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A New Chemical Flocculation Test for Cholera Vibrio Identification
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It is generally believed that a positive haemolytic
test is considered to be a reliable criterion for the
diagnosis of El Tor vibros of 0 subgroup I. Accord-
ing to Gardner & Venkatraman's a classification
of cholera and similar vibrios, true cholera 0 sub-
group I vibrios should not be haemolytic.
Many investigations have been published in which

the authors express their doubts as to the validity
of the haemolysis test. Vassiliadis b reported that
true cholera vibrios could become haemolytic by
growing on a glucose medium or by serial sub-
culture in a liquid medium. Del Favero c showed
that non-haemolytic true cholera vibrios could
become strongly haemolytic to sheep erythrocytes
when subjected to 15 subcultures and incubated
at 20°C. Doorenbos d claimed that the haemolytic
properties of vibrios may be altered by animal
passage and bacteriophage action. Read and his
co-workers e found that El Tor stock strains do not
give positive haemolysis, and, on the other hand, he
isolated from water agglutinable strains which gave
a positive haemolytic test.

Bernard, Guillerm & Gallut f have reported that
both El Tor and true cholera vibrios produce a
haemolysin, with the difference that in the case of
true cholera vibrios it is mainly intracellular while
in El Tor vibrios it diffuses into the medium. This
would explain the haemolysis occurring in older
cholera cultures, where some of the organisms have
undergone lysis with subsequent liberation of the
intracellular haemolysin. Similarly, Doorenbos'
observations can be explained on the same lines-
i.e., bacteriophage, by causing lysis, will liberate the
haemolysin from the true cholera vibrios.
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(Lond.), 35, 262.
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18, 332, 339.

c Del Favero, E. (1938) Arch. ital. Sci. med. colon., 19,
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d Doorenbos, W. (1932) Ann. Inst. Pasteur, 48, 457.
e Read, W. B. D., Pandit, S. R. & Das, P. C. (1942)

Indian J. med. Res., 30, 183.
f Bernard, P. N., Guillerm, J. & Gallut, J. (1939) C. R.

Soc. Biol. (Paris), 130, 23, 147, 228.

The identity of the two haemolysins present in
true cholera and El Tor vibrios was suggested by
Vassiliadis,g who had found that injection of non-
haemolytic cholera vibrios into animals gave rise to
antihaemolysins for El Tor vibrios as active as those
produced by the injection of El Tor vibrios them-
selves.

Liu h studied the various conflicting reports
regarding the production of haemolysin in the
cholera group and was able to show that true
cholera vibrios can, under certain conditions,
produce some extracellular haemolytic substance.
He attributed some other cases of haemolysis, when
peptone water cultures were used with red blood
cell suspensions in normal saline, to the final hypo-
tonicity of the mixture. In this case he found the
final concentration of sodium chloride to be less
than 0.45%. His findings correspond to the results
obtained by one of us i indicating that the highest
concentration of sodium chloride at which haemo-
lysis of sheep red blood cells occurred was 0.54%.
The problem of the fragility of the red blood cells
raised another question-namely, which of the two
types of red blood cells (sheep or goat) generally
used in the haemolysis test would be the more
suitable. In the same paper goat red blood cells
were found to be the more fragile, the highest
concentration of sodium chloride at which hae-
molysis occurred being 0.68%.z This indicates that
sheep cells are more suitable for the performance
of the haemolysis test. Krishnan & GuptaJ also
recommend the use of sheep blood .in order to
obtain more constant results.

It appears, therefore, that the haemolysis test is
not an absolutely reliable technique for differentia-

g Vassiliadis, P. C. (1937) Etude sur la bacte6riologie des
vibrions et l'JpidJmiologie du cholera, Louvain (Thesis).

h Liu, P. V. (1959) J. infect. Dis., 104, 238.
i Wahba, A. H. (1954) Med. Lab. Progr., 15, No. 9-10,

p. 29.
i Krishnan, K. V. & Gupta, M. S. (1949) A standard

haemolytic test for diagnosis of V. cholerae (unpublished
document cited by: Pollitzer, R. (1959) Cholera, Geneva
(World Health Organization: Monograph Series, No. 43),
p. 148).
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ting between the true cholera and the El Tor vibrios
belonging to the serological 0 subgroup I. Con-
sequently other tests were introduced for a more
accurate distinction. Grossmann k claimed that El
Tor vibrios first acidify and then alkalinize the
medium, in the presence of glucose and mannite,
more vigorously than true cholera vibrios. He
advised the use of this phenomenon as a test for
differentiating the two types. Tanamal I introduced
a colloid chemical reaction using sodium bicarbonate
and mercuric chloride solutions. According to him,
true cholera vibrios will flocculate immediately while
El Tor vibrios remain in suspension.

This note is a report on a study of 36 strains at our
disposal, with reference to changes in the pH during
their biochemical reactions and a comparison of
their haemolytic properties, and on a new chemical
flocculation test for differentiation between true
cholera vibrios and El Tor vibrios.

Materials and methods

Strains. Altogether 24 true cholera strains and
12 El Tor strains were used in this investigation.
The strains are tested biochemically in order to
prove that they are " typical ", i.e., that they belong
to Gardner & Venkatraman's a 0 group I. Strains
of this subgroup give an acid reaction without gas
in glucose, mannite, maltose and saccharose, do not
ferment dulcitol and give a positive cholera-red
reaction. Slide agglutination, suspending the vibrio
in 0.85% saline, is done with 0 subgroup I serum.
Auto-agglutinable strains or strains showing any
rough character should be kept separately, as the
flocculation test outlined below is not applicable
to them. It is therefore advisable to use some of the
roughness tests previously outlined by us.m In this
study slide agglutination with pure " rough " serum
was found to be the most accurate test.

Haemolysis test. A 3 % suspension of sheep
erythrocytes in sterile saline is used. The emulsion
of vibrios is a suspension of a 16-hour agar slope
culture, containing about 8000 million vibrios per ml,
determined turbidimetrically. This suspension is a
living one and no preservatives should be added.
To 1 ml of the 3% erythrocyte suspension add 1 ml

of the vibrio emulsion. The tubes are incubated for
2-4 hours at 37°C and the result is read for presence

k Grossmann, H. (1938) Z. Hyg. Infekt.-Kr., 119, 225.
1 Tanamal, S. W. J. (1948) Ned. T. Geneesk., 92, 1370.
m Wahba, A. H. (1953) Med. Lab. Progr., 14, No. 3, p. 65.

of haemolysis. The tubes are left for another 4-6
hours in the ice-chest and another reading is made.

This method was originally recommended by Aly n
and adopted as a routine test in our previous cholera
work.i

Flocculation test. This was devised after prolonged
trials with lead, mercury and copper salts in different
concentrations and proportions. The following
procedure was adopted as a routine test.
A 16-hour agar slant culture is washed in distilled

water and the concentration adjusted turbidime-
trically to 5000 million vibrios per ml by means of a
photoelectric colorimeter of the Lumetron type.
This suspension is then boiled for 15 minutes. A
0.25% solution of copper sulfate is prepared and
dispensed in 2-ml amounts in Wassermann tubes.
Ten drops of the vibrio suspension are added, the
tube is shaken once and then observed for five
minutes. Any flocculation or precipitation occurring
after 15 minutes is not taken into consideration.

Measurement of pH. Instead of the usual sugar
tubes used to determine the biochemical reactions,
small conical flasks containing 50 ml of each sugar
medium are inoculated with the strains. The sugars
used were those usually included in the short sugar
set-namely, lactose, glucose, mannite and saccha-
rose. They are prepared in 1% concentration in 1%
peptone water with Andrade's indicator.
The pH is measured twice daily (at 8 a.m. and

6 p.m.) for a period of 14 days by means of a Mac-
beth pH meter on 1-ml amounts taken with a sterile
pipette. After each sampling the flasks are again
incubated at 370C. The electrodes are washed with
5% carbolic acid and then with distilled water
several times between each measurement and the
following one.

Results and discussion

The results of comparative flocculation and
haemolysis tests are shown in Tables 1 and 2.

In Table 1 all smooth strains are grouped together.
It will be seen that all true cholera strains give a
positive flocculation reaction and all El Tor strains
give a negative flocculation reaction. Three true
cholera strains are haemolytic and two El Tor strains
non-haemolytic. Had the haemolysis test alone been
used as a means of differentiation, these five vibrios
would have been placed in the wrong group.

n Aly, M. (1949) J. Egypt. publ. Hhth Ass. ,24, No. 3, p. 17.



TABLE I
FLOCCULATION AND HAEMOLYSIS TESTS OF SMOOTH

STRAINS

Strain Flocculation |Haemolysis

Vibrio cholerae N.I.H. 31 + -

,, It to 33 A + -

it to it 35 + -

,, ,, of 35 A 3 + -

of of I 41 + -

It to ,, 41 new + -

to Pt of 41 A 8 + -

to It NCTC 4695 + -

to to ~3 +

of Pt 12 + +

to of 656 A + _

to of 2899 + +

Is to 35043 + +

,, ,, Calcutta FI +

of It ,, F 3 + -

It it Korein 18 + -

of Pt to 495 + -

,, it Fayoum 8 + -

of ,, ,, 14 A + -

Vibrio El Tor 1 - +

it It 8 - +

of to 31 _ +

It ,, 40 - _

It .. A _ +

to ,, Suez _

to .. 3657 _ +

.. .. 3698 _ +

TABLE 2
FLOCCULATION AND HAEMOLYSIS TESTS OF ROUGH

STRAINS

Strain Flocculation Haemolysis

Vibrio cholerae N.I.H. 389 +

It to 4693 R + -

to of Dalat 28 R +

It of 6564 + +

it of Korein 3309 +

Vibrio El Tor 14 + +

to of 3671 - +

of of 3A + +

IV to. 6923 + +

In Table 2, nine rough strains are grouped
together. Flocculation was irregular and could not
be relied upon as a means of differentiation.
For general interest, we performed flocculation

tests with other bacteria belonging to the Staphylo-
coccus, Escherichia and Salmonella groups. It was
noted that the test was negative with all strains,
unless the strain showed some rough characteristics,
when a positive flocculation might occur.
The chemical flocculation test becomes of import-

ance when a vibrio is encountered showing all
characters of true cholera vibrios but at the same
time showing haemolytic characters. By using the
flocculation test it is possible to place it in the right
group. It is advisable therefore to use this test in
parallel with the haemolysis test whenever a vibrio
belonging to the 0 subgroup I is tested. Concerning
the pH measurements, Grossmann's findings could
not be corroborated and our results could not
justify our using them as a differential criterion.
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