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Strains of Vibrio cholerae- 1156 from various parts of the world- were examined by
standardized antibiotic sensitivity tests in one centre, to determine the global incidence of
antibiotic resistance in this organism and to assess the extent to which differences in
methods of sensitivity testing might be responsible for discrepancies in the reported
incidence of resistant strains. Of the strains examined, 1127 were fully sensitive to
ampicillin, chloramphenicol, tetracycline, furazolidone, and three different sulphonamides,
27 showed stable and reproducible resistance to one or more of these agents, and 2 proved to
contain a minority of cells with unstable, presumably plasmid-borne, resistance to chloram-
phenicol. Unstable resistance to antibiotics may be common in V. cholerae but rarely
recognized, and may account for some of the discrepancies in the reported incidence of
resistant strains.

Treatment with antibiotics shortens the duration
of illness in cholera and also reduces the period
during which vibrios are excreted (1). Tetracycline is
the antibiotic of choice, and there have been no
reports of clinically significant resistance of cholera
organisms to tetracycline. Strains of Vibrio cholerae
carrying plasmid-borne resistance to several anti-
biotics including tetracycline have been isolated in
Calcutta (2) and more recently in Algeria (3) and the
USSR (4), but the incidence of antibiotic-resistant
strains appears at present to be v*ery low. However,
there have been reports, mostly verbal and some-
times contradictory, of the emergence of resistance
to sulfonamides, and particularly sulfadoxine,
among strains isolated in some African countries.
There is also an increasing clinical impression that
tetracycline and chloramphenicol are taking longer
to make patients vibrio-free in some countries in
North Africa and Western Asia than has been usual
in the past (D. Barua, personal communication,
1975). It was therefore decided to examine in one
centre a large number of strains of V. cholerae from
various parts of the world, to determine, by stan-
dardized methods, the global incidence of antibiotic
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resistance in this organism and to assess the extent to
which differences in methods of sensitivity testing
might be responsible for discrepancies in the re-
ported incidence of resistant strains. More than 1000
strains of widely differing geographical origin have
now been examined by standardized methods
(Table 1).

Table 1. Origin of strains of V. cholerae from various
sources

Source No. of strains

Burma, India 592
West Africa 205
Indonesia, Malaysia, Philippines 203
Spain, Portugal 100
East Africa, Ethiopia 40
Algeria 8
Korea 5
Unknown 3

Total 1156

METHODS

Transport
Unfortunately many of the strains submitted were

lost in transit, mainly on account of drying caused
by the use of porous closures, although breakage of
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inadequately packed fragile containers also occurred.
The most satisfactory method of transport was
inoculation of the organisms into deep agar stabs
in hard glass tubes closed with rubber bungs.
Such tubes, interleaved with cotton wool and packed
into tough cardboard or wooden boxes, have arrived
in excellent condition.

Disc sensitivity test

Plates were flooded with a dilution of overnight
broth culture shown by preliminary experiment to
give almost confluent growth after overnight incuba-
tion. Standard filter paper discs (Mast Laboratories)
containing the agents under test were applied to the
surface and the plates incubated overnight. The disc
contents (,ug) were: ampicillin-25; chlorampheni-
col-25; furazolidone-200; sulfafurazole-200;
and tetracycline-25. Zone diameters were measured
with calipers in two directions at right angles and the
readings averaged.

Minimum inhibitory concentration
The sensitivity of Vibrio cholerae strains was

tested to ampicillin, chloramphenicol, furazolidone,
sulfadoxine, sulfafurazole, sulfamethoxazole, and
tetracycline. The first 573 strains, from various parts
of the world, were inoculated on to plates containing
2-fold antibiotic dilutions arranged to give final con-
centrations (mg/litre) of: ampicillin-8, 4, 2, 1;
chloramphenicol-1, 0.5, 0.25, 0.125; furazolidone-
0.06, 0.03, 0.015, 0.008; sulfadoxine 32, 16, 8, 4;
sulfonamides-8, 4, 2, 1; and tetracycline-2, 1, 0.5,
0.25 mg/l.

Antibiotics which were poorly soluble in water
were first dissolved in an appropriate solvent:
chloramphenicol-50%0 absolute alcohol; furazoli-
done-undiluted dimethyl formamide; oxytetra-
cycline base-0.1 mol/litre hydrochloric acid; and
sulfonamides-0.1 mol/litre sodium hydroxide. The
inhibitory effect of these solvents was diluted out on
incorporation into the agar and was shown not to
interfere with the test. Concentrated stock solutions
of antibiotic were stored at -200C for up to 4 weeks,
except for furazolidone, which was found to lose
potency after 3 weeks. Plates containing antibiotic
were kept no longer than 4 days.
A multipoint inoculator was used to inoculate 20

strains per plate. Overnight broth cultures were
diluted x 104 in Ringer gelatine solution to give a
final inoculum of 102-103 organisms. The broth
cultures were prepared from previous overnight
broth cultures inoculated from agar slopes.

Sensitivity " screening "
On the basis of this experience, subsequent strains

were " screened " for sensitivity by inoculation in the
same way on to agar plates containing the minimum
concentration of antibiotic shown to be inhibitory to
typical sensitive strains. Antibiotics were incor-
porated in plates containing 25 ml of Oxoid DST
sensitivity testing agar (with the addition of 5%
lysed blood when testing sulfonamide) to give final
concentrations (mg/litre) of: ampicillin-4; chloram-
phenicol-0.5; furazolidone-0.03; oxytetracy-
cline-2; sulfamethoxazole-2; sulfafurazole-4;
and sulfadoxine-16.
Known sensitive and resistant control strains and

a control plate containing no antibiotic were in-
cluded. Strains resistant to the screening concentra-
tions were titrated on plates containing 2-fold dilu-
tions of antibiotic from the screening concentration
to 256 mg/litre.

RESULTS

Disc sensitivity tests
The results with original typical sensitive strains

were closely similar when tested against ampicillin,
chloramphenicol, furazolidone, and tetracycline.
Zone diameters indicative of " sensitivity" were
easily set. They were (mm): ampicillin-22; chlor-
amphenicol-26; furazolidone-20; and tetracy-
cline-22.
The results with sulfonamides were, not unex-

pectedly, complex and a clear distinction between
" sensitive " and "' resistant " strains could not be
made on inspection. Attempts to establish the validi-
ty of the sulfonamide disc sensitivity test by com-
paring (a) zone diameters produced by individual
strains of representative degrees of sensitivity with
(b) the minimum inhibitory concentration of sulfo-
namide determined by the plate method gave a poor
correlation. The majority of strains inhibited by 16
mg/litre or more of sulfonamide gave zone diameters
of 20 mm or less, but 4 resistant strains gave zones
significantly larger than 20 mm, and 5 indubitably
sensitive strains gave zone diameters of less than
20 mm. It is plain that factors which are not
sufficiently controlled even under fairly rigorous
laboratory conditions make the disc diffusion test an
uncertain method of determining sulfonamide sensi-
tivity in this organism. With other antibiotics, and
particularly with tetracycline, the complex distribu-
tion of resistance among the cells of the bacterial
population of some resistant strains produced mul-
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Table 2. Resistance patterns of 27 strains of V. cholerae showing
stable increased resistance to one or more agents

Minimum inhibitory concentration a

Source No. of strains Ampi- Chloram- Tetra- Sulfafu- Sulfa-
cillin phenicol cycline razole doxine

(2 mg/I) (0.5 mg/I) (2 mg/I) (4 mg/I) (16 mg/I)

India 13 - - - 16
WestAfrica 1 - - - 16
Indonesia 1 - - - 16 128
Burma 1 - - - 32 128
India 1 - - - 64 256
Philippines 1 256 - - - -

WestAfrica 1 32 - - - -

India 1 256 - - 8 64
India 1 64 - - 16 64
Indonesia 1 16 4 8 - -

Indonesia 1 4 2 4 - -

Philippines 3 - 32 128 >256 >256
Philippines 1 - 4 64 >256 >256

a - denotes a minimum inhibitory concentration less than or equal to the
screening concentration.

tiple zones of inhibition around antibiotic sensitivity
discs.
A total of 1156 strains of V. cholerae (Table 1)

have now been examined. Of these, 1129 have been
found fully sensitive on screening, and 27 showed
greater resistance to one or more of the agents. The
sources and resistances of these strains are recorded
in Table 2. All the resistances found were repro-
ducible and stable.
R factors can be introduced into strains of V. chol-

erae in the laboratory, but usually prove to be
unstable in these hosts, which readily revert to drug
sensitivity (5, 6, and our own unpublished observa-
tions).

All the strains in this survey had been subcultured
at least once on an antibiotic-free medium after
arrival in the laboratory, and each had had an
inoculum from 10 colonies transferred to a nutrient
agar slope for storage. This procedure greatly
reduced the likelihood that any of them would be
found to harbour unstable antibiotic resistance.
Nevertheless, we decided to re-examine as many as
possible of these strains by a modified technique. We
could not re-examine all the strains because several
which had been stored for more than 1 year were
found to be dead.
Nine hundred and nine strains were inoculated

from the stored agar slopes into 10-ml volumes of
nutrient broth and incubated overnight at 37°C.
These cultures were inoculated undiluted on the

plates containing antibiotics-an inoculum of about
106 organisms of each strain. Two strains showed
antibiotic resistance not previously detected. One of
these, A80, had been isolated in Calcutta during the
sulfadoxine trial in 1974. This strain yielded one
single colony from an inoculum of about 106 cells on
DST agar containing 0.5 mg/litre of chlorampheni-
col. Subcultures from this colony showed resistance
to chloramphenicol (minimum inhibitory concentra-
tion 32 mg/litre) and sulfonamides (minimum inhi-
bitory concentration >256 mg/litre). The second
strain, P64, was isolated in the Philippines in Sep-
tember 1975, and gave almost confluent growth
(more than 20 colonies) from the large inoculum,
and also on the chloramphenicol plate (minimum
inhibitory concentration 32 mg/litre); it was sensitive
to all the other agents tested. The chloramphenicol
resistance was unstable in both strains. Less than
10% of the bacterial population retained resistance
after overnight incubation in drug-free nutrient
broth.

DISCUSSION

The resistance of V. cholerae to antimicrobial
agents is complex. For example, at least two kinds of
sulfonamide resistance occur. The first is of high
order (minimum inhibitory concentration 1000
mg/litre or more) and is associated with resistance to
other agents. It is probably plasmid-borne. The
second, which appears to be more common, is of

3
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moderate degree only and is not associated with
resistance to other drugs. Widely varying degrees of
resistance to ampicillin have been found, both by us
and by Kuwahara et al. (7), sometimes but not
always with resistance to other agents, and with no
suggestion of a bimodal distribution.

Stable transferable drug resistance in V. cholerae is
rare, but it does occur. We did not find any strains
able to transfer their resistances to Escherichia coli
by conjugation, but 7 such wild strains have been
reported by earlier workers-1 from the Philip-
pines (2), 4 isolated in Calcutta (2), 1 from Alge-
ria (3), and 1 from the USSR (4). Our finding of two
strains showing unstable resistance to chlorampheni-
col, under conditions of isolation, subculture, and
transport which made the conservation of unstable
resistance unlikely, suggest that in contrast this type
of resistance might be common. V. cholerae is in
general a poor recipient of R factors, but consider-
able selective pressure for the acquisition of R
factor-mediated resistance must occur in the intes-
tines of cholera patients being treated with anti-
biotics. It is possible that strains acquiring such
resistance might behave as resistant in the gut but be
identified as sensitive in the laboratory after isolation
on antibiotic-free media. This possibility could be
tested by culturing faeces from such patients directly
on media containing antibiotics, a procedure which
should be considered when assessing the efficacy of
drug treatment in clinical trials.

CONCLUSIONS

1. Transport of V. cholerae in agar stabs in hard
glass tubes closed by rubber bungs and packed in
stout boxes interleaved with cotton wool is satisfac-
tory. Other methods of transport-particularly those

employing permeable closures-resulted in the loss
of many strains.

2. Standardized disc sensitivity tests will appar-
ently distinguish strains resistant to ampicillin,
chloramphenicol, and tetracycline but the numbers
of resistant strains so far encountered have been
small. The complex distribution of resistance among
the cells of the bacterial population of some resistant
strains produced multiple zones of inhibition around
antibiotic sensitivity test discs. Strains resistant to
furazolidone have not been encountered. The disc
sensitivity test employed did not satisfactorily dis-
tinguish strains resistant to sulfonamide.

3. Sensitive strains could be unequivocally recog-
nized by their failure to grow on multipoint inocu-
lated plates containing ampicillin (4 mg/litre), tetra-
cycline (2 mg/litre), chloramphenicol (0.5 mg/litre),
or furazolidone (0.03 mg/litre). Such strains were
inhibited by sulfafurazole (8 mg/litre). Strains
carrying unstable plasmid-borne resistance also ap-
peared sensitive by this method with small inocula,
but resistance was revealed when the inoculum was
increased.

4. Among more than a thousand strains now
examined from worldwide sources, 29 strains with
some degree of resistance have been encountered.
The great majority have shown resistance to sulfona-
mide alone, and that of a moderate degree. High-
level and low-level resistance to ampicillin has been
found alone and with moderate resistance to sulfo-
namide. Two strains with unstable resistance to
chloramphenicol were detected.

5. The instability of resistance makes it question-
able whether sensitivity determined on stored strains
adequately reflects the state of the organism in the
gut of patients.
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R1SUMsu

SURVEILLANCE GLOBALE DE LA SENSIBITJTt DE VIBRIO CHOLERAE AUX ANTIBIOTIQUES

II y a eu des rapports signalant l'apparition d'une
resistance aux sulfamides parmi les souches de Vibrio
cholerae isolees dans certains pays d'Afrique. De meme,
sur le plan clinique, on a l'impression que la tetracycline
et le chloramphenicol sont maintenant plus longs a
d6barrasser les malades des vibrions dans certains pays.
Il a donc ete decide d'examiner un grand nombre de
souches de V. cholerae provenant de diverses regions
geographiques, dans un seul centre, au moyen de methodes
standardis6es, afin de determiner la fr6quence globale
de la r6sistance aux antibiotiques chez ce microorganisme
et d'evaluer dans quele mesure les diff6rences dans les
m'thodes appliquees pour les epreuves de sensibilit6
pouvaient etre responsables des discordances dans les
proportions de souches r6sistantes signal6es.
On a soumis 573 souches de V. cholerae provenant

du monde entier a des epreuves de sensibilite a l'ampicil-
line, au chloramph6nicol, a la furazolidone, A la sulfa-
doxine, au sulfafurazole, au sulfam6thoxazole et a la
t6tracycline par la m6thode des disques et par la d6ter-
mination des concentrations minimales inhibitrices
(CMI) de ces agents en boites de gelose.
Pour le transport de V. cholerae, une methode satis-

faisante consiste a ensemencer par piquire des geloses
contenues dans des tubes de verre dur fermes par des
tampons de caoutchouc et emball6s dans des boites
solides avec des couches coton. Les autres methodes
de transport, en particulier celles qui utilisaient des
r&cipients permeables, ont abouti a la perte de nombreuses
souches.

Les 6preuves de sensibilite standardis6es par la m6thode
des disques semblent permettre de distinguer les souches
resistantes h l'ampicilline, au chloramphenicol et a la
tetracycline, mais le nombre de souches r6sistantes

observe jusqu'ici a ete restreint. La distribution complexe
de la resistance parmi les cellules de la population
bact6rienne de certaines souches r6sistantes a produit de
multiples zones d'inhibition autour des disques impr6gn6s
d'antibiotiques. II n'a pas ete rencontr6 de souche
resistante a la furazolidone. L'6preuve de sensibilite
A l'aide de disques, telle qu'elle a ete employ6e ne per-
mettait pas une distinction satisfaisante des souches
resistantes aux sulfamides.

Les souches sensibles pouvaient etre reconnues,
sans le moindre doute, par l'inhibition de leur croissance
dans des boites ensemenc6es avec un inoculateur multiple
et contenant les concentrations suivantes d'antibiotiques
(mg/i): ampicilline 4; t6tracycline 2; chloramphenicol
0,5; ou furazolidone 0,03. Ces souches 6taient inhibees
par le sulfafurazole a 8 mg/I. Les souches ayant une
resistance instable port6e par des plasmides paraissaient
sensibles par cette methode lorsque les inoculums
etaient faibles, mais la resistance se rev6lait avec l'aug-
mentation de l'inoculum.
Parmi plus de mille souches examin6es A ce jour et

provenant du monde entier, il en a ete rencontr6 29
presentant un certain degr6 de resistance. La grande
majorit6 de ces souches n'6taient r6sistantes qu'aux
seuls sulfamides, et cela A un degr6 mod6r6. Une resis-
tance A I'ampicilline d'un niveau 6leve ou faible, a ete
observ6e isol6ment ou associee a une resistance mod6ere
aux sulfamides. Deux souches presentant une resistance
instable au chloramphenicol ont 6te d6tectees.
En raison de l'instabilite de la resistance, on peut

se demander si la sensibilit6 d6termin6e sur des souches
conserv6es reflete suffisamment bien l'etat du micro-
organisme dans l'intestin des malades.
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