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The Bacteriophage-Susceptibility Test in
Differentiating Vibrio cholerae and Vibrio el tor

S. MUKERJEE, M.B., D.Phil.L

The haemolytic properties of El Tor vibrios are usually utilized to differentiate them
from the non-haemolytic cholera vibrios. In some freshly isolated Vibrio el tor strains,
however, the haemolytic property may be ill-developed and this test may then fail to reveal
the true identity of the strains. In order to overcome this difficulty a number of tests have
been developed. Investigations reported in this paper indicate that, of these, the bacterio-
phage-susceptibility test gives the most persistent results. This test is based on the finding
that cholera vibrios are uniformly sensitive to a group IV cholera bacteriophage while strains
of El Tor vibrios are universally insensitive to it. The author recommends the use of this
simple and rapid test as the method of choice for the bacteriological characterization of
cholera-like outbreaks.

El Tor vibrios were first isolated by Gotschlich
in 1906 at the El Tor Quarantine Station in the Sinai
Peninsula. There was no cholera in that area then,
and the vibrios were isolated from persons without
choleraic symptoms. Similar non-choleragenic El
Tor vibrios were subsequently isolated in a number
of instances from water-sources as well as human
beings in countries of the Middle East and in Bengal
and Madras in India. Pathogenic El Tor vibrios
responsible for an outbreak of cholera-like disease
were first isolated in the island of Celebes in 1937.
This disease, cholera (El Tor), remained localized
in the Celebes for many years. But it has recently
spread widely in the Far Eastern countries in a
pandemic form, involving large numbers of persons
and causing many fatalities. The El Tor vibrio has
thus acquired great practical importance from the
epidemiological point of view.

Further, El Tor vibrios co-exist with V. cholerae
in natural water-sources as well as in stools of
cholera patients in areas where cholera is endemic.
A routine diagnostic test for differentiating the
two 0 group 1 vibrios in the laboratory has long
been a practical necessity in such areas. With the
recent emergence of cholera (El Tor) as a disease
of major epidemiological significance, the precise
identification of the causal vibrios at the very outset
ofa cholera-like outbreak has gained critical import-
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ance, for the nature and extent of the control
measures to be adopted would be determined by the
type of vibrio responsible for the epidemic.

Vibrio el tor closely resembles Vibrio cholerae.
Both organisms exhibit the general characteristics of
vibrios (Breed et al., 1957), the biochemical reaction
of Heiberg group 1 (Heiberg, 1934), and agglutin-
ability by cholera 0 serum (Gardner & Venkatra-
man, 1935). The difference in the haemolytic acti-
vities of the two vibrio species is generally used as a
criterion for differentiating them; the El Tor vibrios
are haemolytic for sheep or goat erythrocytes in the
Greig test while the true cholera vibrios are non-
haemolytic. But it has been reported by de Moor
(1949) that cholera vibrios may acquire haemolytic
properties and that the haemolytic power of El Tor
vibrios in some newly isolated strains is retarded and
may therefore be overlooked. In fact, de Moor
found some El Tor strains giving alternately negative
and positive results in the Greig test. Tanamal
(1959), on the basis of his long experience with El Tor
vibrios, also found the haemolytic tests to be un-
reliable, particularly with freshly isolated strains.
On the other hand, Doorenbos (1932) reported the
acquisition of haemolytic properties by lysogenized
strains of V. cholerae. In view of these considerations
and also of the variability of the results of the
haemolysis test when different methods are used, it
has been thought unwise to attach too much weight
to the results of the Greig test. A number of other
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tests, such as the soda-serum agglutination and soda-
sublimate precipitation of Tanamal (1938) and tests
for heat and chloroform inactivation of agglutin-
ability of V. cholerae of Gispen (1938) and Meyer
(1939) have been developed to solve the problem.
It has recently been possible in our laboratory to
differentiate cholera and El Tor vibrios by bacte-
riophage susceptibility tests (Mukerjee, 1961). The
test is based on the observation that a group IV
cholera bacteriophage is universally lytic for all
strains of V. cholerae while none of the El Tor vibrio
strains tested were lysed by it.

MATERIALS AND METHODS

Cholera bacteriophages
The four groups of cholera bacteriophages used in

this study had been isolated from cholera epidemics
in Calcutta and have been described in our reports
on the investigations on phage typing of V. cholerae.1

Vibrio strains
V. cholerae. A total of 4446 strains of V. cholerae

isolated in different parts of India and Thailand
between 1955 and 1961 have been tested.
El Tor vibrios. These consisted of a number of

strains recently isolated from water-sources in
Bengal, besides strains received from Indonesia,
Bangkok, Hong Kong, Macao and the Philippines
which had been isolated from patients in the cholera-
like epidemics there.

Tests for phage lysability of vibrios
A loopful of cholera bacteriophage was added on

a spot culture of the test vibrio, as in bacteriophage
typing tests. After overnight incubation at 37°C the
lysability of the strains was noted.

Haemolysis test
The haemolysis test was done with sheep erythro-

cytes using 24-hour culture in alkaline broth (pH 9.0).
The results were read after incubation at 37°C for
two hours and then overnight in the refrigerator.

RESULTS

It will be seen from the following tabulation that
the four groups of cholera phages acted on a wide
range of host strains but differed in their lytic spectra
of susceptible cholera vibrios:

I See the article on page 337 of this issue.

Phage V. cholerae
group strains lysed

1 4 341 (97.6%)
II 2 561 (57.6%)
III 4 427 (99.5%)
IV 4446 (100%)

From the results presented in Table 1 it will be
seen that only group III phages have significant lytic
activity on El Tor vibrios, while group II and
group IV phages do not lyse the vibrios even when
used undiluted.
The degree of haemolysis of sheep erythrocytes by

El Tor strains was found to vary widely from strain
to strain. A number of strains which originally
showed no haemolytic properties became haemolytic
on subculture. But resistance to lysis by group IV
phage was an invariable characteristic of the El Tor
group. Three non-haemolytic El Tor vibrios from
patients in Bangkok, two from local hospital patients
and one from a water-source in Calcutta, would have
passed as authentic cholera vibrios if they had not
been subjected to phage sensitivity tests, the more
so as V. cholerae were being isolated from patients
in these areas.
The comparative value of the five tests available

for type identification of the two 0 group 1 vibrios
has also been studied (Mukerjee & Guha Roy, 1961).
The results are presented in Table 2, from which it
may be seen that the phage-susceptibility test gave
the most consistent results in differentiating Vibrio
cholerae and Vibrio el tor.

DISCUSSION

We have already touched on the practical impor-
tance of routine tests for the unequivocal identifica-
tion of the two vibrio types in cholera diagnostic
work. But in most diagnostic laboratories concerned
with cholera studies even the haemolysis test is not
done routinely, and agglutinable strains of vibrios
isolated from patients with cholera-like disease are
ordinarily classified as cholera vibrios. In view of the
results reported here, the haemolysis test also fails
to identify a proportion of El Tor strains.
So far little attention has been paid to the possible

existence of non-haemolytic El Tor vibrios in cholera
endemic areas as well as in areas free from cholera.
Venkatraman, Krishnaswami & Ramkrishnan in
1941 isolated non-haemolytic agglutinable vibrios,
indistinguishable from V. cholerae, from open
water-sources in certain rural areas in Tanjore
district in South India in the absence of cholera.
Read, Pandit & Das in 1942 also reported such



BACTERIOPHAGE-SUSCEPTIBILITY TEST IN VIBRIO DIFFERENTIATION

TABLE 1
LYSABILITY OF EL TOR VIBRIOS BY CHOLERA BACTERIOPHAGES

No. of strains found sensitive to cholera phage group a

Origin of vibrio Year of No. of strains I II III IV_______isolation tested I__ IV

Undil. RTD Undil. RTD Undil. RTD Undil. RTD

1. Patient, Makassar 1940-57 43 37 1 - - 43 37 - -

2. Patient, Makassar 1961 10 - - - - 10 2 -

3. Water, Calcutta 1958 8 7 - - - 8 6 -

4. Patient, Calcuffa 1958 2 - - - - 2 2 -

5. Patient, Bangkok 1959-60 7 5 - - - 7 1 - -

6. Patient, Hong Kong 1961 129 104 - - - 129 128 - -

7. Patlent, Macao 1961 2 - - - - 2 2 - -

8. Patient, Philippines 1961 54 46 1 - - 54 7 - -

9. Patient, Bandung 1961 10 - - - - 10 - -

10. Patient, Djakarta 1961 4 2 - - - 4 3 -

a Undil. = Undiluted. RTD = routine test dilution for V. cholerae.

strains from "non-contact " water-sources as well
as " contact" water-sources in India. It would
appear from the present studies that the strains
belonging to the former group, as well as some in the
latter group, might possibly have been non-haemo-

TABLE 2

COMPARATIVE RESULTS WITH FIVE TESTS FOR
IDENTIFICATION OF CHOLERA AND EL TOR VIBRIOS

Total No. showing Per-
Test Species of No. of variation in centagevibrio tests expected of va-es s results riation

Soda-serum V. cholerae 88 3 3.5
agglutination

El Tor vibrios 111 3 2.6

Soda-sublimate V. cholerae 80 8 10.0
precipitation

El Tor vibrios 78 17 21.8

Gispen's test V. cholerae 23 7 30.4

El Tor vibrios 50 0 0.0

Meyer's test V. cholerae 19 7 36.8

El Tor vibrios 25 0 0.0

Phage- V. cholerae 4446 0 0.0
susceptibility
test El Tor vibrios 268 0 0.0

lytic El Tor vibrios. One such strain from a water-
source in Calcutta is reported in this paper. Analysis
of agglutinable vibrios from Bangkok further in-
dicated the possibility of such strains being present
in patients with choleraic symptoms and of the
diagnosis therefore being wrongly made as V.
cholerae infection.

Usually the non-haemolytic El Tor strains acquire
haemolytic properties after a few subcultures. It has
been reported that strains of vibrios isolated in the
earlier part of the 1961 epidemic in Hong Kong were
non-haemolytic but those isolated later in the
epidemic were haemolytic in character (Dr Azurin-
personal communication). But all the 129 strains of
vibrios obtained from Hong Kong, which included
both early and late isolates, were found to be haemo-
lytic when tested in our laboratory (Mukerjee &
Guha Roy, 1962). Similarly, two Macao strains
proved to be haemolytic in our series although the
health authorities at Macao reported that there
was no evidence of El Tor infection there, such
infection having been specifically tested for. All
these strains were found insensitive to group IV
cholera phage in our laboratory irrespective of their
haemolytic status. The phage-susceptibility test thus
provides a specific method for differentiating the
two types of vibrios. This finding has since been
corroborated in laboratories in the Philippines and
Thailand (Dr Felsenfeld-personal communication).
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Cholera bacteriophages of the present series have
been found to be stable under conditions of storage
and maintenance in the laboratory. For routine use
the testing phages may be supplied to laboratories
either in the form of phage filtrates or absorbed on

filter-paper discs. Besides, the phage-sensitivity test
is well suited for routine diagnostic work, being both
simple and rapid. It may be recommended as the
method of choice for the bacteriological characteriza-
tion of cholera-like outbreaks.

RtSUMIE

Le vibrion El Tor a pris une grande importance pra-
tique A la suite des 6pidemies qu'il a provoqu6es en
Extreme-OTient. Les vibrions El Tor peuvent coexister
avec V. cholerae dans les regions endemiques sans pro-
voquer de chol6ra. I1 est donc devenu necessaire de
posseder un test de routine permettant une distinction
precise de ces deux vibrions du groupe 01 au laboratoire.

V. el tor ressemble beaucoup A V. cholerae par les
caracteres generaux du groupe vibrion, les reactions de
fermentation du sucre et I'agglutinabilit6 par le serum
cholerique 0. La difference des proprietes hemolytiques
est generalement utilisee comme critere de diagnostic. Les
vibrions El Tor sont hemolytiques dans le test de Greig,
alors que V. cholerae ne l'est pas. Mais le pouvoir
hemolytique peut faire defaut lorsqu'il s'agit de vibrions
El Tor fraichement isoles. Plusieurs autres tests, comme la
reaction d'agglutination sero-sodique, ou la pr&cipitation
au sublime en solution sodique, ou encore l'inhibition de
l'agglutinabilit6 des vibrions choleriques par la chaleur et
le chloroforme ont 6te imagines en vue de resoudre ce
probleme. L'auteur a pu, dans son laboratoire, diff6ren-
cier le vibrion cholerique du vibrion El Tor par des tests
de sensibilite aux bacteriophages. Ce test est base sur la
d6couverte que les souches de V. cholerae sont toutes
sensibles au groupe IV de cholraphages, tandis que les

vibrions El Tor y sont unformement insensibles. En outre
les vibrions El Tor ne sont pas lysables par les phages du
groupe II. Mais ce type de phages ne lyse pas toutes les
souches de V. cholerae et ne saurait par consequent etre
utilise pour le diagnostic differentiel.

I1 resulte d'une serie d'experiences destin6es A evaluer
tous les tests connus A ce jour, que le test de sensibilite au
bacteriophage est celui qui donne les resultats les plus
fideles en ce qui concerne le diagnostic entre V. cholerae
et V. el tor.
Le degre d'hemolyse des 6rythrocytes de mouton par

les vibrions El Tor peut, selon les souches, varier d'une
r6action fortement positive A une absence totale d'h6mo-
lyse. Mais tous ces vibrions se comportent de facon iden-
tique au cours du test de sensibilite au bact6riophage.
Lorsqu'on n'utilise pas ce test, les vibrions El Tor non
hemolytiques peuvent aisement etre pris pour d'authen-
tiques vibrions choleriques. Tous ces faits permettent de
penser que certaines observations anterieures de ( vibrions
non-hemolytiques, agglutinables et impossible A distin-
guer de V. cholerae> dans des regions oiu ne sevit jamais
le cholera concemaient en realite des vibrions El Tor non
diagnostiques. Des erreurs d'identification des vibrions
responsables de certaines 6pidemies r6centes en Extreme-
Orient peuvent avoir une origine analogue.
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