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BACTERIAL PATHOGENICITY

Haemolysin produced by Vibrio cholerae non-0O1 is
not enterotoxic

D. V. SINGH, B. N. SHUKLA and S. C. SANYAL*
Department of Microbiology, Institute of Medical Sciences, Banaras Hindu University, Varanasi 221 005, India

Of 28 isolates of Vibrio cholerae non-O1 (10 from diarrhoeal patients and 18 from
environmental sources) examined for haemolytic activity and its correlation, if any, with
enterotoxic activity, 24 showed haemolysis. The four non-haemolytic isolates showed
haemolysis after consecutive passages through rabbit ileal loops (RILs). The titres of
haemolytic activity were 4-64 HU/ml irrespective of their source. Eight (28.5%) of the
non-O1 isolates caused fluid accumulation; six (25%) were haemolytic and two (50%)
non-haemolytic. The remaining isolates showed enterotoxic activity after one-to-three
consecutive passages through RILs irrespective of their haemolytic character and source.
Environmental isolates caused significantly more fluid accumulation than the diarrhoeal
isolates. All these isolates reverted to their original non-toxigenic character on repeated
subculture or on storage in the laboratory, but continued to show haemolytic activity.
The results of the present study indicate that V. cholerae non-O1 strains are potentially
enterotoxigenic independent of their haemolytic character and source, and enterotoxin,
not haemolysin, is the factor most likely to be responsible for their enterotoxic activity.

Introduction

Vibrio cholerae non-Ol strains have been implicated in
sporadic and localised outbreaks of cholera-like diar-
rhoea [1, 2], which is sometimes accompanied by fever,
and blood and mucus in the stool. Apart from their
diarrhoeagenic potential, these organisms have also
been implicated in a few cases of extra-intestinal
infections, such as wound infection, septicaemia and
cellulitis [3-5]. A large number of ¥ cholerae non-O1
strains produce cholera-like toxins, although some
strains do not [2,6]. In addition to cholera toxin
(CT), several other extracellular products such as the
new cholera toxin [7], heat stable enterotoxin (NAG-
ST), a thermostable direct haemolysin, shiga-like toxin
and haemagglutinin have been reported to play a role
in the disease process [8-14]. More recent reports
suggest that the haemolysin produced by ¥V cholerae
non-Ol is identical to V cholerae biotype El Tor
haemolysin [15, 16]. It has also been suggested that the
El Tor-like haemolysin of V cholerae non-Ol can
cause fluid accumulation mixed with mucous and blood
in rabbit ileal loops (RIL) [17]. Alm et al. [18]
indicated that the haemolysin may be enterotoxigenic
because fluid accumulation in RILs was not observed
when the whole determinant was deleted from the
chromosome of a CT gene-negative but diarrhoea-
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producing strain of El Tor biotype. However, earlier
observations made in this laboratory indicate that El
Tor-like haemolysin is not responsible for fluid
outpouring in RILs because non-haemolytic strains of
V. cholerae biotype El Tor caused fluid accumulation
[19]. These reports caused confusion about the nature
of the enterotoxin in ¥V cholerae non-O1. Therefore, 28
diarrhoeal and environmental isolates of ¥V cholerae
non-O1 were examined for haemolytic and enterotoxic
activities, with particular interest in any change in
enterotoxicity after passage through RILs and any
correlation with haemolytic activity.

Materials and methods
Bacterial strains

Twenty-eight strains of ¥ cholerae non-O1 isolated
from diarrhoeal stools (10) and from environmental
sources, such as the River Ganga (15) and sewage (3)
were included in the study. The strains were identified
by the method recommended by WHO [20]. The strains
were maintained in peptone agar stab cultures at room
temperature and did not undergo more than three
subcultures before the experiments.

Detection of haemolysis

Preliminary testing for haemolysis by ¥ cholerae non-
O1 strains was performed by inoculating 4-5-h growths
of each organism in Brain Heart Infusion Broth (BHIB,
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Difco) on to sheep blood 5% v/v agar. After incubation
for 24 h at 37°C, the blood agar plates were examined
for haemolysis around the colonies.

Preparation of culture filtrates for haemolysin
production

Culture filtrates (CFs) of ¥ cholerae non-Ol strains
shown to be haemolytic were prepared by the method
of Richardson et al. [21]. Briefly, 10 ml of BHIB
contained in a 50-ml conical flask were inoculated with
five or six colonies from an overnight culture on blood
agar plates. The flasks were incubated at 37°C in a
shaking water bath for 16-18 h with 80-120 oscilla-
tions/min. The cultures were centrifuged at 22000 g
for 20 min at 4°C, supernates were filtered through a
membrane filter (Millipore, 0.22 xm) and stored at 4°C.
These CFs were used for haemolysin assay.

Preparation of culture filtrates for enterotoxin
production

CFs of ¥ cholerae non-O1 strains that gave positive
ileal loop reactions were prepared in AKI medium by
the method described above. The AKI medium (Bacto-
peptone 1.5% w/v, yeast extract 0.4%, NaCl 0.5% and
NaHCO;3; 0.3%) was prepared as described by Iwanaga
et al. [22]. The sodium bicarbonate was filter sterilised
separately and mixed with the other autoclaved
ingredients. Freshly prepared medium was always used;
the pH of this medium was c. 7.4 without adjustment.

Titration of haemolysin

The production of haemolysin by each strain of ¥
cholerae non-O1 was confirmed by the method of
Smith [23] as modified by Rennie and Arbuthnott [24]
and as described by Singh and Sanyal [25]. Briefly,
sheep erythrocytes (SRBC) were washed three times in
isotonic saline and a 2% suspension was prepared in
0.04 M phosphate-buffered saline (PBS, pH 7.4).
Haemolytic activity was determined by mixing 0.5 ml
of two-fold serial dilutions of CF of each strain with an
equal volume of SRBC 2% suspension. After incuba-
tion at 37°C in a water-bath for 2 h and standing at 4°C

for 12 h, the lysed portion was diluted four-fold with
sterile normal saline and the optical density was
measured in a colorimeter. Standardisation of erythro-
cyte suspension was by lysis of 0.5 ml of SRBC 2%
with a few crystals of saponin. An optical density of
0.5 at 540 nm was considered to indicate a standardised
SRBC 2%. The negative control was 0.5 ml of saline
instead of CF. One haemolytic unit (HU) was defined
as the amount of CF that caused 50% haemolysis under
experimental conditions.

lleal loop test

Live cells and CFs of all the strains of ¥ cholerae non-
O1 were tested for enterotoxin production in adult
albino rabbits by the method of De and Chatterjee [26].
Briefly, bacteria grown in peptone water for 3 h were
diluted 10-fold in the same medium and 1 ml (contain-
ing 10°-10% cfu) was inoculated into the RIL. A
peptone water culture of toxigenic strain 569B of V
cholerae and unseeded peptone water served as positive
and negative controls, respectively. CFs (1 ml, prepared
in AKI medium) were also tested in the same way.
Each test was done in two rabbits. Rabbits were killed
after 8 h.

Passage through RIL

Strains of ¥V cholerae non-O1 that caused little or no
fluid accumulation in the initial tests were passaged
through RILs according to the method of Sanyal et al.
[27,28]. Briefly, each strain was cultured aseptically
from RIL on nutrient agar and incubated overnight;
five or six colonies were inoculated into peptone water
and incubated for 3 h; and 1 ml of diluted culture was
inoculated again into a RIL. The process was continued
until a positive response was obtained.

Results

Twenty-four of the 28 isolates of V cholerae non-O1
tested produced haemolysis on sheep blood 5% agar
plates (Table 1). CFs of these isolates also caused lysis
of sheep erythrocytes in 2% suspension. The remaining

Table 1. Haemolytic activity of ¥/ cholerae non-O1 strains before and after passage through RILs*

Before passage

After passage

Source and Haemolysin Haemolysin
haemolytic Number production Number production
character tested (HU/ml) tested (HU/ml)
Diarrhoeal
Haemolytic 8 8-64 0 ..
Non-haemolytic 2 2 8-16
Environmental
Haemolytic 16 8-64 0 co.
Non-haemolytic 2 2 8-32

ND, not detected.
*Non-haemolytic strains tested only after animal passage.



four isolates became haemolytic after one-to-three
consecutive passages through RILs. The titres of
haemolytic activity were 4-64 HU/ml. No difference
in the titres of haemolytic activity was observed in
relation to the source of the strains. However, there was
strain-to-strain variation in the titres of haemolysin
produced (Table 1).

In the initial tests with ¥ cholerae non-Ol in RILs,
live cells of eight of the 28 isolates caused fluid
accumulation; six of them were haemolytic and two
were non-haemolytic. The remaining haemolytic
strains did not cause any fluid outpouring. CFs of
the RIL-positive strains caused a similar secretory
response. With organisms from both sources, there
were strain variations in the volume of fluid
accumulation, and also variation between individual
loops inoculated with the same strain (Table 2).

Environmental ¥ cholerae non-Ol strains caused
significantly (Students ¢ test, p < 0.05) more fluid
accumulation than the diarrhoeal isolates regardless of
their haemolytic character (Fig. 1).

After one-to-three consecutive passages through RILs,
18 (75%) of the 24 haemolytic and two (50%) of the
four non-haemolytic ¥ cholerae strains that caused
little or no accumulation of fluid in the initial
experiments did so (Table 2).

Two non-haemolytic and 13 haemolytic strains of ¥
cholerae non-O1 tested by consecutive passages in
RILs, caused marked increase in fluid accumulation
after each passage (Table 3). The titres of haemolysin
produced also increased after each passage. However,
on repeated subcultures or on storage in the
laboratory, all these strains reverted to their original
haemolytic but non-toxigenic character. The three non-
toxigenic isolates of environmental origin that caused
no fluid accumulation even after four consecutive
passages through RILs, showed lysis of sheep
erythrocytes 2% suspension (Table 3).
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Fig. 1. Enterotoxicity of diarrhoeal (&) and environmental
(0O) isolates of ¥V cholerae non-Ol strains before and
after passage through RILs. The bars on the columns
indicate the range of fluid accumulation caused by
different strains.
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Discussion

The majority of strains of ¥ cholerae non-O1 showed
haemolysis on sheep blood 5% agar plates in the initial
tests. However, a few of the non-haemolytic strains
became haemolytic after one-to-three consecutive
passages through RILs. Moreover, the titres of
haemolysin in CFs also increased after consecutive
passages. This phenomenon may be explained by the
genetic evidence that the sequences homologous to El
Tor haemolysin gene are present in both haemolytic
and non-haemolytic strains of V. cholerae non-O1 but
are probably not expressed in non-haemolytic isolates
[29, 30].

Several workers suggested that El Tor-like haemolysin
produced by ¥V cholerae non-Ol1 strains may be
responsible for their enterotoxic activity [15-17].

Table 2. Haemolytic activity and enterotoxicity of ¥ cholerae non-O1 strains

Before passage

After passage™

Source and Number of Number showing Fluid Number showing Fluid
haemolytic strains fluid accumulation fluid accumulation
character tested accumulation (ml/cm of RIL) accumulation (ml/cm of RIL)
Diarrhoeal
Haemolytic 8 2 0.46-0.6 6 0.42-0.8
Non-haemolytic 2 1 0.44-0.6 1 ND
Environmental
Haemolytic 16 4 0.60-1.0 9 0.66-1.2
Non-haemolytic 2 1 0.60-0.8 1 ND
Positive control 1 1 0.90-1.2 1.0-1.4
Negative control* 0 0 0 0

ND, not determined.
*These strains were tested only after animal passage.

Peptone water culture of ¥ cholerae 569B inoculated into RIL of each animal.

IPf:ptone water.
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Table 3. Influence of RIL passage on haemolytic character, fluid accumulation and haemolysis titre of ¥V cholerae

non-O1 strains

Fluid accumulation (ml/cm) and haemolysis titre (HU/ml) after passage no.

0 1 2 3 4

Strain Haemolytic

no. character ml/cm HU/ml ml/cm HU/mi ml/cm HU/ml ml/cm HU/ml ml/cm  HU/ml
D-12 Haemolytic *ND 64 0.46 64 0.60 NT NT NT NT NT
D-13 Haemolytic *ND 8 0.60 16 0.72 NT NT NT NT NT
D-12475 B Haemolytic *ND 32 ND 32 0.58 t64 NT NT NT NT
D-13094 RAN  Haemolytic *0.7 t16 0.86 64 NT NT NT NT NT NT
D-12158 RAN  Non-haemolytic 0.44 tND *0.68 8 0.76 32 NT NT NT NT
E-RP-86 Haemolytic *ND 8 ND 16 0.80 64 0.90 NT NT NT
E-DSM-86 Haemolytic *0.8 t64 1.0 128 1.2 256 1.4 NT NT NT
E-AS-88 Haemolytic *ND 64 ND 64 ND 128 0.68 1256 NT NT
E-SH-88 Haemolytic *ND 32 0.66 t64 0.90 128 1.1 128 NT NT
E-TG2-86 Haemolytic *ND 16 ND 32 ND 32 0.70 t64 0.90 NT
E-HG-86 Haemolytic *ND 64 ND 64 ND 128 0.70 1256 09 NT
E-CH-86 Haemolytic *ND 32 ND 64 ND NT ND NT ND NT
E-HGS-86 Haemolytic *ND 8 ND 16 ND 32 ND NT ND NT
E-SHS-86 Haemolytic *ND 16 ND 32 ND 32 ND 64 ND NT
E-TG1-86 Non-haemolytic ND ND *ND 16 0.50 32 0.66 64 NT NT

ND, not detected; NT, not tested; D, diarrhoeal; E, environmental.
*Change to haemolysis detected; fenterotoxin produced.

However, the observation that more than two-thirds
of the haemolytic strains were unable to produce
a secretory response in the initial tests indicates
that haemolysin may not be responsible for entero-
toxic activity. This observation is further strengthened
by the fact that three haemolytic strains did not
cause accumulation of fluid even after four con-
secutive passages, although they showed enhanced
haemolytic activity. Moreover, the observation that
50% of the non-haemolytic strains showed entero-
toxic activity also supports this conclusion. All
these data suggest that the secretory response without
any blood and mucous observed in RILs is most
probably due to the enterotoxin(s) produced by the
organism.

The environmental strains of ¥V cholerae non-Ol
caused significantly more fluid accumulation than
the diarrhoeal isolates. A probable explanation of this
difference in the degree of enterotoxicity may be the
observation, made in this laboratory that, that
compared to diarrhoeal isolates, strains of environ-
mental origin produced quantitatively more constitu-
tive chitinase. Some strains even elaborated inducible
chitinase and both these properties correlated with
greater enterotoxicity (unpublished data). Similar
observations were also made in relation to Aeromonas
spp. of clinical and environmental origin [31].

The strains of V cholerae non-Ol that failed to
produce enterotoxin in the initial tests caused fluid
accumulation after one-to-three consecutive passages
through RILs, suggesting that almost all the strains of
V. cholerae non-Ol were potentially enterotoxigenic.
Similar observations on the effect of passage
through the gut of a susceptible host were made in
earlier studies with ¥ cholerae non-Ol [2,32] and

also with many other organisms, such as ¥ cholerae
O1 [27,28]), ¥V fluvialis [33], V. mimicus [27,34],
Aeromonas spp. [35-38], Plesiomonas shigelloides
[39] and Klebsiella pneumoniae [40). Furthermore, it
is also known that the so-called hypertoxigenic strain
569B of V. cholerae Ol also requires passage through
the rabbit gut for enhancement of toxin production. A
mechanism of repression and derepression of the toxin
gene may account for this phenomenon. It is possible
that the toxigenicity of the fresh isolates in this study
might have decreased during one-to-three subcultures
in vitro before the ileal loop tests. It appears that
expression of toxin genes in a bacterial strain is a
means of adaptation to a particular micro-environment
as occurs in V cholerae [41].

The observation that the majority of strains were non-
toxigenic but haemolytic in the initial tests indicates
that there is no correlation between these two
properties. Furthermore, the three haemolytic strains
of ¥V cholerae non-O1 that failed to cause accumula-
tion of fluid after four consecutive passages through
RILs also confirms this conclusion.

The present study indicates that strains of V. cholerae
non-O1, irrespective of their haemolytic character and
sources, are potentially enterotoxigenic and that
enterotoxin, not haemolysin, is the factor most likely
to be responsible for their enterotoxic activity. Passage
through the gut of a susceptible host may control the
expression of the gene responsible for haemolysin and
enterotoxin production.
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