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Chloramphenicol Resistance of Salmonella
Species in India, 1959-61

S. C. AGARWAL, M.D., Ph.D.'

Salmonella infections are quitefrequent in India and are generally treated with chloram-
phenicol. In pursuance of a proposal of the WHO Expert Committee on Antibiotics, a
survey has been made of the resistance to this antibiotic of867 Salmonella strains isolated in
India over the period 1959-61. It wasfound that most of the 24 serotypes studied were sen-
sitive to 4-8 ,ug of chloramphenicol per ml of agar medium, although rather higher con-
centrations were required to kill some strains of Salm. paratyphi A and, particularly, of
Salm. typhi. Analysis of the findings on Salm. typhi also indicate that its degree of resist-
ance to chloramphenicol has increased over the years 1959-61.

The WHO Expert Committee on Antibiotics 2
has stressed the need for obtaining reliable and
comparable information on bacterial sensitivity and
resistance to antibiotics in different parts of the
world. Such knowledge is very helpful in deciding
upon alternative methods of treatment in a general
community where the continued use of an antibiotic
has resulted in the elimination of bacterial strains
sensitive to that antibiotic and in the preponderance
of resistant strains. The Expert Committee re-
commended that a survey of resistance of Salmonella
typhi to chloramphenicol should be conducted in
different parts of the world. During the past three
years about 900 Salmonella strains have been re-
ceived and identified at the National Salmonella and
Escherichia Centre in Kasauli, Punjab, India. The
chloramphenicol sensitivity of these strains,
isolated from animals and patients in different years,
forms the subject of the present investigation.

MATERIAL AND METHODS

Bacterial strains
The Salmonella strains have been obtained from

different parts of India, mainly from Mysore,
Madras, Delhi, Calcutta, Mathura, Izzatnagar and
Bangalore. The distribution of these strains does
not correctly represent the geographical distribution

National Salmonella and Escherichia Centre, Central
Research Institute, Kasauli, Punjab, India.

' World Health Organization, Expert Committee on
Antibiotics (1961) Wld Hlth Org. techn. Rep. Ser., 210.

of Salmonella infection in India because many small
regional laboratories and hospitals have not sent
their strains to our laboratory for identification and
typing. The strains we have received have been
isolated from both human salmonellosis and animal
salmonellosis, and are from a number of different
sources, such as vomit, blood, urine and faeces. The
strains are mainly Salm. typhi and Salm. paratyphi A
but salmonellae other than these have also been
included and tested for their sensitivity.

Determination of microbial sensitivity
As recommended by the WHO Expert Committee

on Antibiotics (op. cit.), the dilution method was
employed for determining the sensitivity of the
strains.

Media. Two culture media were used which con-
formed to the recommendations of the US Food and
Drug Administration.
Medium A. Nutrient agar for the seed layer in which

chloramphenicol was incorporated was made as follows:
Peptone 6 g
Pancreatic digest of casein 4.0 g
Yeast extract 3.0 g
Beef extract 1.5 g
Glucose 1.0 g
Agar 15.0 g
Distilled water to make 1000 ml

The pH was adjusted to 6.5-6.6 after sterilization. The
medium was distributed equally (125 ml) in eight flasks
and autoclaved at 10 p.s.i. (0.6 atm.) for 20 minutes. The
medium in one flask was sufficient for making 5 nutrient
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TABLE 1

CHLORAMPHENICOL RESISTANCE OF 24 SALMONELLA SEROTYPES a

Concentration of chloramphenicol (iig/ml medium) No. of strains
Serotype 1 1 2 4 6 8 ] 12 16 tested

1. Salm. typhi 1(+) 294(+) 150(+) 21(+) 26(+) 17(+) 60(+) 687
4(±) 56(+) 20(±) 20(+) 16(±) 2(+)

2. Salm. paratyphi A 2(+) 31(+) 13(+) 3(+) 3(+) 2(±) 1(±) 63
7(±) 1(±)

3. Salm. paratyphi C 1M(+) 2(+) - - - - 3

4. Salm. enteritidis - - 2(+) 1(+) - - - 4
1(+)

5. Salm. typhimurium - 13(+) 4(+) 1(+) _ - - 26
2(±) 6(±)

6. Salm. bareilly - 1(+) _ _ - _ - 1

7. SaIm. poona 1 - 1(+) 1(+) 1(+) _ - 14
6(+) 3(±) 1(±)

8. Salm. chester - 1(+) 2(+) 1(+) _ _ _ 7
3(±)

9. Salm. dublin - - 1(+) _ _ - - 1

10. Salm. weltevreden - 10(+) 2(+) - _ - - 18
1 () 5(±)

11. Salm. anatum - 3(+) 2(+) _- - 6
1 ()

12. Salm. worthington - 5(+) _ - - - - 5

13. Salm. richmond - 9(+) 2(+) - - - - 12
1 ()

14. Salm. stanley - - 2(±) - - - - 2

15. Salm. colombo - 2(+) _- - - - 2

16. Salm. bovis-morbificans - 1 (+) 2(+) - - - - 4
1(+)

17. Salm. aberdeen - - 2(+) - - - - 2

18. Salm. virchow - 1 (+) - - - - 1

19. Salm. sandiego - 1(+) 1(I) - - - - 2

20. Salm. champaign - _ 2(+) - - - - 2

21. Salm. pomona - 1(+) _ _ _ 1

22. Salm. magwa - _ 1(±)I - - _ 1

23. Salm. matopeni 1(+) 1(+) -_ 2

24. Salm. salford - 1(±) _ _ - _ I

a The results are expressed as the number of strains of a particular serotype showing partial (+) or complete (+) resistance to
the indicated chloramphenicol concentration in agar medium; resistant strains are susceptible to the next higher concentration.
+ = fair degree of growth (as in control strains); + = small or fewer colonies.
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agar plates containing a particular concentration of
chloramphenicol.
Medium B. Nutrient broth for preparing an inoculum

of the test organisms was made as follows:
Peptone 5.0 g
Yeast extract 1.5 g
Beef extract 1.5 g
Sodium chloride 3.5 g
Glucose 1.0 g
Dipotassium phosphate 3.68 g
Potassium dihydrogen phosphate 1.32 g
Distilled water to make 1000 ml

The pH was adjusted to 7.0 after sterilization at
10 p.s.i. (0.6 atm.) for 20 minutes.

Chloramphenicol dilutions. Standard crystalline
chloramphenicol powder from the National Medical
Research Institute, Mill Hill, London, England, was
used for the sensitivity tests. An initial concentra-
tion of 500 ,ug of chloramphenicol per ml in distilled
water was prepared freshly in bulk and filtered
through sintered glass. Varying volumes of the
initial 500 jig/ml dilution were added to each flask
containing 125 ml of medium A. The flasks were
cooled to 48°-50°C before the addition of the re-

quisite volume of chloramphenical solution. The
concentrations employed for the tests were 1, 2, 4, 6,
8, 12 and 16 ,tg per ml of medium. About 25 ml of
chloramphenicol-agar mixture were immediately
poured into each Petri dish, and these were labelled

to show the chloramphenicol concentration. Ade-
quate care was taken to mix the antibiotic in the
medium.

Inoculation. Each Petri dish was divided into four
quadrants and each quadrant was inoculated with a
distinct strain. Inoculation was done with a standard
platinum wire loop on the sensitivity plates. The
inoculum was a 2-mm loopful of an 18-hour culture
of the organism in 5 ml of inoculation medium B,
incubated at 37°C; this gave isolated colonies on

the agar plates.
Incubation. The culture plates were incubated at

37°C for 24 hours.
Reading the results. The results were read as

+ for growth as in the control, + for small or fewer
colonies, - for no growth.

Controls. In every case a control Salmonella
strain was tested for growth without chloramphenicol
to ensure uniform results.

RESULTS

Altogether 24 Salmonella serotypes have been
tested. The greatest number of strains belong to
Salm. typhi. The next most common are Salm.
paratyphi A. These serotypes have been isolated
from human subjects and animals. The results are
given in Tables 1 and 2.

TABLE 2
CHLORAMPHENICOL RESISTANCE OF SALMONELLA TYPHI, 1959-61 a

Year of iso- Concentration of chloramphenicol (Mg/ml medium) Total number
lation

of strainsb__
of strain I 2 4 6 8 12 16 ofatrainsb

81+ 10+ 2+ 3+ - 7+
(77.1) (9.5) (1.9) (2.9) (6.7)

1959 105
1±1
(1.0) (1.0)

_ 96+ 53+ 4+ 12+ 12+ 21 +
(43.2) (23.9) (1.8) (5.4) (5.4) (9.5)

1960 222
11+1 4± 7±1
(5.0) (0.5) (1.8) (3.2) (0.5)

1+ 114+ 81+ 14+ 11+ 5+ 32+
(0.3) (32.6) (23.1) (4.0) (3.1) (1.4) (9.1)

1961 350
4i 44+ 18± 16± 9± 1
(1.1) (12.6) (5.1) (4.6) (2.6) (0.3)

a Results expressed as the number of strains resistant (+) or partially resistant (+) to the indicated chloramphenicol concen-
tration, and, in parentheses, the percentage of such strains among the total number isolated during the year shown.

bTen strains received in 1958 and shown in Table 1 have been omitted.
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Resistance of Salm. typhi
Altogether 687 strains of Salm. typhi were exam-

ined. About 40% of these proved resistant to 2,g/ml
medium but susceptible to 4 ,ug. A further 20%
were susceptible to 6,g/ml and for about 9% more
than 16 ,tg chloromycetin per ml of medium were
required to kill them (Table 1). The variations in
the susceptibility of these strains during 1959, 1960
and 1961 are shown in Table 2, which indicates that
an increase in the degree of resistance occurred from
1959 to 1961.

Resistance of Salm. paratyphi A
A total of 63 strains of Salm. paratyphi A were

tested for sensitivity against different chloramphe-
nicol concentrations. Approximately 50% were
susceptible to 4 ,.tg of chloromycetin per ml of
medium; 30% more were killed when the con-
centration was increased to 6 uag/ml. To kill the
remaining strains required higher concentrations
(see Table 1).

Resistance of Salmonellae other than Salm. typhi
and Salm. paratyphi A

Twenty-six strains of Salm. typhimurium were
tested. All except one were susceptible to 6 ,ug of
chloromycetin per ml of medium. Similarly, all the
18 strains of Salm. weltevreden were sensitive to
6 ,tg/ml. Saln. poona required somewhat higher
chloramphenicol concentrations, only 50% of
strains being sensitive to 6 ,ug/ml. Almost all the
other serotypes (Salm. paratyphi C, Salm. enteritidis,
Salm. anatum, Salm. worthington, Salm. richmond,

Salm. stanley, Salm. colombo, Salm. bovis morbifi-
cans, Salm. aberdeen, Salm. virchow, Salm. sandiego,
Salm. champaign, Salm. pomona, Salm. magwa,
Salm. matopeni and Salm. salford) are susceptible
to 6,g of chloramphenicol per ml of medium.

DISCUSSION

From the results reported above it appears that
the various Salmonella serotypes have a nearly
similar pattern of resistance to chloramphenicol. A
majority of the strains of any particular serotype are
susceptible to 4-8 ,ug of chloramphenicol per ml of
medium and the percentage of strains resistant to
8,tg/ml is small. Amongst Salm. typhi strains about
9% are resistant to a chloramphenicol concentration
of 16 ,tg/ml. Among Salm. paratyphi A strains only
one was resistant to 16 ug/ml, the majority of these
strains being sensitive to concentrations of 4-6,g/ml.
It has also been found that there has been an in-
crease in the degree of resistance during the years
1959, 1960 and 1961 among the Salm. typhi strains.
Thus in 1959 the Salm. typhi strains susceptible
to 4 ,ug/ml and resistant to 2 ,ug/ml amounted to
77.1 %, falling to 43.2% in 1960 and 32.6% in 1961.
Concomitantly, the percentage of strains susceptible
to 6 ,ug/ml and resistant to 4 ,ug/ml increased from
9.5%, in 1959 to 23.8% in 1960 and 23.1 % in 1961.
There were similar increases in the resistance to
12-16 jug/ml among Salm. typhi strains. It has not
been possible to compare the susceptibility of other
Salmonella serotypes during these years as their
number per year was rather small.

ACKNOWLEDGEMENTS

The author wishes to express his thanks to Dr Joan
Taylor, Director, Salmonella Reference Laboratory,
Colindale, London, England, for identification and con-
firmation of some serotypes and to the laboratory staff of

the National Salmonella and Escherichia Centre, Kasauli
-especially Mr Bant Ram, Mr Hardayal Singh and
Mr Chattar Singh-for technical assistance.

RItSUM8

Suivant la recommandation du Comite OMS d'experts
des Antibiotiques, visant a ce que soient reunis des ren-
seignements sur la r6sistance aux antibiotiques de bacteries
pathogenes, une etude sur la r6sistance des Salmonella
au chloramph6nicol a ete entreprise de 1959 a 1961 dans
l'Inde, ou cet antibiotique est utilis6, en general, pour le
traitement des salmonelloses.

Cette etude a port6 sur 867 souches appartenant &
24 serotypes, provenant de diverses regions de l'Inde,
d'infections animales et humaines et de divers milieux
infectes (vomissements, sang, urine, f&es). Ces souches
etaient pour la plupart des Salm. typhi et paratyphi A.

Les resultats ont montr6 que les divers s6rotypes
examines ont a peu pres le meme sch6ma de r6sistance.
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La plupart des souches de chaque serotype sont sensibles
a 4-8 Hg de chloramphenicol par ml de milieu de culture,
et seul un faible pourcentage resiste a 8 yg. Environ 9% des
souches de Salm. typhi sont resistantes a 16Htg/ml; une seule
souche de paratyphi A est resistante a cette concentration.
I1 est hors de doute que la r6sistance de Salm. typhi a

augmente de 1959 a 1961. En 1959, la proportion de
souches sensibles a 4 ,ug/ml et resistantes A 2 I/ml etait

de 77,1 %; elle n'6tait plus que de 43,2 % en 1960 et de
32,6% en 1961; de meme, les souches sensibles A 6 Hg/ml
et r6sistantes a 4 pg/ml, qui representaient 9,5% en 1959,
s'elevaient A 23,8% en 1960 et A 23,1% en 1961. La
difference, d'une annee A l'autre, etait du meme ordre
pour la sensibilit6 et la resistance A 16 et 12 jlg/ml, res-

pectivement.
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