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SEASONAL variations of cholera
bacteriophage in natural
raters AND 1IN paN, IN CALCUTTA
WRING THE YEAR 1930.

By ¢c. . PASRICHA, ma., m.b., B.chir., M.R.c.s., l.r.c.p.,
. CAPTAIN,
Military assistant Surgeon A. J. de MONTE, i.n.d.,

and

S. K. GUPTA, wu.B., D-T-M.
(FXOm the powel piseases Research Department,
alcutta school of Tropical Medicine and Hygiene.)

in Bengal cholera geasons, as statistics

C]-ear]-y show, recur at the same time each year.
R Calcutta there are two seasons, one Of two
’nths preceding, and another of two months
Ciélowmg, the monsocon rains, that is, in April
an May, and in November and December,
l6sgect1vely.
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The statistics of the last gixty
§ show very clearly that there is a marked
cholera gactivity during the rainy

suggest that the cessation of an epidemic

cholera is due to the spread ©f bacteriophage
The virulent cholera
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(i) Baboo Ghat on the banks of the river
Hooghly?a regular bathing ghat.
Dalliousie Square tank?situated in the
midst Of. a model?n business quarter;
here bathing, etc. is gtrictly prohibited.
(§i) Cornwallis Square tank?situated in an
Indian business and residential quarter
?open tO bathing.
(iv) College Square tank?situated 1in an
Indian business and residential quarter
?open t° bathing.
(v) Campbell Hospital
the compound of that hogpital?bath-

ing prohibited.
Waters from other sources were
Samples were collected by
in sterile

(i)

tank?situated in

examined

from time to time.
the senior staff of the 1aboratory
Jena-glass bottles, all contamination being care-
fully guarded against. At least ome gample
from each source was examined every week.
On receipt at the laboratory, about = 100
cubic centimetres were added to 10 cubic
centimetres of a 10 per cent, solution of peptone
water in flat-bottomed flagks; these were in-
cubated overnight. The surface growth was1
plated on bile-salt agar for yiprips, and the
sample filtered through a Chamberland filter.
In order to increase the amount of bacterio-
phage that might be present in the filtrate, a
young peptone-water culture of a yiprip, known
to be free from bacteriophage and Capable of
propagating all types of cholera |phage' was
added, and the flask agaj_n incubated. After
filtration through = candle this second filtrate
was tested for the presence of cholera ‘phage.
One centimetre of a four-hour-old peptone-
water culture of a pyre vibrio was added to
10 cubic centimetres of papain broth, varying
amounts of the filtrate 3dded, and the emulsion
immediately spread om an agar plate. Samples
showing the presence ©f bacteriophage were,
after passage With a susceptible vibrio, tested
for the type or types Of cholera 'phage present.

Examination of cholera 'phage in man.
Patients admitted to the Carmichael Hospital
for Tropical Diseases were examined for the
presence ©f cholera 'phage inl their .stools. (No
cholera cases are admitted into this hogpital.)
The stools in 403 cases were examined durj_ng

the year and the technique employed was.
similar to that described above.

The results are given in the following table
(1), and also in graphic form (figure I). The
incidence of cholera is drawn from the monthly
rate of admission into the Campbell Hospital
(Indian cases) and the pregidency General
Hospital (European cases). The meteorological
data are from the Meteorological Office at
Alipore, Calcutta.

The chief facts to be noted are:->

(i) The maximum getivity ©f cholera in
1930 was during t‘he months of March, April,
May and June, with an average of 290 cases

per month. In Ju]_y there was a rapid fall and
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Table I.

[Oct.,

1931.

Table ShOWing the seasonal variations of cholera bacteriophages in water and in man in Calcutta

during the year 1930, together with the incidence of cholera, and the meteorological data.

Month.

January
February
March
Rpril
May

June

July
August
September
October
November

December

Wat

Number
exam-—

ined.

57

19

50

40

53

17

41

32

23

20

14

19

er.

Cholera

'phages
isolated,

percent

14

30
37
11
18

12

21

Jan.

Man.
Cholera
h 1 cases
Cholera

Number (Campbell
exam- | p?agif Hospital) .

neq.  isolated,

percent.

33 75

26 126

20 5 265

50 6 315

44 10 298

39 5 287

46 2 112

31 3 38

27 26

45 40

15 45

27 21
Feb, Mar Apt. Mav June

Cholera Mean of Mean of

Cholera
Ca?es mortal-
(Presidency it
General ¥, per
. cent.
Hospital) .
1 34.66
3 30.64
5 15.47
11 19.05
6 17.11
18.81
17.85
5.27
3.84
Nil
6.66
9.52

July Aug, Sept,

Oct.

Meteorological data

daily daily

mean mean
maxi- mini-
mum mum

temp. temp.
?F. ?F.

77.6 55.4
83.5 61.6
93.2 71.0
98.1 77.2
95.3 78.9
93.3 79.5

78.9
88.3 79.1
89.7 79.3
89.7 76.5
81.5 66.1
77.7 55.8

Nov Dec

‘Choi zxe Cases Campbef! Hd'piicrh.?
Cho, era Bacteriophages inJHathal
Che/t rat Bacteriophages in mern.

choi xa Moria/ity pex cefit.1

Fig. I.?The seascnal variations of ehelera ineidence and the ﬁg{:ggﬁg@%

mortality, the percentage ©f waters egpkaining cholera hagteri

the percentage ©f healthy individuals passing ehelera
Caloutta during tHE year 1536:

aeteriop

A

Rain-

fall in
inches.

20.

14.

.58

L77

.43

.11

.66

.59

12

67

.02

.08

.43

Nil

Daily
mean
humi -
dities,
r cent.

66

62

61

63

74

81

87

88

85

77

74

67



Oct.,, 1931.]

in August and September there were only 38
and 26 cases, respectively, There was a slight
increase in October and November and a fall
again in December. The curve ©Of cholera
incidence is a typical one.

[ii) The meteorological
close relationship between cholera activity and
rainfall. oOnce the rains have set in there
s a very definite fall in the incidence of the
disease. "A gtydy of the temperature curves
will show that during the months of the greatest
difference between the maximum and minimum

temperatures cholera is active.

, {Bi) Bacteriophage. The curve

Phages in waters follows very closely the curve
cholera cases. If we disregard the fall in

May (which might possibly Pe due to some
double we had in our media during that

data illustrate the

of cholera

Apl Ma/ June-
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presence ©f cholera pacteriophage. The type
of cholera 'phage present is shown in the
following table.

It will be noticed that the majority of the
cholera bacteriophages isolated from waters in
Calcutta are of the quick-acting type A, which
acts only o=n smooth strains of vibrios. Kind
62A (Asheshov) ©of type A is the commonest
type of cholera bacteriophage present in Nature.
Kind 64A type A cholera ‘phage was isolated
on rare occasions. Bacteriophages types B and
C were 1solated only in 3 out of the 385 waters
examined, and experiments designed to increase
any existing cholera 'phage types B and C by
growth o= rough strains of yiprios, which
would propagate these two types and not type
A, failed to demonstrate gpy cholera 'phages

Meteorological data.

‘JJOnth) the ginilarity of the curve is yery
the decline of cholera jetivity

th :
Y)E]_C 1s almost a complete absence of cholera

age 1n waters.

11
al rnan, the curve of

the ?

cholera incidence.

death : m?rtality rate.

but : 1'al:¢

beo ! : : :
I 0115les widely distributed in Nature.
] re

fail the death rate remains
J's with the decline in cholera incidence.
077

le cholera 'phages isolated from natural
waliediSa.

the

year 57, or 14.7 per eent.,

cholera 'phage runs
A _A . . . .

o) Para®e” with the incidence of Idlsease,

phages present in Nature reaching the

O/X*mum a month after the maximum curve

The percentage
. in the begj_nnj_ng of the year,
rapidly in March when cholera iphage

From

to July, although cholera incidence is
low and

Out of 345 samples of watess examined during
showed the

of these types in the original filtrates. Aall
July Aug S&pt Oct Nov. Dec.
ma* T
W/ 7
ftain fen! -
Humid'yr
Table 11.

Analysis of the types of cholera 'phages isolated
from 385 samples of waters in Calcutta.

Number of

¢ Percentage Percentage
sanles °© of waters of each
Cholera 'phages. ! b) containing type of
pleg Wah 1 ( * Onl cholera cholera
1
phage was !
isolated. phages. ‘phage.
Type A.
Kind 61 A. | Nil
Kind 62 A.! 52 13.5 90
Kind 63 A. Nil
Kind 64 A 0.5 4
Type B 0.2 2
Type c, 2 0.5 4
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types of cholera 'phages must have originally
contaminated the waters; either types B and C
die gut, or our technique was not delicate enough
to demonstrate their presence. The following
experiment offers a possible explanation.
Cholera stool No. 1325 collected on 9th July,
1931, from a case of cholera on the second day

of the disease?agglutinating vibrios present in
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Summary.

(%) Cholera in point of prevalence s very

intimately related to and dependent upon €
climatic and seasonal influences. The heavy

rainfall during the monscon checks the activity
of cholera.

(if) Cholera 'phages in Nature vary With the

the stool. The original filtrate of the stool incidence of the disease. It is rare to isolate

showed type A cholera ‘phage Ol’lly, but after cholera 'phages from waters durj_ng the non-
passage With a susceptible vibrio all three types cholera season.

Table III.
Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. DeC-
Percentage Of waters containing 13 37 46 17 17 6 5 Nil @ Nil 10 21 Nil
vibrios.
Cholera cases 75 126 265 315 298 287 112 38 26 20 45 21
could be demonstrated. The stool was (in) The mortality rate, which is high at

distributed into flasks and kept on the bench,
as follows:?
(i) Original stool.
(u) Original stool, 3 cubic centimetres in 50
cubic centimetres of broth.

(Hi) Original stool, 3 cubic centimetres in 4
litres of sterile saline.
(iv) Original stool, 3 cubic centimetres in 4

litres tgp water.

Examinations were made dajly for the type
of bacteriophage present. After the first 24
hours all the flasks showed the pregence Of the
three types of cholera 'phage. After three days
flasks 1 and 2 still showed all the three types,

B and C peing of very poor virulence, whereas
flasks 3 and 4 showed only type A. After ten

days all the flasks showed the pregence ©f
type & only, types B and C being no longer
demonstrable, even after repeated alternate

transfers on rough and smooth vibrios.

This experiment suggests that under natural
conditions types B and C cholera 'phages die
out.

The cholera 'phages from healthy individuals.
?0ut of 403 gamples examined during the
year, 17, or about 4 per cent., showed the pre-
of cholera 'phage;
(kind 62A, Asheshov) cholera 'phage, and were
all poor races of bacteriophage. We found
only 3 vibrio-passers in this series. We could
find no association between those passing bac-
teriophage and those pagsing vibrios.

The vibrios isolated from water.?We isolated

non-agglutinating vibrios from 59 out of 366

sence

all were of type A

samples of waters examined. The following
table gives the percentage ©of water gamples
containing vibrios each month, and for com-

parison the cholera incidence taken from table
T is also given.

It will be that the presence 0f non-
agglutinating vibrios in waters follows
closely the incidence of the disease.

seen

very

the beginning of the cholera season, falls rapidly
when cholera 'phages have become ywidely dis-
tributed in Nature. The gpread of bacterio-
phages thus apparently plays = very lmportant
role in the lowered portality, and in bringing
an epidemic to a close.
(1iv) Cholera 'phages in
quick-acting type A, and evidence is pregented
suggesting that the types B and C die out '

of the

Nature are

Nature.
[v) The presence of non-agglutinating vibrios
in waters is closely related to the incidence 0

cholera, being mexe frequent at the beginning
of the cholera season.
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