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A Study of the Pathogenesis of El Tor and Classical Cholera Vibrios
in Infant Rabbits*
by N. B. OZA, Ph.D.' & N. K. DUrrA, D.SC.2

In recent years, considerable attention has been
focussed on the role of El Tor vibrios in causing
epidemics of cholera in countries of South-East Asia.
Prior to 1961 it was contended (Pollitzer, 1959;
Kamal, 1963; Felsenfeld, 1960, 1963; Moore, 1949;
Tanamal, 1959) that, although El Tor vibrios are
widely distributed in the environment and possess
agglutinating properties identical with those of the
classical vibrios, they had been reported to cause a
cholera-like disease only in the Celebes (Indonesia),
with no epidemic tendency. Epidemics caused by El
Tor vibrios were reported during the last decade in
the Philippines, Thailand, Macao, Hong Kong, Java,
Borneo, Sarawak, East Pakistan and other places,
with varying degree of infectivity and mortality
(Yen, 1965).

Clinically, the diseases caused by classical vibrios
and El Tor vibrios are not distinguishable. Bacterio-
logical classification has posed a problem since the
original haemolytic character by which El Tor vibrios
were mainly distinguished did not seem to be a
constant feature (Mukerjee & Guha Roy, 1961;
Feeley & Pitman, 1963). There has been a growing
tendency to devise other tests for characterizing El
Tor vibrios. Mukerjee & Guha Roy (1961) distin-
guished classical cholera vibrios from El Tor vibrios
by bacteriophage typing. El Tor vibrios were found
to be insensitive to group IV phage which lysed the
classical vibrios.
The question whether El Tor vibrios should be

considered as pathogenic as the classical strain has
not been satisfactorily answered. At least until
recently, there were no laboratory tests to substan-
tiate clinical findings. In the case of classical vibrios,
it has been shown that when infant rabbits were
infected with Vibrio cholerae, they suffered from a
disease which closely resembled the clinical malady
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(Dutta & Habbu, 1955). Moreover, the vibrios
elaborated a material which when fed to the infant
rabbits gave rise to a choleraic diseasa (Dutta, Panse
& Kulkarni, 1959; Oza & Dutta, 1963). If the effects
of El Tor vibrios on the infant rabbits were similar to
those of classical V. cholerae, there would be little
doubt about the pathogenicity of these organisms
and their ability to cause epidemics. Several El Tor
vibrios isolated from different sources were studied
in this respect.

Materials and methods
Strains. Most of the El Tor vibrios were received

through the courtesy of Dr S. Mukerjee, Indian
Institute of Biochemistry and Experimental Medicine,
Calcutta. A few El Tor vibrios were obtained from
the SEATO Medical Research Laboratory, Bangkok,
Thailand. Escherichia coli (strain 055) was kindly
supplied by Dr J. B. Srivastava, Director, Central
Research Institute, Kasauli, India. All the El Tor
vibrios for which the source and country of origin
were given (see tables) were isolated from cases or
carriers during epidemics except for the El Tor vibrio
Water VII which originated in countries of the
Middle East. The remaining El Tor vibrios were
isolated from water sources of the El Tor epidemic
areas. El Tor vibrios numbers 3, 6, 8 and 9 (Table 1)
reacted with Ogawa and Inaba monospecific sera.
Strain 4 (Table 1), isolated from a cholera case in
Bombay, was haemolytic and Ogawa-Inaba (Hiko-
jima) agglutinable.
The strains were preserved in a lyophilized state at

a temperature of - 4°C. For experimental purposes
they were regenerated in a small amount of nutrient
broth and incubated at 37°C for 3 hours. A loopful
of the growth was streaked on agar slants and
incubated for 18 hours at 37°C. Subsequent opera-
tions were carried out from this growth.

Test for haemolysis. This was done by a modified
Greig (1914) technique using organisms grown for
48 hours in peptone water, mixed in equal volumes
with 4% sheep cells in normal saline, incubated for
2 hours and left overnight in a refrigerator. The
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PATHOGENICITY OF EL TOR AND CLASSICAL CHOLERA VIBRIOS IN INFANT RABBITS

TABLE I
INFANT RABBITS INFECTED WITH 10' ORGANISMS PER 1O0g OF BODY-WEIGHT

Mean time Mean survival Diarrhoeal
Strai n Origin of strains Serotype to onset of time rabbits/total
No. Oiiofsrisdiarrhoea (hours) rabbits

_______________________________________________(hours)

I El Tor (Indonesia) Inaba 20.3 34.5 5/6
2 El Tor (Philippines) Ogawa 17.0 23.0 4/4
3 El Tor (Makassar) Hikojima 18.0 24.0 4/4
4 V. cholerae (Bombay) Hikojima 18.6 28.0 4/4
5 El Tor (Hong Kong) 92 ND a 22.0 30.0 4/4

6 El Tor (Hong Kong)
K50 Hikojima - - 0/4

7 El Tor (Water II)
(Calcutta) Inaba - - 0/4

8 El Tor (Water V)
(Calcutta) Hikojima - - 0/3

9 El Tor (Water VI)
(Calcutta) Hikojima - - 0/3

10 El Tor (Water VII)
(Middle East) Inaba - - 0/3

11 E. coli 055 NDa - - 0/4

a ND = not determined.

results were read on the following day. The El Tor
vibrios except Water V were haemolytic at the time
of testing. Strains 3, 8 and 12 (Table 1) were non-
haemolytic. None of the El Tor vibrios was suscep-
tible to phage group IV (Mukerjee, 1964).

Infective dose and rabbit inoculation. The infant
rabbits used in this study were bred at the Haffkine
Institute and known as Haffkine strain. The El Tor
vibrios which did not induce the experimental disease
in the absence of mucin were administered together
with mucin. The infective dose was 109 organisms
per 100 g of body-weight administered intraintestin-
ally in nutrient broth, following the method de-
scribed by Dutta & Habbu (1955). The infective
dose with mucin was prepared as follows: a 5%
mucin suspension was mixed with the live culture
in the proportion of 4 ml of mucin and 1 ml of
live culture (containing 109 organisms per ml) in
nutrient broth. A 2-ml quantity of this mixture con-
taining 4 x 108 organisms was administered intra-
intestinally to 10-day-old rabbits, irrespective of
their weight (Table 2).

Vibrio lysates. Lysates were prepared, and the
toxicities determined (Bum, Finney & Goodwin,

1950), by procedures described by Oza & Dutta
(1963). To determine their choleragenic effects, the
lysates were administered orally to infant rabbits
whose stomachs had been emptied completely by
gastric lavage. Doses of 5 ml-10 ml of the lysate were
divided into 5 equal portions and 1 portion was
administered orally every 2 hours.

Rabbit-passaged strain. Rabbits 8-10 days old
were inoculated intraintestinally with a heavy dose
of live organisms; in a few instances the animals
died. Vibrios were recovered from the contents of
the large intestine using alkaline peptone water. The
recovered strain isolated as a pure culture was
referred to as " rabbit-passaged ". These strains
after several such passages were preserved in a
lyophilized state.

Results

The El Tor vibrios isolated from Indonesia, the
Philippines, Makassar, Bombay and Hong Kong
(strain 92) produced typical cholera in infant rabbits
(Table 1). The Hong Kong K50 case strain and all
the El Tor (water) vibrios produced no ill effects in
these animals. These El Tor vibrios remained non-

11
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TABLE 2
INFANT RABBITS INFECTED WITH RABBIT-PASSAGED STRAINS

Strain
No.

6

7

8

9

10

11

12

Origin of strains

El Tor (Hong Kong)
K50

El Tor (Water II)
(Calcutta)

El Tor (Water V)
(Calcutta)

El Tor (Water VI)
(Calcutta)

El Tor (Water VIl)
(Middle East)

E. coll 055

V. cholerae Inaba 569 B

Infecting dose
(per 100 g)

10'

10'

10'

10'

10'

10'

10'

Mean time
to onset of
diarrhoea
(hours)

20.0

Mean survival
time

(hours)

26.0

Diarrhoeal
rabbits/total

rabbits

0/3

0/4

0/3

0/3

0/3

0/3

4/4

Infant rabbits infected with rabbit-passaged strains in mucin

6 El Tor (Hong Kong)
K50 4=10' 18.0 24.0 3/3

7 El Tor (Water II)
(Calcutta) 4=10' 14.3 18.6 4/4

8 El Tor (Water V) 4=10' 19.0 23.0 4/4
(Calcutta)

9 El Tor (Water VI)
(Calcutta) 4=10' 18.7 23.6 4/4

10 El Tor (Water VII)
(Middle East) 4=10' 19.3 25.0 4/4

11 E. coll 055 4=10' - - 0/4

pathogenic in spite of the fact that the animals were
heavily inoculated (10' organisms per 100 g of body-
weight) with the passaged strain (Table 2). On the
other hand, the rabbit-passaged classical Inaba and
Ogawa strains produced the disease with 104 organ-
isms per 100 g of body-weight (Dutta &Habbu, 1955).
Although, under the conditions described, rabbit
passage had no effect in enhancing the virulence of
the organisms, the addition of mucin to the culture
made all the El Tor vibrios highly pathogenic so that
they caused death in most of the animals with
diarrhoea and dehydration.

Table 3 shows the results of feeding rabbits with
cell-free sterile vibrio lysates. All the El Tor vibrios,
derived either from epidemics or from water, pro-
duced experimental cholera when their lysates were
fed in distributed doses amounting to 8 ml-10 ml in
all. For Inaba 569 B, the quantity required to pro-
duce similar effects was only 5 ml.
One of the rabbits which died of E. coli infection

(in the presence of mucin) had no diarrhoea (Table
2). Cell-free bacteriolysate of this strain produced
death in 1 rabbit; a distinguishing feature, however,
was the total absence of diarrhoeal symptoms.

Discussion
Tests on infant rabbits could distinguish a severely

pathogenic strain from a less virulent one or a
potentially pathogenic strain (requiring a more
favourable environment for propagation) from non-
cholera organisms. The strains isolated from recent
epidemics caused by classical or El Tor vibrios,
generally induced experimental cholera in infant
rabbits.

In most instances, there was no need to passage the
strains through rabbits; these strains could thus be
classed as pathogens and would be likely to cause
severe epidemics. It will be seen from the present
experiments that a few classical cholera or El Tor
vibrios required rabbit-passage or the addition of

I
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TABLE 3
MOUSE TOXICITY AND CHOLERAGENICITY OF THE EL

IN INFANT RABBITS
TOR VIBRIO LYSATES

Total amount Daroa hlri
Stralin O ftri of lysate Daroa hlri
Nhro.n Origin of strains adminstered rabbits/total Mortality signs andNo. administer(ml rabbits symptoms

1 El Tor (Indonesia) 8 4/4 4/4 Typical

2 El Tor (Philippines) 10 2/2 2/2 Typical

3 El Tor (Makassar) 12 2/2 2/2 Typical

4 V. cholerae (Bombay) 8 4/4 4/4 Typical

5 El Tor (Hong Kong) 92 10 2/4 2/4 Typical

6 El Tor (Hong Kong)
K50 10 2/4 2/4 Typical

7 El Tor (Water II)
(Calcutta) 10 2/3 3/3 Typical

8 El Tor (Water V)
(Calcutta) 8 1/2 1/2 Typical

9 El Tor (Water VI)
(Calcutta) 10 3/3 3/3 Typical

10 El Tor (Water VII)
(Middle East) 8 2/3 3/3 Typical

11 E. coli 055 12 0/4 1/4 Nil

12 V. cholerae Inaba 569 B 5 5/5 5/5 Typical

mucin to demonstrate their pathogenic potentiality.
These vibrios are potentially pathogenic but the
disease they cause might be milder with rapid
recovery and with fewer fatalities in comparison with
the previous group.
The preservation of a strain in the laboratory may

affect its choleragenic properties. While Dutta &
Habbu (1955) found that rabbit-passaged Inaba
569 B was highly potent, it did not seem to be so
when Finkelstein, Norris & Dutta (1964) used the
same strain but from a different stock. Although
infant rabbits from different laboratories have
shown uniform susceptibility to experimental cholera,
it might be an advantage to research workers to
know the breed or line of the animals used, the
source or type of the culture used and the duration
and means of preservation. A strain may undergo
irreversible changes during storage and it may not be
possible to revive its choleragenic properties. This
may happen also in nature; a strain may remain
dormant until a favourable environment stimulates
it to renewed pathogenicity, or it may completely lose
its choleragenic, or any other characteristic, pro-
perties. Mukerjee (1963) found by the infant rabbit
test that certain El Tor vibrios were less pathogenic

than classical V. cholerae and an El Tor (case)
vibrio. A similar experience was obtained also
in the present investigation. Finkelstein, Norris &
Dutta (1964) had noticed that two El Tor strains
failed to cause rabbit cholera, although a slight
accumulation of fluid had occurred in the intestine
of one animal. Both these strains had been isolated
during an epidemic in which the disease was mild,
recovery was prompt and there were no fatalities.

Infection by non-cholera organisms produced a
different pathological picture. The strain of E. coli
produced diarrhoea with the accumulation of small
amounts of thick greenish fluid in the bowel. Like-
wise, Shigella dysenteriae failed to give the character-
istic picture of cholera although a small quantity of
thick, turbid, brownish green fluid collected in the
large bowel (Formal, personal communication).

Passage through a rabbit could make a strain of
V. cholerae or El Tor vibrios, which otherwise might
not have produced any symptoms, more pathogenic
(Dutta & Habbu, 1955). Similarly, addition of mucin
enhances the virulence of a cholera strain to mice
(Griffitts, 1942) or to infant rabbits (Dutta & Habbu,
1955). Some of the El Tor strains studied here could
not produce the characteristic disease although they
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were passaged through a rabbit but they readily did
so when administered together with mucin. This
suggests that a dormant virulence may be revived by
certain contributory factors; in practice, a more
susceptible host probably provides these factors.
The El Tor vibrios (Water VI) 1 and the Middle-

Eastern strain Water VII 1 were examined at dif-
ferent laboratories. Mukerjee (1963) found that
Water VI produced " positive reactions " in 2 out of
16 tests. A mucinized suspension of this strain did
not change the pathological picture appreciably.
The El Tor vibrio Water VII showed " negative
reactions ". Mukerjee concluded that El Tor vibrio
Water VI was mildly pathogenic. In the hands of
Finkelstein, Norris & Dutta (1964) strains Water VI
and Water VII failed to produce symptomatology
even after rabbit passage. These two strains induced
typical cholera when the passaged strains were
administered together with mucin in experiments
carried out by the present authors.
Two strains isolated from Middle-Eastern coun-

tries were studied by Wake (1964) in infant rabbits.
He found that Arabian El Tor (Zam Zam subtype,
Doorenbos 80) produced typical symptoms in the
baby rabbits when infected with 7.1 x 107 vibrios
but with the rabbit-passaged strain he needed only
105 organisms to induce similar symptoms. The
other strain of El Tor vibrio (British Type Culture
Collection 3661) gave rise to the characteristic
picture only after animal passage. The Middle-
Eastern strains that have been examined so far have
indicated their pathogenicity to infant rabbits. To
demonstrate this pathogenicity, suitable environ-
mental conditions and susceptible hosts were neces-
sary.
The pathogenicity of all the strains of El Tor

vibrios, isolated either from cases or from water, was
further confirmed when lysates prepared from these
vibrios, administered orally to infant rabbits, pro-
duced the typical disease. The classical cholera
strains were more choleragenic in nature than the
El Tor vibrios examined in the present series of
experiments. The total amount of El Tor lysate
required to produce the disease was almost twice the
quantity of V. cholerae lysate that was needed.
The role of mucin in increasing the virulence of

cholera organisms has not yet been explained. The
effects on vibrios or their metabolites of the intestinal
contents, with respect to the bacterial and biochem-
ical constituents as predisposing factors in the causa-

l These strains were kindly supplied by Dr S. Mukerjee.

tion of the disease, need to be evaluated. It is pos-
sible that, as there are natural protective factors
against cholera in the body, there might also be
certain contributory factors, depending perhaps
upon the nutritional status of the host, the action of
which causes an individual to become susceptible to
the disease. Mucin-like substances are likely to
favour the development of the disease, particularly
when the causative organisms are only mildly
pathogenic.
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