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Studies on the Haemolytic Activity of El Tor Vibrios*
JOHN. C. FEELEY, Ph.D.1 & MARGARET PITTMAN, Ph.D.2

In view of reports of inconsistent results with the haemolytic test for identification of
the El Tor biotype of Vibrio cholerae, a study was made of the experimental variables
involved in order to achieve more precise standardization of the procedure. It was found
that different types of media and different incubation times of a culture in a particular
medium exerted a profound influence on the results. The authors describe the materials
and conditions for performance of a reliable haemolytic test, and consider that, when
properly performed, the haemolytic test should be a valuable epidemiological tool.

The persistence ofhaemolysin in cultures ofstrains from the El Tor Quarantine Station
during incubation is in contrast to its early disappearance in cultures ofmore recent isolates.
Evidence is presented that the haemolytic activity of a strain may become altered during
subculture, since rugose variants ofrecent strains resemble the old El Tor strains in haemo-
lysin persistence.

In 1906 Gotschlich published a report on the
isolation of six strains of vibrios from dead Mecca
pilgrims at the El Tor quarantine camp. While the
pilgrims did not have clinical cholera, these organ-
isms appeared identical morphologically, biochemi-
cally, and serologically with the cholera vibrio.
Kraus & Phibram (1905) found these strains endowed
with haemolytic properties and, in this respect,
similar to non-cholera vibrios Kraus and others had
studied earlier.

Haemolytic vibrios agglutinable in cholera 0
group I serum have been isolated repeatedly at the
El Tor Station, in Egypt, and from water in India,
but only rarely associated with clinical cholera.
Hence, they became generally regarded as non-
pathogenic in these geographical areas (Pollitzer,
1959). However, cholera caused by haemolytic
vibrios occurred in the Celebes in the 1930s and in
succeeding years (de Moor, 1949; Tanamal, 1959).
Although mortality was as high as 65% in some
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outbreaks, the total number of cases was relatively
small and rapidly spreading epidemics did not
occur. Recently the incidence of this vibrio infection
increased markedly in South-East Asia, occurring
in Java, Sumatra, Sarawak, and apparently Kwan-
tung; also in Macau and Hong Kong (MacKenzie,
1961). The latter outbreak occurred in August 1961
and was followed by a major outbreak in the Phi-
lippines, beginning in September 1961. The senior
author participated in the investigation of the
Philippine outbreak.

Haemolytic properties of vibrios have been the
subject of many investigations (see review by
Pollitzer, 1959). Although many vibrios possess
haemolytic properties, Pollitzer (1959) has suggested
that the designation " El Tor " should be applied
only to those strains agglutinable in cholera 0
group I serum. Hugh (1962) suggested that they be
designated Vibrio comma, El Tor biotype. The
El Tor vibrio, unlike the classical cholera vibrio,
produces a heat-labile antigenic haemolysin having
many characteristics of an exotoxin (van Loghem,
1925; Liu, 1959; Watanabe & Felsenfeld, 1961).
Isolation and purification of the El Tor haemolysin
has been achieved by Watanabe & Seaman (1962).
The haemolytic test, frequently designated the

"Greig test ", originated from the investigation of
Greig (1914) on the haemolytic activities of cholera
and non-cholera vibrios. This study did not include
El Tor vibrios as none of the haemolytic cultures
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examined was agglutinable in cholera antiserum.
The test was performed using mixtures of 72-hour
alkaline broth cultures and 5% washed goat erythro-
cytes which were incubated for two hours at 37°C
and overnight in the ice-chest. The composition
and pH of the medium were not stated. Modifica-
tions of this procedure have been employed more
frequently than the original. In a special report on
procedures for bacteriological diagnosis of cholera
prepared at the request of the World Health Organ-
ization by Burrows & Pollitzer (1958), it was re-
commended that the test be performed with the use
of 24-hour isotonic Douglas broth cultures and
3% sheep or goat cells.

Inconsistencies in detection of haemolytic activity
of El Tor vibrios have prompted a number of
investigations on alternative procedures for differen-
tiation from classical cholera vibrios. These include
sublimate precipitation, soda agglutination (Tana-
mal, 1959), heat and chloroform inactivation of
agglutinability (see Pollitzer, 1959), and, more
recently, bacteriophage typing (Newman, 1960;
Mukerjee, 1961a, 1961b).
In this paper it is shown that with the use of com-

mercial dehydrated media, which are no doubt more
uniform in comparison with " home-made " media
(e.g., Douglas broth), a reproducible test for haemo-
lytic activity can be achieved. Also given are the
effects of different media and of other factors on
haemolytic activity and differences in haemolytic ac-
tivity between old cultures from the El Tor Quaran-
tine Station and recent isolates from South-East Asia.

METHODS

Cultures employed
Fifty-seven haemolytic vibrios, all agglutinable

in 0 group I cholera antiserum and belonging to
Heiberg fermentation group I, were employed in
this study. The dates of isolation ranged from 1905
to 1961. The places of isolation and the scientists
from whom they were obtained are as follows: 4 from
the El Tor Quarantine Station (Dr W. Burrows, Chi-
cago); 26 from Indonesia (10 from Dr S. J. W.
Tanamal, Makassar, Indonesia; and 16 from Dr
H. L. Smith, Jr, Philadelphia); 3 from Thailand,
(Lt.-Col. Oscar Felsenfeld, Bangkok); 7 from Hong
Kong (Dr D. J. M. MacKenzie, Hong Kong);
16 from the Philippines (isolated by Dr H. L. Smith,
Jr and Dr J. C. Feeley); and one of unknown origin
(Division of Biologics Standards collection, from
Institut Pasteur).

Twenty strains of classical (non-haemolytic)
V. cholerae were also employed. Sixteen were
isolated by one of the authors (J. C. F.) in November
1960 from cholera patients in Dacca, East Pakistan.
The remaining four originated in India (two from
Dr W. Burrows and two from the Division of
Biologics Standards collection).

All cultures were freeze-dried on receipt and
maintained continuously in this state. Working
stock-cultures were maintained on trypticase agar
slants at 4°C and transferred every other week. No
cultures were employed beyond the fourth transfer
after recovery from the dried state.

Cultural media
All media were prepared from commercial dehy-

drated products 1 with the exception of Douglas
broth, which was prepared by tryptic digestion of
beef heart (Douglas, 1914) and made isotonic by
adding 0.85% NaCl. The media are listed in Table l.

Sheep blood
Blood collected by bleeding aseptically from the

jugular vein into Alsever's solution was used within
three weeks except in the experiments performed to
determine the effect of age. Cells were washed three
times by centrifugation in 0.85% sodium chloride
solution and suspension was made from the packed
cells.

Haemolytic tests
In general, tests were performed with 0.5 ml of

dilutions of cultural material to which 0.5 ml of
1.0% red cells was added. Supernatants obtained
by centrifugation of broth cultures incubated at
35°C were used in most titration experiments and
were diluted in twofold series in 0.85% NaCI.
Haemolysin titres were expressed as the reciprocal
of the highest dilution producing complete haemo-
lysis. In one qualitative experiment 1.0-ml amounts
of whole broth cultures were mixed with 1.0 ml of
3.0% red cell suspension. Tests were incubated at
37°C for two hours and overnight at 4°C.

RESULTS

Factors influencing haemolysin production
Comparison of various media. It is shown in

Table 1 that the composition of the medium signifi-

1 Trypticase and trypticase soy broth were from Balti-
more Biological Laboratory. All other media were from
Difco Laboratories.
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FIG. 1
EFFECT OF MEDIA AND INCUBATION TIME ON THE OCCURRENCE

OF POSITIVE REACTIONS WITH 56 HAEMOLYTIC VIBRIOS

24 48 72 96
INCUBATION TIME (Hours )

cantly affected detection of haemolytic activity of
the individual cultures. With strain Jeff-813, titres
of the nine cultural supernatants ranged from a

TABLE I
INFLUENCE OF MEDIA ON HAEMOLYSIN PRODUCTION

Hlaemolysin titre of indicated
Medium strain a
(pH 7.4)

Jeff-813 NIH-35F NIH 35A-3b

Trypticase (1 %) plus
NaCI (1 %) Trace 0 0

Trypticase soy broth 8 0 0

Tryptose broth 8 0 0

Brain heart infusion
broth 8 0 0

Neopeptone (1 %) plus
NaCI (1 %) 16 4 c 0

Bacto-peptone (1 %)
plus NaCI (1 %) 16 4 c 0

Douglas broth 16 8 c 0

Nutrient broth 32 8 c 0

Heart infusion broth 128 16 0

a Based on titrations of supernatants of 24-hour cultures
at 35°C.

b Classical V. cholerae, Inaba.
c Haemolysis observed only after overnight Incubation at

40C.

trace in undiluted trypticase to complete haemolysis
with a 1:128 dilution of heart infusion broth. With
strain NIH-35F there was no detectable haemolysin
in four of the supernatants, and in four others it was
detected only after standing overnight at 4°C. How-
ever, in heart infusion broth the titre was 1:16.
Throughout this study heart infusion broth has been
the best of the media studied for maximum haemo-
lysin production at 24 hours. On the other hand, the
classical cholera vibrios (NIH-35A-3 and others)
have produced no detectable haemolysin in any of
the media.

Effect of media and incubation time. The effect of
time of incubation on detection of haemolytic
activity of 56 El Tor strains grown in three media
is shown in Fig. 1. All media were inoculated
simultaneously with a uniform minimal inoculum
of each culture and placed at 4°C. Tubes were then
transferred to 35°C at appropriate intervals to obtain
incubation periods of 24, 48, 72 and 96 hours. All
cultures were tested simultaneously for haemolytic
activity in the classic qualitative manner by adding
1.0 ml of washed 3.0% sheep cells to 1.0 ml of whole
broth culture. With trypticase, the least number of
positive reactions was obtained. Only 75% of the
cultures were positive at 24 hours, and the percentage
decreased with time. With heart infusion broth,
however, all were positive at 24 hours; nevertheless,
there was a rapid decrease with time. In contrast,
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with brain heat infusion broth, only 75% were
positive at 24 hours, but at 48-96 hours, 100% were
positive. Control studies conducted in identical
fashion on 20 classical cholera strains showed
negative reactions in all media at all time intervals.

Effect ofpH of medium. The effect of initial pH
on production of haemolysin by two cultures grown
for 24 hours in heart infusion broth is illustrated in
Fig. 2. Cultural supernatants were used for haemo-
lysin titrations. Both haemolysin production and
growth were inhibited by extremes in acidity and
alkalinity. In the alkaline range, haemolysin pro-
duction was inhibited more than growth. The
optimum pH range for haemolysin production was
7.1-7.4. Use of a higher or lower initial pH would
seem inimical to haemolysin formation in heart
infusion broth. This medium is so buffered that
after 24 hours of incubation, the pH originally at
7.4 remains unchanged or shifts to approximately
7.6. On the other hand, with media showing an
acid shift (e.g., brain heart infusion broth) or an
alkaline shift (e.g., trypticase solution) during
growth, the optimum initial pH for haemolysin
production may differ from that indicated for heart
infusion broth.

Effect of aerobic and anaerobic conditions. Heart
infusion broth was dispensed in 10-ml amounts,
either in a 16-mm x 150-mm tube or in a thin
layer on the bottom of a 250-ml flask, to produce
markedly different surface-to-volume ratios. In-

FIG. 2
EFFECT OF INITIAL pH OF HEART INFUSION BROTH

ON HAEMOLYSIN FORMATION AND GROWTH
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FIG. 3
COMPARISON OF HAEMOLYSIN PRODUCTION BY

STRAIN TANAMAL-1222 IN HEART INFUSION BROTH
UNDER AEROBIC AND ANAEROBIC CONDITIONS
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FIG. 4
EFFECT OF TEMPERATURE AND TIME OF INCUBATION ON
HAEMOLYSIN PRODUCTION IN HEART INFUSION BROTH
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related to temperature. At 35°C maximum titres
were observed in 24 hours, followed by a decline
which was more pronounced with the Philippine
culture. At 30°C maximum titres were also observed
in 24 hours, but the rate of decrease in titratable
activity was less pronounced. With cultures incub-
ated at 22°C, maximum titres were not obtained
until 48 hours, and the rate of decay of activity was
greatly retarded.

Factors influencing measurement of haemolytic
activity
Variations in susceptibility of erythrocytes from

different sheep. Blood samples were obtained from
seven sheep, and comparative sensitivities of erythro-
cytes to lysis by two stable haemolytic supernatants
and one non-haemolytic supernatant (negative
control) were determined at intervals ranging from
1 to 28 days after bleeding. The results, shown in
Table 2, are listed in the apparent order of increasing
sensitivity to haemolysin from strain Jeff-813. The
cells from two sheep, No. 22 and No. 1, were of

lower sensitivity than those from the other five
sheep. Cells of the latter wer6 not significantly
different from one another. A slight increase in
susceptibility to lysis was generally noted between
the first and seventh days, with no further significant
increase during the remaining 28 days. Although
not shown, a steady increase in erythrocyte osmotic
fragility during storage was detected. However, this
increase appeared unrelated to susceptibility to lysis
by haemolysin.

Concentration of erythrocytes. Two haemolytic
supematants and one non-haemolytic supernatant
were titrated with red cell suspensions varying in
concentration from 0.5% to 20.0%. It is shown in
Table 3 that the haemolytic titre was inversely
related to cell concentration. In our experience,
a 1% cell suspension seems to represent the best
compromise between sensitivity and ease of reading.

Optimum pH for haemolytic titration. A haemo-
lytic supernatant from a brain heart infusion culture
was titrated in phosphate buffer solutions of different

TABLE 2

COMPARISON OF ERYTHROCYTES FROM INDIVIDUAL
SHEEP AND THE EFFECTS OF CELL AGE

ON HAEMOLYSIS

Cells Haemolysin titre at indicated
Haemolysin from from cell age
indicated strain sheep

No. I day 7 days |14 days|28 days

22 4 8 8 8

1 8 32 32 32

8 16 64 128 128

Jeff-813 13 32 64 32 64

6 32 128 64 128

7 64 64 32 64

21 64 256 128 128

22 0 0 0 0

1 0 4 4 4

8 2 8 8 16

NIH35F 13 8 16 16 16

6 4 16 8 16

7 8 16 16 16

21 4 16 16 16

NIH-35A-3 All 0 0s°(Negative control) sheep
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TABLE 3
iNFLUENCE OF ERYTHROCYTE CONCENTRATION ON HAEMOLYSIN TITRATION

Hemolysin from 1 _______ Haemolysin titre at indicated cell concentration
indicated strain 0.5% 1.0% 2.0% 3.0% 5.0% 7.5% 10.0% 20.0%

Jeff-813 128 128 128 32 8 4 0 0

NIH-35F 16 16 8 2 0 0 0 0

NIH-35A-3 0 0 0 0 0 0 0 0
(Negative control)

pH values. In Fig. 5 it is shown that maximum
activity was obtained at pH 6.5-7.0. This differs
from the optimum pH (7.1-7.4) of media for haemo-
lysin production.

Effect of temperature and time of incubation. The
effects of incubation temperature and time on the
course of the haemolytic reaction were determined by
replicate titrations of a sterile (Millipore-filtered)
supernatant. A sterile preparation was employed to
obviate the possible problem of endogenous haemo-
lysin production by vibrios multiplying during the
incubation period. As shown in Fig. 6, the amount
and rate of haemolysis were directly related to
temperature and time. Although the reaction pro-
ceeded somewhat more rapidly at 42°C, the final titre
attained was lower than that attained at 37°C or

FIG. 5
OPTIMUM pH FOR THE HAEMOLYTIC REACTION
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30°C, possibly owing to partial inactivation of the
haemolysin at the higher temperature. At 22°C, the
maximum titre had not been attained when the expe-
riment was terminated after four hours. Since the
time-honoured procedure for performing the haemo-
lytic test involves 37°C incubation for two hours,
followed by storage overnight in the cold, it is of
interest to note that the maximum titre at this
temperature was attained by three hours with no
change up to four hours.
The effect of refrigeration on the haemolytic

reaction was investigated by observing the end-points
of replicate titrations of two sterile supernatants
after varying incubation periods at 37°C and after
refrigeration overnight at the end of each period. It
is shown in Fig. 7 that maximum titres were attained
by the end of 2.5 hours at 37°C and that a twofold to
fourfold increase in titre was observed after refrigera-
tion when incubation at 37°C was for less than this
period of time. Incubation at 37°C for two hours
followed by storage overnight at 4°C also provided a
maximum reaction. The latter method has the
advantage that the cells settle overnight and reading
of haemolysis is thereby facilitated. Titrations
performed entirely at 4°C showed no haemolysis
within 24 hours. Thus, incubation at 4°C would not
seem to present an important step in haemolysis, as
is the case with the " hot-cold " effect produced by
staphylococcal f-haemolysin (Elek, 1959).

Comparison of haemolytic activities of strains of
different geographical origin and ofcolonial variants

Haemolytic patterns of recent South-East Asian
and classical Eastern Mediterranean strains. The
patterns of haemolysin production in three media

I obtained with representative recent isolates from
9.0 10.0 South-East Asia (Celebes, Philippines, Hong Kong)

and older cultures from the Eastern Mediterranean
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EFFECT OF TEMPERATURE AND TIME
FIG. 6

OF INCUBATION ON THE HAEMOLYTIC REACTION
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region (El Tor Quarantine Station) are shown in
Fig. 8. All South-East Asian cultures except strain I
showed a more pronounced tendency to reach a

sharp early peak followed by a rapid decline in
haemolytic activity than did the Mediterranean
cultures. Strain I, isolated from water in the Celebes,
is the only strain among 52 from South-East Asia
that showed prolonged haemolytic activity. From
either source, the amount and duration of haemo-
lysin production was influenced by media, as shown

FIG. 7

THE EFFECT OF REFRIGERATION ON THE HAEMOLYTIC
REACTION
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FIG. 8
HAEMOLYSIN PRODUCTION BY SOUTH-EAST ASIAN

AND EASTERN MEDITERRANEAN CULTURES
IN RELATION TO MEDIA AND INCUBATION TIME
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earlier. Thus, different patterns of behaviour be-
tween the more recent and older classical strains are
apparent.

Haemolysin production by colonial variants. The
Mediterranean cultures have had many passages on
artificial media and changes in haemolysin-producing
or autohaemolysin-destructive activity may have
occurred. Furthermore, none of the four strains
examined possessed the colonial morphology typical
of freshly isolated cultures. That a change in the
haemolytic pattern of strains can occur is illustrated
in Fig. 9, in which cultures initiated from smooth
clones of South-East Asian cultures are compared
with their corresponding rugose variants. The
haemolytic pattern of these rugose variants resembles
that of the Mediterranean strains. On the other
hand, other types of variants, recognizable by the
oblique light technique (Henry, 1933), which differ
from the typical greenish to reddish bronze, smooth,
parent type failed to show a significantly altered
haemolysin pattern.

FIG. 9
HAEMOLYSIN PRODUCTION BY SMOOTH AND RUGOSE

VARIANTS IN RELATION TO MEDIA AND
INCUBATION TIME
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DISCUSSION

In the present paper it has been shown that a
number of factors influence the demonstration of the
haemolytic activity of El Tor vibrios, and that by
taking these factors into consideration, haemolysis
can be demonstrated with regularity. Inconsistencies
in detection of haemolytic activity reported in the
literature (de Moor, 1949; Tanamal, 1959; Muker-
jee, 1961b) can be explained at least in part in the
light of the present findings.

Media in relation to length of incubation exert a
profound influence on detection of haemolysin.
With nine media, the haemolysin titres of 24-hour
cultures of two strains ranged from 0 to 1 :128.
With three media-trypticase, heart infusion and
brain heart infusion broths-which were selected
for more intensive study as being representative of
the variabilities encountered, maximum titres of
most strains were obtained at 8, 24 and 48 hours,
respectively. The rate of disappearance of haemo-
lysin was in general most rapid in trypticase medium
and slowest in brain heart infusion broth. The rapid
disappearance appears to be correlated with an
alkaline shift in pH and the presence of vibrio cells.
In filtrates of alkaline cultures the rate of decay of
haemolytic activity is much slower than in the whole
broth culture. This suggests that the vibrio cells
elaborate a haemolysin-destructive enzyme which is
more active in the alkaline range. When it is taken
into consideration that many workers have used
cultures grown in alkaline media (ca. pH 9) and
incubated for as long as three days at 37°C, it can be
readily understood why negative or irregular results
were obtained.
A number of other factors involved in the detection

of haemolysin such as differences in red cells of
individual sheep, the concentration of the red cell
suspension, the pH of the diluent for titration, and
the temperature of incubation in relation to time-
contribute to the outcome of the haemolysin test.
These factors, however, are of less significance than
the conditions for haemolysin production. There is
interplay between the several factors so that a
number of combinations could conceivably be used
for haemolysin production and demonstration of its
presence. Further, it must be taken into considera-
tion that other media and conditions not investi-
gated might be better than those used in this study.
Lack of uniformity between different production
lots of a medium might also contribute to differences
in results.
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Taking all factors into consideration, the following
test, in our hands, has been satisfactory for detection
of haemolytic activity of El Tor vibrios:

0.5 ml of a 24-hour heart infusion broth (commercial
dehydrated medium, pH 7.4) culture (grown at 35°C in a
16-mm x 150-mm tube containing 10 ml of medium) is
mixed with 0.5 ml of I % washed sheep cells. The mixture
is incubated for two hours at 35°-37°C and held overnight
at 4°C, after which it is read for presence of haemolysis.
If the haemolysin titre is desired, the supematant of the
culture after centrifugation is diluted serially in buffered
saline, pH 6.8-7.0. In either procedure adequate controls
of each reactant are used. The latter includes known
positive and negative strains and a heated sample (at
56°C for 30 minutes) of each culture or supematant to
determine whether the haemolytic property is caused by
the heat-labile haemolysin.

It is important to note that at no time has haemo-
lytic activity due to a heat-labile exosubstance been
observed with classical strains of V. cholerae. False
positive reactions, however, were obtained when
hypotonic medium or medium containing sufficient
carbohydrate to lower the pH to 5.0-5.5 was used.
In both instances lack of specificity was shown by the
presence of haemolysis in the heated culture control
-in the medium control in the first instance, and by
lack of haemolysis after pH adjustment to 7.0 in the
second instance. Since false positive reactions were
obtained with carbohydrate medium there is reason
to suggest that the haemolytic activity in glucose
medium of classical strains of V. cholerae observed by
Vassiliadis (1935) was due to acid haemolysis.
Our comparison of more recent South-East Asian

cultures with the older classical strains from the El
Tor Quarantine Station indicates that definite differ-
ences in the pattern of haemolysin production do
exist. Recent findings in our laboratory suggest that
this difference is not due to haemolysins of different
stability. When separated from the bacterial cells by

filtration, the haemolysins of the two groups are
similar in stability at 37°C. Hence, the more rapid
disappearance of haemolysin from recent South-
East Asian cultures would appear to be due to
more rapid autodestruction. Furthermore, antisera
against haemolysins of both groups show complete
reciprocal cross-neutralization. These sera also com-
pletely neutralize haemolysins from non-cholera
vibrios. In view of the age and uncertain history of
the older El Tor cultures, the " mercurial " rate of
dissociation of vibrios (Lankford, 1959), and differ-
ences in haemolysin formation by smooth and rugose
clones, one cannot but question whether much
importance should be attached to the apparently
different haemolysin patterns.
When this study was initiated it was of significance

from the standpoint of international quarantine
regulations whether or not the infection was caused
by a haemolytic or a non-haemolytic vibrio. The El
Tor infection was not included under the term
"cholera," a quarantinable disease under Inter-
national Sanitary Regulations. However, following
the recent major epidemics of El Tor disease in
South-East Asia, the Fifteenth World Health
Assembly on 23 May 1962 (Wkly. epidem. Rec.,
1962) accepted the opinion of the Committee on
International Quarantine that cholera under the
definition of quarantinable diseases should include
disease due to El Tor vibrios. It is the opinion of
many experts that El Tor cholera does not differ
from classical cholera in its epidemiology or clinical
and pathological aspects, or in the measures re-
quired for treatment. Whether or not an 0 group
I agglutinable vibrio does or does not produce
haemolysin now becomes a question of academic
interest. The haemolysin marker, however, remains
an excellent epidemiological tool which can be
applied effectively only if the haemolytic test is
carried out under conditions that provide uniform
results.
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RI}SUME

11 convient de standardiser si possible le test mesurant
l'activit6 hemolytique du vibrion El Tor. En utilisant
7 millions de cultures deshydrates du commerce, l'on a

pu montrer que la mise en 6vidence des proprietes hemo-
lytiques de V. cholerae, biotype El Tor, etait profonde-
ment influencee par la nature du milieu et la duree de
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l'incubation de la culture. Dans les milieux a pH alcalin
(par exemple solution de trypticase), I'hemolysine pro-
duite par la plupart des cultures avait largement disparu
a la 24e heure. Dans les milieux a pH acide (par exemple
bouillon d'infusion cceur et cerveau), la production maxi-
male d'hemolysine survenait constamment a la 24e heure.

Les autres facteurs agissant sur la production d'h6mo-
lysines sont le pH initial du milieu, la tension d'oxygene
et la temperature d'incubation pendant la croissance,
tandis que la mise en evidence et le titre des hemolysines
sont influences par le pH de la dilution, la temperature
et la duree de l'incubation, la concentration et les varia-
tions individuelles des hematies de mouton. Les conditions
necessaires a l'obtention d'une epreuve satisfaisante sont
decrites. Au cours de tests bien conduits, l'on ne doit
trouver aucune hemolysine dans les cultures de V. cholerae

classique. Les auteurs soulignent les avantages presentes
par l'emploi de milieux deshydrates.

Les cultures de souches isolees il y a plusieurs annees
A la station de quarantaine d'El Tor sont demeur&es
hemolytiques pendant plus longtemps que celles de
souches recemment isolees en Asie du Sud-Est. Des
variants plisses (rugose) de ces dernieres ressemblent
aux vieilles souches El Tor par la persistance des
hemolysines.
Dans les conditions les meilleures, I'activit6 hemoly-

tique des souches El Tor peut etre regulierement demon-
tree. Bien que la diff6renciation entre El Tor et les
vibrions choleriques classiques n'ait plus de valeur sur le
plan de la quarantaine internationale, elle demeure
importante en ce qui concerne les caract&es bacteriolo-
giques des cultures.
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