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In a previous trial (unpublished data), 500 mg of
each drug were given every 6 hours for 2 days.
The daily dosage in the present trial was thus half
that in the previous trial, and the total dosage
1 g less.
The present study gave practically the same results

as the previous one as far as the duration of diarrhoea
and excretion of vibrios in the stools were concerned.
It was not possible to follow these cases for a longer
period to note bacteriological relapse as other work-

ers have done,c nor to purge them as had been
done in Iran." It may be significant to mention
here that no secondary cases were brought to
hospital from the families or contacts of these cases.

c Wallace, C. K., Carpenter, C. C. J., Mitra, P. P.,
Sack, R. B., Khanra, S. R., Warner, A. S., Duffy, T. P.,
Abinick, A. & Lewis, G. W. (1965) Trans. roy. Soc. trop.
Med. Hyg., 59, 621.

dGangarosa, E. J., Saghari, H., Emile, J. & Siadat, H.
(1966) Bull. Wid Hlth Org., 34, 363-369.
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Antibiotics have now come to be generally
accepted as a useful adjunct in the treatment of
cholera.b, c Both classical and El Tor vibrios are
sensitive to most of the commonly used antibiotics,
though the latter are less so. However, streptomycin-
resistant vibrios have been encountered in Hong
Kong, and transfer of multiple drug-resistance from
Shigella flexneri to Vibrio cholerae has been re-
ported.d It was therefore considered necessary to
determine the drug-sensitivity pattern of strains of
El Tor vibrios isolated in the Philippines to recognize
the emergence of possible drug-resistant strains at the
earliest opportunity.

Methods
The drug-sensitivity of representative strains of

El Tor vibrios isolated in the Philippines in 1961,
1962, 1963 and 1964 was determined by a method
advocated by Fukumi: the drugs chloram-
phenicol, tetracycline, erythromycin and kanamycin
were mixed in different concentrations with melted
agar (at about 50°C) and then poured into plates,
which were streaked with the overnight broth
cultures of the organisms in the marked zones.

a Present address: Bacterial Diseases, World Health
Organization, Geneva, Switzerland.

b Carpenter, C. C. J., Sack, R. B., Mitra, P. P. & Mondal,
A. (1964) Bull. Calcutta Sch. trop. Med., 12, 30.

c Greenough, W. B., Gordon, R. S., Rosenberg, 1. S.,
Davies, B. J. & Benenson, A. S. (1964) Lancet, 1, 355.

d Kuwahara, S., Akiba, T., Koyama, K. & Asai, T. (1963)
Jap. J. Microbiol., 7, 61.

In addition, the first and last isolates of El Tor
vibrios from 16 patients treated in San Lazaro
Hospital, Manila, in 1964 were examined for their
sensitivity to the above antibiotics, while the isolates
from 12 more patients were tested for sensitivity to
chloramphenol, tetracycline and streptomycin only.

In 1965, the sensitivity of 228 recent isolates to
chloramphenicol, tetracycline and streptomycin was
determined by the classical agar gutter-plate diffusion
method e using 2.5% nutrient agar mixed with dif-
ferent concentrations of the drugs. These drugs
were chosen as they are the ones commonly used by
clinicians for the treatment of cholera.

Results
The drug-sensitivity pattern of the strains in-

vestigated is shown in Table 1.
The majority of the strains tested by Fukumi's

method were sensitive to 0.8 Hg/ml of chloramphen-
icol and tetracycline, but there were usually signs
of growth at the beginning of the streak, and it was
not always possible to determine the minimum
inhibitory concentration accurately.
Most of the 1965 strains were found to be sensitive

to chloramphenicol at 1.6 4g/ml, tetracycline at
3.2 ,ug/ml, and streptomycin at 5 ,ug/ml, though their
growth was partially inhibited by lower concentra-
tions of the drugs. A few strains were not inhibited
by these concentrations and were considered to be

e Fleming, A. & Alison, V. D. (1922) Proc. roy. Soc. B,
94, 142.
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DRUG-SENSITIVITY OF CHOLERA EL TOR ISOLATES

TABLE 1

DRUG-SENSITIVITY PATTERN OF EL TOR VIBRIOS ISOLATED
IN THE PHILIPPINES, 1961-64

Year No. Minimum inhibitory concentration (jg/ml)
of of strains

isolation tested iChloramphenicol Tetracycline Erythromycin Kanamycin
l~~~~~~~~~

1961

1962

1963

1964

0.8-3.2 0.8-6.2 6.2 5

a One strain (No. 5061) was resistant to 25 Mg/mI of chloramphenicol and to 10 mg/ml of streptomycin.

resistant, though the limitations of in vitro drug-
sensitivity tests, particularly by the agar-diffusion
method, are well known. These resistant strains are
tabulated in Table 2, with the minimum inhibitory
concentrations of the drugs required to suppress
growth completely.

TABLE 2
THE ANTIBIOTIC-RESISTANT STRAINS FOUND

IN 1965

Strain

1602

3068 a

1783

9626

3068 a

3062

9049

9042

65-233

65-246

65-379

65-380

Resistant to Minimum inhibitory
concentration

-g/ml
Chloramphenicol 12.5

Chloramphenicol 6.4

Chloramphenicol 6.4

Tetracycline 25.0

Tetracycline 25.0

Tetracycline 25.0

Tetracycline 50.0

Tetracycline 50.0

mg/ml
Streptomycin 100.0

Streptomycin 100.0

Streptomycin 100.0

Streptomycin 100.0

a Strain No. 3068 is resistant to both chloramphenicol and
tetracycline.

The minimum inhibitory concentrations of the
drugs were the same in 1964 as in 1965 for most
strains; these results may be taken as indicating the
general drug-sensitivity pattern of the strains in the
Philippines.

There was no difference in drug-sensitivity be-
tween the first and last isolates from the same patient
and the streptomycin-sensitivity of the 1964 strains
was of the same order as that of the 1965 strains.

Discussion
Strain No. 5061, isolated in 1961, which was found

to be resistant to chloramphenicol and streptomycin,
is of special significance as it was isolated at a time
when chloramphenicol was not used for the treat-
ment of cholera; this could have been due to the
transference of a resistance factor. The resistance
has been found to be stable.
The streptomycin-resistant strains were isolated

from 4 patients outside Manila. Two of them were
not treated with streptomycin before the rectal
swabs were collected for the bacteriological examina-
tion. Strains 65-233 and 65-246 were from cholera
patients who had been treated with 4 g of strepto-
mycin daily for 4 days. The swabs were collected
9 days after the onset of the disease. The patients
from whom other resistant strains were isolated had
not been treated with antibiotics. The possibility of
transference of drug-resistance could not be eluci-
dated. However, the study showed that all the
strains studied but one were resistant to only one
drug. It is interesting to note that though the drug-
resistance of all the strains was confirmed by re-
peated tests in 1965, the strains were found to have
lost their drug-resistance when tested in December
1966, except the streptomycin-resistant strains. The
results of the examination of the 1965 strains indicate
that chloramphenicol-, tetracycline- and streptomy-
cin-resistant strains are emerging in the Philippines,
indicating the need for more frequent use of the
drug-sensitivity test as a check.

815


