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Basic Studies on the Viability of El Tor Vibrios
K. MIYAKI,1 S. IWAHARA,2 K. SATO,1 S. FUJIMOTO1 & K. AIBARA'

Quantitative data are presented on the viability of El Tor vibrios in various foodstuffs
under different conditions. El Tor vibrios were found to have a very short life in water at
-20°C, but in various nutrient media, such as skim milk, sugar solution or meat extract,
they could live for more than a month at this temperature; the survival rate was always
much higher when the vibrio suspension was cooled rapidly to - 72°C and stored at this
temperature.

The optimum pHfor the growth and survival of El Tor vibrios is 6-8, and the optimum
osnotic pressure 250 mOsm-700 mOsm. The resistance of El'Tor vibrios to disinfectants
is lower than that ofsalmonellae and Escherichia coli. The El Tor vibrios are more resistant
than classical cholera vibrios to such disinfectants as benzethonium chloride and o-dichloro-
benzene. They are not resistant to sodium hypochlorite or bleaching powder at 6ppm.

The results of the investigation emphasize the necessity of immediate and proper dis-
infection of foodstuffs contaminated with El Tor vibrios, and indicate the possibility of
survival of the organisms for long periods underfavourable conditions.

Precise information regarding the viability of the
El Tor vibrio in common foodstuff, fomites, water
and other media involved in transmission is essential
for planning and carrying out more satisfactory
prevention and control measures. Realizing the need
for such knowledge, the Joint Philippines-Japan-
WHO Cholera Committee undertook viability
studies, some of the findings of which are presented
in this paper.

BASIC STUDIES ON VIABILITY

A review of the literature on cholera (Pollitzer,
1959) shows that many workers in the past have
performed investigations on the survival of the
classical cholera vibrio in different media such as
food or water. Unfortunately, however, knowledge
of the viability of the El Tor vibrio in those materials
is still meagre and further investigation is required.

INFLUENCE OF LOW TEMPERATURE

Survival of the El Tor vibrio was compared with
that of the classical cholera vibrio, salmonellae and
Escherichia coli after storage at temperatures con-
siderably below 0°C. Six strains of the El Tor vibrio,
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2 strains of the classical cholera vibrio, 3 strains of
salmonellae and 1 strain of E. coli were used for this
experiment. Fig. 1 shows some representative sur-
vival curves of the organisms in water kept at
-20°C or -72°C.
When a sugar solution (sucrose, glucose, fructose

or lactose), skim milk or a meat extract (prawn, beef,
or horse meat) was used as suspending medium, a
protective effect was clearly observed.

Irrespective of the constituents of the suspending
medium, a higher survival ratio was always obtained
with the suspensions which had undergone rapid
cooling (80 degC/min) than with those which had
undergone slow freezing (2.0 degC/min). Fig. 2
shows the survival curves of certain bacteria in skim
milk at -20°C. This experiment suggests that small
numbers of El Tor vibrios remain viable in protein
foodstuffs for more than 1 month.
The influence of the initial cell population on the

viability at low temperatures is shown in Table 1.

INFLUENCE OF OSMOTIC PRESSURE

The influence of osmotic pressure upon the growth
and survival of El Tor vibrios was examined
separately. It is possible that the growth of con-
taminating organisms in foodstuffs occurs before
such processing as freezing, sterilization, or salting,
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FIG. 1
SURVIVAL CURVES FOR CHOLERA VIBRIOS AND
ESCHERICHIA COLI IN AQUEOUS SUSPENSION

AT -200C OR -72°C a

FIG. 2
SURVIVAL CURVES FOR CHOLERA VIBRIOS AND OTHER

ORGANISMS IN SKIM MILK AT -20-Ca
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a The strains of cholera vibrios tested were:
P5 - a Hikojima type of El Tor vibrio Isolated in the Philip-

pines in 1965; Arayama - an Ogawa type of El Tor vibrio
isolated at Narashino, Japan, in 1964; NIH 41 - an Ogawa
type of classical cholera vibrio.

The initial cell population varied from 1.8 x 106/ml to 4.2 x
107/ml.

The samples kept at -72°C had been cooled at a rate of
80 degC/min, while those kept at -20°C had been cooled at a
rate of 2 degC/min. The latter conditions correspond very
closely to those used for commercial deep-freezing.

and that the survival rate depends largely on the
number of contaminating organisms. Therefore, the
suitability of food ingredients for supporting the
growth of El Tor vibrios may be very important to
the actual survival of the organisms in nature.
Experiments showed that the osmotic pressure

of the majority of foodstuffs tested varied from 200
mOsm to 800 mOsm, and the pH of these foodstuffs,
with the exception of some fruits, varied from 5.5 to
7.5.
An acidic environment (pH 5.0 or below) was so

highly detrimental to the organisms that the survival
rate became very low.
At an optimum pH of 6-8, an osmotic pressure of

250 mOsm to 700 mOsm appeared to be ideal for the
growth as well as for the survival of the organisms;
an osmotic pressure higher than 1200 mOsm

a The strains of cholera vibrios tested were the same as
those shown in Fig. 1. The initial cell population varied from
1.3 x 107/ml to 4.0 x 107/ml. The cooling rate was 2 degC/min.

markedly inhibited the growth and was unfavourable
for the survival of the organism.
The influence of osmotic pressure on the growth

of El Tor vibrios is shown in Fig. 3. The organisms
were grown in L-shaped tubes at 37'C by shake
culture. The amount of growth was determined
spectrophotometrically at intervals of 1 hour. The
influence of sodium ions on the growth of the
organisms differed from that of potassium ions.
The influence of nitrogen-containing substances

and inorganic salts on the growth of the El Tor
vibrio is detailed in Fig. 4, which clearly shows that
bacterial growth depended on the constituents of the
culture media, even at the optimum osmotic pressure
of approximately 270 mOsm.

INFLUENCE OF DISINFECTANTS

The effects of several disinfectants, such as phenol,
cresol, benzethonium chloride, benzalkonium chlor-
ide, 5 % or 10% ethylene oxide gas, sodium hypo-
chlorite and bleaching powder, upon the survival of
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TABLE 1
INFLUENCE OF INITIAL CELL POPULATION ON

SURVIVAL OF CHOLERA VIBRIOS IN SUSPENSION
AT -20°C AND -72°C FOR 24 HOURS a

No. of cells Test No.
Percentage survival

Strain No. of cells Test No.per ml -72-C -200C

3x 10 1.25 0.008
II 2.32 0.003

82 3 x 100 5.59 0.010
II 9.48 0.003

3 x 1010 l 23.18 0.066
II 40.23 0.069

3 x 10' 8.38 0.003
II 7.22 0.014

A15 3 x 108 6.03 0.017
II 6.63 0.009

3 x 10'° l 22.11 0.060
II 17.20 0.063

3 x 10' l 10.30 0.009
II 13.12 0.015

SE3 3 x 10' l 5.40 0.013
II 11.08 0.013

3 x 10'° l 17.80 0.064
II 19.67 0.074

2 x 106 l 6.36 0.003
II - 0.007

WLL 2 x 108 7.95 0.028
II 10.68 0.009

2 x 1010 26.70 0.095
II 14.95 0.094

a Suspension medium: peptone water (pH 8.0).
Strains used: El Tor 82, A15 (Philippines, 1964) and SE3
(Sarawak, 1961), and classical cholera WLL (Japan, 1963).

The samples kept at -720C had been cooled at a rate of
80 degC/min. Those kept at -20°C had cooled at a rate of
2 degC/min.

El Tor vibrios were observed under various con-
ditions of exposure. Table 2 shows the effect of some
disinfectants on the survival of El Tor and classical
cholera vibrios and of S. typhi.

El Tor vibrios showed a higher resistance than
the classical cholera vibrios to such disinfectants as
benzalkonium chloride and o-dichlorobenzene. El
Tor vibrios were not resistant to sodium hypo-

chlorite and bleaching powder (at 6 ppm for less
than 30 seconds). The resistance of El Tor vibrios
was in general about half that shown by S. typhi.
The vibrios were killed by exposure to 5% ethylene
oxide gas at 50°C for 2 hours, or at 60°C for less
than an hour, or to 10% gas at 30°C for 6 hours, or
at above 40°C for less than an hour.

FIG. 3
INFLUENCE OF OSMOTIC PRESSURE ON GROWTH

OF EL TOR VIBRIOS IN PEPTONE MEDIUM a
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a The abscissae give the concentration of NaCI or KCI
added to I % peptone water, and the resulting osmotic pressure.
The El Tor vibrios were grown by shake culture at 37°C for 6
hours.

Ethylene oxide gas and chlorine solutions were
used on a semi-commercial scale to disinfect bananas
contaminated with El Tor vibrios. The chlorine
treatment seemed to be superior to the treatment
with gas, because treatment with gas at 300C for
3 hours inhibited the ripening process. The skin of
the bananas treated with gas remained green for a
long time and became black without ever having
turned yellow, while the fruit remained hard. The
chlorine treatment (residual chlorine concentration
700 ppm, at 20°C for 30 minutes), on the other hand,
did not influence the ripening process.
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FIG. 4
INFLUENCE OF PROPORTION OF PEPTONE AND SODIUM
CHLORIDE IN THE CULTURE MEDIUM ON THE GROWTH

OF EL TOR VIBRIOS AT THE OPTIMUM
OSMOTIC PRESSURE a
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a The abscissae give the concentrations of peptone and
NaCI in the culture medium, and the resulting osmotic pressure.
The El Tor vibrios were grown by shake culture at 37°C for
6 hours.

DISCUSSION

Correlating the results of thefundamental experiments
with the actual survival of El Tor vibrios in con-
taminated foodstuffs
The results of the studies of the viability of El Tor

vibrios in foodstuffs reported by Felsenfeld (1965),
Engley (1956) and the Joint Philippines-Japan-WHO
Cholera Committee (Pesigan et al., 1967) 1 may be
discussed in the light of the present investigation.
In the above-mentioned reports, some foodstuffs
were stated to support long-term survival of El Tor
vibrios; these foodstuffs were found to have an
osmotic pressure within or near the optimum range
for the organism, namely, 200 mOsm-800 mOsm.
The survival time of the organisms was generally

very short in acidic foodstuffs; those in which the
survival time was very long appear to be rich in
utilizable organic substances and water. In such

I See the article on p. 779 of this issue.

foodstuff the organisms are capable of slow growth
and long survival.

Effects of cooling rate
Rapid cooling (cooling rate 80 degC/min) proved

better for the survival of the organism. The slow
cooling process (2.0 degC/min) was similar to that
of commercial deep-freezing, and the frozen materials
were kept in a commercial deep-freezer (-20°C).
This experiment indicated that in such protein food-
stuffs as milk, prawn, meat, etc., El Tor vibrios sur-
vived for more than a month under experimental
conditions similar to the conditions of shipment.
Problems involved in disinfection
The effect of a disinfectant on El Tor vibrios is

determined by various factors. Selection of a disin-
fectant must be based not only on its sterilizing power
against the organisms but also on the nature of the
foodstuff. Some chemicals are quite effective in
killing the organisms in test-tubes but not in actual
foodstuffs. Certain chemicals would react with food
constituents reversibly or irreversibly, sometimes
causing deterioration of the foodstuff.

CONCLUSIONS

The viability tests reported here represented an
attempt to examine such physical and chemical
factors as might affect the growth and survival of
El Tor vibrios in foodstuffs, e.g., pH, osmotic
pressure, presence or absence of organic and in-
organic substances, water content, temperature, etc.
Enhanced growth and survival of the organisms

were found in the presence of organic substances
utilizable by the organisms. Such organic substances
may give a protective effect during the freezing
processes and thereby increase the survival rate.
The protective effect of some colloidal substances,
crystalline substances or antioxidants was also
recognized.

Irrespective of the constituents of the suspending
media, a higher survival ratio always occurred with
rapid cooling (80 degC/min) than with slow cooling
(2.0 degC/min). The period of survival of El Tor
vibrios in a frozen state is generally very short, but
the organisms suspended in some protective media,
such as milk or prawn extract, were found to survive
for more than a month at -20°C and much longer
at -72°C.
An acidic environment (pH 5.0 or below) was so

very destructive that even at the optimum osmotic
pressure the survival rate of the organisms was
very low.
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TABLE 2

EFFECTS OF DISINFECTANTS ON THE SURVIVAL OF EL TOR VIBRIO, CLASSICAL CHOLERA VIBRIO
AND SALMONELLA TYPHI

Survival a

El Tor vibrio Classical cholera vibrio Salmonella typhi
Dilution of disinfectant

Exposure time (min) Exposure time (min) Exposure time (min)

2.5 5.0 10.0 15.0 2.5 5.0 10.0 15.0 2.5 5.0 10.0 15.0

Phenol

Cresol

80
90
100
120
130
140

320
340
360
380
400
450

Benzethonium chloride

4 000
4 500
5 000
6 000
7 000
10 000

Benzalkonium chloride

5 000
6 000
7 000
8 000
10 000
15 000

o-Dichlorobenzene with
detergent

1 600
1 800
2 000
2 250
2 500
3 000
4 000
5 000
6 000

+

+

+

+ I_

+ +
+ +

+

+

+

.+

+

+

+

++

+

a + = Organism detected; = organism not detected.

+

+

+

+

+

+

+

+

+

+

+

Under optimum pH conditions, the optimum The resistance of El Tor vibrios to disinfectants
osmotic pressure for the growth as well as for the sur- was lower than that of salmonellae and E. coli.
vival of the organisms was 250 mOsm-700 mOsm; El Tor vibrios showed a higher resistance than
osmotic pressure higher than 1200 mOsm was classical cholera vibrios to such disinfectants as

unfavourable for the survival of the organisms. benzethonium chloride and o-dichlorobenzene. They

6
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were not resistant to sodium hypochlorite or
bleaching powder at 6 ppm (less than 30 seconds'
exposure).
The results of the fundamental experiments

described in this report emphasize the necessity of

immediate and proper disinfection of foodstuffs
actually contaminated with El Tor vibrios. At the
same time, the results indicate the possibility of
survival of the organisms for a long period of time
under favourable environmental conditions.

RtSUME

On a fait des etudes quantitatives en laboratoire sur la
viabilite des vibrions El Tor dans divers aliments. Dans
l'eau aL -20°C, le taux de survie des vibrions etait de
0,01 % au maximum au bout d'une journme, mais dans
divers milieux nutritifs tels que le lait ecreme, une solu-
tion sucree ou un extrait de viande, ils pouvaient sur-
vivre pendant plus d'un mois. On a multiplie par dix ou
plus le taux de survie de ces organismes dans l'eau en
refroidissant rapidement la suspension jusqu'a -72°C
et en la conservant a cette temperature.
Le pH optimal pour la croissance et la survie des

vibrions El Tor est de 6 a 8 et la pression osmotique
optimale est de 250 mosm-700 mosm. On a determine
la resistance des vibrions El Tor, des vibrions choleriques
classiques et de Salmonella typhi aux d6sinfectants sui-

vants: phenol, cresol, chlorure de benzethonium, chlorure
de. benzalkonium et o-dichlorobenzene, A diverses dilu-
tions. Salmonella typhi pouvait resister A des solutions
de desinfectant deux fois plus concentrees que celles
tolerees par les deux biotypes de vibrions choleriques,
alors que les vibrions El Tor etaient nettement plus resis-
tants A l'o-dichlorobenzene que les vibrions choleriques
classiques. L'hypochlorite de sodium ou le chlorure
de chaux (A 6 parties par million pendant moins de
30 secondes) eliminait efficacement les vibrions El Tor.

Les resultats de cette etude font ressortir la necessite
de desinfecter correctement et immediatement les aliments
contamines par des vibrions El Tor et indiquent que ces
organismes peuvent survivre tr&s longtemps dans cer-
taines conditions.
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