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Laboratoire national de la Sante publique, a Paris,
pour identification du virus causal.

Vaccination d'entretien
Entre les campagnes, la vaccination continue a

l'interieur du Territoire dans les centres sanitaires, et
a Djibouti au Service d'Hygiene.
La vaccination antivariolique est exig6e pour l'ins-

cription scolaire des enfants et pour l'obtention de
certaines pieces administratives, telles que carte
d'identit6 ou carte sanitaire professionnelle. Enfin
une partie de la population autochtone de Djibouti
vient demander la vaccination avant le depart, en
ete, pour l'Ethiopie ou la Somalie.

Conclusion

La lutte antivariolique en Territoire franqais des
Afars et des Issas, rendue plus aisee en raison du
petit nombre d'habitants, fait intervenir un ensemble
de mesures: campagnes de vaccination triennales,
surveillance epidemiologique, vaccination d'entre-
tien, assurant un niveau 6leve d'immunitM dans la
population. Cette immunit6 collective oppose un
barrage a la diffusion du virus variolique qu'une
fraction mouvante de la population peut introduire
a tout moment. Le controle complet de cette fraction
ne sera assure que par une action coordonnee avec
les pays limitrophes.

A Study of the "String'" Test in Vibrio Identification*
by K. N. NEOGY & A. C. MUKHERJI

With the gradual decline in Calcutta in the inci-
dence of cholera caused by Vibrio cholerae much
attention has been given to the non-agglutinating
(NAG) or the non-cholera vibrios (NCV). There are
many reports of the isolation of these organisms
from cases of diarrhoea, sometimes indistinguishable
from clinical cholera, in which they have often been
the predominating organisms. Although the cause
and effect have not yet been definitely established, the
suggestion that the organisms cause diarrhoeal dis-
ease resembling cholera requires their proper charac-
terization.
Of the various screening tests, the " string" test

(Smith, 1958) has been widely used to differentiate
vibrios from other enteric organisms, the vibrios
giving a positive reaction. While studying cholera
slime, we found an enhancement of slime production
on cultivation of the organisms in phosphate-
containing medium (Neogy & Sanyal, 1969). In such
medium we recently noticed many of the organisms
giving a typical " string" when suspensions were
prepared with distilled water on a glass slide. During
this period we also came across a NAG vibrio
belonging to Heiberg group VII which repeatedly
gave a negative reaction in the " string" test. This

* From the Department of Bacteriology, School of
Tropical Medicine, Calcutta-12, India.

organism, however, showed a positive reaction when
it was grown in a special phosphate-containing
medium. This suggested that the " stringiness " was
related to the slime formation by the organisms and
on this hypothesis, in the present communication,
we have tried to evaluate the " string " test as a
screening test for differentiating vibrios from other
organisms, both by the method described by Smith
(1958) and by a modified technique involving
growing the organisms in a phosphate-containing
medium.

Materials and methods

Organisms. In all, 98 strains of vibrios and allied
enteric organisms, comprising 67 strains of vibrios
(16 classical, 40 El Tor, 11 NAG), 23 strains of
Aeromonas, 7 strains of Comamonas and 1 strain
of Plesiomonas, all isolated from cases of diarrhoea
admitted at the Infectious Diseases Hospital, Cal-
cutta, were included in the present investigation.
After routine isolation, the organisms were iden-
tified by use of the oxidase test, the oxidation-
fermentation (0-F) test and decarboxylase reactions.
All were oxidase-positive. Of the organisms giving
a fermentative reaction in the 0-F test, the vibrios
were lysine- and ornithine-decarboxylase-positive but
arginine-dihydrolase-negative, the Aeromonas were
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arginine-dihydrolase-positive but lysine- and orni-
thine-decarboxylase-negative, and the Plesiomonas
gave a positive reaction with all three amino-acids.
The Comamonas strains gave negative 0-F test and
decarboxylase reactions. Also studied were 20 strains
of Escherichia coli, isolated mostly from the stools of
healthy persons; these strains mainly served as con-
trols. All the organisms were maintained in nutrient
agar slopes. After recovery from the stock culture
the organisms were first grown in nutrient agar for
24 hours, after which each strain was separately
inoculated on to another nutrient-agar slant and a
phosphate-agar slant.

Phosphate-agar medium. The medium had the
following composition and was sterilized by auto-
claving at 15 lbf/in2 (1.05 kgf/cm2) for 30 min:

Lab-Lemco beef extract (Oxoid) 0.5%
Bacto-peptone (Difco) 5.0%
Sodium chloride 0.5%
Bacto-agar (Difco) 3.0%
Phosphate buffer (pH 7.2) q.s.

" String" test. The test was performed separately
with overnight cultures in nutrient agar and phos-
phate agar of each strain by transferring and emul-
sifying a small amount of growth in a drop of 0.5%
aqueous solution of sodium desoxycholate on a
clean slide. A positive reaction was indicated by
the appearance of a viscous mass that could be
drawn in a " string " from the slide with the aid
of a loop.

Results
With one exception (a NAG vibrio of Heiberg

group VII) all the vibrio strains gave positive
" string " test reactions from the growth in nutrient
agar and all, without exception, from phosphate-
agar culture gave positive reactions. All 23 strains
of Aeromonas on phosphate agar and 11 on nutrient
agar were positive. From growth on both types of
culture, 6 of the 7 Comamonas strains were positive.
Only 1 strain of Plesiomonas was tested; it was
positive only on phosphate agar. The reactions were
as a rule more intense on phosphate agar cultures.
Of the 20 E. coli strains, which served as controls

against false positive reactions, 4 strains showed
positive results on phosphate agar, but none on
nutrient agar.

Discussion

Several reports having implicated non-agglutinable
or non-cholera vibrios in the causation of diarrhoeal

disease in man (Sakazaki et al., 1963; Mandel &
Ellison, 1963; King, 1962; Dutta et al., 1963;
McIntyre et al., 1965), these organisms have increased
in importance and the need for their proper identifi-
cation has become imperative, particularly since it
is now known that many organisms were wrongly
labelled as vibrios in the past (Davis & Park, 1962;
Colwell & Mandel, 1964). In their evaluation of a
series of tests, McIntyre & Feeley (1965) suggested
four screening tests for the preliminary identification
of vibrios, including the " string" test of Smith
(1958) which gave positive results with vibrios only.
In the present investigation, however, a number of
positive results in the " string " test have been
obtained with the Aeromonas (also reported by
Ewing et al., 1966) and some other enteric organisms
allied to vibrios. This throws some doubt on the
value of the test for screening for vibrios.
Anderson (1961), working with some Enterobac-

teriaceae, noted enhancement of slime production
when the organisms were grown in phosphate-
containing medium. A similar observation was made
by the present authors (Neogy & Sanyal, 1969) as
regards vibrios. The fact that in the present study
1 NAG vibrio, 12 Aeromonas and 1 Plesiomonas
gave negative reactions on nutrient agar but clear-
cut positive reactions on phosphate agar definitely
points to " slime " as being responsible for the
" stringiness " in the " string" test in contra-
distinction to thv lysis of bacterial cells as originally
suggested by Smith (1958). Some irregular results
were also obtained with a few Aeromonas strains:
according to whether heart extract or Lab-Lemco
beef extract was used in the preparation of nutrient
agar, strains grown on this medium showed positive
or negative reactions respectively. These inconsistent
results may possibly be explained by the presence or
absence of phosphates in different batches of nutrient
agar so prepared and be obviated by adopting the
modification used in the present study, i e., perform-
ing the test with phosphate agar; this will give
uniform results making for correct interpretation of
the test. Neither procedure, however, can be con-
sidered specific for distinguishing vibrios from other
enteric organisms.
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Drug-sensitivity of Vibrio parahaemolyticus isolated in Calcutta during 1969
by B. D. CHATTERJEE,1 K. N. NEOGY 2 & B. R. R. CHOWDHURY 3

Diarrhoea caused by Vibrio parahaemolyticus,
first recognized in Calcutta in 1968 (Chatterjee,
Gorbach & Neogy, 1970), continues to be a major
problem there. The pathogen has been characterized
and the clinical symptomatology defined. It is well
known that the result of in vitro testing of the drug-
sensitivity of organisms has relevance to the out-
come of treatment. The present investigation was
therefore planned to evaluate the effectiveness of
different antimicrobials on V. parahaemolyticus by
two standard methods.

Mater-ials and methods
Str-ains. The organisms used in the present experi-

ment were Gram-negative motile rods; they were
oxidase-positive, fermentative, acid-producers with-
out gas in glucose, lysine-decarboxylase-positive but
arginine-dihydrolase-negative. Also, the strains were
Voges-Proskauer-negative, belonged to Heiberg
group VII and conformed to the halophilic property
of V. parahaemolyticus as described by Chatterjee,
Gorbach & Neogy (1970) and Chatterjee, Neogy &
Gorbach (1970). All strains were isolated from
cases of diarrhoea in Calcutta during 1969.

Agar-diffusion technique, using drug-impregnated
discs. Plates of Mueller-Hinton (Difco) medium
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(without addition of NaCI) were flooded with a
3-hour broth culture of the organism; excess fluid
was pipetted off and the surface was dried in an
incubator. Multodisks (Oxoid) containing chloram-
phenicol (10 ,tg), tetracycline (10 ,ug), streptomycin
(10 ,tg), kanamycin (5 ,ug), ampicillin (25 pg), and
50-IU polymyxin B (Difco) discs and furazolidone
(100 ,ug; Smith Kline & French), and colistin
(10 ,ug; BBL) discs were placed on the inoculated
medium. Prediffusion for half an hour was allowed
in the refrigerator before the plates were incubated
overnight at 37°C.

Tube-dilution technique. The sensitivity of 18
strains of V. parahaemolyticus to chloramphenicol,
(Parke, Davis & Co.), tetracycline hydrochloride
(Cynamid India Ltd.) and streptomycin sulfate
(Squibb) was studied by the tube-dilution technique
with water-soluble powders. Nutrient broth (Difco)
with 2.50% additional sodium chloride at pH 7.6
served as the medium in which the respective anti-
biotics were serially diluted in the following con-
centrations (pg/ml): 0.1, 0.5, 1.0, 2.5, 5, 6, 7, 8, 9, 10,
15, 20 and 25. The series of tubes with graded con-
centrations of antibiotic and a control tube contain-
ing no antibiotic were inoculated with 1 loopful
(3 mm diameter) of young culture. The tubes were
shaken well and 1 loopful from the control tube was
cultured immediately on nutrient agar. After over-
night incubation, the tube having the lowest con-
centration of antibiotic showing no visible growth
represented the minimal inhibitory concentration
(MIC). Subcultures were done on to agar plates
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