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in the sera of cholera patients on different days of
illness and that a correlation exists between haem-
agglutinating and bioassay titres.

It is evident from the data presented here that
vibrio antigens may be adsorbed by the unmodified
sheep erythrocytes to become agglutinable to anti-
body to cholera vibrio. It is probable that more than
one antigen is adsorbed, particularly from the
complex mixture present in WCL. This is directly
indicated by the 5-fold reduction of haemagglutinin
titres of red cells sensitized with WCL when anti-
serum to WCL is exhausted of homologous ag-
glutinin by absorption with intact vibrios. Presum-
ably the agglutinating antibody is that to antigens
present in the cell wall, and such agglutinin absorp-
tion would leave antibody to intracellular antigens in
the absorbed serum. It is notable in this connexion
that the choleragenic toxin is demonstrable in the
intracellular substance, but not in the cell wall, of the

vibrios. The involvement of such intracellular
antigens is further indicated by the similar haem-
agglutinin titres obtained when the red cells are
sensitized with Fraction 1, and those obtained with
cells sensitized with WCL but agglutinated in anti-
serum to Fraction 1 may represent antitoxin titres
(Table 2). It was also observed that heat-inactivated
antigen failed to sensitize red cells and that an aged
PSUP preparation gave reduced sensitization. These
observations are consistent with the heat-lability and
instability on storage of the choleragenic toxin. It
may be noted also that the antitoxin titre determined
by bioassay in rabbits' and patients' sera was
paralleled by the haemagglutination titre.
While these observations are consistent with the

hypothesis that antitoxic antibody may be titrated by
passive haemagglutination of erythrocytes sensitized
with highly purified toxin antigen, the specificity of
the reaction remains to be established.
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Early studies on the in vitro antibiotic sensitivity
patterns of Calcutta strains of Vibrio cholerae have
shown ambiguous results. For example, different
studies with tetracycline have reported inhibition of
V. cholerae over a range of from 2 pg to 20 ,ug per ml
of medium.a4 b At the same time, results of studies
comparing the efficacy of different antibiotics have
also varied.", d9 Finally, the emergence of drug-
resistant strains has been reported in Hong Kong,
Thailand,e and the Philippines,! and this possibility
also arises in Calcutta strains. The aims of this study,
therefore, were to determine the general patterns of
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sensitivity of V. cholerae to antimicrobial agents
before and after 1963, the year antibiotic treatment
of cholera was started in Calcutta, and then to
examine these patterns in relation to other studies
carried out in Asia.

Material and methods
Strains. Altogether, 150 strains of V. cholerae and

V. cholerae, biotype El Tor, isolated during the
years 1962-67, were examined. All strains from
1962 to 1964 were V. cholerae; strains from 1965
were both V. cholerae and V. cholerae, biotype El
Tor; and strains from 1966 and 1967 were all
V. cholerae, biotype El Tor. The strains were
isolated from hospital cases, carriers and latrine
samples at the Cholera Research Centre, Calcutta,
India, and they were characterized at the time of
isolation.""' The series of biochemical and sero-
logical tests was repeated at the time of this study to
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NOTES

TABLE 1
PATTERNS OF DRUG SENSITIVITY IN CALCUTTA STRAINS OF VIBRIO CHOLERAE

Year of No. of strains inhibited by the following minimal inhibitory
isolation No. of concentration (Mg/ml):
of strain strains

1 2 4 8 16 32 6

Tetracycline

1962 21 2 19

1963 30 3 22 2 1 1 1

1964 25 9 12 4

1965 19 1 11 5 2

1966 20 3 11 6

1967 33 4 23 6

Total 148 6 - 68 53 19 1 1

Chloramphenicol

1962 21 20 1

1963 30 22 8

1964 26 17 9

1965 20 9 11

1966 20 7 10 3

1967 33 8 24 1

Total 150 83 1 63 4

Streptomycin sulfate

1962 21 2 3 11 4 1

1963 30 3 2 15 9 1

1964 26 5 14 6 1

1965 19 5 4 8 1 1

1966 20 8 2 7 3

1967 33 6 18 8 1

Total 149 24 34 63 23 3 f 1 1

Furazolidone

1962 21 21

1963 30 27 1 1 1

1964 22 11 3 4 3 1

1965 14 2 1 7 3 3 3

1966 20 8 2 5 4 1

1967 33 11 2 3 8 8 1

Total 145 80 5 16 19 17 7 1

a Limit of solubility of furazolidone in water is 40 MA/ml.
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TABLE 2
SENSITIVITY OF CALCUTTA STRAINS OF VIBRIO CHOLERAE TO SULFONAMIDE DRUGS

Year of No. of strains inhibited by the following minimal inhibitory
isolation strains concentrations (j&g/ml):
of strain stan

10 20 40 80 160 320 640 | >640

Sulfadiazine

1962 21 1 1 4 7 4 4

1963 30 5 10 4 11

1964 26 3 1 4 5 4 9

1965 19 2 2 4 5 6

1966 20 2 2 2 7 7

1967 32 7 5 6 7 7

Total |148 | | | 6 {13 122 j 32 131 44

Triplesulfonamide

1962 21 2 3 2 7 5 2

1963 30 2 2 9 8 5 4

1964 26 6 4 8 4 4

1965 20 6 5 5 4

1966 20 2 4 2 2 2 7 1

1967 33 2 5 8 7 7 4

Total 150 | | 8 7 23 35 35 29 13

re-establish the generic, specific and biotypical
characteristics of each organism in order to prove
that no loss of characteristics had occurred during
long holding in stock culture. Phage typing was
carried out by Dr S. Mukerjee, WHO International
Centre for Vibrio Phage Typing, Calcutta. The
strains called V. cholerae, biotype El Tor (some-
times referred to as " atypical" Vibrio cholerae or
Vibrio eltor), were non-haemolytic, chicken-cell-
agglutination-positive, cholera-phage-IV-resistant,
and polymyxin-B-resistant (10 pg).

Techniques. Preliminary ranges of sensitivity were
defined by testing the organisms against low and
high concentrations of antimicrobial sensitivity discs
(Difco). The agar-gutter-plate-diffusion technique
was then used to measure precisely the degree of
sensitivity of these strains.' Tetracycline, chlor-
amphenicol and streptomycin were tested in nutrient
agar (Difco) plates while the sulfonamides and

i Fleming, A. & Alison, V. C. (1922) Proc. roy. Soc. B.,
94, 142.

furazolidone were tested in Mueller-Hinton medium
(Difco) plates. Control V. cholerae organisms of
known sensitivity or resistance were tested with each
series of experiments. All series were prepared in
duplicate.

Antimicrobial agents. The following drugs in pure
powder form were used in the agar-gutter-plate-
diffusion technique: tetracycline (Roberto Lepiti,
Milan, Italy), chloramphenicol (Carlos Erba, Milan,
Italy), streptomycin sulfate (Glaxo Laboratories,
Ltd., Greenford, England), sulfadiazine (Merck,
Sharpe & Dohme, Ltd., Gt. Britain), Triplesulfon-
amide (May and Baker Co., Ltd., India), furazoli-
done (Smith, Kline, and French (India), Ltd.).

Results

The drug sensitivity patterns of Calcutta strains of
V. cholerae are shown in Tables 1 and 2.
Chloramphenicol has displayed the most consist-

ent antibacterial activity throughout the years, the
great majority of strains being sensitive at 1 jig -2 ,ug
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per ml. Tetracycline also exhibits high anti-
bacterial activity, inhibiting the growth of 85% of the
tested strains at 8 ,tg/ml or less. There appears to
have been a significant shift over the course of the
years, the cholera vibrios having become more
resistant to tetracycline up to the present time.
Sensitivities to streptomycin vary over a somewhat
wider range, from 1 jig/ml to 8 ,ug/ml with 2 strains
resistant above 16 ,ug/ml.
Of the strains tested against furazolidone, 50%

were sensitive at 1 ,ug/ml. There has bxen a slow
general increase in resistance from 1962 to 1967, the
range of sensitivity shifting from 1 ,g/ml in 1962 to
8 j.g/ml in 1967.
Organisms from all 6 years show relatively high

levels of resistance to the sulfonamides. Vibrio
cholerae does appear, however, to be rather more
sensitive to Triplesulfonamide than to sulfadiazine,
particularly in the earlier years.
A few strains were not inhibited at the higher

concentrations of drug and these resistant strains are
listed in Table 3.

Discussion
Strains examined in this study appear to be more

resistant to tetracycline and more sensitive to
streptomycin than those strains studied in either
Thailand e or the Philippines.i This resistance might
be due to the fact that tetracycline is the most
commonly used broad-spectrum antibiotic in Cal-
cutta, being easily available and relatively inexpen-
sive, and it is the drug of choice for treatment of
cholera in Calcutta. At the same time, although
there appears to have been a slight decrease in
sensitivity to chloramphenicol in more recent years,
levels of sensitivity were still quite high at the time
of this study and no evidence of the emergence of
resistant strains was observed.
As can be seen from the data in Table 1, furazoli-

done has become increasingly less effective over the
years. As this drug is used very little in Calcutta,
it may be suspected that a cross-resistance is develop-
ing in response to the use of some related, but more
popular, drug.

Felsenfeld et al.k have pointed out the increase in
drug sensitivity of cholera vibrios that occurs

J Kuwahara, S., Goto, S.. Kimura, M. & Abe, K. (1967)
Bull. Wld HUth Org., 37, 763-771.

k Felsenfeld, O., Soman, D., Ichihara, S. J., Waters, T. &
Norsen, J. (1951) Proc. Soc. exp. Biol. (N.Y.), 77, 287.

TABLE 3
DRUG-RESISTANT STRAINS OF VIBRIO CHOLERAE FOUND

IN CALCUTTA

Type Minimal Inhibitory
Strain of Resistant to concentration

sample a (A/ml)

I D-26/63 H Tetracycline 32

ID-32/63 H Tetracycline 64

CRC-5731/67L L Streptomycin 32

ID-957/65 H Streptomycin 64

ID-201/64 H Furazolidone 32

ID-225/64 H Furazolidone 32

ID-226/64 H Furazolidone 32

ID-609/65 H Furazolidone 32

ID-499/65 H Furazolidone 32

ID-457/65 H Furazolidone 32

CRC-6806/67L L Furazolidone 32

ID-33/64 L Furazolidone 64

a H = hospital case; L= latrine sample.

during successive subculturing. It was necessary,
therefore, to test the strains under study since many
of them had been kept in stock culture, with repea-
ted subculturing, for several years. The cultures
in this study were held in stock for 1 year with sub-
sequent subculturing and then retested for sensitiv-
ity to tetracyclin and streptomycin. No changes
in the general patterns of sensitivity were observed.

Since both El Tor and classical cholera vibrios
were under examination, it was thought that differ-
ences in sensitivity patterns between the 2 kinds of
vibrios might bias the data. All strains in the period
from 1962 to 1964 were V. cholerae of classical
biotype while those of 1965 were of both types;
strains from 1966 and 1967 were all El Tor vibrios.
A careful strain-by-strain analysis showed little or
no difference in the sensitivity patterns of the 2 types
of vibrios.
The strains under study were isolated from

3 different sources; hospital cases, latrines and
carriers. All drug-resistant strains found in Calcutta
were isolated from either hospital cases or latrines
(Table 3). No drug-resistant strains were isolated
from carriers.


