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Notes on Food, Beverages and Fomites Contaminated with Vibrio cholerae

by OscAR FELSENFELD, M.D., Chief, Communicable Disease Division, Tulane University Research Centre,
Covington, La., USA

The survival of cholera vibrios outside the human
body has been studied by numerous authors.a -c
However, the strains and the techniques used in
these studies have varied so greatly that their results
are not comparable.
The intention of the present communication is to

call attention to a method that is feasible for the
studies of the survival time of vibrios on and in
food, beverages and fomites and which attempts to
approach strictly " natural " conditions. This
method was developed during earlier investigations
of the survival of salmonellae and shigellae on
food.d When it became evident that the cholera
epidemic in Thailand in 1958-60 was accompanied
by a widespread contamination of food and water
with cholera vibrios,e, f it became necessary to
re-evaluate the relationship of Vibrio cholerae to food
and water. The relatively long survival of El Tor
organisms outside the human body and the role of
sea-food in cholera infections had been noted.c At
the same time, a systematic investigation of the
survival time of freshly isolated cholera vibrios in
and on vegetables, fruits, meats and dishes commonly
consumed by Thais and by occidentals living in
Thailand was initiated, keeping the two following
problems in sight.
One of these problems was the duration of survival

of cholera vibrios on food shipped in international
and in intra-state commerce. It was deemed advisable
to determine which of such food-stuffs might serve
as vehicles for the transmission of cholera from one
locality to another. Since such food shipments may

a Pollitzer, R. (1959) Cholera, Geneva (World Health
Organization: Monograph Series, No. 43).

bi Cheng, C. T. (1963) Nagasaki med. J., 38, 870.
c Felsenfeld, 0. (1963) Bull. Wld Hlth Org., 28, 289.
d Felsenfeld, O., Young, V. M. & Yoshimura, T. (1945)

Poult. Sci., 24. 353.
e Morgan, F. M., Felsenfeld, O., Rodvanatakul, B.,

Buspavanich, S., Banhumeda, B. & Chowranasai, A. (1960)
Amer. J. Hyg., 72, 250.

f Thailand-SEATO Cholera Research Laboratory (1961)
Final report. Bangkok (SEATO Medical Monograph Series,
No. 1).

be made either with or without refrigeration, it was
necessary to determine the survival time of V. cholerae
both at tropical room temperature (28°C-30°C) and
under refrigeration with ice (about 2°C).
The other problem was food contamination in

homes and restaurants. Not only fresh vegetables
and fruits, but also cooked food, opened cans and
milk containers kept at room temperature or in the
ice-chest, as well as utensils, had to be considered
in this part of the study.

This communication relates the results of the
experiments set up in an attempt to find answers to
both problems. The number of foods, beverages and
fomites examined is not fully comprehensive, how-
ever. It is difficult to obtain Thai vegetables and
fruits in the USA; thus, the project had to be
discontinued when the author returned there before
all (approximately 200) kinds consumed in Thailand
could be examined. Nevertheless, since the constant
spread and recurrence of cholera in Asia during
recent years has created serious problems in inter-
state food commerce, it appeared that the data
collected during this brief study may be of some
value, in spite of their incompleteness.

Materials and procedures

Materials examined. Thai foods and beverages
were bought on the open market. Foods not eaten
frequently by Thais but consumed regularly by
occidentals were purchased in the US Naval Com-
missary in Bangkok. Most of the cooked foods were
prepared in the home of the author by a Thai cook;
some were purchased in a restaurant approved by
the Thai authorities.

Vibrio strains. Three V. cholerae Ogawa, two
V. cholerae Inaba, three V. cholerae Ogawa biotype
El Tor, two V. cholerae Inaba biotype El Tor and one
V. cholerae Hikojima biotype El Tor strains were
employed. At the beginning of the study, all of
them were recent isolates and came from Thailand,
India and Indonesia.
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Each food, beverage and fomes was tested with
all 10 of these strains in duplicate experiments with
each organism.

Incubation. The artificially contaminated foods
were incubated at 28°C-30°C and 65 %-70% moisture
(wet tropical room temperature); and at 2°C-4°C in
ice-chests without controlled moisture (refrigerator
temperature) in sterilized but partly open containers.

Infective suspension. In order to reproduce strictly
"natural " conditions as closely as possible, 3-g
aliquots of stools from early convalescents from
cholera who did not receive antibiotic treatment and
were free from vibrios at the time of the stool
collection, were mixed with 2 g of mud from a canal
(klong) bank, and 0.20 g mucin in 15 ml of a saline
suspension of 20 000 + 1 200 vibrios grown on
alkaline agar for 16-18 hours. The pH was adjusted
to 7.8.

Sample contamination. The infective suspension
was spread over the exterior of the solid materials to
be tested in a manner that ensured that 0.01 ml of it
were streaked over each square centimetre of the
surface, thus depositing 10 ± 2 organisms on each
square centimetre. Because of uneven structure of
the rinds, peels and skins, an even distribution of the
organisms was not expected, but it was believed that,
if larger areas were examined, the results would have
been be within acceptable statistical variations. For
this reason, 4-cm2 samples of the exterior were cut
out for examination 4 hours, 1, 2, 3, 5 and 7 days,
and 2, 3 and 4 weeks after contamination.

Solids, especially cooked foods, as well as bever-
ages, were mixed with 0.01 ml of the infective
suspension per gram or millilitre. Samples were
collected with a sterile spoon or, if feasible, with a
pipette, at the same time intervals as practiced in
the study of the surfaces of the foodstuffs. Samples
collected with spoons were weighed under aseptic
precautions, then 4-g aliquots were used for bacterio-
logical testing. Four-millilitre amounts of the
liquids were used for the inoculation of cholera
culture media.

Sample examination. The samples collected from
the exterior of foods and the 4-ml aliquots of bever-
ages were transferred into 50-ml amounts of I % each
tryptone or trypticase and sodium chloride solution,
pH 8.2. Samples containing solid material were
emulsified and cooled in the Waring Blendor in the
same amount of peptone water.
The peptone water was incubated overnight at

37°C and streaked to two plates of alkaline salt

tellurite lauryl sulfate medium e, f and the vibrio
colonies identifiedaccording to routine procedures.!'f

Decontamination experiments. Mechanical clean-
ing of the fruits and vegetables of the infected
samples was carried out with coconut-fibres brushes
of the type frequently used in South-East Asia, as
well as with synthetic-fibre brushes favoured by
occidentals. After preliminary tests showed that
there was no significant difference in the results
achieved by scrubbing with either type of brush,
locally made coconut-fibre brushes were used rou-
tinely. Boiled and cooled tap water and locally made
kitchen soap were employed in this procedure. The
scrubbing was timed and was carried out for
10 i 2 seconds per 100 cm2 surface of the vegetables
and fruits. Washing was followed by a rinse in
boiled and cooled tap water collected in pails.
Running water was not used.

Soaking of the samples in chlorinated lime solution
(0.5 g perlitre of tap water) for 10 min. or in potassium
permanganate solution (0.2 g per litre of tap water)
for the same period of time was followed by a short
rinse in boiled and cooled tap water, which was
kept in pails. Iodine was not used, since the locally
available 8-mg iodine tablets were not liked by
some persons, who complained that commercial
iodine tablets conveyed a metallic taste to some
vegetables.

Results and discussion

Previous experiments have shown that vibrios
survive but do not multiply readily in water and
inside seafood. a, c V. cholerae survived in shallow
well water for 7.5 ± 1.9 days; their El Tor biotypes
for 19.3 + 5.1 days. Both vibrio types disappeared
from the stomachs of live fish in 5.3 + 1.2 days.
Longer survival times have been observed by other
investigators, usually when the water was tested
at incubator temperatures or pre-autoclaved.a
The samples collected after 4 hours were used for

experiments in decontamination. Untreated controls
served to ascertain whether the vibrios were actually
present on the infected materials.
When cholera vibrios were added to shallow-well,

deep-well, and chlorine-free tap water that was
contaminated by the method described in this
communication, then either 0.5 g chlorinated lime
or 0.2 g potassium permanganate per litre were
added. A 30-minute contact with one of these dis-

g Felsenfeld, 0. (1964) Dtsch. med. Wschr., 89, 2470.
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infectants or boiling for 2 minutes destroyed all
viable cholera organisms. When, however, the sur-
face of foodstuffs was contaminated with V. cholerae
and the examined materials were immersed into
these chlorinated lime and potassium permanganate
solutions for 10 minutes, as is practised in many Thai
households, some vibrios survived on bale fruit,
breadfruit, cabbages, carrots, cauliflower, celery
leaves, coconuts, corn, sliced cucumber, sliced egg-
plants, lotus leaves, mangosteen, Melica indica,
khuchai onions and their flowers, Peperomiapellucida,
pineapples, potatoes, rambutan, sweet potatoes,
turnip greens and water lily flowers. Chlorinated
lime was more effective than potassium permangan-
ate under these experimental conditions (Table 1).
When varying amounts of stools and mud with
standard numbers of vibrios were used to contami-
nate the foods, it became evident that the extraneous
materials present in the inoculating suspension
(stools and mud) fix free chlorine and oxygen, thus
reducing the efficacy of the disinfectants. This
observation is common in sanitary engineering, but
it is often overlooked in bacteriological experiments

Scrubbing with soap and water was highly effective
except for the cleaning of small grains and leaves,
such as those of celery, corn, lemon grass, Melica
indica, khuchai onions, makhiia peas, Peperomia
pellucida, rice and water lily flowers (Table 1).

Immersion of the contaminated fruits and vege-
tables for 30 seconds into boiling water invariably
killed all vibrios, as it destroyed salmonellae and
shigellae in previous experiments.
None of the vibrios died off within the first

4 hours after contamination. However, in Tables 1-5,
no distinction is made between the foodstuffs and
fomites that permitted the survival of the vibrios for
24 hours and those that permitted the survival of
those organisms for less than 24 hours but more
than 4 hours.

Ice-chest temperatures permitted vibrios to survive
for a longer time than they did at tropical room
temperatures. This result may have been due to the
cold, which caused a less intensive growth of some
components of the secondary flora, and to the
slower evaporation of the moisture needed for the
maintenance of the vibrios. Many foods still
contained cholera vibrios when they were old and
unfit for consumption, indeed, even when wilted or
malodorous to the extent that no housewife would
serve them. Tables 1-5 contain no data concerning
the condition and appearance of the foods during
the experiments.

The survival time of cholera vibrios on raw or
cooked fruits and vegetables did not exceed one
week at room temperature. This time was short in
and on acid foods, but it was longer on most fruits
and vegetables that have rough surfaces.
The longest survival time of cholera vibrios on

raw and undamaged vegetables and fruits was
2 weeks in the ice-chest. Longer survival times were
observed on slices of cantaloup, cooked carrots,
sliced or cooked eggplant, slices of melon and
cooked tapioca (Table 1).

Milk and milk products, soft desserts and sweets
containing eggs and sugar, and cooked noodles
permitted the survival of cholera vibrios for a long
time (Table 2). Dry cereal products, condiments,
meats and fish became sterile after a few dciys.

Cholera vibrios were found in cocoa, ice cubes,
sweet non-carbonated beverages and tea for a long
time after contamination, while beer, carbonated
water, carbonated soft drinks, coffee, sour lemonades
and whiskey were free from cholera organisms
within 24 hours (Table 3).

Cholera vibrios died off within 3 days on paper,
plastics, metals and coins. They survived for a few
days but not longer than one week on fabrics
(Table 4). The fact that they were found for 1-2 days
on eating utensils is of importance. The boiling of
plates, spoons, chopsticks, forks and knives is often
neglected. Few public health educational campaigns
emphasize that not only water, but also tableware,
should be boiled or thoroughly cleansed to avoid
infections, especially in areas where raw surface
water is used for the washing of eating utensils,
plates, dishes and cups.

It is known that pH and salt and sugar content
influence the survival time of cholera vibrios.a
Table 5 presents the results of an experiment in
which cooked eggplant was contaminated with
V. cholerae Ogawa 1. The mixture was examined
after 1, 2, 3, 4, 5, 7, 14 and 21 days. An acid pH
and a high (5 %) concentration of salt inhibited
V. cholerae. The presence of sucrose was, perhaps,
favourable for the survival of the vibrios. On the
other hand, the presence of considerable amounts of
carbohydrate, as in honey, militates against these
organisms (Table 2).
The findings reported in this paper summarize

observations made by employing 10 V. cholerae
strains. Table 6 shows that there was a variation in
the survival time of the several strains. El Tor
biotypes remained alive for a longer time than did
the " classic " V. cholerae strains. The difference in
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TABLE 1
SURVIVAL OF VIBRIOS ON FRUITS AND VEGETABLES a

Survival time at Mechanical|Chlorinated Potassium
Fruit or vegetable Room Ice- cleaning lime perman- Notes

temp. chest ganate

Asparagus, cooked

Bale fruit, surface
pulp

Bamboo shoots, cooked

Bananas
skin
pulp
cooked

Beans
black, cooked
kidney, cooked
mung, cooked
string, cooked
winged, pods
yam, fresh
yam, cooked

Breadfruit
outside
inside

Broccoli, cooked

Brussels sprouts, cooked

Cabbage
leaves
cooked
Chinese, leaves
cooked

Cantaloup
outside
inside

Carrots
outside
cooked

Cauliflower
outside
cooked

Celery
leaves
stalk

2d

<cd-2d
2d-3d

2d

2d
3d-5d
3d-5d

2d-3d
2d-3d
2d-3d
2d-3d
1d-2d
1d-2d
3d-5d

1d-2d
2d-3d

1d-2d

1 d-2d

4d-7d
2d-3d
3d-5d
2d-3d

2d-3d
1w

3d-5d

2d-5d
5d-7d

5d-7d

3d-5d
1 w-2w
1 w-2w

5d-7d
5d-7d
3d-5d
3d-Sd
2d-5d
3d-5d
3d-7d

1w
1w-2w

2d-3d

3d-7d

I w-2w
1w-2w
1 w-2w
1 w-2w

I w-2w
2w-3w

3d-5d 1 w-2w
1w 2w-3w

3d-5d
2d-3d

NA

E
NA

NA

NA NA

M M
NA NA

NA

-I

NA

-1- - -I- -I I

E E
NA NA
NA NA

NA
NA
NA
NA
E
E
NA

E

NA

NA

NA

E

NA
E
NA

E
NA

E
NA

1 w-2w E

5d-7d NA

3d-5d w-2w
3d-5d 1 d-2w

M

E

NA

NA
NA
NA
E

E
NA

E
NA

NA

NA

E
NA
E
NA

E
NA

M
NA

E
NA
NA

NA
NA
NA
NA
E
E
NA

M
NA

NA

NA

M
NA
M
NA

E
NA

M
NA

E M

NA NA

M M

E E

Seldom
eaten by
Thais

Seldom
eaten by
Thais

Seldom
eaten by
Thais

a Key: d = days; w = weeks; NA = not applicable or not applied; E= excellent results;
M = mediocre, 1 %-5 % of the organisms survived; I = ineffective, more than 5 % of the organisms
survived.

I1

I-
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TABLE I
SURVIVAL OF VIBRIOS ON FRUITS AND VEGETABLES a (continued)

Survival time at Mcail1CorntdPotassium
Fruit or vegetable Room Ice aning limnated perman- Notes

temp. chest gnt

Citrus fruits
lime, outside E E E

inside NA NA NA
orange, outside E E E

inside ld ld NA NA NA
pomelo, outside E E E

inside NA NA NA
tangerine, outside E E E

inside NA NA NA

Coconuts I d-3d 5d-7d E E M

Corn (maize)
uncooked ld Id M M
cooked ld Id NA NA NA

Cucumbers
outside 5d-7d 1 w-2w E E E
sliced 5d-7d Iw-2w NA M M

Eggplant
outside 3d-5d 1w-2w E E E
sliced 3d-5d 2w-3w NA M M
cooked 3d-7d 2w-4w NA NA NA

Erythrina fusca T'ong lang
fresh 2d-3d 1w-2w E E E
fried 3d-5d 1w NA NA NA

Garlic
outside ld 2d-3d E E E
sliced 1d-2d 3d NA E E

Gourd
sponge, outside 1d-2d 3d-5d E E E
cooked 3d-5d 5d-7d NA NA NA
snake, outside 1d-2d 5d-7d E E E
cooked 3d-5d 1w NA NA NA

lpomoea reptans P'ak bung
leaves 3d-5d 1w-2w M E E
cooked 3d-5d 1 w-2w NA NA NA

Lemon grass stalk
surface ld-2d 3d-5d M E E
cooked I d-2d 3d-5d NA NA NA

Lettuce, leaves 3d-5d Iw-2w E E E

Lotus
leaves, raw 3d-5d 1w-2w M M M
seeds, cooked ld 1 d-2d NA NA NA

Mangoes
outside ld-2d 3d-5d E E E
inside 1 d-2d 3d-5d NA NA NA
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TABLE I

SURVIVAL OF VIBRIOS ON FRUITS AND VEGETABLES5 (continued)

Survival time at Pts iu
Fruit or vegetable Room Ice cleainglChlimated perman- Notes

temp. chest gnt

Mangosteen
outside 1 d-2d 3d-5d E M M
inside I d 1 d NA NA NA

Melia indica, Sadao
flowers, raw I d-2d 3d-5d I M M
leaves, cooked 2d-3d 3d-5d NA NA NA

Melon
outside 3d-5d 1w E E E
inside I d-2w 2w-3w NA NA NA

Morinda citrifolia, cooked 1d-2d 3d-5d NA NA NA Yo

Okra
outside I d-2d 1w E E E
cooked 5d-7d I w-2d NA NA NA

Onions
spring, outside 1 d-2d 2d-3d E E E

slices 2d-3d 5d-7d NA E E
Khuchai, leaves 1 d-2d 2d-3d M M M

flowers 1 d-2d 3d-5d M M
fried 2d-3d 3d-7d NA NA NA

Parsley, raw 3d-5d 1w E M

Peas
cow, pods 2d-3d 1w M E E

cooked 5d-7d 1w-2w NA NA NA
green, pods 2d-3d 5d-7d M E E

cooked 5d-7d 1w-2w NA NA NA
Makhua, pods 2d-3d 5d-7d M E E

cooked 3d-5d Iw-2w NA NA NA

Peperomia pellucida P'ak
raw 2d-3d 1w I M M krasang
cooked 3d-5d 1w-2w NA NA NA

Peppers
bird, outside Id Id-3d E E E
green, outside ld-2d 2d-3d E E E
red, outside Id Id-3d E E E

Pineapples
outside ld-2d 1w E M M
inside 2d-3d 1w NA NA NA

Potatoes Seldom
white, outside ld-2d 1w E M M eaten by

Thais A,
cooked 5d-7d 2w NA NA NA "1

Phuak, outside Id-3d 1w E M M Common
cooked 3d-7d Iw-2w NA NA NA Thai food
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TABLE I

SURVIVAL OF VIBRIOS ON FRUITS AND VEGETABLES a (concluded)

Survival time at Poasu
Fruit or vegetable r m E t Mechanical Chlorinated perman- NotesFruitr vegtable Room Ice- Icleaning lime peran-a Nte

temp. chest gnt

Rambutan
outside I d-2d 1w E M M
inside I d-2d 2d-3d NA NA NA

Rice
grains 1 d-2d 3d-5d I E E
cooked 3d-5d 1 w NA NA NA
fried 2d-3d 5d-7d NA NA NA
glutinous 3d-5d I w-2w NA NA NA

Spinach
leaves 3d-5d 1w-2w E E E
cooked 3d-5d 1 w NA NA NA

Squash
summer, outside 1 d-2d 1w E E E

cooked 3d-5d 1w NA NA NA
winter, outside 1 d-3d 5d-7d E E E

cooked 3d-5d 1 w NA NA NA

Sweet potatoes
outside 2d-3d 5d-7d E M M
cooked 3d-5d 1w-2w NA NA NA

Tapioca, cooked 5d-7d 2w-3w NA NA NA

Tomatoes
outside 1 d-2d 5d-7d E E E
sliced 2d-3d 3d-5d NA NA NA
cooked 2d-3d 3d-5d NA NA NA

Mauk
outside 1 d-2d 3d-5d E E E
sliced I d-2d 2d-3d NA NA NA
cooked 1 d-2d 2d-3d NA NA NA

Turnip greens
outside 1 d-2d 2d-5d I M M
cooked 2d-3d 3d-5d NA NA NA

Water chestnuts
raw I d-2d 3d-5d E E E
cooked 2d-3d 3d-5d NA NA NA

Watercress
raw 1 d-2d 3d-5d E E E
cooked 5d-7d 1w-2w NA NA NA

Water lilies
flowers, raw 2d-3d 3d-5d M M

cooked 2d-5d 5d-7d NA NA NA
stem, raw 3d-5d 1w E E E

cooked 3d-5d 1w-2w NA NA NA
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TABLE 2
SURVIVAL OF VIBRIOS ON MEAT, FISH, FOOD PRODUCTS AND SPECIAL DISHES a

Food Atemp. chest At room In ice-chestAoodterom In ice-c t Food temp.

5d-7d
3d-5d

2w-3w
1w-2w

I d-2d 5d-7d
3d-7d 1 w-2w

1 d-2d 2d-3d
I d-2d 2d-5d

1w
Id-3d

3d-5d
5d-7d
5d-7d

I w-2w
5d-7d

1 w-2w
I w-2w
1 w-2w

Cheese, cottage 1w 2w-3w

Coconut
cream
milk

Crackers, salted

Custard

Curry
paste
prik kling

Eggs
duck's, outside

salted
hen's, outside

boiled

Fish (cat fish)
boiled
dried
fried
raw
roasted
salted
steamed

Fish water (nam pla)

Honey

Ice cream

5d-1 Od
3d-7d

1d-2d

1 w-2w

Id
Id

2d-3d
1d-2d
2d-3d
2d-5d

3d-5d
1d-2d
2d-3d
2d-4d
1d-2d
1d
3d-6d

2w-3w
2w-3w

2d-3d

3w-4w

Id
Id

1w
5d-7d
1w
1 w-2w

2w-3w
3d-5d
3d-7d
1 w-2w
3d-5d
1d-2d
2w-3w

ld Id

Id ld

5d-7d 3w-4w

Jelly 2d-3d 5d-7d

Khao mao (rice, coconut, sugar,
deep fried

a Key: d = days; w = weeks.

2d-3d 5d-7d

Lard

Manow (mixed meats)

ld

3d-5d

1d-2d

1w

Mayonnaise I d-2d 3d-5d

Margarine 1 w Iw-2w

Milk
buffalo,
canned,
cow,

cooked
open can
pasteurized
cream
skimmed

Noodles
mung bean, dry

cooked
rice, dry

cooked
vermicelli, dry

cooked

Sankaya (eggs, sugar, coconut)

Sarim (noodles, sugar, coconut)

Sathon phad (cooked fruits)

Sausage
Chinese, surface

inside
frankfurter, surface

inside

Sherbert
sweet (vanilla)
sour (lime)

Shrimp
paste (khapi)
rolls (hae Kun)

Soup
bean and fish
sour fish

Soya bean sauce

Tapioca dessert (sugar, coconut
cream)

Tako (sweet steamed dessert)

Yaku (rice with Pandanus odorus
leaves)

I w-2w
2w-3w
2w-3w
2w-3w
2w-3w

Id-2d
1w
1d-2d
1 w-2w
1 d-2d
1w-2w

I w-2w

I w-2w

1w

ld
ld
ld
ld

3w-4w
3w-4w
3w-4w
3w-4w
3w-4w

Id-3d
2w-3w
I d-3d
2w-3w
1d-2d
2w-3w

3w-4w

3w-4w

1w-2w

ld
ld
Id
ld

3d-5d 1 w-2w
Id Id

Id
1d-2d

I

IdId

Id

1w

3d-5d

2d-3d

Id
2d-3d

Idld

Id

2w-3w

1 w-2w

3d-5d

Bean curds
Bean sprouts

Beef
raw
cooked

Biscuits
English
rice

Butter, cow's
sweet
salted

Cereals, cooked
corn (maize)
rice
oatmeal

3d-5d

%

I_

,.
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TABLE 3
SURVIVAL OF VIBRIOS IN BEVERAGES a

Beverage At room temp. In ice-chest

Beer Id Id

Carbonated water Id Id

Carbonated soft
drinks Id Id

Cocoa 3d-5d 1w-2w

Coffee Id I d-2d

Ice cubes while solid 4w-5w

Lemonade

sweet, home-made 5d-7d 2w-3w

sour, lime Id Id

Tea 2d-3d 1w

Whiskey ld Id

a Key: d = days, w = weeks.
b Organisms surviving on food or beverage after ice melted

according to respective food or beverage.

TABLE 4
SURVIVAL OF VIBRIOS ON FOMITES

AT ROOM TEMPERATURE a

Aluminium foil ld

Chopsticks 2d-3d

Coins Id

Cotton 5d-7d

Cups, tin Id

Envelopes,

paper 2d-3d

plastic I d-2d

Plates, china 1d-2d

Shoes 2d-3d

Silk 3d-5d

Tableware, metal I d-2d

a Key: d = days.

TABLE 5
INFLUENCE OF pH, NaCI AND SUCROSE CONTENT

ON SURVIVAL OF VIBRIOS IN COOKED
EGGPLANT AT ROOM TEMPERATURE

NaCI % Sucrose % Survival (days) with pH Adjusted to
added added 5 8 10

0 0 1 7 7

0 1 1 7 7

0 5 2 4 14

0.25 0 1 7 7

0.25 1 1 7 7

0.25 5 1 14 14

0.5 0 1 14 7

0.5 1 1 21 14

0.5 5 1 21 14

1.0 0 1 21 14

1.0 1 1 21 21

1.0 5 1 21 21

5.0 0 1 3 1

5.0 1 1 3 3

5.0 5 1 3 3

experiments at room temperature was not as marked
in studies of food as it was in experiments with
water.c One may expect that investigations with
other vibrio strains may yield divergent results. Old,
laboratory-adapted vibrios have a tendency to sur-
vive longer than freshly isolated strains under varying
environmental conditions.h This factor may also
influence the outcome of the experiments.
The results reported in this paper also show a

longer survival time of the vibrios than was estimated
in previous studies when less heavy stool-mud
mixtures were employed and mucin was not added.
It was believed, however, that mucin may simulate
the effect of the mucus which is so frequently present
in cholera stools but which is usually absent in
convalescent cholera patients who are not suffering
from secondary infections.
The experimental conditions employed in the

present study were rather severe. Cholera patients
in the acute phase of the disease and excreting
numerous vibrios will seldom stay at work on planta-

h Felsenfeld, 0. (1934) Pdginas Hig. (Valencia) 25, 23.



TABLE 6
SURVIVAL OF CHOLERA VIBRIOS IN COOKED AGGPLANT AT ROOM TEMPERATURE

AND IN THE ICE-CHEST a

Room temperature Ice-chest

Strain Recovered after days or weeks

3d 5d 7d 2w [3d 5d 1w 2w 3w 4w

V. cholerae

Ogawa I + + 0 0 + + + 0 0 0

Ogawa 2 + 0 0 0 + + + 0 0 0

Ogawa3 + + 0 0 + + + + 0 0

Inaba 1 + + 0 0 + + + + 0 0

Inaba 2 + + 0 0 + + + + 0 0

V. cholera El Tor

Ogawa I + + + 0 + + + + + 0

Ogawa 2 + + + 0 + + + + + +

Ogawa 3 + + + 0 + + + + + 0

Inaba I + + 0 0 + + + + + 0

Inaba 2 + + 0 0 + + + + + +

Hikojima + + + 0 + + + + + 0

a Key: d = days, w = weeks. (All cultures were negative after 6 weeks.)

tions, nor is it likely that their faeces would come in mental results. Raw water, ice, eating utensils, sweet
contact with fruits and vegetables before or during soft drinks, non-acid sliced fruits, food contamined
their packing for shipment. Also, many consumers after cooking or pasteurisation, and fruits and
clean the surface of food with visible dirt on it. vegetables " refreshed " with sewage-containing
Thus, the danger of infection may not be as great as water before marketing and eaten raw are probably
would appear after the first reading of these experi- the most important vehicles of cholera.
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