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DYSENTERY AMONG TROOPS IN QUETTA. 

By LIEUTENANT-COLONEL D .. T. M. LARGE, 

Royal A.rmy Mediaal Corps. 

PAR'r I. 

(Continued from p. 92.) 

PERIODICITY IN DYSEN'I'ERY ORGANISMS. 

Dysentery in Quetta is characterized by two annual rises, one in spring 
(May and June) and one in late summer (August and September), with the 
highest incidence in August as a rule. The figures of the last six years are 
remarkably constant in this respect, one year only (1930) failing to show a 
marked drop in dysentery in July. . 

During the last two years, observati(;ms have been made in Quetta in 
order to see if the two annual rises corrElsponded in any way to what 
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appeared to be a periodicity in the case of certain organisms. 'rhey reveal 
that the commoner bacilli of dysentery, e.g., the classical Flexners, and 
also B. dysenterice Sonne and Shiga, have certain periods of increased 
incidence, and also periods of greatly diminished incidence, if not actual 
absence. The most striking example of this periodicity has been found in 
the case of B. dysenterice Sonne and, as can be clearly seen from 
Oh arts 1 and 2, the time when this organism is prevalent would appear to 
be definitely seasonal. During these two years it has been very prominent 
in the spring rise of dysentery, accounting actually for 45 per cent of the 
bacillary isolations in May and June, 1933, and about 25 per cent in April 
and May, 1932, while during the remainder of the two years it has occurred 
only. in isolated instances .. 
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158 Dysentery among Troops in Q-ueita 

A less definite seasonal periodicity was observed also in the case of the 
Shiga organisms and certain para-Shiga organisms believed to be patho
genic, which are the subject of research at present in Quetta. In both 
years they were numerically of little importance until June, when they 
increased notably, and remained at a relatively high level during the 
autumn rise of dysentery. 

The number of isolations of the classical Flexners varied in a similar 
manner month by month during the two years under consideration. In 
each year the curve showing their occurrence indicates a comparatively low 
incidellce in the spring ri!;le of dysentery in May and June, after which 
they increase to become the predominant organisms in the autumn rise, 
and remain so until the commencement of the spring rise in the following 
year. 

Similarly with the so-called inagghitinable Flexners, which have been 
recently classified by Boyd [7] so that they can no longer be called inagglu
tinable. Large numbers were found during 1988 in Quetta, the great 
majority occurring during the spring rise alld comparatively few during 

. the autumn i'lse. 
This periodicity in incidence of dysentery organisms, if cOlJfirmed over a 

large number of years, would have considerable bearing on the prophylaxis 
of dysentery by meallS of a vaccine, for with our present knowledge of 
dysentery it is obvious that a vaccine intended to protect mainly against 
Shiga and the classical Flexners, would not have the same efficacy in 
preventing what is clinically dysentery in the ,spring wave of each year as 
lt would have in the autumn wave. It is possible indeed that herein may 
lie an explanation for the varying accounts as to the efficacy of bilivac'ciu 
as a prophylactic agent in dysentery, apart altogether, from the fact that 
certain organisms are definitely more prevalent in certain areas than others. 

The reason for the predominance of B. dysenterice Sonne in the spring 
dysentery and its replacement in the autumn dysentery by the classical 
Flexner organisms is at present a; matter for speculation only. No evidence 
was obtained that the spring rise was a different epidemic from the autumn 
rise. Neither has been confined to a certain locality, but on the contrary 
in each of the waves in the two years the cases have come from all over a 
large military cantonment: There is a marked drop in dysentery as a 
whole, however, between its two waves of prevalence, and it is arguable from 
this that the two waves in each year are really two separate epidemics. 

NOTE ON DYSENTERY IN CHILDREN IN QUET'fA. 

Seldom a year passes in Quetta without one or two tragedies amongst the 
children of British officers and other ranks from this disease. As in adults, 
the disease is usually mild, but when the occasional severe case occurs, the 
child does not in some cases seem to have the resistance which in adults 
usually brings about recovery, so that deaths from dysentery in Quetta 
although rare occur more often amongst children than amongst adults. 
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D. T. M.Large 159 

Both bacillary andamcebic types occur among children, the latter in a 
very much smaller proportion than is the case in adults. This, however 
(as well as what follows in connection with children's dysentery), refers 
almost entirely to British children, for dysentery in Indian children is too 
infrequently referred to this laboratory for diagnosis. It is worth mention
ing in passing, however, that on one occasion, very definite hrematophagous 
E. kistolyt'ica were found in a Gurkha infant only six months old. 

Although the isolation of dysentery organisms from children usually 
presents greater difficulty than is the case in adults, it appears that as 
as long as red blood corpuscles and pus cells are found in the exudate 
the difficulty is no greater, and the percentage of isolations from cases 
showing pus cells under the microscope, indicating bacillary exudate, 
approximates closely to that of similar cases in adults. Such cases are 
seldom severe in Nature, so that medical officers in attendance on children 
in Quetta frequently state that where it is possible to isolate the organism, 
the result of treatment is rapid and successful. The severe and fatal cases 
in children in Quetta have been those in whom an indefinite exudate was , . . 
found, from which no organism could be isolated. I am unable to explain 
this, and merely state it as an observation. No amcebre of any type were 
found in such cases. 

The variations in incidence in children have been peculiar during the 
two years in question, for whereas in adults each year shows two rises in 
incidence, in children only one occurred. In 1932, the increase occurred 
in the autumn, and was due mainly to the Flexner and Shiga organisms 
prevalent at that time. 'l'here was no appreciable increase in the preceding 
spring. During 1933, on the other hand, the spring months showed wide
spread dysentery amongst children, due in the main to the Sonne bacillus 
then prevalent, and this was followed in the autumn by an almost complete 
absence of dysentery in children, as if some sort of mass immunity had been 
conferred on them. It will be of interest to observe what future years will 
show in this respect, and to see if conclusions may be drawn from what 
appears to be an incidence peculiar to children. 

Auother point of interest in dealing with children's dysentery is the 
means of infection, and this applies particularly to officers' children. Any 
one who has had experience of this disease in officers' children is aware of 
the extreme hygienic precautions frequently taken by the parents of such 
children. Every article of the carefully selected food is protected by gauze 
coverings from flies and dust, and a single fly in the child's room or in the 
cookhouse is a matter to be dealt with urgently. Yet, notwithstanding 
intelligent and conscientious attention to details of hygiene all the part of 
the mother and nurse, the child gets dysentery, and the parents are at a 
complete loss to explain the mode of infection. They do not know, how
ever, whether anyone of the house servants is suffering from dysentery at 
that moment, and it would appear that the most likely explanation lies in 
just such a possibility. 
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160 Dysentery among Troops in Quetta 

EPIDEMIOLOGICAL SUMMARY. 

(1) Dysentery in Quetta is characterized by two annual increases in 
incidence, one in May and June, and the ot,her in Augnst and September, 
with a marked lull in incidence in July .. 

. (2) These increases in incidence are preceded by a period in each .case 
during which (a) potentially irritant particles of silica are washed in excess 
into the water snpply by raill ; (b) frequent dust storms and dust raising 
winds occur. The possibility that this period may be one of increased 
susceptibility to dysent~ry as a result of the irritant action of those factors 
is suggested. 

(3) The normal close relationship between humidIty and flies and 
between flies and dysentery exists in Quetta as elsewhere. Flies in the 
barrack area however are less numerous than in other Indian cantonments 
and are not heavily infected with dysentery. 

(4) The inferEilnce is drawn from this, and from the amount of dysentery 
aftEilr the flies have iliminished, that infection of troops from flies is to a 
considerable extent indirect through the medium of missed cases who 
contract infection in the insanitary and fly-infested bazaar. 

(5) Attention is drawn to the existence of missed cases in considerable 
numbers a~ongst children and troops, and to the possibility that much 
more infection than is generally realized is brought about by contact with 
missed cases amongst the troops themselves and amongst Indian servants 
in barracks and married quarters. 

(6) During the two years under consideration certain organisms have 
shown a predilection for certain seasons of the year, e.g., B. dysenteri(JJ 
Sonne is prevalent in the spring months only, B. dysenteri(JJ Shiga in the 
autumn. The better known types of Flexner organisms· are scarce in the 
spring and predominate in the autumn. This may have a bearing on the 
vaccine prophylaxis of dysentery, not only in connection with the type of 
vaccine to be employed, but also with the time of the year at which it is 
given. 
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PART n. 
LABORATORY NOTES. 

A.-GENERAL FINDINGS. 

B.-THE FLEXNER GROUP OF ORGANISMS. 

C.-B. DYSENTEBllE SOi>!NE. 

A.-GENEHAL FINDINGS. 

161 

DURING 1932 and 1933 the number of cases examined in the laboratory 
was 1,536, of which 63 per cent were bacillary in origin, the remainder being 
amoobic or of an indefinite nature. It was not possible to isolate a dysentery 
organism in more· tban 70 per cent of tbe bacillary cases, so that 30 per 
cent of tbem were classed as bacillary exudate cases; solely on microscopic 
examination of the exudate, which in bacillary dysentery, as has been so 
well described by Acton and Knowles [1], is almost entirely cellular. ' 

Bacillary exudate cases ill whicb no organism was found were 
regarded at first as failures, either of that liaison between wards and 
laboratory which ensures fresb specimens, or of laboratory technique; but 
a large proportion of them, if not the majority, were found on inquiry 
afterwards to have been old cases of dysentery, from whom it is always 
difficult to isolate an organism. They occurred partly in soldiers who 
preferred to "stick out" their dysentery rather than go sick,' but chiefly 
amongst the servant class, gardeners, syces, personal servants and others 
who came under medical attention only when they were rio longer able to 
work. 

Considerable numbers were certainly due to, failures in laboratory 
technique and such failures were almost all traceable either to the saline 
used to wash the mucus before plating, or to overheating tbe litmus lactose 
bile salt agar used as a culture medium. It is very easy to overheat 
culture media in Quetta, for owing to the height above sea-level, the 
ordinary steam sterilizer will not reacb a temperature of 1000 C., and the 
autoclave bas to be used for all media. The margin of error permissible 
with this is so small that mistakes occasionally occur. 

Most failures of technique, however, were attributable to the saline. It 
is well known that an exudate which is alkaline in reaction is more likely 
to yield an organism of dysentery than an acid exudate. After several 
faiiures to isolate the organism from alkaline exudates of fresh cases, it 
was found that the saline used for washing the mucus had become acid, 
so tbat our alkaline exudates had been artificially acidified before plating. 
Recently we have been titrating the saline and adjusting it to pH 8, in the 
hope that an alkaline saline will assist in the isolation of organisms from 
even the acid exudates. The results have been encouraging so far. 

In order to enable the ordinary worker to make certain of the reaction, 
phenol-red indicator, 10 per cent'of a 0'01 per cent solution, has been added 
to the medium in bulk so that the pH value may be read. This has not 
interfered with the subsequent growth of pathogenic organisms. 

12 
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162 Dysentery among Troops in QuettlL 

Faulty saline was also sometimes responsible for contaminations of the 
medium, which rendered isolation difficult. It is unfortunately impossible 
to say that saline has been efficiently sterilized just by looking at it. 

Proved bacillary cases were on the whole mild. but a number of severe 
cases occurred. Except in two, which will be mentioned later, severe cases 
were limited to the autumn rise of dysentery and were due to Shiga or 
certain para-Shiga organisms. 

During the two years, 687 organisms of dysentery were isolated from 
cases in Quetta and they were divided by biochemical and serological tests 
as follows :'-

Flexner Group .• 
B. dysenteriaJ Sonne 

436, or 63'5 per cent 
97, or 14'0 

" 
" 
". 

Shiga 
para-Shiga 
Schmitz ., 
para-Schmitz 

72, or 10'4 " . 
23, or 3'0 " 

, 39, or 5'6 
20, or 2'0 

'l'his does not take into account those organisms which have little if any 
claim to pathogenicity such as B.alkalescens and B. dispar. 

A classification s~ch as this, however, over a period of two years has 
very little practical bearing, for as has been shown in Part I of this report 
the proportion in which these organisms occur varies according to the 
season of tbe year, and this would have to be taken into account were 
prophylactic vaccination to be attempted. 

B.-THE FLEXNER GROUP OF ORGANISMS. 

A very great advance was made in the serological diagnosis of tbis group 
of organisms by following tbe work of Boyd [2J, whose study of the inagglu
tinable Flexner organisms bas added so much to the original classification 
of Andrewes. Using Andrewes' classification alone, 266, or 59'1 per cent 
of the total Flexner-hke non-lactose fermenting organisms were identified 
serologically with one or other of his types, while a further 116, or 25'7 
per cent~ were identified with the types described by BoyiL 

The remaining non-lactose-fermenting inagglutinable Flexner-like 
organisms therefore amount to 15-1 per cent and bave been further differ
entiated as follo'ws:-

lndol positive dulcite fermenters, i.e. B. alkalescens 
lndol negative dulcite fermenters still unclassified .. 
Dulcite non-fermenters, still unclassified 

4'0 per cent 
2'9 
8:2 

In order to afford a comparison of tbese results with the results ob
tained by Boyd in Southern India 'a table has been constructed on the lines 
of Table IV of his article in the JOURNAL OF THE ROYAL ARMY MEDICAL 
CORPS of October, 1932. It is to be noted that this includes B. dysenterice 
Son ne, and other organisms which give the bioche'mical reactions of B. 
dysenterice ]'lexner in twenty-four hours' growth, i.e, it refers to the 
mannite-fermenting group of dysentery bacilli as a whole and not only to 
the Flexner Group. 
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D. T. M. Large 

Serological type 

f 

Classical Flexners .. 
Type PU9 " 

103 .. 
Subgroup A .. \ 170 .. 

\ 
Subgroup B . _ ~ 

l 

Unclassified 

Total Subgroup A " 

Type 88 .. 
P288 .. 
P274 .. 

Dl .. 
" D19 .. 

B_ alkalescens .. 
Unclassified .. 

Total Subgroup B _. 

TABLE. 

No_ of strains 

266 
10 

8 
35 
37 

356 

41 
3 
3 

13 
3 

18 
13 

94 

Quetta 
percentage 

42-0 
1-6 
1-2 
5'5 
5'8 

56'1 

6-5 
0'.4 
0-4 
2'1 
0-4 
2'9 
2-1 

14-8 

163 

Poona percentage 
for comparison 

51'69 
2-62 . 
9'00 
4'11 
1-12 

68-54 

7-87 
3-37 
1-12 
0'75 

13-11 

( B. dysen:teria; Sonne.. 97 . 15'3 8·61 

S b C J UnclassIfied . - . . 87 I 13'S 9-74 u group •• ____________ . 

l Total Subgroup C .. 184 29-1 18'35. 

Certain di}Ierences require a word of comment, but on the whole there· 
is sufficient agreement between the two sets of figures to demonstrate the 
fact that Boyd's findings in South India are not inapplicable in an area as 
far distant as Quetta. There are two important differences however. In 
the first place the late lactose-fermenting organisms, and especially B. 
dysenterice Sonne, appear to be more numerous in Quetta, a point which is 
explicable probably on difference of locality. Secondly, Boyd's. Flexner 
Type 103 appears to be much less numerous in Quetta than as shown by 
Boyd in Poona. 

The personal factor comes in here to some extent, however, for this 
organism (and also type P119) is more closely related to the classical 
Flexners of Andrewes than the others described by Boyd. For example, 
Types 103 and P119 have frequently shown in this laboratory a delayed 
agglutination when tested on a slide with polyvalent VWXYZ serum; 
although no appreciable agglutination is shown by these organisms when 
tested by Dreyer's method on first isolation, a considerable amount of' 
agglutinability develops on subculture, even to as much as 50 per cent of 
the titre of this polyvalent serum. Therefore, it is quite possible that 
some strains of Types 103 and P119 may have been classified with 
Andrewes'types in this laboratory. 

There can be little question that the majority of these organisms now 
brought into the Flexner group by Boyd are pathogenic, for considerable 
num bers were isolated from clinical dysenteries in this laboratory side by 
side with cases showing the classical organisms of Shiga, Flexner and 
Sonne, and under precisely the same conditions_ None were found in 
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164 Dysentery among , Troops· in Quetta 

several thousand normal individuals on whom tests were carried out after 
purgation to ascertain if they were carriers of enteric or dysentery. These 
organisms are moreover not entirely new to dysentery workers in India, 
for several attempts have been made in the past seven or eight years to 
classify those found by individual laboratories, none of them, however, with 
anything like the same completeness. 

During the past year they ,have had a peculiar incidence for they were 
most common in the spring rise of dysentery when the classical Flexners 
were few, while in the autumn rise they were, comparatively speaking, 
few. For example, in May and June the ratio of the classical Flexners to 
those described .by Boyd was as 1 is to 2, whereas in the autumn rise this 
was completely reversed, so that the ratio was 3 classical Flexners to 1 
.of Boyd's type, and later in the year, e.g. October, these disappeared 
altogether. It is noteworthy that this peculiar incidence has been exactly 
that of B. dysenterice Sonne, which was also common in the spring 
dysentery and practically absent in the autumn. 

C.-B. DYSENTERllE SONNE. 

The occurrence of this organism in the spring and its absence in the 
autumn has ·already been mentioned. During two years it formed 14 per 
cent of the total organisms of dysentery isolated in Quetta, i.e. ninety-seven 
strains were isolated. A similar percentage was found by the writer in 
Lahore District in 1928 (actually 13'3 per cent). Most of the infections 
caused by this organism were mild, but two very severe cases were noted, 
and a. few less severe. . ' 

Case l,-Painter Indar Singh. ·Loose motions with blood and mucus 
commenced on June 9, 1933. They became very frequent and patient 
became collapsed, with imperceptible pulse. B. dysenteri(S Sonne. was 
isolated in practically pure culture, when stools were occurring every quarter 
of an hour. Patient was treated with hypertonic saline as if for cholera, 
and strychnine and digitalin had to be given. 

Case 2.-The wife of the above case took ill at the same time with fever, 
vomiting !Lnd diarrhrea. This lasted two days and she died before medical 
attention was called. The soiled clothing was sent to the laboratory soon 
after daath, and B. dysenterice Sonne was isolated from the mucus smeared 
on.it. 

A few severe cases also were noted. 
Case 3.-Assistant Surgeon B. was working in the laboratory and dealing 

daily with specimens and cultures fromSonne cases. He suddenly developed 
a temperature of 1020 F. with severe griping pains and frequent stools with 
blood and mucus. Motions occurred about once an hour for twenty-four 
hours. Frequency and pain ceased in thirty-six hours and recovery ensue~. 
B. dysenterice Sonne was found in pure culture. 

Case 4.-Cook Dhan Singh had fifteen to twenty motions a day for three 
days, accompanied by fever. B. dysenterice Sonne was isolated. 

Cases such as these serve to illustrate the fact that B. dysenterice Sonne 
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D. T. M. Large , 165 

in Quetta may produce a very severe and' even fatal infection, .in spite of 
the fact that the majority of the cases are very mild indeed. 

'B. dysenterice Sonne was responsible also for most of the dysentery in 
children during the year. It has already been mentioned that children 
suffered from dysentery chiefly in May and June, during which period 
B. dysentericeSonne was the prevalent organism, even in adults. In 
children the infection was usually accompanied by fever, in Sf)mecases 
actually initiated by fever. Major H. G. Hobson, O.B.E., ~.C" R.A.M.C., 
who attended most of the cases in children, informs me that on several 
occasions in May and June, his usual initial treatment for pyrexia, i.e. a 
dose of castor oil, resulted in diarrhrea with blood and mucus on the second 
day, and B. dysenterice Sonne was isolated from the mucus. Until the 
castor-oil was given there was no sign of dysentery. In such cases the 
fever and mucous diarrhrea lasted for two or three days and then cleared 
up completely. 

The organism itself in Quetta showed the usual characteristics, i.e. it 
was an indol negative, mannite-fermenting bacillus, agglutinating to titre 
with stock Sonne serum obtained from the Enteric Laboratory, Kasauli, 
and on incubation for a time showing the characteristic late fermentation 
of lactose and saccharose. 

Development of Roughness.-Rough variants as a rule developed very 
quickly from the smooth form, so that a smooth col oily replated on litmus 
lactose bile salt agar showed in twenty-four hours about fifty per cent of 
rough'descendants. The original colonies, however, were usually smooth, 
as examination of the original plates always took place within twenty-four 
hours of their inoculation. Should, however, examination of the original 
plates for any reason be delayed beyond twenty-four hours, it would also be 
necessary to pick off rough colonies in order to make certain that the 
organism was not being missed. Strains varied considerably in the time 
of development of roughness, some remaining smooth for several days even 
in a ,fluid medium, and a few for as long as a month. This variation in 
time in the development of rough colonies was associated also with a 
variation in time in the production of' acid in lactose and saccharose 
media. 

Development of Acidity in Lactose.-The time required for the production 
of acid in lactose depended on two factors in the twenty-six strains tested 
on this point. 

(1) On the. nature of the medium, i.e. whether solid or liquid. 
(2) On the facility with which rough variants appeared. 
Acid Production on Solid Lactose Media.-Each of the strains' was 

plated on litmus lactose agar so as to obtain discrete colonies as widely 
separated as possible, and the plates were incubated and examined daily 
until they dried, i.e. for five or six days. The rough colonies invariably -
showed an acid reaction, the time of development of acidity varying from 
two to five days. The smooth colonies which were discrete enough to ,be 
observed by themselves did not form acid at all in the five days on which 
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~J:66 Dysentery among Troops in Quetta 

they could be examined before drying of the plates. On occasions, certainly, 
the acidity from neighbouring rough colonies would spread into the area on 
which the smooth colony was situated, but really isolated "S" colonies 
were never found to have developed acidity of themselves. Colonies 
crowded together, however, so that their nature could not be observed, also 
developed acidity in two to five days, this being due probably to the 
" R " element in the congregation of colonies. 

Acid Production in Liq~tid Lactose Media.-In liquid media the time 
for development of obvious acidity was much longer and it varied 
.considerably. At first it was thought that the variation depended on the 
.original reaction of the medium, and, on the suggestion of Major J. S. K. 
Boyd, R.A.M.C., phenol red (10 per cent of a 0·01 per cent solution) was 
used as an indicator instead of the usual Andrades mixture, so that the 
pH value could readily be judged before inoculation. The .resultswere 
interesting, although they showed that with sugar of a definite pH, e.g. 
7·4 or 7·6, considerable variations still occurred in the time of development of 
acidity in lactose and saccharose. After twenty-four hours incubation as a 
result of growth of the organism the pH was reduced to 7·2 or even as low 
.as 7, thereafter alkalinity" developed, increasing day by day to reach a 
point as high as 8, before the permanent acidity characteristic of this 
baciIIus manifested itself. The preliminary temporarily acid trend and 
subsequent permanent alkalinity is of course the normal course of events 
with all non-lactose-fermenting intestinal organisms. In the case of 
B. dysenterim Sonne, however, the alkalinity of the lactose or saccharose 
was always succeeded by a permanent acidity of more than'pH 6·6. Warning 
.of the impending acid change in the tube was usually seen some days before 
in the form of a lemon-yellow tinge around the deposit, which always formed 
as soon as roughness developed. 

Definitely smooth and definitely rough colonies were inoculated side by 
side into phenol-red lactose and saccharose to see if there would be any 
difference in the time of development of acidity between smootl;1 and rough 
.colonies, but while in some cases the rough colonies showed acidity two or 
three days before the smooth colonies, in the majority of cases no difference 
was observed. This is not surprising in view of the fact that most smooth 
colonies in a fluid medium developed rough variants in twenty-four hours' 
growth. 

The development of acidity in these media seemed to be closely related 
to the development of roughness, for it was found that those strains which 
were late lactose fermenters (e.g. eighteen days) remained smooth con
siderably longer than the early lactose fermenters (e.g. fiye days) from 
which it was very difficult to obtain a smooth colony after a few days' 
growth. 

In this series the length of time before the development of acidity in 
lactose and saccharose fluid media is probably longer than is normally 
found, because the twenty-six strains chosen for testing purposes had been 

:in the laboratory for some· months and still were capableo£ producing 
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smooth colonies. (A larger number were rejected because they had become 
completely rough.) That is, they were strains which tended to remain 
comparatively smooth and in which therefore one would expect acid 
development to be somewhat delayed. . . 

In phenol-red lactose fluid medium the average time for development of 
acidity was twelve days, as judged by ninety tests performed for the purpose 
on twenty strains of which fifty-five smooth colonies and thirty-five rough 
colonies were tested. The shortest and longest times were one day and 
thirty-five days. No indication was obtained as to the reason for the 
differences in time shown. Tubes inoculated at the same time and from 
the same colony and incubated in the same way frequently showed con
siderable differences. It was thought that the amount of manipulation 
the tube received might disturb the deposit and for some reason produce 
acid more quickly, so twenty-one strains of smooth and rough colonies 
were inoculated into two sets of tubes, one of which was carefully manipu
lated to avoid shaking, and the other was thoroughly shaken each day. 
The result was that the unshaken tubes developed acid in the normal time, 
i.e. the average was twelve days, while the shaken tubes became acid rather 
earlier, the average being 9·8 days. This is not surprising because for 
several days before frank acidity develops in an unshaken tube, the deposit 
at the bottom of the tube has already changed from pmk to yellow, and yet 
the tube as a whole appears alkaline. That is, a local acidity has developed 
somewhat akin to that seen when Durham's tubes are employed; the fluid 
in the Durham's tube frequently appears acid many days before the 
remainder of the fluid shows any acid change. In this case the inverted 
mouth of the Durham's tube is in contact with the" R "element in the 
deposit. Those who report this first sign of acidity naturally show a shorter 
time for acid production than those who wait for the medium as a whole 
to become acid. In this series in which the time given is twelve days, 
Durham's tubes were not employed, and the whole culture tube became 
acid in that time. I have no doubt that had Durham's tubes been 
employed, the time would have more nearly approached that found in 
the case of solid media. The explanation for the apparently more rapid 
development of acid on solid media is probably that the amount of alkaline 
solid medium affected by the growth of large numbers of acid-producing 
organisms congregated in a single colony, is proportionately very much 
smaller ,than in case of fluid media in which the organisms. are not 
congregated into colonies and their acidifying action is dissipated through 
the bulk of the medium. The early acidification already noted in the 
deposit, or in the fluid of a Durham's tube,is somewhat akin to the early 
production of acid round a rough colony on a solid medium. 

REFERENCES. 
(1] ACTON and KNOWLES, 1928. "On the Dysenteries of India." 
[2] BOYD, J. S.:K., 1932. JOURNAL OF THE ROYAL ARMY MEDICAL CORPS, vol.lix, No. 5, October 

(To be continued.) 
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