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results are available, this confirmation may be more
convincingly demonstrated.
Two further questions described in the introduc-

tory paragraphs have not yet been answered. Most
of the results reported here concern the babies of
women immunized during their pregnancy. We have
not reported upon the effectiveness of immunization
of women inoculated prior to pregnancy, or upon
how long this protection lasts. This information is
necessary for the advocacy and support of commun-
ity-wide preventive measures in special high-
incidence areas. We hope that the results from

Guachene in 1964 and 1965 will help to answer these
questions.

* *
*
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Colicinogeny in Salmonella Serotypes in India

by S. C. AGARWAL, M.D., Ph.D., National Salmonella and Escherichia Centre, Central Research Institute,
Kasauli, Punjab, India a

Colicines are narrow-range antibiotics produced
by some strains of Enterobacteriaceae, chiefly
Escherichia, Shigella and infrequently Salmonella.
Colicinogeny or ability to produce colicines is a
stable and inheritable property of these Escherichia
and Shigella strains. b It is rather uncommon in
Salmonella. In the present investigation 820 Salmo-
nella strains belonging to 30 serotypes commonly
occurring in India c have been tested for colicinogeny
and 1.8% of strains have been found to be colicino-
genic, producing different types of colicines.

Materials and method
Bacterial strains. These strains were isolated from

both human and animal sources, and were obtained
from various hospitals and public health laboratories
in the country. The immediate sources were faeces,
vomit, blood and occasionally cerebrospinal fluid.

Media. Nutrient broth was made by adding beef
extract 7.5 g, proteose peptone (Difco) 12.5 g,
sodium chloride 7.5 g, and making up the final
volume with distilled water to 1000 ml. The pH
was adjusted to 7.1. The medium was sterilized by

a Present address: Associate Professor in Microbiology,
Institute for Postgraduate Medical Research and Education,
Chandigarh, Punjab, India.

b Fredericq, P. (1957) Ann. Rev. Microbiol., 11, 7-22.
c Agarwal, S. C. (1963) Bull. Wid Hlth Org., 29, 113-117.

autoclaving at 15 p.s.i. (1.05 atm) for 20 minutes.
Basal agar contained 1.5% Difco agar in nutrient
broth. Soft agar was made by incorporating 0.5 %
agar in nutrient broth.

Identification of colicine sensitivity. The double-
layer method of Gratia b was used. The various
strains were first isolated and single colonies were
picked up from growth on MacConkey agar plates.
These were subcultured in nutrient broth and allowed
to grow for 24 hours at 37°C. Inocula from this
24-hours' growth were streaked and stabbed into
nutrient agar plates with a straight platinum wire.
Eight strains were inoculated into each nutrient agar
plate. After 48 hours' growth at 37°C, the macro-
colonies were sterilized with chloroform vapour and
overlaid with 5-8 ml of soft agar mixed with 0.1 ml
of 6-hours' growth of E. coli (Row) in nutrient
broth. The plates were incubated at 37°C for
24 hours and the zones of inhibition were read.

Identification of colicines. E. coli (Row) strains
resistant to various colicines (e.g., V and I, K, B
and E) were used for the detection of colicines.
These strains, labelled R/B, R/V & I, R/K, and
R/E, were kindly supplied by Professor P. Fredericq
(University of Liege, Belgium). The colicines were
detected by seeding the plates with E. coli (Row)-
resistant strains instead of E. coli (Row) and reading

1411c



COLICINOGENY IN SALMONELLA SEROTYPES IN INDIA 445

C-4

U
......... --O: C

- -4_Do tot o-01 6ceC 6C- 6 C

c- l_ F _ F t- - co azoo _ _ et0-

o coIcmmom com _-O-ui L

0_~

0

O 0) C C CC
E w= EH A AEA>EE

0 O °a

co?~ ++++++++++++±
+ ++++++ +++++I-~~~~~~~~~

U) go a s a N ° M o
-1 co XA ) O@ a-

co 0 0 00cccc
Ci) 0 ~~EE E E -E E E E EE

O X s~~~~~~~~~~o= = =s_- =_ -E=T

.)
cr- 0 000220000 00 0 0000

o0 0
E >0>> >*, >

000 0 0

(D __ ..

oCl) U)~~~o

z 0)~~~~c 0)c
o o cs 0c co

C.) U) 0. . a < a m 0c) Om

10

0 'vE otEz

0~~~~~~~~~0 q
0~~~~~~~~l I0

0)~ ~ ~ ~ c c cnc riC)

0 O 0)0r jrco CD 0
0 0)

them for zones of inhibition and growth after
24-hours' incubation.

Detection of chloramphenicol-sensitivity and 0-1
phage susceptibility. The techniques used were those
described by Agarwal d and Sharma & Agarwal. e

Results

Altogether 820 Salmonella strains were tested.
These belonged to 30 serotypes. The maximum
number of strains were of Salm. typhosa (573), and
none of them was colicinogenic. The next largest
number of strains were of Salm. paratyphi A (63),
and, again, none produced colicines. The other
strains were: Salm. paratyphi B (3), Salm. para-
typhi C (3), Salm. aberdeen (2), Salm. anatum (10),
Salm. bareilly (6), Salm. bovismorbificans (7), Salm.
brunei (6), Salm. champaign (2), Salm. choleraesuis
(1), Salm. colombo (1), Salm. dublin (2), Salm.
enteritidis (15), Salm. infantis (2), Salm. jaffna (1),
Salm. magwa (1), Salm. matopeni (2), Salm. newport
(1), Salm. chester (10), Salm. pomona (1), Salm.
poona (14), Salm. richmond (17), Salm. salford (1),
Salm. sandiego (3), Salm. stanley (2), Salm. typhi-
murium (40), Salm. virchow (2), Salm. weltevreden
(23) and Salm. worthington (5). The figures in
parentheses indicate the number of strains in each
species tested.

Altogether 15 strains belonging to seven Salmo-
nella species were found to be colicinogenic. They
were Salm. richmond (6), Salm. bovismorbificans (3),
Salm. weltevreden (2), Salm. infantis (1), Salm. typhi-
murium (1), Salm. enteritidis (1) and Salm. anatum f
(1). The clinical and epidemiological information
regarding these strains is given in the table. Ten
strains were of human origin and all but two of
these were isolated from the blood of enteric patients,
the other two being isolated from the stools of
patients suffering from diarrhoea or gastroenteritis
(food-poisoning). Among strains isolated from
animals, three were from poultry and one each from
pig and goat. All the colicinogenic strains except
Salm. anatum are susceptible to lysis with Salmonella
genus-specific 0-I phage (Salm. paratyphi B). Their
growth is also inhibited by small concentrations of
chloramphenicol. The colicinogenic strains do not
share any definite 0 or H antigens.

d Agarwal, S. C. (1962) Bull. Wld Hlth Org., 27, 331-335.
e Sharma, V. K. & Agarwal, S. C. (1963) Bull. Wid Hith

Org., 28, 225-228.
f Professor Fredericq found that this strain was lysogenic

for E. coli (Row) and had lost colicinogeny.
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Discussion
Enteric bacteria with antibiotic properties are

most frequently found among the Escherichia and
Alkalescens dispar groups and sometimes in Shigella.
Salmonella strains producing colicines have seldom
been reported. Fredericq g found two colicino-
genic strains of Salm. typhimurium. Since then
Fredericq (personal communication, 1963) has found
two more colicinogenic strains, one each of Salm.
typhimurium and Salm. bareilly. Levine & Tanimotoh
noticed colicinogeny in two strains: Salm. carrau
and Salm. schleissheim. Hamoni reported a coli-
cinogenic strain of Salm. paratyphi B which excreted
colicines B and D. Papavassiliou i studied 272
Salmonella strains belonging to four 0 groups and
eight serotypes. He detected a few strains of Salm.
typhimurium producing colicine I and also reported
one strain of Salm. typhimurium which produced
colicine K. Vassiliadis et al. k examined 410 Salmo-
nella strains belonging to several Salmonella sero-
types and found that 11 strains were colicinogenic.
They belonged to seven serotypes (Salm. anatum,
Salm. braenderup, Salm. derby, Salm. mampeza,
Salm. saintpaul, Salm. wagenia, and Salm. worthing-
ton). All of them produced colicine I.

In the present investigation, out of 820 Salmonella
strains, 15 strains (1.8 %) are colicinogenic. These
strains belong to seven serotypes. They produced
five different colicines (B, K, I, E, and D). In the
strains studied, colicinogeny appears to be most

g Fredericq, P. (1952) C. R. Soc. Biol. (Paris), 146,
298-300.

h Levine, M. & Tanimoto, M. H. (1954) J. Bact., 67, 537
iHamon, Y. (1955) Ann. Inst. Pasteur, 88, 193.
I Papavassiliou, J. (1960) Ann. Soc. belge MWd. trop., 40,

369.
k Vassiliadis, P.,Papavassiliou, J., Glaudot, A. & Sartiaux,

P. (1960) Ann. Inst. Pasteur, 99, 926-929.

frequent in Salm. richmond, six of 17 strains tested
producing colicines (all of them colicine B). One
strain of Salm. richmond, however, produced two
colicines (B and 1). There was not a single coli-
cinogenic strain in 573 Salm. typhosa and 63 Salm.
paratyphi A strains examined. All the colicinogenic
Salmonella strains, with one exception (strain
MA 1010 of Salm. anatum) were susceptible to lysis
with the genus-specific 0-I phage. All strains were
susceptible to inhibition with small concentrations
of chloramphenicol. Since the various colicinogenic
strains belong to different groups in the Kauffmann-
White schema and do not share any particular
specific antigens, it appears that colicinogeny is
independent of the antigenic structure. The coli-
cinogenic strains have been obtained from different
parts of India and isolated at different times, hence
they do not seem to be epidemiologically related.
It is also interesting to note that some of these
colicinogenic strains produced two colicines rather
than one, although the latter is the rule in Salmonella
strains. Furthermore, to date only colicines B, D,
I and K had been reported as being produced by
colicinogenic Salmonella strains but we have found
colicine E also.

* *
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