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

Salmonella infections are quite common in India.
They manifest themselves in the form of enteric
fever, gastroenteritis, localized infection and symp-
tomless carrier states. Enteric fever is the most
common manifestation with gastroenteritis next
in frequency. In view of the importance of salmo-
nellosis in India, a National Salmonella and Esche-
richia Centre was established at the Central Re-
search Institute, Kasauli, in the middle of 1958, with
the assistance ofthe World Health Organization. This
centre functions in collaboration with the Salmo-
nella Reference Laboratory at the Central Public
Health Laboratory, Colindale, London. Its main
function is to receive strains from different labora-
tories all over India, to do the antigenic typing and
determine the Salmonella species, and to compile
and analyse the data thus obtained. During the
past 41/2 years (1958-1962) this centre has received
about 1000 strains from different parts of the country.
A preliminary report on the strains received from
1958 to 1960 was presented at the National Seminar
on Enterobacteriaceae, Kasauli.a This communica-
tion presents a consolidated account of the Salmo-
nella strains obtained so far from 1958 to 1962.

Methods and materials
Bacterial strains. The Salmonella strains have

been obtained from different parts of India, chiefly
from Delhi, Bombay, Madras, Mysore, Mathura,
Calcutta, Izzatnagar, Patiala and Vellore. The
distribution of these strains cannot serve as an index
to the geographical distribution of Salmonella
infection in India, because several State laboratories
and hospitals have not sent their strains to us for
antigenic analysis. The strains received had been
obtained both from human subjects and animals,
isolations being made from blood, vomit, urine,
faeces and cerebrospinal fluid.

Identification and serotyping of salmonellae. The
bacterial strains received in the laboratory were
identified as Salmonella by their characteristic

aAgarwal, S. C. (1962) Indian J. med. Res., 50, 567.

cultural and biochemical reactions. Initially, slide-
agglutination tests of bacterial suspensions were
done with polyvalent Salmonella sera, Vi sera and
0-group sera (A, B, C1, C2, D, and E). The final 0
groups were determined with monospecific 0 sera
obtained from the Central Public Health Lab-
oratory, Colindale, London. A preliminary screen-
ing for H phase 1 was carried out with rapid
diagnostic sera 1, 2 and 3. H phase I was later
confirmed with individual monospecific phase 1
sera prepared in our laboratory. H phase 2 was
determined by slide agglutination of a living Salmo-
nella culture suspension with a polyvalent H
phase 2 (1-7) serum and then with monospecific
H phase 2 sera. Doubtful and unidentified strains
were sent to the Salmonella Reference Laboratory,
Colindale, London, for final identification.

Results

Serotypes in animal salmonellosis. Serotypes
isolated from animals and their frequency are
shown in Table 1. Out of 110 strains obtained,
41 strains were isolated from poultry. The more
common serotypes affecting the poultry are Salm.
richmond, Salm. typhimurium, Salm. weltevreden and
Salm. chester. Other less common serotypes are
Salm. anatum, Salm. champaign, Salm. matopeni and
Salm. sandiego. The second largest group of
Salmonella was isolated from pigs, Salm. poona being
the commonest serotype identified. Not many
Salmonella strains were isolated from sheep and
goats. In this study Salm. typhimurium, Salm. poona
and Salm. matopeni have been identified in goats,
and Salm. colombo, Salm. aberdeen, Salm. bovis
morbificans and Salm. poona in sheep. The serotypes
associated with Salmonella infection in laboratory
animals such as guinea-pigs and rabbits are mostly
Salm. typhimurium, Salm. weltevreden and Salm.
worthington. Salm. enteritidis was isolated from
rabbits on two occasions. Eight serotypes have
been identified in strains obtained from buffaloes:
Salm. anatum, Salm. chester, Salm. enteritidis, Salm.
magwa, Salm. poona, Salm. typhimurium, Salm.
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TABLE 1
SALMONELLA SEROTYPES IDENTIFIED AMONG STRAINS ISOLATED FROM ANIMALS IN INDIA

Number F1 F Guinea- mouseSerotype of Buffalo Cattle Dog Goat Kid pig e Pig Poultry Sheep Duck Rabbit Camel
strains

Salm. aberdeen 2 -_ _ | _ - 1 - I - =

Salm. adelaide I - - -__ _ - - _ - - - 1

SaIm. anatum 9 1 - 1 - _ - 2 2 3 - _ _

Salm. bovis-
morbiflcans 2 _- - -_ - -_

Saim. champaign 2 _- - 2 - _ _

Salm. chester 7 1 - - - _ - - 1 5 - _ _

Salm. colombo 2 - _ _ - _ _ - _ - 2 - _

Salm. dublin I -___ _ - _ _ _ _ _ _

Salm. enteritidis 4 1 2_-1- 1 - - _ - 2

SaIm.Ilimete 1I - I

Salm. matopeni 2 - _ - 1 - _ _ - 1 - _ _

SaIm. magwa 1 1 _ - _ _ - - _ _ - _

Salm. pomona 1 - 1 - _ _ _ _ - _ _ - _

Salm. poona 14 1 I-1 _ - 9 - 2 - _

Salm. richmond 13 _- - 13 - _ _

Salm. salford ' 1 _- - -_ -_

Salm. sandiego 3 - _ _ - _ - _ - 3 - _ _

SaIm. stanley 2 - _ _ _ _ _ - 2 - - - _

Salm. typhimurium 18 1 2 - 2 - 2 2 - 7 - I 1

Salm. virchow I - - - - - - -_ _ - I _

Salm. weltevreden 18 4 - - 3 - 4 - - 7 - _ _

Salm. worthington 5 1 2 - - - 2 - - - _ _ _

weltevreden and Salm. worthington.Two serotypes were
identified in camels: Salm. adelaide and Salm. limete.

Serotypes in human salmonellosis. The various
serotypes isolated from human Salmonella infection
are shown in Table 2. Altogether, 19 serotypes
have been identified. These serotypes have been
obtained from patients showing various clinical
manifestations of salmonellosis, such as localized
infection, food-poisoning and gastroenteritis or
septicaemia. The most common serotype is Salm.
typhi. This is responsible for 83.3% of Salmonella
infections among the material examined by us. Si-
milar findings have been recorded before.b, C The

b Hayes, W. & Freeman, J. F. (1945) Indian J. med. Res.,
33, 177.

c Ganguli, S. (1958) Indian J. med. Res., 46, 637.

most common clinical manifestation with this
serotype is enteric fever. Among 712 Salm. typhi
strains, 710 were isolated from the blood of patients
clinically diagnosed as suffering from enteric fever.
Salm. paratyphi A infection is the next most com-
mon (9.1 % of strains). Most of these strains also
were isolated from the blood of patients clinically
diagnosed as suffering from enteric fever. Only
two strains of Salm. paratyphi B were identified.
Salm. paratyphi C was identified on two occasions
in blood cultures from patients suffering from
pyrexia. Fifteen other Salmonella serotypes were
also identified, the most common being Salm.
typhimurium, Salm. bareilly, Salm. brunei and
Salm. enteritidis. Salm. typhimurium was identified
on 22 occasions. Salm. bareilly was identified in
the faeces of five patients with diarrhoea. Six Salm.
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TABLE

SALMONELLA SEROTYPES ISOLATED IN HUMAN SALMONELLOSIS IN INDIA

Number
Serotype of Source Clinical features Place of origin

strains

Salm. fyphi

Salm. paratyphi A

Satm. paratyphi B

Salm. paratyphi C

Salm. bareilly

Salm. bovismorbificans
Salm. brunei

Salm. chester

Salm. choleraesuis

Salm. dublin

Salm. enteritidis

Salm. heidelberg

Salm. jaffna

Salm. newport

Salm. singapore

Salm. typhimurium

Saim. vellore

Salm. virchow

Salm. weltevreden

Blood (710)

Faeces (1)

Pleural fluid (1)

Blood (73)

Faeces (4)

Pus (1)

Rectal swab (2)

Blood clot

Rectal swab (3)

Faeces (2) }

Cerebrospinal fluid (1)

Faeces (2)

Faeces (6)

- (1)
Rectal swab (2)

Rectal swab (1)

Blood (1)

Cerebrospinal fluid (1)

Blood (3)

Faeces (2)

Cerebrospinal fluid (1)

Faeces (2)

Rectal swab (1)

Rectal swab (2)

Faeces (1)

Pus (2)
a

Blood (11)

Rectal swab (4)

Faeces (5) }
Rectal swab (1)

Faeces (2)

Rectal swab (2)

Faeces (1)

Blood (1)

Enteric fever

Diarrhoea

Pleurisy

Pyrexia

Diarrhoea

Localized abscess

Pyrexia

Gastroenteritis

Enteric fever

Food-poisoning

Diarrhoea

Enteric fever

Meningitis

Pyrexia

Diarrhoea

Meningitis

Gastroenteritis

Diarrhoea

Diarrhoea

Diarrhoea

Abscess

Pyrexia

Food-poisoning

Diarrhoea

Diarrhoea

Pyrexia

Delhi, Punjab, Madras,
Bombay, Andhra
Pradesh

Punjab

Punjab

Punjab, Delhi,
Madras, Bombay
Andhra Pradesh

Punjab

Vellore

Coonoor

Vellore, Madras and
Calcutta

Vellore

Delhi

Mysore

Poona

Vellore

Vellore

Vellore

Punjab

Delhi and Baroda

Vellore

Vellore

Calcutta

Vellore

Vellore

Delhi

Bombay and
Trivandrum

Punjab

Delhi and Vellore
and Bombay

Vellore

Vellore

Vellore

Vellore

Punjab

712

78

2

2

6

2

6

3

2

6

2

2

22

4

2
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TABLE 3
SALMONELLA SEROTYPES REPORTED FROM INDIA

Serotype

Salm. aba

Salm. aberdeen

Salm. abortivoequina

Saim. adelaide a

Saim. anatum

Salm. alachua

Salm. banana

Salm. bareilly

Salm. bovismorbiflcans
Salm. brijbhumi

Salm. brunei a

Saim. butantan

Salm. cubana

Salm. champaign

Saim. charity

Salm. chester

Salm. chittagong

Salm. choleraesuis

Salm. colombo a

Salm. concord

Salm. derby

Salm. dublin

Salm. eastbourne

Salm. enteritidis

Salm. florida

Salm. gallinarum

Salm. hvittingfoss

Salm. heidelberg

Salm. israel

Salm. Jaffna
Salm. jodhpur

Saim. kirkee

Antigenic structure

6,8: i : e,n,zi5

11 :1:1,2

4,12: -: e,n,x

35 : f,g, -

3,10: e,h :1,6

35: Z4, ZI3 : -

4,5,12: m, t: -

6,7 : y: 1,5

6,8: r: 1,5

11 :r:1,5

(8)20: y: 1,5

3,10: b :1,5

1,13,23: Z29:-

39: k: 1,5

1,6,14,25: d : e,n,x

4,5,12: e,h : e,n,x

(1),3,10,(19) : b : Z35

6,7: c: 1,5

38: y:1,6

6,7: I,v :1,2,3

1,4,12: f,g: -

1,9,12: g,p :-

1,9,12: e,h :1,5

1,9,12: g,m : -

(1),6,14,25: d :1,7

1,9,12:-:-

16: b : e,n,x

4,5,12: r:1,2

9,12: e,h : e,n,zi5

9,12: d: zas

45 : Z2:-

17: b:1,2

Serotype Antigenic structure
I: ________________________________

Salm. limete a

Salm. litchfleld

Salm. lindern

Salm. london

Saim. magwa a

Salm. matopeni

Salm. mathura

Salm. meleagridis

Salm. morehead

Salm. nchanga

Salm. newport

Saim. orion

Salm. paratyphi A

Salm. paratyphi B

Salm. paratyphi C

Salm. pomona

Salm. poona

Saim. pulorum

Salm. reading

Salm. richmond

Salm. saintpaul

Salm. salford a

Salm. sandiego a

Salm. singapore a

Salm. stanley a

Salm. telhashomer

Salm. typhl

Saim. typhimurium

Saim. weltevreden

Salm. worthington a

Saim. virchow

Saim. vellore b

1,4,12,27: b:1,5

6,8: I,v: 1,2

6,4,24: d : e,n,x

3,10: I,v: 1,6

21: d e,n,x

30: y: 1,2

(9)46: i: e,n,z.s

3,10: e,h: I,w

30:1:1,5

3,10: I,v: 1,2

6,8: e,h : 1,2

3,10: y: 1,5

1,2,12: a: -

1,4,5,12: b :1,2

6,7,vl: c: 1,5

28: y: 1,7

13,22: z :1,6

9,12:-:-

4,5,12: e,h :1,5

6,7: y : 1,2

1,4,5,12: e,h :1,2

16: I,v, : e,n,x

4,5,12: e,h: e,n,zis

6,7: k: e,n,x

4,5,12: d :1,2

11 : zio: e,n,x

9,12,vi: d :-

1,4,5,12:1:1,2

3,10 : r : Z

1,13,23: I,w: z

6,7: r:1,2

1,4,12,27 : ZIO: Z35

a Serotypes first identified in India among strains received at Kasauli.
b A new serotype occurring In Vellore.

brunei strains were identified from persons suffering swab specimens. Salm. singapore was isolated from
from food-poisoning after taking meals in an hotel at the faeces of a seven-day-old baby.
Mysore. Salm. enteritidis and Satm. dublin were each
isolated in the cerebrospinal fluid of meningitis Discussion
patients. Salm. jaffna, Salm. newport, Salm. virchow Salmonella infections are very common in India
and Salm. weltevreden were identified in rectal and 64 serotypes, isolated both from animal and
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human sources, have been known to occur (Table 3).
They are responsible for the various clinical manifes-
tations of salmonellosis-namely, localized infection,
gastro-enteritis and septicaemia. As we have seen,
Salm. typhi and Salm. paratyphi A are the most
common serotypes associated with enteric fever.
Salm. typhi alone makes up 83.3 % of the Salmonella
strains isolated in humans and Salm. paratyphi A
9.1 %. About 0.2% of infections are due to each of
Salm. paratyphi C and Salm. paratyphi B. The
more common serotypes associated with food-
poisoning in human subjects are Salm. brunei and

Salm. typhimurium; Salm. typhi and paratyphi A
or C are not usually implicated in this disease.
Among animals, many strains were isolated from

poultry, followed by a number from pigs, which
seem to develop septicaemia more often.

** *

The author wishes to express his sincerest thanks to
Dr Joan Taylor, Director, Salmonella Reference Lab-
oratory, Colindale, London, for the final identification
and confirmation of several serotypes, to Dr J. B. Shrivas-
tav for his keen interest, and to the laboratory staff of the
National Salmonella and Escherichia Centre, Kasauli.

Quelques aspects epidemiologiques et cliniques de I'epidemie de variole
a Leopoldville (septembre 1961-mai 1962)

par D. FLAHAULT, Conseiller OMS en Sante' publique pour la Province de LeUopoldville, J. GEERTS, Medecin
hygieniste, Conseiller au Ministere provincial de la Sante publique, R. LASSERRE, Ex-Medecin Chef de 1'Unite'
medicale suisse a' l'Hopital de Kintambo, et A. VAN DER HEYDEN, Medecin hygie'niste, Conseiller au
Service d'Hygiene de la ville de Le'opoldville

Aspects e'pidemiologiques
Le 29 aofut 1961, deux enfants recemment debar-

ques de Bakwanga (Province du Kasai) presentant
un 'tat general alarmant et une eruption atypique
meurent 'a 1'hopital de Kintambo sans qu'un
diagnostic precis ait ete porte et sans que les services
d'hygiene aient ete alertes. Le 17 septembre, un cas
de variole typique etait admis au meme hopital.
L'alerte est donnee aux services d'hygiene, et 1'en-
qutee 'tablit qu'il s'agit d'un enfant ayant sejoumed
dans le meme hopital, dans la meme salle et 'a la
meme epoque que les deux cas precedents dont le
diagnostic retrospectif se trouve ainsi porte.

Malgre les premieres mesures prises aussitot, une
epidemie va se developper 'a la faveur des circons-
tances. Elle sevira 'a Leopoldville jusqu'au mois de
mai 1962; son allure et son importance sont donnees
par la figure ci-apres.

Mesures de prophylaxie en vigueur
Vaccination antivariolique annuelle. Le Service

medical de la Province de Leopoldville avait impose
la vaccination antivariolique annuelle, et non pas
triennale selon la legislation en vigueur, de la popula-

tion congolaise. Plusieurs raisons avaient conduit
a adopter cette mesure: a) le vaccin glycerine de
production locale se conservait difficilement dans
les conditions climatiques tropicales, ce qui otait
parfois son efficacite 'a la vaccination, surtout dans
les regions de l'interieur; b) la vaccination anti-
variolique etait pratiquee 'a l'occasion d'un examen
medical annuel obligatoire de la population congo-
laise (< recensement medical>) institue en vue de
depister les principales maladies endemiques: lepre,
trypanosomiase, pian, maladies veneriennes. En
raison d'un certain degre d'absenteisme, une partie
de la population echappait 'a la vaccination; enfin
c) un certain nombre de personnes avait l'habitude
d'enlever le vaccin des son application - et notam-
ment les meres de famille qui cherchaient 'a eviter
a leurs jeunes enfants les ennuis des reactions de
primo-vaccination.

Contr6le medical des voyageurs. Le controle
administratif et medical strict de tout voyageur qui
se rendait d'un territoire 'a un autre rendait l'eclosion
et l'extension d'une epidemie tres difficile. En effet,
chaque voyageur, lors de son depart et de son
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