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THE DYSENTERIES OF MHOW, CENTRAL INDIA AND 'l'H.E 
CENTRAL PROVINCES.! 

By MAJOR C. J. H. LITTLE, O.B.E., 

Royal A1'my Medical Oorps, 

AND 

ASSISTANT SURGEON W. BORN SHIN , 

Indian Medica,l Department. 

'!'HIS report deals with an investigation, lasting from January, 1926, 
to July, 1928, into the causation of the dysenteries of Mhow, Central 
India, and of some neighbouring military stations in the Central Provinces. 
The work was preliminary to an attempt to produce a vaccine against 
bacillary dysentery which could be administered in some manner other 
than by subcutaneous inoculation, and was financed by the Indian 
Research Fund Association. 

Cunningham, Acton and Knowles, and others, have shown that the 
idea at one time firmly held in India that almost all dysentery in this 
country is caused by Entamceba histolytica is entirely incorrect. Manifold 
proved that amongst the military and civil population of Poona, the 
dysenteries are almost all caused by B. dysenterice Flexner and that a mild 
enteritis with dysenteric symptoms, known as "Poonaitis," is in fact 
bacillary dysentery. 

Our own findings, so far as Mhow and neighbouring stations were 
concerned, confirm the above, for over ninety per cent of dysentery cases 
investigated were bacillary infections, by far the commonest organism 

, present being B. flexner. The population from which the cases came was 
a military one, but, in order to ascertain if ·the same proportion held 
amongst civilians, we examined many stools from bazaar patients, and 
here again bacillary dysentery was far more commonly met with than 
amoobic. 

COLLECTION OF MATERIAL. 

Most of the material examined came from the local garrison. The 
Central Provinces District Laboratory in Mhow suffers from being situated 
one mile from the British and over two miles from the Indian Military 
Hospital. For some months, all stools were collected from both hospitals 
in the bedpan and sent by motor ambulance, and the percentage of positive 
findings was over ninety. 'l'hen economy produced a sweeper on a bicycle, 
with material in' test tubes, and the road to the laboratory is uphill. 
Finally a sort of baker's hand-cart replaced the bicycle, with the advantage 
of being capable of carrying several bedpans, but with the drawback of 

1 Reprinted by permission from the Indian Journal of Medical Research, vol. xvii, 
No. 4, April, 1930. 
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420 Dysenteries Dj Mhow, Central India and Central Provinces 

being very slow indeed. And with each change the proportion of failures 
recorded became higher. 

It is well known that the chances are small of finding a causative 
o~ganism, whether bacillus or protozoon, in a stale stool. It was surprising 
to find that, once the stool was more than thirty minutes old, specimens 
one, two, and three hours after passage gave much the same proportion of 
positive results, and that it was only after three hours that the percentage 
again fell. The warmth and humidity of the air during the dysentery 
season, and the fact that material is usually sent for examination during 
the heat of the day, between 9 a.m. and 4 p.m., probably help the survival 
of dysentery bacilli in a mucous stool, and militate against it, by 
encouraging the growth of B. coli, in a fffical one. 

Table I shows the percentages of positive results (B. flexner or B. shiga) 
obtained from 150 consecutive cases showing a definite bacillary exudate, 
ranged according to age at the time of plating. 

TABLE I. 

Age when plated Percentage of total Positive results 
Less than half hour 15'9 93'7 
Half to one hour 25'4 67'7 
One to) two hours 25'2 7S'9 
Two to three hours 20'0 73'3 
Over three hours 13'5 40'0 

From out-stations dealing with the laboratory, the following specimens 
were sent from every case of clinical dysentery: mucus in Churman and 
Teague's glycerine solution for culture; smears of mucus on slides for 
identification of the cellular exudate j . smears on coverslips. fixed in 
Schaudinn's solution for examination for protozoa. Most of these stations, 
while no more than twelve to twenty-four hours distant by train, were 
from three to seven days away by registered parcel post. 

The percentages of successful isolations from definite bacillary exudates 
from local and out-station cases were as under :-

In 1926 .. 

In 1927 .. 

Local 71 per cent 
Out-stations 46 . 
Local 56 
Out-stations 43 

THE PRELIMINARY DIAGNOSIS. 

Our practice in reporting on cases was that .of most laboratories nowa- . 
days, that is, a preliminary diagnosis was made from the microscopical 
nature of the cellular exudate, and this was sent to the hospital by the man 
who brought thestool,or telegraphed in the case of out-s~ations, the object 
being that appropriate treatment should be begun as early as possible. 

We found, as have other workers, that Shiga infections were not necel?
sarily severe, nor Flexnerinfections mild, and medICal officers did not gain 
by knowing the identity of the causative organism in bacillary cases,. if 
proteins were excluded from the diet until the Shiga infection had been 
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C. J. H. Little andW. Bornshin 4~1 

excluded. The question of whether to administer anti-dysenteric serum 
was best decided on clinical grounds alone, and comparatively few cases 
required this treatment. 

THE EXUDATE. 

During the two years under consideration the total numbers and the 
distribution of exudates, as classed by microscopical appearance, were as 
under:-

Definite bacillary lndefinite Protozoal 
--'-- ---'--_. - ----'--

Yea,' ~umber Per cent Number Per cent Nnmbelo Per cent 

1926 140 69'7 41 20'4 20 9'9 

1927 124 69'7 43 24'2 11 6'1 

Throughout the report percentages for 1926 and 1927 are given separ
ately rather than the average for the two years, since where they remain 
much the same it may be taken that the figures represent fairly accurately 
the usual relative annual incidence. 

The typical bacillary exudate is quite unmistakable under the micro
scope. It is worth recording that exactly the same exudate was seen in 
three cases of typhoid fever which endec;l fatally without perforation, and 
in no case which recovered. We saw this exudate also in two or three 
cases of cholera amongst Indians, but it may be that this was merely the 
waking up of a chronic bacillary dysentery by the new infection. 

As a rule, one glance down the microscope is sufficient to recognize the 
definite exudate, but not infrequently, especially where the patient has not 
reported sick at the onset of the disease, or in chronic bacillary cases, 
search has to be made before 'a patch of pus cells, macrophages, and ghost 
cells is met .in the mass of mucus studded with occasional red blood-cells. 

An indefinite exudate, consisting largely of mucus, a few red cells, pus 
cells, cells from intestinal mucosa, and much cellular and unrecognizable 
granular debris, usually did not yield any causative organism, either bacillus 
or protozoon. Flexner bacilli. were isolated sufficiently 'frequently from 
such exudates to bear out the opinion that they are probably more often 
than not an indication of subacute, or chronic bacillary infection. This 
supposition is supported by the fact that one may see this picture rarely 
preceding, and more often following, a definite bacillary exudate. During 
the two years the latter was met a day or two after the former in four
teen cases, from seven of which B. flexner was isolated and from one 
B.shiga. 

Two adults and two children of one family, taken ill within forty-eight 
hours of each other, all showed indefinite exudates, and from three of these 
B. morgan was isolated, while the fourth gave a negative result. . 

Pieces of mucus adhering to the fmcal masses produced by an enema 
in a very constipated subject will often show the same elements as does the 
indefinite exudate, with the exception of the red blood-cells., 
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422 Dysenieries oj Mhow, Central India and Central Provinces 

In the absence of active pathogemc protozoa, there seems to be nothing 
one can call a definite protozoal exudate, but there are certain findings which 
encourage further search for ammbre. The presence of a large number of 
eosinophiles, as pointed out by Anderson, is suggestive, as .is agglutination 
of the red blood-cells, as contrasted with the free-floating red cells in a 
bacillary exudate, and this latter characteristic alone, in an otherwise 
defilJite bacillary exudate, was considered sufficient evidence on which to 
base a tentative diagnosis of " probable mixed infection." 

Charcot-Leyden crystals were present in fifteen acute dysenteries, and 
were accompanied by E. histolytica, either in the first specimen examined 
or during the following few d'1ys, in five of the patients, while a sixth 
showed this ammba in a relapse six months later. T1·ichomona,~ hominis 
in unusually large numbers was the only finding in three more cases, in 
two of which an occasional protozoon contained a red blood corpuscle. All 
the above nine patients were adults. Of the remaining six, five were 
children of ages ranging ~rom 8 months to 4 or 5 years, and in all these 
the exudate :was definitely bacillary in character. No ammbre were found 
in frequent examinations. 

We never saw Charcot-Leyden crystals in a stool containing E. histo
lytica cysts or in the' absence of nlUCUS, and the conclusion suggested by 
these few cases is that their presence in an adult is very suspicious of 
active amrebic infection, but that in an infant they have not this signifi
cance. When they were met with in an adult, it seemed justifiable to 
recommend a full course of treatment for ammbic dysentery. 

The' diagnosis of ammbic dysentery was never made on the finding of 
E. histolytica cysts, as 10 to 15 per cent of Indians, and a doubtful 
proportion of Europeans, normally pass such cysts. 

A not uncommon exudate amongst Indians was one definitely bacillary 
in charactet· in cases which showed E. histolytica a day or so later. Of six 
mixed infections diagnosed microscopically and by culture, four began as 
definite bacillary cases, and the same sequence was seen in four out of 
eight ammbic dysenteries from which no pathogenic bacillus was isolated 
but which also were undoubtedly mixed infections. It seems quite clear 
that alltbese eight cases had a latent ammbiasis which .was lit up by an 
acute bacillary infection without which the amoobre would presumably 
have remained quiescent. 

The 'reaction of the exudate in 204 consecutive local cases is shown 
in Table n. The term "protozoal exudate" is here used only of one 
containing E. histolytica. 

TABLE n. 
Percentage 

,Exudate No. ...-"--.-
Acid Neutral Alkalille 

Bacillary 160 2'5 10'0 87'5 
Indefinite 32 12'5 50'0 37'5 
Protozoal 6 10'0 
Mixed 6 66'6 33'3 
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O. J. H. Little mul W. Bornshin 423 

Acidity in a bacillary dysentery stool could usually be accounted for by 
the presence of urine. 

In one mixed B. flexner and E. histolyt'ica infection, the exudate was 
alkaline on the first day of illness, indicating a bacillary infection, and acid 
on the following day, when amooba were found in .the stools. 

The 'reaction of the mucus can be tested by anyone with a book of 
litmus papers, and if, where facilities for microscopical and cultural 
examination are not available, dysentery cases with an acid reaction were 
treated as amoobic infections and all others as bacillary infections, the 

. resulting errors of treatment would probably be fewer than at present. 

LABORATORY METHODS. 

Elldo's medium was first used for plating, but was quickly abandoned in 
favour of litmus lactose agar, as giving better differentiation once reliable 
litmus, an absolute necessity, was obtained. 

An attempt was made to follow up the microscopical diagnosis referred 
to with a final diagnosis twenty-four hours later, by emulsifying 
suspicious colonies directly from the plate in a drop each of Shiga and 
Flexner agglutinating sera. This proved useless, as many Flexner strains 
were inagglntinable. and several other organisms, notably B. pyocyaneus, 
:vere frequently agglutinated by low dilution Flexner serum. 

Lactose, glucose, rnannite and dulcite, phenol red milk, and peptone salt 
media were used for testing biochemical reactIons. Many textbooks attri
bute to B. flexner and other dysent.ery organisms quite definite action on 
these media, and it was hoped by using them to make at least a preliminary 
grouping, but it was soon evident that this was not possible. It may be 
permissible to remark that writers of reports and textbooks frequently omit 
to state the number of days organisms are incubated before readings are 
made, knowledge necessary to those who wish to use their result or repeat 
their work. 

N early all strains of B. flexne1' isolated failed to produce any change in 
phenol red milk after the first slight acidity resulting from twenty-four 
hours' incubation. Their action on sugar media could not be relied upon 
for identification, for many strains which were agglutinated by Flexner 
high titre serum gave varying degrees of acidity in lactose during the first 
seven days, and more rarely in dulcite. 

Maltose, saccharose, dextrin, raffinose, arabinose, inulin, sorbite and 
galactose were later added to the sugars already ill use, and the action on 
these of many strains isolated was tabled daily over a period of fourteen 
days' incubation. Their effect on maltose and saccharose gave no definite 
help in identification, while that on remaining sugars was so variable as to 
be useless as an aid to classification. 

As a result of testing fifty·seven strains of B. flexner proved serologically. 
and watched in a 11 the above media for fourteen days, this organism was 

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-55-06-03 on 1 D
ecem

ber 1930. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


424 Dysenteries of Mhow, Central India and Central Provinces 

defined for the purposes of this investigation as follows: A non-motile 
Gram-negative, non-sparing bacillus, producing acid without gas in glucose 
within twenty-four hours, a similar· change in mannite which may some
times be delayed for another twenty-four hours. and haVIng as a rule no 
effect an either lacto~e or dulcite. Most strains produced indo!. 

Table In shows the reactions ,on all media used of four strains of 
B. jlexnel' which were proved serologically, and demonstrates the unrelia
bility of their classification by biochemical action only. 

Flexncr strains 

Sbaw .. 
Smith, I .. 
Washington .. 
Jage'.Ram .. 

TABLE Ill. 

I 
~ ~ t' 

25 1 E ~ .~ ~o· I £ ~ ;.-::;:::: ...... 
Q ~ ~ ~ ~ ~ ~ 

--_·_-·----1------
1st As A A - A A A - - - - A A'-

As A A A A As . A + 
A A A A A Ai+ 
A A A A A A + 

--, _._- -- ---- ------ -- -- --. -- -- - -.-
Shaw .. 
Smith, I .. 
Washington .. 
Jage Ram 

Shaw .. 
Smith,'I .. 
Washington .. 
Jage Ram 

5th A A A A A A A A 
As A A A A A A' .. 
As A A A A A Ai .. 

A A A A A Alkl .. 
- -----.------ --,--. 

.. 14th A A 
As ,A 
A A 

A 

A = Acid. 

A A A A 
A A A A 
A A ,A 
A A A 

As = Slight acidity. 

DYSENl'ERIC AND OTHER ORGANISMS MET WITH. 

A Ai 

A ~I 
A Alki, 

During 1926, 140 cases of dysentery in the acute stage showed a typical 
bacillary exudate, while only fifteen cases of amoobic dysentery were 
diagnosed. 

During 1927 the figures were 124 and 6 respectively. 
The percentage representations are :-

Yf'ar 

1926 
1927 

Bacillary 

90'3 
95'4 

Amcebic 

From many of the bacillary cases no possible causative organism was 
isolated. If, for purposes of comparison, only those cases are considered to 
be of bacillary origin from which either B. shiga or B. flexlle1' was isolated, 
the percentages are:-

Year 
1926 
1927 

Bacillary 

85'8 
89'5 

Ama:bic 
14'2 
10'5 

There is no doubt then that bacillary dysentery is some nine times 
more common than amoobic in acute dysenteries in the area investigated. 
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o. J. H. Little and TV. B01"11Shin 425 

The organism most frequently isolated from bacillary infections was 
Bo' flexner. The percentage frequencies of this and of B. shiga were:-

Year 
1926 
1927 

95·9 
~)4·1 

B. shiy(l 
4·1 
5·9 

During the two years, from 264 cases showing definite bacillary 
exudates, either B. flexneT or B. shiga was obtained from 124, or only 46·9 
per cent. This is pa'rtly accounted for by the fact that a considerable 
number of specimens came through the post from stations several hundreds 
of miles away. 

From purely local cases these organisms were isolated from seventy-one 
per cent during 1926, from 56 per cent during 1927, the fall being 
undoubtedly largely due to the change in methods of bringing stools to 
the laboratory. ' 

An organism resembling B. 1norgan was obtainerl in the acute, subacute, 
and chronic stages, from numbers of cases, but often in coniunction with 
B. flexller. From acute stools it was isolated alone in 5 per cent of 
cases in 1926, in 11·3 per cent. in 1927. It was not agglutinated by the 
patient's serum in the seven cases in which this test was made. 

As a.Iready related two adult and two infant members of one family were 
taken ill with mild dysenteric symptoms within forty-eight hours of each 
other. In all four the exudate was indefinite in character, and from three 
B. 1n01·gan alone was iRolated, while no possibly pathogenic organism was 
grown from the fourth, case. 

B. dysenterim Schmitz, as classified serologically, though it could not 
always be induced to produce indol, was recovered alone from 7·1 per cent 
of acute cases in 1926, from 4 per cent in 1927. It was agglutinated in 
1/250 dilution of the serum of one out of four cases tested. 

An organism resembling biochemically the members of the Salmonella 
group, but not agglutinated by any of the sera of that group, was occasionally 
seen in acute and more often in subacute and chronic dysenteries. It was 
frequently isolated in conjunction with B. flexner, and we did not form the 
impression that it was a possible cause of dysentery. On the other hand 
this organism was rarely met with in several thousand investigations of 
the falCes of healthy followers, and never in any other disease than dysentery. 
It was distinguishable from the Salmonella group of organisms by the 
inimediate and intense production of alkali in phenol red milk. 

From two cases of typical acute bacillary dysentery occurring on the 
same day in the same unit, and with no symptoms of food poisoning ot'her 
than are common to the two diseases, B. aertrycke Newport was isolated. 

B. enteritidis Gaertner was the only organism obtamed from the stool 
of a patient with the symptoms of chronic dysentery, but was not 
necessarily the causative organism. 

B. asiaticus, agglutinated by a serum made against a strain of this 
organism supplied by th"e R.A.M. College, Millbank, was isolated during 
the acute stage ,on three occasions. 
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426 Dysenteries of Mhow, CentTal India and Central PTov-inces 

B. dysentc1"ice Sonne was in our experience very rare, as judged by 
serological tests, but several organisms which proved serologically to be 
strains of B. flexne1" gave the biochemical reactions of the former. 

The importance of sending stools to the laboratory for culture as early 
as possible in the disease is shown in Table IV, which gives the percentage 
of isolatiolls of either B. flexne1" or Ij. shiga from 222 consecutive cases 
diagnosed bacillary dysentery on the appearance of the exudate. 

TABLE IV. 
Day of disease on whicll Number Percentage of caseS from 

first specimen of which B. ftexner or 
was received cases B. shiga was isolated 

1st 104 67·3 
2nd 50 44·0 
3rd 26 47·7 
4th IS . 46·2 
5th 6 50·0 
6th 6 33·3 
7th 5 40·0 
After 7th 12 8·3 

Both local and out-station cases are included in the above. 
It is obvious from this table that there is a much greater chance of 

isolating the infecting bacillus on the first day of disease than on any 
subsequent day. 

During the two years, organisms in the following proportions were 
isolated from the stools of dysentery cases in Mhow ano the surrounding 
stations. Only those organisms which were present alone are included; 
if one case produced, for instance, both Flexner and Morgan, the former 
alone is counted. It is not suggested that all are pathogenic :-

B. dllsenteria! Flexner 
B. dysenterice Shiga .. 
11. dysenteri(lJ Schmitz 
B. dysenteri(lJ Sanne .. 
El. ae1·trycke N ewpart 
B. enteritidis Gaertner 
B. morgan .. 
B. asiatic1ts 

75-2 per cent. 
3·8 " 
9'5 
1·3 " 
1·3 " 
0·6 
7·0 
1·3 

PERSISTENCE OF ORGANISMS IN 'l'HE STOOLS. 

For eighteen months out of the two years, no man left the hospital 
until his stools had given negative culture results for ten consecutive days. 
During this time we only recovered dysentery bacilli from one adult patient 
ill tpe absence of visible mucus. This man had a persistent mild diarrhcea. 
The most careful examination, however, must be made before mucus is 
declared to be absent. On very many occasions, indeed, it was .not seen 
until picked up by the copper wire spatula, and it is very doubtful whether 
it is safe to lay down that dysentery organisms are not being passed if 
"visible mucus" js absent, since this term may easily be misunderstood 
by those responsible for the examination. It w~s not uncommon for a 
report of " no mucus" to accompany a specimen, yet for this to be found 
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c. J. H. Little and W. B01'1Mhin 427 

in t.he laboratory, owing to the different methods of examination possible 
here and in the hospital. 

During the remaining six months of the two years, patients were 
discharged from hospital when they had ceased to pass macroscopically 
visible mUCUR for ten days, each case being checked by two or three 
bacteriological examinations. The reason for this was that lactose
fermenting bacilli of various kinds are frequently present in healthy 
freces in this country, and the time necessary for the identification of such 
organisms isolated on, say, the tenth day leads to an unnecessary delay 
in the discharge of the patient. 

As already stated, from one single adult case in two years a dy.sentery 
bacillus, B. flexner, was ~recovered after all passage of mucus had ceased, 
but from him on many occasions during the thirty-five days between the 
onset of the disease and the final positive result. No mucus was seen 
after his fifth day in hospital. It is therefore very rarely that dysentery 
bacilli are recovered from adults when the presence of mucus is not 
demonRtrable if a thorough search for it is made. But this is not true 
for children_ B. flexner was a common cause of "green diarrhrea," with 
or without mucus in the stools, and when mucus was present the appearance 
of the exudate was by no means always that of· bacillary dysentery. Bile
stained mucus contained some granular debris and a few pus cells and 
cells froll the intestinal mucosa, alld the picture was that so commonly 
seen in cases diagnosed" colitis_" Red blood-cells were exceptional. 

The manifestation of a Flexner infection in children was not confined to 
" green diarrhooa," typical bacillary dysentery being not uncommon_ 

In 127 Flexner infections the exact date of onset was obtained, either 
of the preliminary diarrhooa, or, where this did not open the illness, of the 
acute attack. The last day on which the organism was isolated from the 
freces is shown in Table V. It will be seen that only 8H) per cent were 
free of infection in ten days from the onset, leaving 18·1 per cent still 
carrying, and 87·4 per cent were free in fourteen days, leaving 1~·6 per cent 
of Flexner cases passing dysentery bacilli for allY period up to thirty-seven 
days from the onset of the.illness. 

Day of 
disease 

2nd 
3rd 
4th _. 
5th 
6th 
7th __ 

10th ._ 
14th .. 
21st 
35th .. 
37th __ 

Flex,ner cases 1:!7 
--"-

Pf.l' cent fre,~ 
Ca:H:'~ of infection 

31 24-4 
29 47-2 
11 5G-9 

9 62-9 
(j 67-7 
7 73-2 

11 81-9 
7 87-4 
\J 94·5 
6 99-2 
1 100 

TABLE v. 
Shiga Ci\ses ti 
--"- -

Cases P~ri~~·~~tr~~: 
5 83·3 
1 100 

Schmitz cases I:.! 
--'---

Pm' cent free 
Cases of infection 

G 50-0 
2 G6-6 

66-6 
1 75-0 
1 83-3 

1 92-5 
1 100 
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428 Dysenteries of Mhow, Oentral Ind1'a and Central Provinces 

Six infections with B. shiga and twelve with B. schmitz are also in
cluded in the table. From the former the organism was not obtained after 
the third day of illness, from the latter after the tenth . 

. On such small numbers it is not justifiable to draw any certain con
clusions, but the very marked contrast between the persistence of B. flexner 
and of B. shiga in the freces suggests a reason not only for the difference 
between the numbers of Flexner and Shiga infections encountered in this 
as in other investigations in India, but also for the fact that B. shiga is 
the cause either of sporadic cases or of sudden flaring epidemics, while 
B. flexner dysentery goes on steadily all· the year round, with a natural 
rise in incidence in the fly season. 

SEROI,OGICAL INVESTIGATIONS. 

Agglutinogenesis of Loeal Strains of B. flexner in Acute Dysentery. 

Some of the results of the serological investigation are difficult at 
present to interpret. 

In order to determine the agglutinin response in bacillary dysentery, 
and to ascertain whether or not this is of any help in diagnosis, it was 
hoped to obtain blood serum from 100 cases of acute dysentery on admission 
to hospital, and on the eighth and sixteenth days after onset. It appears 
from the results obtained by Manifold and DeMol1te that more information 
would have been gained by testing also one week later. A complete series 
of three tests was made in forty-five cases only, as the men ceased to 
volunteer blood for this purpose. 

All the sera were put up against Oxford Standard emulsions of the five 
Flexner types, V, W, X, Z, and Y; Dreyer's technique was employed, and 
readillgs were taken after four and a half hours in the water bath. They 
were also tested against an Oxford Standard emulsion of B. shiga and 
against laboratory emulsions of strains of B. son ne and B. schmitz received 
from the R.A.M. College, London. Results were recorded in standard 
agglutinin units, owing to the very varying degrees of agglutinability of the 
emulsions, with the exception of B. sonne and B. schmitz agglutinins, 
which are shown as percentages of full titre, as we have no standard 
emulsions of these organisms. 

B. flexner agglutinins were already present at the onset of the disease 
in 75'6 per cent of cases; showed a rise against one or more types in 64'5 
per cent; showed a steady fall in ]3'~ per cent; showed no change in 
22'2 per cent. 

One E. histolytica infection only was included amongst these forty·five 
cases, and gave a rise of agglutinins, which was not unexpected, since it 
was believed to he a bacillary dysentery lighting up an old amoobiasis, 
though no causative bacillus was isolated. 

B. flexner was obtained from the stools of twenty-eight of the forty-five 
cases. Agglutinins for :-
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B: fiexner V were present 
B. flexncr W 
B.flexner X 
B. flexner Z 
B. flexner Y 
B_ shiga 
B. schntitz 
B_ sonne 

in 15 or .53-6 per cent of these_ 
" 7" 24-3 
" 16 " 57-1 
" 7" 24-3 
" 13 " 46-4 
" 2" '7-1 
" 3.. 10-7 

" 0" 

429 

From none of the five cases which showed agglutinins for B. shiga and 
B. schmitz, present in all five at the onset and remaining steady throughout 
the illness, was either organism isolated. 

The above results are interesting. Tables VI to XI show the degree of 
agglutination of fifty-seven Flexner strains by the different type sera, and 
in these it will be seen that only two· were agglutinated by X serum, and 
that most of the strains appeared to be of W type (Table VI). In Table XII 
it is seen that our stock W strain, which came from a reliable source, 
does not give rise to X agglutinins in a rabbit, and yet more than half of 
the patients examined showed agglutination of X_ Moreover, in one of 
these cases (Lovett)X agglutinins were higher than any other type 
throughout the illness. yet Lovett has been proved by absorption to be a 
W type. It appears certain, therefor~, that the patient's serum does not 
respond specifically to the infecting type. 

In four B. schmitz infections, specific agglutinins were produced in one 
case only. 

In two B. shiga cases tested, specific agglutinins were produced in 
both. 

Agglutination of Local Strains of B: flexner. 

A large number of strains was inagglutinable, on first isolation, by 
Flexner serum, but most of-them acquired agglutinability after subculture 
daily in broth for ten days, and as a routine procedure orgamsms were 
only tested after such subculture. 

High titre agglutinating sera were prepared from rabbits for the 
V, W, X. Z, and Y types of B. flexner, using as antigens cultures supplied 
by the Department of Pathology and Bacteriology, Royal Army Medical 
College, London. Ten local strains were also used, but three did not serve 
as satisfactory antigens, and one was too toxic, and these were abandoned, 
These ten strains were chosen as representative of the local infection, and· 
were from British and Indian cases, both acute and chronic. 

The six for which high titre sera were prepared were Allen, Shaw, 
Lovett, Jage Ram, Bahadur Shah, and Ram Harak. All organisms 
investigated were tested against these and the V, W, X, Z. and Y sera, and 
many against Shiga, Son ne and Schmitz high titre sera, because some 
during early or late incubation had given the biochemical reactions of 
these organisms. , 

Fifty-seven strains of B. flexner were tested, and none were agglutinated 
by any of the last three sera. 
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430 Dysente1'ies of Mhow, GentTal India and Central Provinces 

Tables VI to XII show the resul,ts of the agglutination tests. The 
figures represent the percentage of the full titre of tbe serum to which each 
organism was agglutinated, and should theoretically show the type to which 
the strain belongs. Percentages have been raised cir lowered to the nearest 5, 
in order to simplify the tables. 

Twenty strains (Table VI) are agglutinated in highest percentage by 
W serum, and should therefore be of type W. As yet absorption tests 
have not completed the proof of this. 

Strains 8 and 22 are, on this showing, type Y, or closely related thereto, 
but absorption tests have proved them both to be type W. 

Table VII consists ofthr~e strains which must provisionally be considered 
to be of type V. 

The strains in Tables VIII and IX are as yet unclassed. Strain 32 
resembles strains 8 and 22, but is serologically related to "Shaw," which 
these are. not. 

In Table X is the only orgamsru yet tested which appears to be of 
type X. 

Table XI is the most interesting, and it is amongst the strains therein 
that a type of B. flexner of different antigenic structure from those 
determined by Andrewes and Inman may be present, though we have not 
yet obtained complete proof of this. Until recently, none were agglutinated, 
in spite of frequent subculture, by any of the high titre sera prepared for 
the known Flexner types, but the eight hours; agglutination method 
advocated by Manifold and DeMonte has not yet been tried. 

All except the last seven were agglutinated by one or niore of the local 
sera, so that they are 'presumably Flexner strains, and both Shaw [40] and 
Ram Harak [41J when tested very recently showed agglutinability by the 
type sera, and should properly be removed ·into other groups, but are 
retained in their present group for the purposes of this paper because they 
remained inagglutinable by type sera for nearly two years. It is therefore 
not impossible that strains 51 to 57 may in time acquire demonstrable 
serological relationship with the known Flexner types. 

As judged by their agglutinability, the fifty-seven strains investigated 
were divided up as follows -:-

B. dysenteTice Flexner VV 38-6 per cent. 
B. dysenterice Flexner V .. 5-3 
B. dysenterice Flexner X 1-8 
As yet uncI as sed .14-3 

It appears, however, that the method of classification used by Andrewes. 
and Inman is not in all cases reliable. This has been shown above in the 
case of Lovett (No. 8). Table XIII gives the result of testing four strains 
three times, with about twelve months' interval between each test. Other 
strains similarly tested showed fixed or increased agglutinability, but in 
these four quite marked changes have taken place. The sera used were 
usually of 1-5,000 titre or over; no serum was employed which had not 
a titre of 1-1,000. 
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:\0. 

1 Ooulso11 .. 
2 Dent .. .. 
3 Balderston .. 
4 Elliott. . . . 
5 Lockett, I .. 
6 Oonne11, II .. 
7 l'IIainey .. 
8 Lovett.. .. 
9 Jage Ram .. 

10 Gopal Singh .. 
11 Jumma .. 
12 Long .. .. 
13 Allen .. .. 
14 Bahadur Shah 
15 
16 
17 
18 
19 
20 
21 
22 

Xo. 

-
23 
24 
25 

Borzier .. 
Oook, I 
Hawkins 
Hildrick Smith 
Rudman .. 
Hendricks, I .. 
Oooke, II 
JUorley .. 

OI'1.!aniSill 

----
Pick .. .. 
Gadgill .. .. 
Lockett, II .. 

r, III .. 
ell, I .. 
utt .. 

26 Taylo 
27 Oonn 
28 Garb 
29 Rhod 
30 Ghul 
31 Heat 

es, James 
am Mohd. 
h .. .. 

32 Oaley .. .. 
33 Taylor, I .. 
34 .l'IIodh. Hayat .. 
:-)5 Ivatts .. .. 
36 Hari .. .. 

I 

o 

o 

1/50 
o 
o 

1/25 
1/50 

o 
o 
o 

o 

o 

'" i3 
:;; 

" c., 
--

.. 

.. 

.. 

0 
.. 

0 
.. 

0 
0 

0 
0 
0 

.. 
1/25 

, 

25 50 
25 30 
10 20 
25 30 
5 10 

10 20 
5 10 

20 50 
o 75 
o 30 
o 10 
o 10 
o 20 
o 80 
o 80 
o 20 
o 20 
o 30 
o 10 
o 10 
o 40 

20 20 

> ;:: 
_. -
30 10 
30 0 
:.l5 0 

1 
I , 
I 

i
1g 

ot 
10 ' 

10 10 

11~ 
10 

0 
0 

0 0 
0 0 
0 0 
0 0 

I 

0 
51 

TABLE VI. 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
5 
o 

SEltA 

o 10.. 0 
o 25 .. I 0 
o 15 .. I 0 
o 30 0, 0 
C 10 .. , 0 
o 5.. 0 
o 5.. 0 
o 100 .. 
o 0 .• 
o 5 0 
o 10 0 
o 10 .. 
o 0 .. 
o 0 0 
o 0 .. 
o 0 .. 
o 0 .. 
o 0 .. 
o 0 .. 
o 0 .. 
o 15 .. 
o 80 .. 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

TABLE VII. 

SERA 

" '" " .!:!' " ~ " :.- ~ 0 
." 

- -_.- - - -
0 0 10 . . 0 
0 0 10 .. 0 
0 0 0 .. 0 

TABLE VIII. 

I 

I 

0 0 51 .. 
I 

0 1 

0 0 10 I . . 0 
0 0 10 .. 1 0 
0 0 gl .. 

I 

. . 
51 5 .. 0 5 5 0, .. 0 

I 
TABL~] IX. 

I .~ I 

5 0 20 . . 
0 5 0 .. 
0 0 5 .. 
0 0 5 .. 

·0 I 0 10 0 . . 

.. 60 

.. 40 

.. 0 

.. 0 

.. 0 

.. 10 

.. 0 

.. 0 

.. 100 
o 20 
o 20 

.. 30 

.. 100 

.. 100 

.. 40 

.. 25 

.. 10 

.. 20 

.. 50 

.. 0 

.. 10 

.. 0 

\ 
S 

N '" '" .:: .§ 
" cc 

" " en ...., 
- --
.. 0 
. . 0 
. . 0 

.. I 
19 I .. 

.. ! 

.. 
I 

0 
.. 0 
.. 

I 
5 

19 I 
.. 
.. 
.. 

gl .. 
.. 

40 100 
40 10 
30 20 
25 10 
30 20 
15 40 
DO 25 

100 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 

30 ~O 
100 0 

'" ~ " > 

" 0 
>-l U3 

- -
30 15 
10 15 
10 5 

10 5· 
30 30 
2U 25 
10 10 
0 0 
5 10 

30 20 
2 0 
5 10 

10 10 
0 0 
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100 25 
20 20 
10 0 
o 0 
o 0 
o 0 
o 0 
o 40 

90 30 
30 25 
10 30 
30 20 

100 100 
80 100 
40 ZO 
30 30 
20 20 
20 80 
25 10 
10 10 
o 0 
o 50 

... 
" ] "" :! 

:< -;; 
I'l 

- -
0 0 
0 01 
0 01 

oi 0 
10 0, 
0 0 
0 0 
0 0 

20 10 

01 0 
0 100 
0 5 
0 0 
0 0 

10 
10 
30 
10 
25 
o 
o 

100 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

20 
o 

~ 
~ ::: 
E 
" ~ 

-

5 
0 
5 

0 
5 
0 
0 

10 
0 

20 
0 
5 

25 
10 
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AlIen was agglutinated on isolation after the routine ten subculturings,. 
by VV serum, but only to twenty per cent of its full titre. It was also 
agglutinated to full titre by Jage Ram and Bahadur Shah sera. A few 
weeks later it had lost all agglutinability except by its own serum,' and the 
titre of the latter had fallen very considerably, from 1-1,250 to 1-250, 
the change being probably wholly in the organism and not in the quality 
of the serum. 

'l'his state was retained until quite recently, when it was found to have 
regained slight agglutillability by Bahadur Shah serum. Jage Ram serum 
and subculture became contaminated and were lost. 

The strain Bahadur Shah bas shown small changes, the cbief one being 
the loss of agglutinability by AlIen serum. 

TABLE X. 

S I!JRA 

No. Organism 

I 
I 

I 

IIJ 
I '" 1 '" "'" I en !! 

'" 
I " '" ". I ~ .0 "'" iI: 

" J~ 
i ~ § s '" '" " " ~ .;; 

I .. 
I 

I ~ ~ /] bO ;. 

" '"' ;:: 

" i:= M I.., " 
0 .c ~ , '" " 

"'" '"' -'l rt1 1= I" 

··1 
.. 

1
20 

1
25

1

80 
I 

01 o I .. ) .. 1 .. 

51
50 

1 
01 01 oJ 0 

I i 1 
37 I Smith, I 

TABLE Xl. 

38 Ranga ., 0 ,0 0 0 0 i I 0 "I" 100 200 100 .. .. '0 I •• . . 
39 Ram Singh 0 0 0 0 0 

, 
0 o 20 100 100 0 .. .. .. .. . . 

40 Shaw .. 0 0 0 0 0 0 .. .. . . 0 o 100 0 0 100 
41 Ram Harak .. 0 0 0 0 0 0 .. . . .. 0 o 100 0 0 100 
42 RUIer .. .. 0 0 0 0 0 .. 0 .. 0 1 I 0 0 100 0 
43 Smith, II 0 0 0 0 0 0 .. .. .. 20 01 0 0 

109 I 
0 

44 Bakshi Khan ., 0 0 0 0 0 0 .. 0 .. 100 01 0 70 0 
45 Horner,11 

:: 1 
0 0 0 0 0 0 ,. 0 .. 10 01 0 5 0 

46 Roughton 0 0 0 O· 0 0 .. i 0 .. 5 01 0 0 0 0 
47 Hanson .. 0 0 0 01 0 0 •• ! 0 .. 0 01 0 25 0 0 
48 Ruddock . , 0 0 0 

gl 
0 0 .. 0 . . 0 01 0 5 0 0 

49 Hendricks, II .. .. 0 0 0 0 .. 0 .. 0 0' 0 20 0 0 
50 Brownsea .. .. 0 0 0 0 .. .. . . 0 2 I 0 0 0 0 
51 Priest .. .. .. 0 0 

gl 
0 0 .. 0 . . 0 01 0 0 0 0 

52 Plumb .. .. 1/25 0 0 0 0 .. 0 . . 0 0, 0 0 0 0 
53 Clavin .. ., 0 0 0 0 0 .. 0 .. 0 0' 0 0 0 0 
54 Davis ", ., o i 0 0 

~I 
0 0: .. 0 .. 0 o! 0 0 0 0 

55 East .. .. 11~81 0 0 0 o i .. 0 .. 0 gl 0 0 0 0 
56 Hanscowan .. 0 0 0 0 .. 0 0 0 0 0 0 0 
57 Tulleston .. 0 0 0

1 

o j .. 0 .. 0 O[ 0 0 O. 0 
I 1 I 

Lovett, while becoming generally more highly agglutmable, is not now 
,touched by Shaw serum, but has acquired agglutinability by Babadur Shah 
serum. 

Sbaw is an organism which for over a year deposited heavily in broth 
in twenty-four hours, leaving ·the supernatant fluid quite clear, a charac
teristic which was only noticed in a few strains, one of them being Ram 
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Harak (No. 41), obviously closely related to Shaw. The latter was at'first . 
agglutinated to a certain degree by Z serum, and very slightly by V and Y 
sera, but later lost all agglutinability except by the homologous serum and 
by Ram Harak. That this was not the same general loss of agglutinability 
as was shown by Alien is proved by the fact that Shaw serum had 
throughout a titre of 1-5,000, which has only fallen since the second test 
noted in the table. Shaw then gradually ceased to deposit,until now it 
gives a uniform suspension in broth, and this change has beenaccompanied 
by the growth of agglutinability by W serum. 

TABLE XII. 

I 
SERA I 

I 

I 

1 
I· « 

xo·1 Organism 
.:: "" S 
~, E 

'" 
.. 

" I' ~ 
.., =: ~ 

~ " '" ;. 
~ ~ eo > ~ ";< ::: " 5 ~ X '" ~ .'"' rn ~ OQ ~ 

----.-----1- - - - ---- -------- -
Flexner V 100 20 10 0 50 I 5 10 20 0 30 5 .. .. I 

" 
w .. .. 10 100 0 0 25 I 0 100 0 0 23 0 .. X .. .. 20 0 100 40 40 5 10 20 0 RO 3 .. Z .. .. 10 0 0 100 0 15 100 40 0 80 3 

1 .. Y .. .. 20 30 50 80 100 1 0 10 20 0 10 1 
I i 

---- ----------------_._-- -----

TABLE XIII. 

Strain- I i 

{ 
0 20 0 0 0 100 0 0 100 100 0 

Allen .. .. . . 0 0 0 0 0 0 0 0 100 0 0 
0 0 0 0 0 .. 0 0 100 20 0 

{ 
0 80 0 '0 0 100 0 0 80 100 0 

Bahadur Shah .. 0 0 0 0 0 100 0 0 0 100' 0 
5 10 0 0 5 .. 5 0 0 100 0 

{ 
5 5 0 0 5 0 100 

I 
30 0 .0 0 

Lovett .. .. .. 2e 50 0 0 100 0 100 0 0 40 100 
25 60 0 0 100 .. 100 0 0 30 100 

1 
5 0 0 20 5 50 0 100 .. .. .. 

Shaw .. .. .. 0 0 0 0 0 0 0 100 0 0 100 
0 15 0 0 5 .. 0 100 0 0 50 

Absorption tests have not yet revealed the true nature of Shaw, but it 
is obviouR that in the case of this organism, as with Lovett, the "'percentage 
titre " method of classification fails to place it in its type. Lovett by this 
method is of the Y type, but is proved by absorption to be aW type. Shaw 
would at first 'have been labelled a Z type, and now a W type. 

Some of the results obtained in the serological inveEltigation of these 
strains might be partly explained on the assumption that there are group 
and specific phases of B. flexner. Or it may be that at least some Flexner 
strains are convertible, under circumstances not determined, into any or all 
of the different types, that some portions of the mosaic of antigens may be . 
latent and capable of'stimulation. 

28 
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434 Dysenteriesof Mhow, Oentral. India and Oentml Provinces 

A Flexner strain was in three instances isolated from two memb:ers; ,qf 
the same family, and the organisms of each pair were so closely related, 
judged by agglutination tests, as to suggest that they are the same organism 
in different stages of agglutiuability. Strain 27 (Oonnel1, I) is agglutinated 
by Allen serum, strain 6 (Connell, II) is not, otherw~se they.areidentic,aI. 
Strain 20 (Hendricks, I) like strain 49 (Hendricks,. II) became, more 
agglutinahle, and also. of strains 5 and 25. (Lockett, land IIh " . 

In preparing high titre agglutinating sera against locally isolated straiIls 
of B. flexner, one fact has been'noted, that their titre falls .lllo:r:~. rapidly than 
does that of sera made against type strains procured from the R.A.M. 
College, London, which have been subcultured in laboratories for some 
years. If the agglutinogenic powers of an organism are a measure of 
the protective bodies it is capable of stimulating when employed as an 
antigen, it appears that a well-established laboratory strain will be more 
suitable f0r inclusion in a prophylactic vaccine than a strain recently 
isolated. 

AN ORAL VACCINE. 

The vaccine as finally decided upon was an emulsioll containing 
B. jlexner V and W, and the four'local strains Allen, Bahadur Shah, Lovett, 
and Shaw in equal quantities. It was made by washing off agar in saline, 
killing at 70° C., and preserving in thirty per cent sterilized glycerine. 

The vaccine was given in two doses of one ounce each, each dose 
containing 90,000 million organisms in all, or 15,000 million of each strain, 
and was taken in the early morning two hours before breakfast, the only 
nutriment allowed being a cup of tea, with the idea that this would w:;Lsh 
the emulsion .more quickly through the stomach. 

This method was chosen as the result of animal .experiments in which 
it gave the greatest protection. . 

No reaction was ever complained of by lLny of the 1,000 volunteers who 
have received the vaccine, beyond slight discomfort experienced by a' ;~ry 
few. This was described as a feelin,g as of very mild colic which b,,:gan 
within an hour .of swallowing the first dose, quickly passed off, and was 
not followed by diarrhooa. In two cases only was there any severe reaction, 
two volunteers being seized with violent colic and purging for some hours 
after their first dose. They had attended a regimental guest night on;.the 
previous evening, from which it may be argued that alcohol should::b~ 
partaken of only sparingly on the night before the vaccine is taken; III 
neither case was there any reaction after the second dose. 

Children frain the age of 4 years upwards have received approp~iate 
doses with the same absence of reaction. :.'. • 

The disadvantage of this vaccine is the length of time it takes to I4ak~ 
sufficient for any large quantity: of men, and this. is especially felt. iqa 
laboratory .which has to defl'l with the routine work of several hospi~als. 
It will be noticed that the number of organisms in two doses of vaccjn~ if> 
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O. J. H. Little and TV. Bornshin 435 

nearly fifty times greater than that in the 1',5 C.c. of T.A.B. vaccine,.'Which 
constitutes the usual two anti-typhoid inoculations. 

The cost js much smaller than that of BeRredka's bilivaccin, being only 
3'19 annas for the .two doses, as compared with Re. 1, but this is the price 

.of media, kerosene for autoclaving, etc., only, and a method oCcost
accounting would undoubtedly find it to be considerably higher than this 
SUll. 

It was unfortunately not possible to try the vaccine on any appreciable " 
number of men until J nly. 1927, when the dysentery season was in full 
swing, and then only 128 men could be given it. 

This number, of course, is much too small a one on which to base any 
conclusions, but it is worth recording that the results to date in the unit 
from which these volunteers came are as follows :-

Admission to hospital 

Bacillary dysentery 
Diarrhrea 

Total 

Non-vaccinated 
---'---

Number Per cr~nt 
24 8'27 
13 1'77 

37 

Vaccinated 
---'--

Number Per cent 
1 0'75 
o 

1 

"OVer one thousand 'volunteers, British and Indian,have received this oral 
vaccine since July, 1927, but sufficient time hasnot elapsed to allow"oneto 
judge whether any immunity has followed, except in the unit quoted, and 
there the 9ccurrence of one or two cases amongst the small number of 
vaccinated would completely upset the figures. 

Itwas pointed out by the officer commanding ~his miit that the human 
element introduces what is probably a very real source of error into the 
consideration of results of preventive treatment where the treated are 
volunteers; especially so when, as here, the immediate effects of the treat
ment are in considerable doubt. 'l'he men who volunteer in such a case 
are the cheerful, healthy type, who would probably be less likely than others 
to succumb to infection, and are therefore likely to give a false picture of 
success to a vaccine which may have given them no protection whatever. 

In the animal experiments we did not find that feeding rabbits with 
large doses of an emulsion of either B. flexner or B. shiga was follow"ed by 
the appearance of agglutinins in the blood. 

A further report on this oral vaccine will follow .. 

SUMMAHY. 

(1) Over ninety per cent of dysenteries in the area examined were 
bacillary infections, and in ninety per cent of these the organism respon
sible was B. dyse1iterice Flexner. Less than ten per cent were caused by 
E. histolytica. " 

(2) Over ninety per cent of positive cultures can be obtained from 
bacillary dysenteries if the stool is plated within half an hour of passage. 
After the stool was more than three hours old, only forty per cent of 
successful cultures was obtained. 
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436 Dysenteries of Mhow, Centm~ India and Ccni1'al Provinces 

(3) B. flexner appears to persist in the stools much longer than does 
B. shiga in efficiently treated cases. 

(4) Fewer errors of diagnoBis would be made if cases in which the 
mucus was acid were treated as amoobic dysenteries, and all others as 
bacillary dysenteries. This is a suitable test for practitioners who have not 
access to a microscope or a laboratory. 

(5) "Green diarrhooa" in children is frequently caused by B. flexner. 
(6) Many amoobic dysenteries are probably cases of chronic amoobiasis 

lit up by an infection with a dysentery bacillus. 
(7) Charcot-IJeyden crystals are not indicative of amoobic infection in 

infants. 
(8) The agglutinins produced during an attack of Flexner dysentery are 

not specific to the type of the infecting organism. 
(9) B .. flexner W appeared to be the predominant type in the locality, 

but the "percentage titre" method of typing does not always lead to a 
·correct classification. 

(10) An oral vaccine, consisting of an emulsion of different types of 
B. flexner in saline and glycerine, and administered in a total dosage of 
180,000 million organisms, has given satisfactory results in an extremely 
limited trial. It failed to produce agglutinins in experimental rabbits, as 
·did a similar trial with a B. shiga emulsion. 

We wish to express our very real appreciation of the willingness with 
which a large number of the staff of several military hospitals helped us in 
this investigation in supplying details of cases and in ensuring that all 
material reached the hospital as fresh as the means at their command 
would allow. 
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