agglutinin remain, particularly for Z. The antiserum may
in fact be left by this procedure with a higher titre for Z
than for X. Absorption with 103 B and YHR, plus Z, gives a
Sserum with a relatively low titre'for X and an apprecilable
residue of group agglutinin. It has not yet been possible
to produce a satisfactory monospecific antiserum.

It seems highly probable that difficulty has arisen

because the cultures used for making X antiserum were group
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varlants poor in type antigen. A number of freshly 1solated
stralns have recently been procured from India, and further
investigations are being bursued.

It may, therefore, be concluééd provisionally that X
contains a distinctive type antigen, and group componeﬁts
l, 2, and 6. Further investigations may supplément this
list, and permit of the production of a pure monospecific

serum.

B. dysenteris Flexner Z (Whittington).

Unlike antiserums prepared from V, W, and X, that
_prepafed from Z contains relatively insignificant quantities
of group agglutinin. A summary of absorption tests is

' shown in Table X.

Absorption is equal with 103 B and YHR, and less complete

with P 119 B. From this it would appear that group
components 1 and 2 are present. Agglutinin for X remaihs,
and this can be rembved by absorption with X, or with "Vvz".
This is presumably due to the presence of component 6. The

group components present in Z are, therefore, 1, 2, and 6.

Type 105.
It has already been shown (Table II) that 103 B, which

contains group components 1, 2, and 3, effects complete
absorption 6f group agglutinin from the antiserum prepared

from the parent strain.

e R AT R
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Type P 119.

From this type also there has been isolated a group
variant which contains all the group antigen found in the
present strain (see Table IV). It contains components 1

and 5.

Type 88 and the Newcastle-Manchester Bacillus.

- The close relationship which exists between Type 88,
found in India, and the Newcastle bacillus (Clayton and
‘arren, 1929a, b), and the Manchester bacillus (Downie et al. §
1933), found 1n the United Kingdom, was first pointed out |
by Scott (Whitehead and Scott, 1934). Two strains of 88,
originating from Poona, form Sartorius!' Group L.
» The rather striking range of blochemical reactions
shown by these different strains is set out in Table XI.

 About one-third of the strains of 88 isolated in India

have biochemical reactions identical with the Flexner races.
The remaining two-thirds produce acid in dulcitol after some

dayst incubation.

R o

%

The Manchester bacillus produces acid and gas 1n glucose,

E-NT

mannitol, and dulcitol,.the reaction in dulcltol being delayed%
Newcastle bacillus produces acid with a bubble of gas in k
glucose, and after some days may have the same action on ?
. duleitol.

It is to.be noted that all strains of these organisms
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so far found are consistently indole-negative, whereas most
strains of the V-Z series produce indole.

In splte of these very diverse and, in the case of the

Manchester and Newcastle bacilli, undysentery-like biochemical

reactions, the antigen of these three strains is identical.
Each is capable of robbing the antiserums of the others of
all their agglutinin.

The close antigenic relationship of 88 to the Flexner
grbup was noted when the organism was first described. A
similar serolbgical relationship was found in the Newcastle
bacillus by Clayton and Warren. This 1s confirmed for both
by absorbing their antiserums with 103 B and YHR (see Tables
XITI and XIII). Each is in this way shown to possess
Flexner group components 1 and 2, and posslbly also 4.

Tests carried out with two other batches of 88 anti-
serum of different origin gave similar results, In both
cases YHR effected virtually complete absorption of group
agglutinin, whereas 103 B left a residue for V and W.

The group agglutinin in this particular Newcastle
antiserum is completely removed by both 103 B and YHR, but
in another serum which was tested, a residue of agglutinin
for V and W remained after absorption with 103 B, while
absorption with YHR was complete.

From a consideration of all these data, 1t seems clear

‘that 88 and the Newcastle-Manchester bacllli are of oné

B e AR 1 R A Ay e g

[ ——
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antigenic type, which embraces a number of strains showing
varied biochemical reactions. The noﬁ-dulcitol-fermenting
form of 88 has all the characters - morphological, bio-
chemlcal, serological - of the Flexner group, and 1t is
possible that this is the original form from which have been
derived strains showing variation in biochemical reactions,

but maintaining an unchanged antigenic structure.

Types 170, P 288, P 274, D 1, D 19, and P 143.

These types, with two possible exceptions, do not show
any appreéiable degree of cross-agglutination either with
each other or with any of the types previously described,
This charadter has persisted through some six years of .
artificial culture, and may be taken to indicate a complete
absence of thec group antigen common to the Flexner group.

AS exceptions to the above general statement, anti-
serums prepared from certailn strains of P 288 and P 143 have
shown a limited but suggestive'degree of cross-agglutination
with the Flexner group. It has not yet been possible to |
investigate this fully. | |

Cross-agglutination occurs between P 274 and

B. alkalescens (Andrewes), and iAokl VII (received from

N.C.T.C.). Both alkalescens and Aoki VII are agglutinated
by P 274 serum to its full titre. Each removés 1ts own

agglutinin feom P 274 antiserum, but leaves behind agglutinin
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for the homologous organism. Similar results have been
found with certain gas-forming coliform organisms whose
exact nature is unknown. There 1s 1little evidence to

suggest that B. alkalescens and these gas-forming strains

are capable of producing dysentery, and their reiationship

to P 274 1s, therefore, of considerable interest.

Prdcis of Results.

The results of this analysis are summarized in
Table XIV.

It will be seen that V, W, X, and Z, together with
103, P 119, and the 88-Newcastle-Manchester bacilli, con-
tain béth type and group antigen. Each has a distinctive
type antigen peculiar to itself, which is not shared, even
in the minor degree suggested by Andrewés and Inmen, with
any of the other strains: all contain the principal
component of the group antigen: and the minor group
components are scéttered through the different types, each
occurring in some and not in others. In contrast to these
seven types, the remaining types shown in Table I each have

8 distinctive type antigen, but do not contain Flexner

group antigen.




TABLE XIV.

Analysis of Antigen in the Mannitol-Fermenting
Dysentery Organisms,

Organism V

V and V2
W

X

A

103

P119

88 g
‘Newcastle
Manchester)
170

P288

P27.

D1
D19
P43

Type antigen Group antigen components

Specific

] (?)

1t

1, 2y 3, 4 5, 6
1, 2, &

1, 2, 6(%7)

1, 2, 6

1, 2 I

nil
nil (2)

None of the above group
components

nil
nil

nil (?)
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A considerable number of freshly isolated strains

| have been tested with type-specific serums from which group
agglutinin has been absorbed. All fall clearly into one
type or another, and none has been found to contain more
than one'type antigen. It has not been possible to con-
firm in the same extensive way the details bf the analysis
of group antigen cémponents. In making this analysis only
a limited number of strains (from one to three) of each
type was used. It is possible that more extensive investi-
gations may reveal differences in the quantity and arrange-
ment of the minor group elements in certain of'the types.
Something of this kind has been seen in the V and so-called
"YZ" strains. Differences of this nature are, however,
unimportant and are not at variance with ﬁhe‘general

principles which have been enunciated.

Classification.

Reasons have already been given for regarding the
possession of group antigen as a character of fundamental
significaﬁce, indicating close relationship among the
organisms in which it occurs. On these grounds the various
types fall ﬁaturally-into two groups. One comprises the

seven organisms in which Flexner group antigen occurs.
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The other, which can only be provisional, embraces those
strains which have the biochemical reactions of the Flexner
bacilli but which lack Flexner group antigen.

It 1s generally accepted, although on somewﬁat
different grounds to those now put forward, that V, W, X
and Z are closely related members of one group. Theré is
little doubt that 103 is identical with one or other of the
original Y strains, and that it was overlooked by Andrewes
and Inman because varlatlon had previously occured in those
straing they examined; 1in consequence of this the specifie
element was mlssed and the variants were grouped with Y
Hiss and Russell, itself a variant of W.  Dr. W. M. Scott
informs me that 103, which he believes to be identical with
the original Lentz Y, 1s fairly common both in the United
Kingdom and in other parts of the world. It occurs in_
Sartorius and Reploh's series whers it 1s classified as Y 2,
It has been recovered from Army cases in Egypt as well as
India. Although P 119 does not appear to have been des-
cribed previously in the literature of this country, it 1is
not a newcomer, for it is identical with group G of
Sartorius' series, which embraces two strains from Poona,
eleven strains from Lagos, and Nos. IV and XII in Aoki's

series. P 119 shows well-marked cross-agglutination with
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the members of the V-Z series, and is therefore liable to
be classed as a weakly agglutinating "Flexner" organism‘by
anyone using only unabsorbed polyvalent serum for its
ldentification. This, coupled with its apparent rarity
"in Europe, may account for the fact that it has been
‘hitherto overlooked.

The only type whose introduction into this group may
be regarded as controversial 1s the Newcastle-Manchester
bacillus, which differs from the others in its bilochemical
reactions. It 1s, however, considered that the gap between
these strains_and the other members of the group is bridged
by 88, which, while it has an antigenic structure identical
with the Newcastle-Manchester organisms, has also the
typical biochemical reactions of the Flexner group. It is
considered that under these circumstances the evidence of
relationship provided by the antigeniec structure should
overrule the less important irregularities of blochemical
reaction.

It is suggested that this group of seven organisms
should be regarded as an extended edition of the familiar
Flexner group, and should retain ﬁhe name. The additional
members should, for pufposes‘Of identification, either be

accorded further letters of the alphabet (103 has a strong



199"

lien on the letter Y) or, preferably, all seven should be
accorded roman numerals. |

| Little 1s at present known regarding the antigeniec
structure and relationship of the six types which make up
the second group. Their distinctive type antigens make
them easy to identify, and observations made in the six
years since they were first recognized leave no reasonable
doubt that they can cause dysentery.

- The placing of these antigenically unrelated
organisms in one group 1s g provisional measure which has
little to justify it other than the general similarity of
their biochemical reactions. Even this feature 1s incon-
stant, as four of them - P 288, P 274, D 1, gﬁd D 19 - are .
occasional late fermenters 6f dulcitbl, though it is |
doubtful if this is of much significance. The relationship |
borne by one of these strains (P 274) to other organisms
kwhich apparently do not cause dysentery requires further

1nvestigétion, and may ultimetely lead to 1ts removal from

this group.
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SUMMARY,

(1) Group varients devoid of type antigen, described
in the previous sec?ion, provide material for ascertaining
the various components of the antigen in the mannitol-
fermenting dysentery bacillil.

(2) Flexner Y, as defined by Andrewes and Inman, is
not a valid type. The strains which are regarded as being
of this type, such as Y Hiss and Russell and Y Lentz, are
0ld strains which have 1ldst their type antigen and possess
only group antigen. The reason why many newly isolated
strains are ldentified as Y is because the antiserums used
for-their recognition contain more group than type
agglutinin.

(3) The f our Flexner types, V, W, X and Z, each
possess a distinctive type antigen and share a complex |
group antigen. They do not, as suggested by Andrewes and
Inman, possess minor quantities of each other's type antigen.

(4) 103, P 119, and the 88-Newcastle-Manchester
series have also distinctive type antigens, and share the

same group antigen with V, W, X and Z.
(5) It is considered that the existing Flexner group
should be extended to include all organisms which have a

tYpe-specific antigen and share this common group antigen.
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The three types in.(4) should therefore be piaced in the
group and named aécordingly.

(6) Six types vhich have the blochemical reactions
of the Flexner group, and which have individual type
antigens but no Flexner group antigen, are provisionally

placed in a separate loose group.
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ANNEXURE V.

THE LABORATORY DIAGNOSIS OF BACILLARY DYSENTERY.

Transactions of the Royal Society of Tro.ical Medicine
o and Hygiene, 1940, Volume KKXI%T, PP. 553 to 571.

Bacillary dysentery is an acute inflammatory disease
which affects the mucous membrane of the large lntestine.
The infecting organisms are almost invariably confined to
the bowel, although 1ﬁ fare instances the blood stream
may be invaded, usually as a terminal phase in fatal
attacks. -In acute cases laboratory investigaetions are
therefore chiefly concerned with the recovery of:the
dysentery bacillus from the faeces; in more chronic cases
evidence of infection is sometimes to Dbe obtained by
exemining the patient's serum for the presence of specific

agglutinins.

’ISOLATION AND IDENTIFICATION OF THE DYSENTERY BACILLUS.
In discussing laboratory methods it is not proposed
to enter into details which must be familliar to Fellows
of this Society, snd it will suffice to stress a few
points which have been shown by.expérience to be of

particular importance.



Collection of the Specimen.

First place must be given to thevhecessity for
securing specimens early in the disease. In the acute
case, the first few stools consist of brown faecal mafter
in which mucus cannot as a rule be found. These ere
followed by watery evacuations containing small shreds of
}thin mucus from which the infecting bacillus can almost
invariably be isolated, sometimes in pure culture. Then
comes the most characteristic stage in which frequent
small stools are passed consisting almost entirely of
sticky mucus. In some text books thils mucus 1s described
as reéembling red-current jelly, but this is a description
with which I cannot agree. The gucus is of a glairy
whitish-yellow colour, like raw white-of-egg, and is
flecked with streaks of blood. It may in some cases be
batﬁed in blood, but when this is washed off it will be
seen that the mucus itself is untinted. From stools of

this kind the isélation of the organisms 1s also compara-

tively easy.
As the case progresses towards recovery the mucus

becomes more viscid, and brown feecal material reappears
in the stools. From now onwards recovery of the

organism becomes progressively more difficult.
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For the successful isolation of the dysentery
bacillus 1t is essential that the specimens examined,
should be as fresh és possible. The dysentery~bac111ua
1s a delicate organism which is very quickly overgrown by

Bacillus coll and other allied organisms, which are normal

inhabitants of the bowel, and when the specimen is an hour
or two old recovery of the pathogen is very difficult.

The best arrangement is to have the bedpan containing the
newly-passed specimen brought direct from the ward to the
laboratory, so that the bacterlologist can himself select
the most suiltable portion. When this is impracticable,

a selected piece of mucus should be preserved, until 1t
can be examined, in a solution of glycerine, such as that
recommended by Sachs (1936). This consists of 30 per
cent. glycerine in normal saline, ad justed with sodium
Phosphate to a reaction of pHS8, and tinted with phenol-red.
This mixture is put up in 10 c.c. quantities in small
screw-capped bottles, apd should‘only be used if it 1s a
pink colour. The development of acid, which 1is liable

to occur in glycerine, and is fatal to the dysehtery}

bacillus, is shown by a change in colour from pink to

yeilow.
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In acute cases of dyésntgry it is usually -neither
necessary or desirable to obtain specimens other than
from the patient's stools, although some report well on
the suitability of material obtained by means of rectal
swebs. In chronic cases positive results may'sometimes
be obtained, where other methods fail; by examining the
bowel through the sigmoidoscope, and taking swabs direct

from ulcerated patches.

Mlicroscopic Characters of the Mucus.

Much can be learnt from the microscopic‘appearance
of the mucus, and with a 1little experience it is possible
to give a fairly definite diagnosis by this means alone. |
"It 1s unnecessary to stain the mucus before examining it.
All that need be dohe is to place a small portion on a
Slide, apply a coverslip, seal the.edges with vaseline,
and examine with a one-sixth objective. The character-
istic feature is the remarkable cellularity, each fleld
being closely packed with cells. The number of red blood
cells varles, depending on the portion which has been
selected: they are scattered throughout the fleld, and
rarely occur in roulesux. - Exclusive of red cells, over

90 per cent. of the others are polymorphs, some of which
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méy show fragmentation of the nucleus: the remaining

10 per cent. is made up of macrophages (which may resemble
amoebae, 5ut should not be mistaken for them), eosinophils,
small monopuclear cells, and shed epithelial cells, It
is In fact a typical inflammatory exudate. Of course,
pus from an abscess has more or less the same microscopic
characters, and even an over-strong green-soap enema can
produce a good imitation, but ﬁith‘the exercise of a
little common sense these piltfalls can be avoided. In
the later stages ﬁﬁe cellularity‘of éhe mucus 1s less
marked. Polymorphs are fewer and degenerating epithelial

¢ells more common.

Isolation of the Organism.

For the isolatlon 6f the organism MacConkey's medium
and 1itmus-lactose-taurocholate-agar are equally good:
the choice is a matter of bersonal preference. The
selected portion of mucus should first be thoroughly
washed in a tube of sterile normal saline, and then well
rubbed on to the surface of the medium, using a small
pair of forceps or & stiff platinum loop. If the mucus
is carefully washed as described, to remove any adherent

faecal mattér, there 1s little dgnger of producing too
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thick a growth on the plate, for the organisms are
rplativelf scanty. Attempts at plating from saline in |
which the mucus has been broken up are'usﬁqlly unsuccess-
ful, end 1t is much better to rub the mucus directly on
to the plate. The greater the area of medium inoculated,
the better 1s the chance of success; 1if possible two
thre;-inch plates should be devoted to each specimen.
After incubation overnight, dysentery colonies 1f.
present can usually be recognized by thelr non-lactose-
fermenting properties and by thqir delicate translucent
appearance. Selected colonles should be picked off the
plate and seeded into three tubes of peptone water con-
taining lactose, glucose, and mannitol respectively, and
on to an agar slope. Next day the bilochemical reactions,
suppleﬁented by an agglutination test with organisms
washed from the slope, will complete the identification.
Reference to the various diagnostic serums which

should be used will be deferred until the classification

of dysentery bacilli has been discussed.
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CLASSIFICATIOK OF DYSENTERY BACILLI.

The idéntification and classification of the different
organisms capable of causing bacillary dysentery, which
began with Shiga's important discovery in 1898, has been
a gradual process and has not yet reached finallty.

From time to time in the last 40 years new types of
suspected dysentery bacilll have been described, and in
most cases there has been a'good deal of healthy scepti-
cism before their ciaims have been admitted. This atti-
tude has been adopted because there 1s no infallible
method by which their‘pathogenic action can be assessed,
and because prolonged investigation is usually necessary
before a sufficient weight of evidence accumulates to

prove or dlsprove the case.

Criteria of Pathogenicity.

It will be recalled that Koch's postulates on this
question are, briefly, that the organisms should be
present in all cases of the disease, that 1t should be
capable of being isolated and maintained in pure,culfuro,
and that it should reproduce the disease in susceptible .
anim&ls. In the case of dysenterylbacilli, these postu-

‘lates are difficult to satisfy. As numerousvtypes of
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bacilli cause dysentery, the first postulate can never
be satisfied as‘regards any one type; the second is
readily fulfilled but in itself is unconvincing; and for
the third, animal inoculation in most cases affords no
reliable evidence, whils the.infection of the human
subject with cultures is not a practical proposition,
though in certain cases accidental laboratory infection
has provided evidence of this kind. There are, however,
certain characteristics which lend strong presumptive
evidence of pathogenicity. ‘

First is the period of the disease.during which the
suspected organisms are to be found in the stools. . In
the case of organisms of undisputed authentlicity, such as
Shiga's bacillus, this follows a very definite sequence.
They are present in large numbers, sometimes in almost
pure culture, in the early acute.stages; they ﬁécome less
common and more difficult to isolate as the case advances;
and when recovery ensueé they disappear completely.  When
this sequence is repfoduced by organisms whose bilochemical
and other characters sﬁggest that they are dysentery
bacilli, and when after careful investigation no qthér

known pathogenic agent can be discovered, it must be
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regardéd as presumptive evidence of some valus.

Second, the bacillus should not be pressnt in the
bowel, and so in the‘stobls, of persons who are not
suffering from acute or chronic dysentery. Observations
6n this subject have been made on a large scale in the
military laboratories of India, where native cooks, table-
boys, and others of this class are examined prior tov
engagement to ensure that they are not carriers of enteric
'6r dysentery bacilli. In the course of 3 years I
examined over 3,000 such men, making between 8,000 and
9,000 platings of their stools (Boyd, 1932). In no
instance was a pathogenic dysentery bacillus, of any of
the types to be described later, 1lsolated except from men
suffering from acute or chronic dysentery, in whose faeces
cellular mucus could be found. This observation has in
large measure been confirmed by others who, in the perilod
which ceme under my control, made some 119,000 platings
of the stools of 35,000 menials with similar result;
(Boyd, 1936). This constitutes a very massive control,
the results of which cannot be lightly disregarded. |

Thirdly, the development, and especially the progres-

sive development, of agglutinins for the suspected
organism in the serum of the patient during the course of
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the diéease is generally to be accepted as an indication f
that the defences of the body are being called into action
to repel the attacks of an invading organism. This évi-
dence is of value when the agglutinins are for.the
specific antigen of the bacillus concerned.

In addition to these three criteria, evidence has i
been afforded in certain cases by the occurrence of |
laboratory infections, and by localized outbreaks in which,
in tﬁe absence of any other pathogenic agent, the suspected

organism has been recovered from all or the majority of ;

the cases in the outbreak.

MORPHOLOGICAL AND BIOCHEMICAL CHARACTERS OF
DYSENTERY BACILLI. . !

Morphologically, organisms of the dysentery group are
indistinguishable from each other. They are Gram-negative,

coliform bacilli, non-capsulate, non-sporing, and non-

‘motile.
Differentiation may be effected partly by their blo-

chemical reactions, and partly by thelr antigenic |
charscters. While their grouping must finally be deter-
mined by antigenic structure, it 1s fortunate that prelimi-
nary classification can be made by means of biochemical

reactions, which enable them, as was pointed out by
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Murray (1918), to be placed in four main groups. This
is shown in Table I.

With one exception, to be de#ailed later, all
dysentery bacilli are either non-lactose-fermenters, or
late~1actose-fermenters, and produce acid without gas in
glucose. They are divided into two main groups according

to their action on mannitol.

Non-Mamitol-~Fermenters.

B. dysenteriae Shiga 1s the most important member of

the non-mannitol-fermenting group, and is the only
dyséntery bacillus known to produée an exotoxin. It
usually causes a moreAsevere form of the disease than do
the other dysentery organisms. It possesses a distinc-
tive type antigen and has no tendency'to undergo variation
‘other than, in old cultures, from smooth to rough.

B. dysenteriae Schmitz (B. ambiguus) is distinguished

- from Shiga's bacillus biochemically, by the fact that it
produces indol from peptone, and serologically, by the
posseséion of a distinct antigen. Contrary to statements
made in certain textbooks, it has been my experience that
these two organisms show no cross-agglutination whatsoever.

In artificial culture Schmitz' bacillus occasionally
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produces a varlant of simpler antigenic structure than
the parent organisﬁ (Boyd, 1936), a character which for
some time gave rise to considerable confusion.

This organiém was first.described in detall in 1917
by Schmitz, but was probably known before this date. It
was accepted as a dysentery bacillus by Kruse, who includ-
ed 1t as Type J in his series. Murray (1918) found it
among collections of strainé on which he reported so ably,
and it has since been recognized in many parts of the
world. Evans (1938) found an outbreak of asylum
dysentery in an institute in Wales to be attributable to
~this organism, and even more recently it has been recover-
ed from other cases of asylum dysenﬁery. '

Schmitz! bacillus complies with the criteria previous-
ly given, and‘has the further qualification of having been
recovered postmortem from dysenteric lesions in the bowel,
and of apparently having caused a laboratory infection.
(Hirschbruch & Theim, 1918).

In addition to these two recogpized types, other
organisms.having thé biochemical but not the antigenic
characters of both Shiga's and Schmitz' bacilli are
‘occasionally encountered. So far no conclusive evidence

‘has been produced to show that these strains are pathogenic,
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and in any casé, their rarity renders them of little.

importancs.

Mannitol-Fermenters

The mannitol-fermenting group is subdivided by the
action of its members on lactose and saccharose, as some
strains fe:ment these sugars after a few days' incubation,
while others - the'majority - lack this property. Some
workers regard the late fermentation of saccharose as of
doubtful signifilcance, and belleve the reaction to be
variable, but after careful investigation I am quite
satisfied that, working with recently isolated strains and

pure saccharose, the results conform with the grouping I

have given.

(1) 1Late Lactose-Saccharose Fermenters.

The only known pathogenic member of this group 1is

B. dysenteriae Sonne, which is of common occurrence

throughout the world. The newly isolated smooth
organism has an antigen peculiar to itself. It rapidly
o undergoes mhtation, producing & variant with a different

'aﬁtigenic structure, probably of the nature of a group

antigen.
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Other strains having the biochemical but not the
antigenic characters of Sonne's bacillus are by no means
uncommon, e.g., B, dispar.  Most of them are almost
devold of agglutinogenic properties, and none of them in
my experie@ce has any definite relationship to dysentery.
It is considered that they can safely be regarded as

non-pathogenic.

(2) Non-Fermenters of‘Lantose and Saccharose.

The mannitol-fermenting subgroup which does not
acldify lactose and saccharose is general}y known as the
Flexner group, but it will be shown that this name is not

sufficiently comprehensive.

The first member of this subgroup was discovered by

and named after Flexner, and shortly afterwards allied but

slightly different stralns were deécribed by Hiss and
Russell, Sﬁrong and Musgrave and others. During the
1914-1918 war two diagnostic serums were in ggneral use,

one prepared from the original Flexner strain, and the

other from the strain then known as Flexner Y. Experience

in the Near East, in France, and elsewhere showed that a

much more extensive range of antigenilc types existed, and

Andrewes and Inman (1919) collected and studied a series



EIGURE I, '

Antigenic Skructure qf Flexner Group Bacill,
(Aprer fndrewes & /nman)
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of 200 strains, and divided them into five races, which
they named V, W, X, Y and Z. Andrewes' conception of
'the antigenic structure of these races is of interest.
It is shown diagrammatically in Fig. 1. (after Andrewes).

He believed that V, W, X and Z each possessed a pre-
dominating and distinctive antigen of its own, and also
contained minor.quantities of the'antigens of the others.
Y, on the other hand, was belleved to be a more or less
equal mixture of the antigens of V, W, X and Z, with no
distinctive antigen of its own.

| This work, which was accepted as authoritative, was
~a very great advance in the elucldation of the problem.
Unfortunately, the collection of strains on which it was
based was by no means exhaﬁstive - 1t contalned, for
example, only one strain from Indla - and, further, it
included strains which had been maintained for some time
in artificiai culture .and which, as we now know, had
undergone ‘variation, a bhenomenon not recognized at that
time. A _

The inadequacy of the collection is shoﬁn by our
findings in India. Table II is an analysis of orgaﬁisms

having the Flexner biochemical reactions isolated in
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military laboratories in the years 1926 to 1930, and shows
that more than a quarter of the Flexner-like organisms
isolated were of different antigenic composition from

Andrewes'! races.

TABLE II.

Relative numbers of agglutinable and inagglutinabie
mannitol-fermenting dysentery bacilli isolated in
military laboratories in India.

Year | Agglutinable | Inagglutinable Inzzgiﬁﬁzgﬁgla
1926 271 | 129 32.25

1927 | 342 164 | 32.4

1928 492 306 | 38.2

1929 922 286 23.7

1930 1,077 360 | 25.4

It was a comparatively easy matter to make fﬁrther
observationa}of these inagglutinable strains along the
lines followed by Andrewes, and in this way several
additional races were identified, of which four were
common, fhree were relatively common, and others were

rare. (Boyd, 1931 and 1932).
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TablevIII is an analysis of all dysentery organisms
1solated in military laboratories in India from 1932 to
1935, and shows the relative frequency of the different
types. It must be emphasised that this is a
"totalitarian" table and includes every organism of the
dysentery group, a&s defined above, 1solated from the stools
-of cases with symptoms of dysentery.

The identification of these types was, of course,
only part of the problem. There remained the question of
establishing their pathogenicity, and of determining their

relationship to the recognized races and to each other,

Antigenic Variation in the Flexner Group.

Fortunately, at an early stage inthe investigation
an observation was made which threw new light on the anti-
genic structure of these organisms, and enabled a more '
accurate and scientific form of classification to be
adopted. It was found that during life in artificial
culture a .form of variation or mutation, involving a
fundamental change in antigenic structure, frequently
occurred in one of the "new" races, Type 103. 1In
parenthesis it may be said that there is now no reasonable

doubt that 103 is not a "new" race at all, but is the old
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Lentz "Y", which in its original form was not included in
Andrewes' series. This strain, when newly isolated, is
not ﬁgglutinated by serum prepared from Andrewes' v, W, X,
Y, Z series, although a serum prepared from 103 1s able to
agglutinate Andrewes! races'to a relatively high titre.
After a variable time in artifiéial culture 103 produces
variants, which can be distinguished by their colony
characters and which in antigenic structure are almost
identical with the Y races in Andrewes' series, being
readily agglutinated to a high titre by V, W, X, Y and 2
antiserums. At this‘stage of i1ts life, therefore, two
types of colony are to be found on plating 103 - first the
.original type of colony, which on replating produces both
itself and the variant, and secondly the variant, which
breeds true and reproduces only colonies of 1its own type.
Naming the original colony A, and the variant B, this

process may be represented as in Fig. 2.

Absorption tests show that 103B 1s capable of abstract-
" ing all heterologous agglutinins from 103 serum, so that
after absorption this serum will agglutinate only 103A.

This is shown in Fig. 3.
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Further, 103B and the Hiss and Russell Y strain,

which 1is one of the Y type races in Andrewes' series, are

found to be almost, though not exactly, identical. Like
103B, Hiss and Russell Y is also able to rob 1034 serum
of its heterologous agglutinins, and to render 103B serum
almost inert, as shown in Fig. 4.

Not oqu is this so, but when serums prepared from
Andrewes' V, W, and Z races (X will be discussed later)

are absorbed with 1038, or Hiss and Russell Y, they, too,

)

lose their heterologous agglutinins and become monospecifioJ
|

Subsequent observations.have shown that similar
variation occurs in all the Flexner races, though not
always so complete as that shown by 103. There 1is,

during artificial 1life, a constant tendency towards the

production of variants possessing decreased quantities of

specific. antigen, and apparently Ilncreased quantities of

group antigen.
In the lightvof these findings, Andrewes' conclusions
regarding the antigenic structure of the Flexner group

" must be revised. Each race does not, as he suggests,

contain s predominant quantity of a specifie antigen and
minor quantities of the specific antigens of the other

. races. Each does in fact possess a distinctive specific
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or type antigen, but all share a common group antigen
which occurs, free from type antigen, in the veriant 103B,
and in Hiss and Russell Y, which, for reasons that need
not be detailed here, ié believed to be a group variant of
W. ‘

This is shown.in very diagrammatic form in Fig. 5,
in which no attempt is msde to indicate the correct
proportions of the different antigens.

More detailed investigations (Boyd, 1938) have shown
that the group antigen is more complex in structure than
was originally supposed, and conteins several components,
but this does not affect the argument and need not con-
cern us further in this discussion.

To return to the qﬁestion of classification: 1t 1is
considered that membership of the Flexner group should be
extended to, and limited to, those races which, in addi-
tion to possessing a distinct specific antigén, are salso
endowed with the common group entigen which has been
described. The latter character constitutes’a bond of
relationship which is of much greater significance than
less fundamental properties such as biochemical reactions.

Reviewed in this light, the Flexner group l1s found,
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ag far as-ia known at present, to consist of six members,
‘three of Andrewes' series and three others.

Andrewes' V, W, and Z races are valid types; each
has 1ts own type antigen, and all have varying quantities
of the common group antlgen, which, of course, accounts
for the cross~-agglutination which the races show. The
so-called VZ type is a V race which has the type antigen
of V; énd;an excess of}a groﬁp component also found in Z.

Neither X nor Y are believed to be valid types. Y
has already been discussed. After a long series of
experiments, not yet published, it has been concluded that
X is an incompleﬁe variant of Z and not a separate race.
It must, however, be mentioned that Andrewes' type strains

of X, as maintained by the National Collection of Type

Cultures, have now entirely different characters from those

he described, and it 1s possible, though perhaps hardly
probablé, that there exists in Europe a race which has not

found its way to India, and which is the original X

described by Andrewes.
Type 103 is clearly a member of the Flexner group,

although it differs somewhat from-the previous three races

in that the group antigen in the freshly isolated strain

appears to be somewhat obscured, so that the orgenism has
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| ' FIGURE 3,

of certain Flexner 'group organisms.

‘NoTe — this is a simﬁlified diaqram which does not rake into 5 I
consiclevation he differvent components of the group antigen. » ‘
For this veason X is omitted. - _




little tendency to belcross-agglutinated by the antiserums
of the other members of the group. It has a wide distri-
bution, having been found in this country, on the Continent,j

14

in the Near East, in West Africa, and, of course, in
India. _
P119 1s another undoubted member of the group. Like

103, it produces a variant which is devoid of type antigen,

but rich in group antigen. So far as I am awere this A
race has not been found in thils c ountry nor in Europe, but ﬂ
it occurs in the Far East, and figures as Type XII in
Aoki's series. . It has also been shown to be common in
South Africa (Beven, Personal communication.).

Type 88 also has a distinctive type antigen, and

Flexner group antigen. This race is of particular
It differs from

T RN | G AT S A T ane

interest to workers in this ¢ ountry.

all other members of the Flexner group in that its bio-
In India, 1t was

Y

chemical reactions are inconstant.

observed that about two-thirds of the strains were late
fermenters of dulcite, and its range of biochemical
variations was further extended when Scott (1934) showed
that its antigen was 1in every respectvideﬁtical with t hat
‘of the biochemically anomelous Newcastle dysentery bacillus,

described by Clayton and Warren (1929, a and b), and also
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with the Manchester bacillus of Downle and Wade (1933).
The range of biochemiéal reactions. shown by this’versatile
organism are given in Table IV,

In the last few years strains having the Newcastle
biochemical reactions have been found in India, and a few
months ago a typical 88 was 1361ated from a case of

dysentery in England by Lieut.-Colonel Leigh. This race
hﬁs now been found in meny parts of the world.

As regards pathogenic action, these three races,
103, Pll9, end 8é, have an equal claim with V, W, and 2
to be classed as true dysentery bacilli. They possess
all the characteristics of the more familiar races, and
wéuld without‘doubt have been accepted by Andrewes had
they been included in the collection he studied.

Of the remeining six Flexner-like orgenisms shown
in Table III, with the possible exception of P143 none

appears to possess Flexner group antigen, though each has

a characteristic type antigen. Three of them c an be

rega}ded as capable of causing dysentery, but the evidence
incriﬁinating the other three is less definilte.

170 is a relatively common race which fulfils the

Postﬁlates made previously. Up to date it has not been

reported except from Indla.



288 is less common, but is nevertheless very
definitely a true dysentery bacillus. In addition to
complying with the postulates, it wes on one occasion
the cause of a small isolated outbreak which occurred in
the Indian platoor of a British Regiment reported by
Wilson (1936}. Ten cases occurred, and this race was
recovered in typical fashion from the stools of all ten;
no other pathogenic organism was discovered.

D1 is also less common, but hes all the characters
of a true dysentery bacillus. It has recently been
found in Sudan by Dr. Horgsn of the Stack Laboratories
(personal communiéation).

P288 and D1 are late fermenters of dulcite. At one
time it was thought that this character might be used in
classification, but this idea has been abandoned.

P274 hss certsin characters which favour its accep-

tance as a dysentery bacillus, but on the other hand it

has a group relationship with B. alkalescens, Aoki's

Type VII, and certain gas-forming strains which are proba-

bly non-dysenteric. It had better, therefors, remain

sub judice until furthsr evidence is forthcoming.
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D19 and P143 are of such rare occurrence that they

can at present be disrégarded.

Besides these races which have been described, others
having the Flexner biochemical reactions, but of distinét
antigenlc structure, are occasionally found. They have
no'cléar relationship to dysentery, and are probably not
péthogenic. ;n a recent review of these organisms,
Bensted (1939) concurs in this opinion.

One type which deserves mention 1s B. alkalescens,

originally described by Andrewes (1918), who believed it
to be non—pathogenic. I have never fouhd this organism
to be assoclated with symptoms of dysentery, and in fact
it is of rare occurrence in Indis. It seems, however, to
be commoner in this country, and has recently been
advanced by Nabarro and others (1939) as a cause .of
diarrhoea and dysentery in children. Judged by the
standards already cited, Nabarro's conclusions must be
accepted with caution, espociallj in view of the fact that
B. alkalescens shares a highly agglutinable group antigen

with a number of organisms of doubtful nature.
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PROPOSED CLASSIFICATION OF THE FLEXNER GROUP.

I have from time to time suggested that some

authoritative body should revise the classification of

the Flexner group of dysentery organisms, but so far this

hasnot been done. As I find that the meaningless index
numbers by which my type strains were originally desig-
nated are being quoted in various publications, I am
going to propose now a more convenient nomehclature.

I suggest that two types should be recognized, namely,

B. dysenterise Flexner, comprising these races which

possess Flexner group antigen, and B. dysenteriae Boyd*,
embracing those pathogenic organisms~which have the
Flexner biochemical reactions, but do not possess the

group antigen.

The names would then be as shown in Table V.

X  In peading his paper the speaker had proposed the
name of B. dysenteriase India for this type, but in the
discussion Which followed Ma jor-General Perry urged that
this should be changed to B. dysenteriae Boyd. The
proposal has accordingly been adopted. :

1




TABLE V.
Proposed Classification.

of Mennitol-Fermenting

Dysentery Bacilldi.

236.

New Name

Old Name

B. dysenteriae Flexner I

Andrewes and Inman V

‘_l " III

n
II " "

“ " IIX " " g

? " v Type 103

; " v t Pl19

o " VI 88-Newcastle-Manchester

group

B, dysenterise Boyd I Type 170

" tII " p288

n D1

" Other races can

types when they are finally proved to be pathogenic.

if necessary be tacked on to these

It will be noted that all the organisms described

f£al1l within the dysentery group as defined in Table I.
From time bo time strains such as B. morgani,

B. asiaticus, B. columbensis, and others of this naturo

have been described as causing dysentery.

been my experience to find these organisms in circumstances

It has never

which made me suspicious of their role, and conversely I

have rrequently isolated them from normal stools.
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IDENTIFICATION OF DYSENTERY BACILLI BY
SEROLOGICAL METHODS.

It may be asked if it is necessary as a ;outine
measure to determine the race of every dysentery bacillus
isolated. This depends on the object in view. The
information 1s of little value to the clinician, but may
be of importance to the epidemiologist, bent on tracing
the origin and spread of an outbreak. It may also be
of interest to those concerned in the manufacture of
therapeutic serum. _

Our custom in the Army is to make a preliminary
classification according to the fermentation of mannitol.
For the non-mannitol fermenting group, antiserums for
Shiga's and Schmitz! baciilus are provided, and a slide
agglutination test suffices to distinguish the two.

For the mannitol fefmenting group, three serums are
supplied. One 1is anti-Sonne.sérum, and contains both
specific and group components. The second is polyvalent
for Andrewes' races, and the third for 103, P119, 88, and
170. The only reason for having two polyvalent serums
for these races is that it is difficult to prepare one
serum having a titre of 250 for all seven races; & low-

titre serum capable of clumping them all could, however,

i
|
i
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easlly be made. In India, the arrangement of polyvalent
serums is slightly different, and components which clump
the less common races are also included. A selected
central 1aboratory‘1s supplied with serums for the
indentification of the individual races. The most rapid
and most certain way of typing the different races is‘by
means of a séries of monospecific serums, which can easily
be prepared by absorbing out the group agglutinin. Using
~ these, identification can be effected in a few minutes
with a slide agglutination test, and ﬁhe results obtained

in this way are perfectly clear-cut and unmistakeble.

SEROLOGICAL DIAGNOSIS OF BACILLARY DYSENTERY.

There remeins to be considered the question of

diagnosing dysentery by means of agglutination tests with

the patient's serum. This 1s of little practical value

in acute cases, as agglutinins do not develop for 'some

time after the onset of the disease, when the patient 1is

usually cured énd back at work. In chronic cases, a

definife result may be obtained when Shiga's baclillus 1ls

the infecting organism; a tltre of 1 in 40 or over is

. usually accepted as indlcating infection. The same

———
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probably applies to Schmitz' bacillus and Sonne's bacillus,
1f care be taken to prepare the agglutinable suspension
from fhe.type phasé of the organism. In the case of the
Flexner group, the problem is beset with difficulties,
first because of the multipliéity of strains, an&
secondly because it is almost impossible to prepare
suspensions which are free from group antigen. At first
sight it might seem that the problem could be solved by
using a auspenéion of.group antigen, but unfortunately
serum from normal subjects frequently contains a considera-
ble concentration of natural agglutinin for thesc group
| antigens, as can be seen in Table VI.

Sfrange to say; the same applies to normal rabbits -
see Table VII. The diagnoéis of Flexner infection as
the cause of ﬁucous colitis, chronic enteritis, and allled
conditions, based on‘the power of the  patient's serum to
#gglutinate Flexner sﬁspensions; usually the so-called
Flexner Y, has therefore, a very flimsy foundation. To
be of any value, the test must be carried out with great

care and with a much more elaborate technlque than is

usually employed. It is essential that, as a preliminary

measure, the serum to be tested should be absorbed with
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_pure group antigen, i.e., with strains such as 103B

or Hiss and Russell Y, Thereafter any agglutination
which the serum produces in suspensions of the different
races will be specific in nature, and consequently of |

some diagnostic value.

If some of the statements I have.made in this
paper appear rather dogmatic, it is because lack of time
prevents me from giving chapter and verse for the
underlying réasons. The details will be found in the

original articles quoted in the references.
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ANNEXURE VI,

LABORATORY FINDINGS IN CLINICAL DYSENTERY
IN MIDDLE EAST FORCE BETWEEN
AUGUST 1940 AND JUNE 1943.

Journal of Pathology and Bacteriology,
1946, Volume LVIII, pp. 237 to 241.

Middle East Force was, during the period covered by
this communication, an extensive command, and had hospitals
with their attached laboratories in Egypt, Sudan, Eritres,
Palestine, Syria, Cyprus, Libya, Cyrenailca, Tripolitania
and Malta. The figures given in this paper are compiled
. from returns received from laboratories in all these
countries, and can therefore be claimed to be & reliable
cross-section of the dysenteric flora of thils area. They
were rendered in monthly reports submitted to the Deputy
Director of.Pathology, Headquarters, Middle East Force,
between August 1940 and June 1943, when it was decided that
1t was  no longer necessary to attempt the isolation of
dysentery bacilli as & routine procedure in all suspected
cases. ‘ |

‘Methods

The methods used.in the isolation and identification
of dysentery bacilli were those taught at the Royal Army -
Medical College, which have been described elsewhere
(Eoyd, 1939-40). For the isolation of the organism,

. - - ~-ag Ium
McConkey's medium or 1itmus-lactose-bile-salt-agar med
was useg. Sodium desoxycholate was not available until



the end of this period and then only in limited ant

Its use would probably have increased the percengﬁge g;ias.
isolations (though a controlled experiment showed that in
the acute stages of bacillary dysentery its advantages are
not so obvious as in the old or chronic case) but would
have made no important Qdifference in the percentages of
the different types found. For serological confirmation
of the identity of the dysentery-like organisms isolated
the following antisera (all supplied by the Emergency
Vaccine Laboratory) were used:- (1) Shiga, (2) Schmitz,
(3) Sonne, (4) Flexner polyvalent 1 and 2.

ﬁ
Flexenr polyvalent 1 serum was a mixture of sera
prepared from Flexner types I (V), II (W) and III (Z) in
quantities sufficient to give an approximste titre of
1 : 250 for each of these types. Flexner polyvalent
serum 2 was a mixture of Flexner IV (103), V (P 119},
VI (88-Newcastle-Manchester) and Boyd I (17¢). The last
of these was included because this organism had been found
to be of relatively common occurrence in India. Other
types identified in India (Boyd, 1932 and 1839-4C) were
deemed to be too rare to merit inclusion in routine diag-
nostic sera, but in order to maintain a check en their
occurrence, instructions were issued for unidentifiled
dysentery-like organisms to be sent to the Central
Pathology Laboratory, where mannitol fermenters were
investigated by the author and non-mannitol fermenters
by Major J. D. MacLennan.

Results
Tabép I is an analysis of the findings during the
period unéer review. The figures include all cases
investigated by laboratories; but do not represent the

total incidence of dysentery in the force, as many cases

were of necessity diagnosed on clinical grounds only.
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The total number of dysentery bacilli isolated was
23,951. The percentage of 1lsolations (including
E. histolytica,42.19 per cent.) is lower than that usually

obtained in peace-time conditions, but this is the inevit-
able result of the "rush" which occurs during the dysentery
season, when it is often 1mpossible to examine more than
one specimen from each patient or to devote more than half
a8 plate of medlum to each specimen. In practice, the
isolation and identification of the.organism is not in ﬁhe
majority of cases a matter of much importance to the

. physician. The experienced pathologist has no difficulty
in making an accurate diagnosis of the type of dysentery
(whether bacillary or amcebic) from the microscopic
characters of the exudate, and no further differentiation
is normally required for purposes of treatment.

It is of interest to compare these figures with those
of the Army in India (table II). The Indian figures are
from a series of 7,339 strains identified in the years
1932-1935. They do ndt include "other non-mannitol
fermenters",'but as these were of rare occurrence, the
percentages afe not significantly raised. The close
relationship between the two sets of figures is remarkable.

The vast majority of the "missed" cases were bacillary
and not amoebic dysenterj. The latter 1s rarely a self-

limiting disease, and, although temporary remissions may
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'occur 1n;the absence of diagnosis and specific treatment,
recurring relapses sooner or later draf attention to the
real nature of the disease. For this reason, the true
incidence of amoebic dysentery is unlikely to be much
greater than
TABLE IT
A comparison between the percentages of dysentery bacilli

in ¥ndia, 1932-1935, and Middle East Force, August 1940 -
June 1943,

Flexner| Other Other
Shiga Schmitz|Somne [[-VI and mannitol |non-mannito
Boyd I |[fermenters| fermenter

‘Anny in India,

1932-1935 .3 | 5.5 | 10.9 62.3 6.9 | No record
Middle East Force,

August 1940 - '

June 1945 | 18.86] 6.68| 7.37 61.59 3.3k 2.16

that shown in table I, i.e. just over 5 per cent. of all
cases. Its incidence was slightly higher in the Sudan
and Eritrea than in Egypt and Palestine and tended to be
greater in troops who had been in the country for some
time.

Of the dysentery bacilli isolated, 94.5 per cent.
‘were of recognised types and were readily identified by
the standard antisera supplied by the Emergency Vaccine

Léboratory. No attempt was made to identify the
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individual types of Flexner bacilli, nor are accurate
figures available to show the proportions which fell into
the groups covered by the Flexner polyvalent 1 and Flexner
polyvalent 2 antiserum respectively. It can be said, how-
ever, that a very considerable number were in the latter
group, indicating that these more recently described types

are of common occurrence in the Middle East as in Indis.

Atypical strains

An account of the gtypical non-mannitol fermenters
has already been published by MacLennan (1945). Of the
800 mgnnitol fermenters;which were not identified by the
sfandard antisera, a total of 109 strains were recelved
at the Central PathOIOgy Laboratory for investigation.

Fifty-five of these were of types already described
(Boyd, 1932) and occurred in the following numbers: -
Boyd II (P 288), 13; Boyd III (D 1), 2; P 274, 28;
P 143, 5; D 19, 7. Type P 274 has now been shown to have
a wide distribution, always in association with clinical
bacillary dysentery. Originally described from India, it
has been found in the Middle East as noted above, in.
Australia (Rothstadt et _al., 1943) in America (Kuhns, 1943;

Wheeler, 1944; and others), and recently & strain was
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isolated in the Scottish Commend Laboratory. It is ﬁhere-
fore proposed that this type should be known as Boyd IV.
For convenience, but with less justification, P 143 may be
called Boyd V, and D 19 Boyd VI. No evidence other than
that they haﬁe been isolated only.from cases of dysentery
can be producedrregarding the pathogenic action of the
.last fwo4types. |

Eighteen others were found to be of one antigenié
pattern, but subsequent investigation showed that théy were
not true dysentery bacilli, as they possessed a degree of
motility. Thelr capaciﬁy to produce indol in peptone
ﬁater excluded them from the salmonella group.

Antisera were prepared from several of the 28 residual
strains, but only two of these reacted wilth strains other

than the homologous orgeanisms. The two types thus

identified accounted for 10 strains, leaving 18 unidentified.}

By an unfortunate mischance one of these types (Rhemes),

of which there were 4 strains, was lost.
The remaining type (1296/7), of which 6 strains were
- found, was passed on to Lt.-Col. A. E. Francis for further

investigation. It was found to contain Flexner group

gntigen and therefore qualifies to take its place as a

member of the Flexner group. Its detailed characters have
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been described in a separate communication by Ffancis
(1946) on two new Flexner types, in which 1296/7 is
designated Shigella Flexnerl, type VIII.

An analysis of these results 1# given in table III.

Table III

Analysis of 109 strains submitted as atypical
mannitol-fermenting dysentery bacilli

Type No.
Boyd II (P 288) ... cee  ouo 13
Boyd III (D 1) LI LRCI ] L 2
Boyd IV (P 274) eee ' @0 LRI 28
BO’de (P 145) s 00 e e L) 5
Boyd VI (D 19) coe oo ces 7
Flexner VIII (strains 1296/7) ... 6
Strain "Rhemes" (lost) ... ces g
B. disper. types ... coe oo
Not true dysZﬁtery bacillt (motile) 18
Unidentified oo cos ces 18

It is perhaps worthy of note that B. alkalescens,
which by viftue of its biochemical reactions should have
found 1its place in this series, 1s consplcuous by its

absence.
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Summary

i. 23,950 strains of dysentery-like organiéms
were 1isolated and investigated in the Military Laboratories
in Middle East Force between August 1940 and June 1943.

2. 94.5 per cent. were serologilcaelly identified by
ﬁeans of the standard ssra supplied by the Emergency
Vaccine Laboratory.

3. Of the "atypical" non-mennitol fermenters, 50
of a series of 109 were of types which have already been
described.

4, A new Flexner type (of which only 6 strains
were isolated) has been identified and will be described

as B. dysenterige Flexner VIII.

My thanks are due to the many pathologists in the
laboratories of the Middle East Force, without whose
willing collaboration it would have been impossible to
compile these figures, and to Sgt. J. Pilling, R.A.M.C.,
who assisted in the investigation of the "other" non-.
mannitol-fermenting organisms. ‘
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