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A Review of Recent Trends in Cholera Research
and Control

With an Annex on the Isolation and Identification of Cholera Vibrios *

0. FELSENFELD, M.D.1

Since 1961 cholera El Tor has been sweeping through the Far East, and this dissemina-
tion of the disease has stimulated research not only in the countries afflicted but also in
Europe and the Americas. New laboratories and workers have entered the field and many
fresh ideas and concepts have emerged. The time seemed ripe, therefore, to survey the most
important papers published since 1959, when the literature on cholera was thoroughly
reviewed by Pollitzer, for the benefit both of those engaged in research and of those con-
cerned with public health practice.

This review covers history and incidence, causative agents (including the " classical ",
"El Tor" and " incomplete" forms), pathophysiology, diagnosis, treatment, mode of
spreading and control measures (with particular reference to public health education and
the International Sanitary Regulations). An annex, intended for laboratory use, contains
selected procedures for the isolation and identification of cholera vibrios.

Cholera caused by the so-called El Tor vibrios has
been sweeping through the Far East since 1961 and
is still (1965) endangering the lives of inhabitants of
countries from Korea to Pakistan and southwards
to Indonesia.
The formation of this cholera belt aroused the

interest of the medical profession, not only in
the afflicted States but also in Europe and the
Americas, which started to contribute manpower and
funds for the study of cholera. New laboratories and
new workers came into the field. This impetus to
cholera research produced an abundance of fresh
ideas and concepts, as well as an unprecedented flow
of scientific publications. The literature on cholera
up to 1959 was aptly surveyed by Pollitzer in his
valuable monograph (1959). It has now been deemed
necessary to review more recent publications. In-
evitably, some papers including the reports on the
cholera vaccine trials carried out with the co-opera-
tion of the World Health Organization in the Re-
public of the Philippines and in India (Philippines

* This review is based on a paper presented at a WHO
Inter-Regional Seminar on Cholera Control held in Manila,
12-18 November 1964.

'Chief, Division of Communicable Diseases, Tulane
University Research Center, Covington, La., USA.

Cholera Committee, 1965; Taneja, 1965) were not
available at the time of writing.

HISTORY AND NCIDENCE

The history of cholera was thoroughly described
by Pollitzer (1959) and summarized byAbou-Gareeb.2
After the great epidemics of recent centuries and the
spread of cholera to Europe until the 1920s, cholera
retreated to its Asian home. There was an epidemic
during the last phase of the Second World War in
Asia that was carried by the mass movements of
armies and refugees, and then a short episode in
Egypt. In 1958 cholera again invaded the countries
neighbouring India and East Pakistan, but the epi-
demic subsided within two years. As far as is known,
all these outbreaks were caused by "classical "
cholera vibrios, with the exception of a limited epi-
demic in Ubol, Thailand, in which only El Tor
vibrios were isolated.

El Tor vibrios have been cultured from sick and
from healthy individuals, as well as from water, but

2Abou-Gareeb, A. H. (1964) Some epidemiological
aspects on cholera, unpublished paper presented at the WHO
Inter-Regional Seminar on Cholera Control held in Manila,
12-18 November 1964.
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these organisms did not seem to be causing serious
human disease except on the island of Sulawesi
(Celebes), where this infection has been endemic for
many years. During and after the Second World War,
a few cases of El Tor vibrio infection occurred out-
side Sulawesi, but it was not until 1961 that these
organisms began to spread into other areas. In the
meantime, cholera caused by the classical cholera
vibrios remained restricted to India and Pakistan,
where it is endemic, with occasional epidemic flare-
UpS.
The present (1960-64) status of cholera, especially

of the El Tor infections, has been summarized by
several authors and has formed the subject of edi-
torials. The most recent general papers are those of
Cahill (1963), Chaudhuri (1965), Felsenfeld (1963,
1964b), Gunther (1963), Kamal (1963), Kwow (1963),
Long (1964), Nobechi et al. (1963), Sayamov (1962),
and Worth (1964). Editorials have appeared in Brit.
med. J. (1961, 1962, 1963), J. Philipp. med. Ass. (1963),
Lancet (1961), Med. J. Malaya (1962) and elsewhere.
These reports deal with the history of the present El
Tor outbreak, how it originated in Sulawesi, invaded
the other islands of Indonesia, Kwantung, Hong
Kong, Macao, the Philippines, Sarawak, Sabah,
Taiwan, Malaya, Singapore and West Irian; spread
to Korea, Burma, Thailand and Cambodia; and
finally reached Viet-Nam. El Tor cholera is showing
mixed epidemic and endemic trends in several
countries. Japan had a few imported cases but was
able to prevent the spread of the infection by vigor-
ously applied public health measures. At the time of
writing (1965), El Tor vibrios are being isolated also
in East and West Pakistan, West Bengal and Bombay,
according to Barua et al. (1964a), Mukerjee (1964)
and Neogy et al. (1964). Thus the infection is
spreading to the west. At the same time, classical
cholera is diminishing in India and Pakistan, without
showing any tendency to invade other countries. It is
not known why El Tor vibrios are replacing classical
strains in India and Pakistan; the greater viability of
the former may play a part.
No publications have been seen to date in the

available journals on the El Tor invasion of Burma.
Official reports indicate, however, that Amherst,
where the personnel of an infected ship landed, was
the starting point; the disease spread mostly along
the low-lying coastal areas to the west.
Nor are publications yet available from Thailand

about recent infections there. After the " true " cho-
lera epidemic, there was an isolated mild outbreak of
El Tor disease in Ubon in 1960, which was caused by

a vibrio somewhat different from that isolated from
the present El Tor epidemic (Felsenfeld et al., 1961).
According to official sources, the El Tor outbreak
now afflicting Thailand started in the south, near
Malaya, and in Bangkok. It spread along the Gulf,
causing disease in the cities and in rural areas. The
north-western part of Thailand remained free from
cholera in several previous epidemics, perhaps
because of the isolated deep wells used by small
groups of the population. After unusually heavy
rains, the wells were inundated and cholera claimed
many victims. At present, cholera in Thailand is
sporadic and remains restricted to isolated areas.
Cambodia was invaded from Thailand in late 1963;

the infection followed the railway, and after reaching
Phnom Penh spread to the coastal areas. The epi-
demic ceased in 1964.
Viet-Nam has been experiencing El Tor infections

since the first part of 1964, with most of the cases
being reported in Saigon and Cholon.
There are few recent publications on cholera from

Indonesia. Sulawesi was the initial focus of the
present El Tor pandemic, but, because of the small
number of laboratories and public health personnel,
including physicians, there, it is difficult to assess
the extent of the infection in its home.

Rozalla (1961), Leng (1963), a government report
(Malaysia, 1963) and Manoharan' summarized the
observations made in Malaysia. The infection was
introduced into Sarawak first by a visiting regatta
from Makassar and later repeatedly across the
Kalimantan-Sarawak jungle border. The disease
arrived in Sabah (North Borneo) by ship from nearby
islands. Malaya was invaded through Malacca. The
disease started as a water-borne explosive outbreak,
was spread by carriers, and then progressed along the
highway to Singapore, as well as north along the
coast. Only sporadic cases were reported in inland
cities. Lately, local outbreaks, especially at river
deltas, have appeared along the east coast.
Dizon and co-workers2published a series of com-

munications containing detailed data on cholera in
the Philippine epidemic. This started in 1961 and
then declined until the end of 1962, after which
several smaller peaks of the epidemic curve have been
observed. By now, all provinces of the Republic of

1 Manoharan, A. (1964) Control of the cholera outbreak
in Malacca during May 1963, unpublished paper presented
at the WHO Inter-Regional Seminar on Cholera Control
held in Manila, 12-18 November 1964.

2 Dizon et al. (1962, 1963, 1965), Joseph et al. (1965),
Tamayo et al. (1965), Mosley et al. (1965).



REVIEW OF RECENT TRENDS IN CHOLERA RESEARCH AND CONTROL 163

the Philippines have been afflicted. Since the country
consists of many inhabited islands, the application of
effective control measures is difficult.

There are no published official data concerning
cholera in Kwantung. Reports from Hong Kong and
Macao on new arrivals from Kwantung who became
ill in these cities indicate, however, that there might
be an El Tor infection also in Kwantung.

Pereira (1963, 1964) studied El Tor infections
in Macao, where the disease is recurring and re-
imported, and Mackenzie (1961), Davies (1962),
Yeoh & Teoh (1963), Forbes 1 and van de Linde
and Forbes (1965) furnished much detail about
cholera in Hong Kong, which seems to reappear
in spite of vigorous anticholera measures.
The first available printed report on the El Tor

outbreak in Taiwan came from Nobechi (1962).
Hsu (1963a, 1963b) and Yen (1964) reported
further details. The first cases appeared in the flat
south-eastern coastal area, and then the disease
jumped" to the north. The outbreak was of

relatively short duration; very energetically applied
public health measures, including isolation and water
disinfection, prevented a large-scale epidemic.
The 1962 epidemic in South Korea was described

by Kao (1963), Kasuga (1963), Kwow (1963) and
Doki et al. (1964). The disease started in Pusan and
spread along the east coast, where fishermen were
active at that time of the year. Pilgrims carried it
to the interior hills. Seoul, the capital, was also
infected. The epidemic subsided after the cold
weather set in, but cases occurred again in 1964.
An outbreak due to non-haemolytic El Tor vibrios

in West Irian, with a thorough study of the causative
organism, was described by de Moor (1963).
With regard to the regions with classical cholera,

the cholera outbreak in Afghanistan was an exten-
sion of the 1958-59 epidemic, which spread from
India to Afghanistan on one side and to Cambodia
on the other. According to the comments of Plankina
et al. (1961), the disease reached Afghanistan from
Pakistan. Kabul, as well as areas in the eastern part
of the country, was afflicted. The epidemic ended
when cold weather set in.
Abou-Gareeb (1961a, 1961b) connected the

cholera epidemics in Nepal with the introduction
of the disease from India and showed that the out-
breaks of cholera in Bengal are independent of those
in Calcutta. Barua & Chaudhuri (1963) and Neogy

I Forbes, G. I. (1964) The Temple Street well, unpublished
paper presented at the WHO Inter-Regional Seminar on
Cholera Control held in Manila, 12-18 November 1964.

et al. (1964) studied the relationship between
Calcutta and its environs and concluded that the
areas outside Calcutta may serve as a reservoir of the
infection, since environmental and socio-economic
conditions for the survival of cholera are favourable
both within and outside the area of the Municipal
Corporation of Calcutta.
Yen et al. (1964) summarized the status of cholera

in East Pakistan, where it is endemic, and reported
the invasion of that part of Pakistan by El Tor
vibrios, which were first isolated in Chittagong.
Beg (1961), Ahmad et al. (1962) and Mohammed
Khan (1962) described cholera in West Pakistan,
especially in the 1960 outbreak, which afflicted
Lahore, Gujranwala and Sialkot. The disease was
imported from India. It got a foothold in West
Pakistan because the sanitation and pure water
supply were lagging behind the needs of the rapidly
increasing population. The outbreaks were caused
by classical V. cholerae, Ogawa subtype, but El Tor
vibrios were found in 1964.

Before examining the specific problems that arose
during the present El Tor epidemic, it is necessary
to become aware of some statistics. The total
numbers of reported cases and deaths from cholera
are presented in Table 1, which was compiled from
reports received byWHO (Wkly epidem. Rec., 1964).
Since many countries report only bacteriologically
proven cases, and the shortage of laboratories in
certain areas does not permit the examination of
the greater part of the specimens available there,
these figures are much lower than the actual number
of cases and deaths.

It is not known how many cases remained un-
detected, since most of the cholera infections do not
cause the typical, textbook picture of cholera but
only milder choleraic symptoms or a " simple "
diarrhoea with few clinical manifestations, which
may escape the attention of the public health
authorities.

CAUSATIVE AGENTS

Taxonomy
" For half a century, bacteriologists have been

arguing over what is the true cholera vibrio. All
attempts to define it appear to have failed. This is
largely due to the continuous record of atypical
vibrios, vibrios which may be too long, too short,
not sufficiently agglutinable, haemolytic and so on.'

This statement sounds as though it had been
taken from a recent paper on the classification of
cholera vibrios, written by a frustrated taxonomist.
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TABLE I
"CLASSICAL" AND "EL TOR" CHOLERA CASES AND DEATHS REPORTED

IN ALL COUNTRIES, 1959-83

Classiflcation of the Year
disease 1959 1960 1961

| 1962 1963

Classical " cholera

Cases 42 776 32 827 49 359 28182 55 069

Deaths 18734 12 836 17 292 10 039 20 44

El Tor " cholera

Cases ? a ? a 12 197 13 393 10088

Deaths ? ? 1969 1977 1384

Total

Cases 42 776 32 827 61 456 41 575 65 157

Deaths 18 734 12 836 19 261 12 016 21 735

a Not reported.

However, it is about thirty years old and comes
from the classical series of papers on cholera by
Doorenbos (1936, 1937). Although some of his
deductions have been questioned, and even refuted,
others will survive for a long time. His suggestion
that choleragenic vibrios be classified as " complete "
and " incomplete " still sounds plausible for practical
workers in the field who have to decide whether a
given case or outbreak should be considered one of
cholera or not.
The plural used in the title of this section reflects

the confusion existing in the heterogeneous group
of micro-organisms loosely called the genus Vibrio.
There has, perhaps, been some morphological and
genetic justification for putting into the same genus
the strongly aerobic and human-pathogenic V.
cholerae and one of the anaerogenic causes of cattle
abortion, V. foetus, as well as phosphorescent,
fluorescent and other saprophytic free-living vibrios.
The taxonomy of V. cholerae and of V. comma is
itself complicated. First, there is no uniform use of
the two Latin terms. This writer prefers the designa-
tion V. cholerae and the English name " cholera
vibrios ".
The " subclassification " of choleragenic vibrios

presents a particular problem. Although there have
been difficulties in this field since the earliest days of
cholera bacteriology, the recent El Tor epidemic
and its international significance transferred this
question from the realm of theoretical taxonomy

into that of practice. In a review of recent develop-
ments (Felsenfeld, 1964a) it is pointed out that
Hugh (1962, 1964, 1965) suggested the nomenclature
Vibrio cholerae and Vibrio cholerae biotype El Tor.
It is possible that this excellent proposal will be
accepted widely.

Cholera vibrios are Gram-negative rods, often
curved (hence the name " comma bacillus "), which
stain well with aniline dyes; often show pleiomor-
phism; have no capsule when observed under the
ordinary light microscope; have only one flagellum;
are strongly motile except when under the influence
of antibiotics and other drugs; grow well in slightly
alkaline and in alkaline media; multiply rapidly in the
presence of 0.5% to 2.0% sodium chloride but are
inhibited by magnesium sulfate; grow better under
aerobic than under anaerobic conditions; have a
tendency to form a surface pellicle in broth; require
a temperature between 10°C and 40°C, with an
optimum at 37°C; may be cultured in synthetic
media; form smooth, rugose or rough colonies on
agar; liquefy gelatin and coagulate serum, egg
proteins and milk; form indole and give the nitroso-
indole (cholera red) reaction when freshly isolated;
rapidly form acid but not gas from dextrin, glucose,
glycogen, mannose, maltose and starch; and have a
variable action on mannitol and sucrose. Some
strains decompose lactose slowly. Although classical
cholera vibrios do not form acetylmethylcarbinol,
many El Tor strains are Voges-Proskauer positive.
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It was believed that classical cholera vibrios are
haemodigestive, whereas El Tor strains are haemo-
lytic. This question will be discussed later, since many
El Tor organisms have been found during the present
epidemic that are non-haemolytic or become haemo-
lytic only after several subcultures. It is customary
to consider as cholera vibrios only those that are
agglutinated by Gardner & Venkatraman's (Pollit-
zer, 1959) vibrio group 0-I sera, other vibrios being
called non-agglutinating or non-agglutinable (NAG)
vibrios. All cholera vibrios belong also to the first
group of Heiberg; the grouping of vibrios according
to Heiberg (see Pollitzer, 1959) is shown in Table 2.

TABLE 2
GROUPING OF VIBRIOS ACCORDING TO HEIBERG

Acid formation from
Group

Sucrose Arabinose Maltose

+ 0 + I

+ 0 0

+ + + III

+ + 0 IV

O 0 + V
O 0 0 VI

The haemolytic power of El Tor vibrios was for a

long time considered their distinguishing mark (see
Pollitzer, 1959). De Moor (1963) studied non-

haemolytic organisms that otherwise gave biochem-
ical reactions of El Tor vibrios and pointed out
that additional techniques have to be employed to
distinguish them from other choleragenic vibrios.
Sebald et al. (1962) and Chang et al. (1963) also dealt
with the matter. Barua & Mukherjee (1964) re-

commended the use of chicken cells for this test.
The predominant opinion now is that El Tor
vibrios differ from classical cholera vibrios in several
biochemical and physical aspects (see below for
details), of which resistance to phage IV of the
Mukerjee classification and haemagglutination seem

to be more constant than haemolysis. These differ-
ences do not seem of much value for the epidemio-
logist or clinician, because of the great variability of
the vibrios. The variety of the Ogawa, Inaba and
Hikojima serological types and of the phage types
isolated during the present epidemic, both in India,
where classical cholera prevails (Mukerjee & Ghosh,

1962; Mukerjee et al., 1963; Barua & Chaudhuri,
1963; and others), and in the El Tor area (e.g
Noble, 1964 b; de Moor, 1963; Barua & Mukherjee,
1964b) makes it doubtful whether presently em-
ployed means of bacteriological study are as effective
in tracing a cholera infection as they are, for instance,
in bacillary dysentery epidemics. One may also ask
whether there are any dependable means of differen-
tiating El Tor and other vibrios. The present answer
is no. In biological science, exceptions to every rule
are found sooner or later. We do not deal with
invariables, as the chemists thought they did until
paleochemistry proved otherwise. The scientific
mind loves pigeon-holes and likes to put everything
in its proper, impregnable place. In microbiology
we deal with changing organisms whose life, fate
and activity depend on innumerable internal and
external factors. There will always be " complete ",
" intermediate " and " transitory " groups, and in-
dividuals that defy classification. Frankly cholera-
genic but non-agglutinable vibrios are the most
important among them. Exceptions plague those
who tend towards oversimplification, but we have to
accept variants and mutants among the vibrios, as
we learned to accept indole-positive Salmonella anati
and acetylmethylcarbinol-forming Salmonella sui-
pestijer when they were described. The classification
of vibrios is now before the International Com-
mittee on Bacterial Nomenclature, and until this
committee reaches a decision we have to improvise
or adhere to terms that have already been created.

Morphology
As stated in the section on taxonomy, cholera

vibrios are often pleomorphic but usually curved
(comma-shaped) rods. Straight forms appear mostly
in old cultures.

Gallut & Guintini (1963) and Ogasawara &
Kuno (1964) studied electron-micrographs of cholera
vibrios. Gallut & Guintini (1963) observed the
" opening" of the organisms in glucose broth,
during which the liberation of antigenic material
takes place. Ogasawara & Kuno (1964) focused their
attention on flagellar structures. Both papers con-
tain excellent photomicrographs.
Kawata et al. (1963) were able to induce sphero-

plast formation by penicillin, glycine and lithium
chloride. Freeman et al. (1963) achieved the same
goal by using antisera. The spheroplasts had a short
lifetime. Chatterjee & Williams (1963) used sucrose
and lysozyme, followed by freezing, thawing and
incubation. They were not able to achieve satisfac-
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tory spheroplast formation by glycine, which only
caused swelling of the organisms. The possible role
of V. cholerae spheroplasts in the genesis of cholera
has not yet been explored.

Growth and viability
Cholera vibrios grow well in media with a pH

between 7.4 and 9.6. The optimal sodium chloride
concentration is 1.0%, but concentrations in the
range 0.5% to 2.0% are well tolerated. These
organisms are not inhibited by moderate concentra-
tions of bile and bile salts, or a low sodium lauryl
sulfate and/or potassium tellurite content of the
media. They also liquefy gelatin and coagulate
several proteins. These characteristics, as well as
their ability to decompose mannose and, when
freshly isolated, starch and sucrose, serve as the
basis on which to devise media for the selective
culture of cholera vibrios.

Outside the laboratory, the survival time of
cholera vibrios is of the utmost importance. They
are killed within 30 minutes by heating at 56°C;
within a few seconds by boiling. Cold is better
tolerated. Cultures kept in a refrigerator at + 1°C
to +40C survive for at least four to six weeks, and
according to Pollitzer (1959) some strains remain
viable in ice for as long as four months. Drying and
sunshine will kill them within a few hours. Cholera
vibrios are sensitive to antiseptics, especially alcohol
(10%) and, in the absence of organic material, are
easily destroyed by chlorine and potassium per-
manganate. Their survival in faecal material and in
dead bodies depends on temperature, moisture and
microbial competition. Pollitzer (1959), Cheng
(1963), Felsenfeld (1963) and Neogy (1965) summa-
rized data on the lifetime of cholera vibrios in water.
It seems that classical vibrios survive for a shorter
time than El Tor organisms, but neither of these
vibrios multiplies in the water. The organisms
disappear in a few days to two weeks in most
instances, depending on temperature, pH, salt
content, organic materials, sunlight and other
factors. The survival time varies also according to
the strains tested.

Felsenfeld (1965) made experiments with 10 strains
of vibrios on artificially contaminated food, drinks
and fomites. El Tor vibrios survived somewhat
longer than classical cholera organisms. Sodium
chloride (5%) and/or sucrose (5%) shortened the
survival time. Storage at ice-chest temperature
prolonged the life of the organisms. Although
vibrios quickly disappeared from acid foods and

vegetables, they remained alive in milk, milk pro-
ducts, sweets, soft desserts, cooked noodles and
home-made sweet beverages for about four weeks.
Cholera vibrios survived for less than two weeks on
raw, undamaged vegetables and fruit in the ice-box.
but for less than one week at room temperature.
Longer survival times were observed on slices of
cantaloupe, cooked carrots, sliced and cooked
eggplants, slices of melon, ice-cubes, cocoa and
cooked tapioca. Cholera vibrios died within three
days on paper, plastics, metals and coins, and within
one or two days on eating utensils. They survived
also for a few days, but not longer than one week,
on fabrics. These findings are in agreement with
those compiled by Pollitzer (1959). It was confirmed,
furthermore, that immersing vegetables for one
minute in boiling water killed cholera vibrios living
on them. Chlorinated lime and potassium perman-
ganate had limited activity, since the contaminating
mixture used in the experiments contained much
organic material. Thorough scrubbing of the fruits
and vegetables was helpful.

It may be added that cholera vibrios survive in fish
and seafood for some time (Pollitzer, 1959; Felsen-
feld, 1963, 1964a; Teng, 1964) but they do not
multiply, as a rule, in such food.
The virulence of the vibrios is not related to their

survival time. It has been stated that vibrios isolated
from the beginning of a cholera epidemic are more
virulent than those isolated during the later phases
(see Pollitzer, 1959; Felsenfeld, 1964b). However,
the laboratory methods used to determine the
virulence of cholera vibrios still need refining;
rabbit tests are very promising but further elabora-
tion of the techniques is still desirable.
The virulence of vibrios for rabbits was, however,

increased by rabbit passage (Dutta et al., 1963).
Lavrovskaya & Blant (1964) made the same ob-
servation using guinea-pig ligated intestines. Kot-
lyarova & Ledovskaya (1961) were able to increase
the virulence of V. cholerae 32-fold by passing a
strain serially in scorbutic guinea-pigs. The latter
information is valuable because of its relationship
to a possible nutritional factor underlying or pre-
disposing to cholera.

Biochemistry
The basic biochemical properties of cholera

vibrios have been enumerated in the sectionjon
taxonomy.
The biochemical behaviour of vibrios in artificial

media was described by Hugh (1962) and reviewed
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by Matsunaga (1964). The basic properties of the
vibrio strains studied by these authors were identical
with those described by Pollitzer (1959). The clas-
sification of the vibrios that resemble V. cholerae is
carried out according to the Heiberg system, which
is based on their ability to ferment sucrose, mannose
and arabinose (Table 2). The work of Nobechi and
co-workers (personal communication, 1964) ex-
plained a number of contradictory findings. This
group used Aronson's medium and observed the
colour and appearance of the El Tor vibrio colonies.
The colonies of freshly isolated strains were pink,
non-haemolytic and Voges-Proskauer-positive, re-
vealing the formation of acetylmethylcarbinol and
therewith a different pathway of glucose utilization;
old strains formed red, haemolytic and Voges-
Proskauer-negative colonies. This series of experi-
mnents points to changes in vibrios during their
growth in artificial media. Since tissue-parasite
relationships are unusual in cholera-in which
disease the pathogenic organisms do not invade the
tissues these findings also indicate that techniques
will have to be developed for the study of the action
of vibrios on the intestinal physiology that will
eliminate the passing of vibrios through bacteriolo-
gical media, in order to avoid artificially induced
variations and mutations.
No significant progress has been made in the

chemical analysis of cholera vibrios during the past
four years (to 1965). The differences in the nucleic
acid composition of V. cholerae and ';paracholera
organisms" described by Pustulova (1962) deserve
attention, since most previous authors (see Pollitzer,
1959; Felsenfeld, 1964a) found the ratio of RNA to
DNA to be the same in both groups. If the findings
of Pustulova can be confirmed on a greater number
of strains, a better insight into the genetics of vibrios
may be gained, since nucleic acids play an important
role in such processes.
The lipids and the lipases of cholera vibrios were

studied by Gonzalez (1963) and Astvatsaturian
(1964). Perhaps the future will see more investiga-
tions in this field.

Antigenicity and toxigenicity
H antigens are not used in the classification of

cholera vibrios.
V. cholerae and the biotype El Tor belong in the

same serological group on the basis of their 0
antigen. The classical serological subtypes estab-
lished by Nobechi are Ogawa (AB), Inaba (AC) and
Hikojima (AB(C)). Zheleva (1965), studying Inaba

strains by the Ouchterlony method, found differ-
ences in the antigenic components. Burrows in-
troduced a more elaborate antigenical classification
(see Pollitzer, 1959) which requires a considerable
number of sera and is therefore seldom used under
field conditions. Aoki & Sakazaki (1961) suggested
that the Burrows antigenic scheme be used in tracing
sources of vibrio infections since, for instance, the E
antigen in the combination of ABE appears only in
strains of a specific geographic origin. The antigenic
instability of many vibrio strains negates the ex-
tensive use of Burrows' system.
The location of the antigenic material in the bacte-

rial cell and in culture supernates has been studied
further. Gallut (1962, 1963b) stated that the non-
dialysable complex isolated from the cell walls of
the vibrios contains the specific 0 agglutinogen, as
well as a proteinic, non-specific, thermostable and
haemagglutinating factor that is present also in
vibrios that do not belong to the 0-I serological
group and are called non-agglutinable vibrios (NAG).

Difficulties arise when the relationships of the 0
antigens of different cholera vibrios to one another
and to toxins are viewed in the light of the results of
studies with other Gram-negative intestinal patho-
gens, namely, salmonellae, shigellae and escherichiae.
As will be seen, immunogenic material from cholera
vibrios is not necessarily identical with the cholera 0
antigen. No ready answer is at present available to
the moot question of endotoxins and exotoxins,
since some authors insist that cholera vibrios do
not form an exotoxin, whereas others consider that
they do. Thus it seems feasible to follow the sugges-
tion of Burrows and to use only the term " cholera
toxicity " for such activities of the vibrios. Burrows
et al. (1965) studied these " toxicities " by the frog-
skin and infant-rabbit techniques and found several
activities.
De et al. (1962) found that the toxic factors of

cholera vibrios are abundantly produced in broth
containing 5% peptone. The main toxic component
in these cultures was thermolabile. The toxicity of
the organisms isolated in the beginning of an
epidemic was greater than that of the strain cultures
from patients at the end of the outbreak. De et al.
believed that they were dealing with an exotoxin.

Seal (1960) observed intensive toxin production
under anaerobic conditions.
Oza & Dutta (1963) exposed vibrios to ultrasonic

vibration and observed that the resulting material
was as choleragenic in infantile rabbits as whole
vibrios. Culture filtrates gave the same results
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(Panse & Dutta, 1961). Dutta et al. (1959) called
attention to the thermolabile toxic factor of cholera
vibriQs. This was confirmed by Finkelstein et al.
(1964), who used the term " procholeragen A " for
it. The thermolabile factor caused cholera in experi-
mental animals only in the presence of a thermo-
stable factor that was also present in V. cholerae and
was called " procholeragen B " by Finkelstein et al.
The choleragenic factor was found in stools by

Panse & Dutta (1961). Although Freter et al. (1961)
could not establish the presence of vibrio endotoxin
in the faeces, Finkelstein et al. (1963) showed such
a substance to be present in the stools. According
to Finkelstein et al. (1964), cholera endotoxin has
no effect on rabbit cholera, but is toxic for mice and
for developing chick embryos.
The exotoxin of cholera vibrios was not found to

be identical with the haemolysin of El Tor vibrios
(Watanabe & Felsenfeld, 1963), which consisted
mostly of lipids when isolated in a pure form
(Watanabe & Seaman, 1962). Some El Tor haemo-
lysins are antigenically different (Ushiba et al.,
1963). Some strains formed haemolysin at a steady
rate, whereas others produced more during the first
days of culturing (Feeley & Pittman, 1963). The
haemolysin does not seem to play a role in the
pathogenesis of cholera. The El Tor haemolysin
appears to be one of those materials frequently
encountered in artificial bacterial cultures that are
either not produced in vivo or if manufactured in vivo
are of no consequence to the host. A gap between
the in vitro and in vivo behaviour of vibrios seems
to be indicated also by this phenomenon.
Although haemolysin may or may not be impor-

tant in cholera, explanations have been sought for
the choleragenic activity of the vibrio toxin that
Dutta & Oza (1963) consider a lipopolysaccharide.
The physiological basis of cholera disease includes
the depression of the " sodium pump ', an active
process by which sodium is being transferred from
the lumen of the gut into the absorbing system of
the intestines. The absorption of sodium is closely
connected with that of water. This sodium pump
seems to be inhibited in cholera. Fuhrman &
Fuhrman (1960), Huber & Phillips,' and Phillips
(1963) described this process. According to Fuhrman
et al. (1962), the inhibiting factor is heat-stable and
dialysable but is not formed by all vibrio strains.
According to Huber & Phillips,' however, it is rather

1 Huber, G.S. and Phillips, R. A. (1960) Cholera and the
sodium pump (NAMRU-2 Research Report MR 005.09-
1040.1.7, unpublished).

heat-labile. Furthermore, Fuhrman et al. (1962)
determined the molecular weight of the sodium-
pump inhibitor and found it to be less than 1000.
The inhibitor was relatively stable in acid and alka-
line media, and negatively charged at a neutral pH.
The absorption of urea and thiourea, which, unlike
that of sodium, does not require active transport, is
not influenced by this factor. It is interesting to recall
that Burrows et al. (1944), while studying the altera-
tions of intestinal permeability caused by cholera
toxin, reported that antiserum did not counteract the
changes introduced by vibrios, but that organs of
immunized animals did not shown pathological
permeability. These observations may well assist
in the elucidation of some contradictory phenomena
seen in artificially immunized persons and in cholera
patients.

Bacteriophage

The literature on cholera phages, from the work of
Nobechi in 1923 to extensive Indian experiments, has
been summarized by Pollitzer (1959). Mukerjee and
his co-workers (reviewed by Felsenfeld, 1964a) sim-
plified cholera-phage typing to such an extent that it
can be used as a diagnostic procedure. Mukerjee &
Ghosh (1962) concluded, on the basis of the study
of a large series of vibrios, that El Tor organisms are
not susceptible to phage type IV. This behaviour of
El Tor vibrios facilitates their differentiation from
" true " cholera vibrios, especially when haemolysin
tests are inconclusive.

Gallut & Nicolle (1963), who worked with a phage
system different from that of Mukerjee, found that
the phage types of the vibrios are related to their
geographical origin. Takeya & Shimodori (1963)
observed that all El Tor vibrios examined by them
carried temperate phages. Virulence seemed to be
related to lysogenicity. The Ubon strains of El Tor
vibrios that were isolated from a very mild epidemic
differed from the other El Tor vibrios in their rela-
tionship to phages. These findings may serve as a
basis for further exploration of the vibrio phage
problem.

Vibrio phages may be present in the stools of
patients suffering from cholera, simultaneously
with, or in the absence of, cholera vibrios. Mukerjee
(1963) found that cholera phages are present in the
same proportion of patients who survive as in those
who succumb to cholera. Evidently, phages do not
destroy cholera vibrios in man as they do in artifi-
cially infected rabbits, according to the report of
Dutta & Panse (1963).
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Further studies on the phage-host relationship
were published by Newman et al. (1964).
Barua (1963) did not observe vibriocine produc-

tion, an activity of cholera vibrios described by
Farkas-Himsley & Seyfried (1962). Nor was he able
to demonstrate susceptibility to colicines of the
vibrios studied by him.

Variations and mutations
As mentioned in the section on taxonomy,

cholera vibrios may form three types of colonies,
namely, smooth, rugose and rough. Arai et al.
(1964) observed changes in colony morphology on
bile agar. Colony variations are not rare, especially
in patients treated with antibacterial drugs. Rough
colonies appear also at the end of the disease, as
well as in carriers. With the onset of roughness,
agglutination tests become less easy to perform.
It is not known if roughness is accompanied by the
loss of susceptibility to bacteriophages. The tolerance
of antibiotics increases as roughness develops
(Felsenfeld & Orth, unpublished data) and at the
same time motility and the ability to ferment certain
carbohydrates may decrease. Incomplete vibrios,
in the sense used by Doorenbos, are not rare. These
phenomena, which may hamper bacteriological
diagnosis, as well as treatment, were discussed in
some detail by Balteanu (1963).
When a sufficient number of colonies is studied,

it is not exceptional to find vibrios that do not
agglutinate well in the stools of cholera patients
during the later phase of the disease, as well as in
carriers. Moreover, a change of the 0 agglutination
pattern may be observed as the epidemic progresses.
It is not unusual to find at first Ogawa organisms,
and a few months later Inaba and/or Hikojima
types. This phenomenon has not been explained,
nor is it known whether Ogawa serotypes may change
into Inaba or vice versa in man or in his environs.
When such alterations of the serological pattern
are observed, the strains recovered do not show a
tendency to mutate to a different serotype in vitro.
The problem of the development of El Tor vibrios

is also unsolved. Variations in the haemolytic power
of the strains are common, but no change of classical
cholera vibrios into El Tor strains or vice versa has
been proved in experiments that could be reproduced
by other workers. Nevertheless, El Tor vibrios
have been frequently found in patients who also
excreted classical cholera organisms.
A lead for further studies of vibrio variations and

mutations was given by Haldar & Chatterjee (1962),

who showed that intestinal lipase attacks vibrios
and that, when this enzyme acts on cholera organ-
isms, they become sensitive to lysozyme. This
process may lead to the emergence of atypical forms.
De et al. (1965) and Shrivastava (1965) reported

on in vitro mutations of cholera vibrios after serial
transfers. This method, in conjunction with the use
of physico-chemical agents, may develop into an
excellent tool for such studies.

Vibrios that are not agglutinated by cholera
vibrio sera (named non-agglutinating vibrios (NAG))
are plaguing field workers. Recently, Gallut (1963a)
classified these vibrios according to their antigens.
Like Ghosh and Mukerjee (1961), he found a com-
mon heat-stable antigen. The studies of Gallut
(1963a) proved that NAG vibrios isolated during the
past few years may be classified as members of a few
large groups; strains with individual antigens,
however, were not rare.

Sakazaki et al. (1963) and Zenyogi (1963) studied
NAG vibrios, paying special regard to halophilic
organisms. The problem of NAG vibrios causing
diarrhoea, especially after the consumption of sea-
food, prompted the convening of a symposium in
Japan (Jap. J. Bact., 1963) which dealt with various
aspects of these organisms.
There has been a tendency in some quarters to

deny the pathogenicity of NAG vibrios; this may
be a fallacy. The 0 antigen of cholera vibrios is not
necessarily directly linked with the choleragenic
toxicity. There is no reason why some non-agglutin-
ating vibrios could not harbour or develop a cholera-
genic or a diarrhoeic principle. It is therefore
desirable to pay more attention to such organisms
than they have been afforded in the past; Benoki
(1963), Takikawa (1964) and Lindenbaum et al.
(1965) have studied diarrhoeas from which non-
agglutinable vibrios, but no commonly accepted
pathogenic micro-organisms, were isolated.

PATHOPHYSIOLOGY

Histological alterations
An understanding of the pathophysiology of

cholera is the basis for application of proper tech-
niques in the diagnosis, treatment and control of
this disease, and this aspect of cholera therefore
requires full attention.
Although De (1961) and Basu Mallik & Ganguli

(1964) believed that cholera is connected with some
tissue damage of the intestinal wall, Sprinz et al.
(1962) did not observe epithelial changes of the
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intestinal mucosa, except cells ifiled with mucus and
alterations of the villi, resembling those seen in the
malabsorption syndrome, e.g., in gluten-induced
enteropathy. Fresh et al. (1964) observed similar
changes.

Benjati et al. (1960) and Benjati & Keoplung
(1961) called attention to an acute tubular necrosis
with metabolic alkalosis that may co-exist with
hypokalaemic nephropathy. Hinman et al. (1963)
performed renal biopsies on cholera patients and
found tubular vacuolarization corresponding with
hypokalaemia superimposed on tubular necrosis.
This is in good agreement with the pathophysio-
logical concept of cholera.
Basu Mallik & Ganguli (1964) called attention to

altered capillary permeability, endothelial swelling
and cell migration in cholera. Their experiments
indicate that the causative factor (which they found
thermolabile) is not antagonized by antihistaminics.
Panse & Dutta (1963) confirmed previous findings
that cholera vibrios release histamine or histamine-
like substances. The role of such materials is now
under study in several laboratories.
Barua & Sack (1963) approached the problem of

tissue alterations in cholera through the study of
C-reactive protein, which is present in diseases with
tissue destruction. They found it elevated in 14 cho-
lera patients, and concluded that tissue damage must
therefore be present in cholera in spite of the negative
intestinal biopsy findings.
There are no differences in the pathophysiology

of cholera caused by classical or by El Tor vibrios,
according to the studies of Carpenter et al. (1965a,
1965b, 1965c).
A modified capsule for the safe collection of

intestinal biopsy specimens was described by Salem
(1965).

Physiological changes
One of the outstanding phenomena in cholera is

the blocking of the active sodium transfer through
the intestines and the concomitant changes in water
absorption and reabsorption. It is not known if the
resulting disturbances are only the sequels of de-
hydration and of the electrolyte imbalance, or if
general toxaemia also plays a role.

Phillips (1963) observed that the plasma specific
gravity may be as high as 1.051 owing to loss of
water. Whereas sodium could not be absorbed from
the intestines in cholera, water and potassium could.
Chloride moved with water. The glucose metabolism
remained unaltered. Banerjee & Bhauduri (1962)

found that the metabolism of fructose is slowed
down and they warned against substituting it for
glucose. On the other hand, the faulty intestinal
absorption of D-xylOse was considered a manifesta-
tion of malabsorption.

Beisel et al. (1963) summarized the biochemical
picture of cholera. The average loss of bicarbonate
was more than 135 mEq in 24 h. Low plasma
sodium values, but unchanged potassium values,
were found. The potassium content of the stools
was, however, increased. The potassium loss may
be the cause of the myocardial damage that some-
times occurs in cholera (Watten & Phillips, 1961).

Studies on animals revealed similar pathological
and physiological changes. Either ligated intestinal
loops (De, 1961) or 10-day-old rabbits, which can be
infected orally with whole organisms, culture super-
nates or isolated toxic materials, are employed. The
success of the use of baby rabbits for cholera ex-
periments by Dutta & Habbu (see Pollitzer, 1959)
may be due to the fact that these animals lack in-
testinal lipase and certain phosphatases (Dutta &
Oza, 1963). Formal et al. (1961) confirmed that the
pathological anatomical changes in the intestines of
rabbits closely resemble those in man.
Sayamov (1963a) found that vibrios may survive

in the gall-bladder of guinea-pigs and rabbits for
about two weeks. Moreover, gall-bladder patho-
genicity permitted the separation of pathogenic and
non-pathogenic El Tor vibrios. The developing
chick embryo may also serve as an experimental
model. Gardner et al. (1963, 1964) reported that
13-day-old chick embryos died when inoculated by
the intra-allantoic route.

Studies on monkeys, which react to cholera in a
similar manner to man, have not been published
lately, except that of Beran (1964), who observed
immunological responses in such animals com-
parable with those seen in man.

DIAGNOSIS

Clinical picture
It has been customary to designate as cholera

only the disease caused by classical, agglutinating,
non-haemolytic and Voges-Proskauer-negative
vibrios. Such names as " paracholera ", " meta-
cholera ", and " cholera nostras " have been used
for many decades. Lately "cholera nostras " in
children was found to be caused by viral agents and
enteropathogenic Escherichia coli. " Choleroid " or
" choleriform " salmonellosis and shigellosis, espe-
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cially in infants, are clinical terms appearing in
numerous publications.
According to the literature published at the

beginning of this century, Castellani tried to create
order out of this chaos, suggesting a more precise
definition of cholera and paracholera (see Pollitzer,
1959), but neither bacteriological considerations nor
the general state of medical thinking favoured
further elaboration of his classification at that time.
The designation " paracholera " that appeared during
the first studies of endemic cholera in Sulawesi in
the late 1930s has been used in the 1960s as an
evasive designation to avoid the stamp of cholera
on epidemics caused by El Tor vibrios in the Pacific
area.
The differences between classical cholera and El

Tor vibrios are insignificant. The main marks of El
Tor vibrios are lower susceptibility to chemical and
physical factors, a greater readiness to produce
haemolysin(s), a tendency to form acetylmethyl-
carbinol (especially in fresh cultures), resistance
to Mukerjee's phage type IV and, often, haemagglu-
tinability. These differences do not justify the
designation of a new bacterial species. Moreover,
the disease does not differ epidemiologically or
clinically from that caused by the classical cholera
vibrios. Especially when it is taken into considera-
tion that cholera patients frequently present with
mild symptoms, a significantly different course is not
observed in patients who excrete only non-agglutin-
able vibrios. Although only some strains of non-
agglutinating vibrios are enteropathogenic and it is
probable that not all El Tor vibrios cause disease to
the same extent as those now spreading over the
Pacific area and to Pakistan, cholera is a clinical and
epidemiological entity and must be considered
indivisible. It will, therefore, be treated in this
communication as a syndrome that may be evoked
by a number of vibrio strains regardless of their
haemolytic ability, phage susceptibility and other
markers.
The incubation period is usually one to five days,

but may be as long as 10 days.
The disease often begins suddenly, with diarrhoea

and abdominal pain. According to Wallace et al.
(1964), about 80% of patients vomit; vomiting may
precede diarrhoea. If it is intensive, as in children,
acidosis develops early. The stools soon become
liquid and, in some cases, acquire a rice-water
appearance. There is no tenesmus (unless secondary
infections or haemorrhoids and fistulas are present),
and the stools are passed without pain; as many as

40 evacuations per day have been reported. De-
hydration develops; frequently the skin turgor is
lost. Dry tongue and " washerwomen's hands "
may be observed. Muscular cramps are frequent in
children, perhaps because of potassium and calcium
loss (Kobari, personal communication). Meningeal
symptoms are not rare in young patients (Mondal,
personal communication). According to Wallace et
al. (1964), cramps set in when the specific gravity of
the plasma exceeds 1.035. The body temperature
falls (" algid cholera ") and the patient may go into
shock. The volume of urine is diminished and
complete anuria may set in. The disease lasts for
three to seven days; those who do not die recover
rapidly.
The classical form of cholera occurs in only about

5% -10% of the cases. These tend to agglomerate
during the first weeks of certain epidemics. During
the later course of the epidemics, choleroid, chole-
rine, and mild cholera are frequent. These are short-
term diarrhoeas with usually sudden onset, moderate
or no dehydration, and seldom with rice-water stools.
Recovery in one to three days is the rule.

Chronic nephropathies, as well as chronic chole-
cystitis, have been attributed to cholera. These
conditions, however, may be pre-existing. Myo-
cardial disturbances consistent with hypokalaemia
may occur. EKG changes have been observed by
Carpenter et al. (1965b). Children often develop
bronchopneumonia, which may be provoked bylthe
development of oedema if over-hydration took
place. Previous vaccination mitigates the course,of
cholera, according to Chan (1964).
The fatality rates vary with the course of the

epidemics, usually being higher towards the be-
ginning, but sometimes an outbreak begins with
atypical cases and patients with serious symptoms
are not seen until the epidemic is well under way.
Treatment greatly influences the outcome of the
disease. In severe epidemics, 40% - 75% of the
untreated patients die, but the average mortality
rate in the present El Tor epidemic is 2% - 5%.
Most of the deaths are of children and old people.
It is not known how many people die of renal and
myocardial effects after having been released from
the cholera wards.

Differential diagnosis was discussed by Chung
(1963). The main problems are the mild forms of
cholera. It is difficult to determine in such instances
whether the few loose stools were due to V. cho-
lerae or to another infection, since non-choleraic
diarrhoeas are not rare during cholera epidemics.
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Many cholera patients and carriers are infected with
intestinal helminths, which may cause bouts of
diarrhoea. It may also be difficult to decide what is
the cause of the disease when cholera vibrios and
some other generally accepted intestinal pathogens
are present simultaneously in the stools (Morgan et
al., 1960). Many laboratories test stools for cholera
vibrios only during a cholera epidemic. But Pereira
(1964b) showed, for instance, that, among 63 cholera
patients in Macao, one harboured a Salmonella,
12 Shigella, and six pure cultures of non-agglutinat-
ing vibrios. In all instances, the clinical picture was
that of classical cholera.

It is believed that much could be gained by
examining the stools of patients for bacillary and
parasitical incitants of diarrhoea and, especially in
children, also for viruses (see Morgan et al., 1960).
Conditions that may cause profuse diarrhoea with
acute dehydration and acidosis, and sequelae of
sodium chloride and potassium depletion, are
numerous and may be grouped as bacterial (shigell-
osis, salmonellosis, and staphylococcal and strepto-
coccal food poisoning, as well as some rare in-
testinal infections); parasitological (trichinosis, mala-
ria, kala-azar, and helminthological infestations);
viral; and chemico-physical (arsenical poisoning
and others). Any or all of these may appear simul-
taneously with cholera.
One may conclude that the diagnosis of cholera

can never be made with certainty on clinical grounds
only, and that the microbiological findings may add
to the confusion.

Laboratory diagnosis
Stool examination. The first stool examinations

should be performed before the patients receive
antibiotics.
Cholera vibrios can be isolated from the faeces of

about 70% - 80% of patients; they are found also
in vomitus, but recent papers seldom report examina-
tions other than of rectal swabs.
The normal method is to use a holding medium,

in which the specimen is delivered to the laboratory,
and to streak the material to plates. Few new media
have been introduced in the past three years. Most
of the publications are concerned with El Tor
vibrios, which are easier to culture than the classical
cholera organisms (Felsenfeld, 1964a). Many
bacteriological media give good results if the samples
are (a) properly collected, (b) delivered to the
laboratory in a reliable holding medium, (c) plated
within a reasonable time, so that V. cholerae is not

outgrown by other organisms; if a good method is
employed for streaking the plates; and if a sufficient
number of suspicious colonies 'is examined. The
need to study as many colonies as possible cannot
be over-emphasized because of the possibility of
simultaneous infections with several vibrio strains
and the appearance of variant and mutant organisms.
Diez Melchor (1964) reviewed the methods used

before 1964.
One of the frequently employed techniques is that

of Monsur (1963), who uses a modification of
Gohar's method (see Pollitzer, 1959), with potassium
tellurite as an inhibitor of part of the intestinal flora.
Swabs soaked with potassium tellurite serve to
collect the material from the rectum. The plating
medium consists of bile-salt agar with gelatin, on
which the surrounding areas of the vibrio colonies
are conspicuous. Sack & Barua (1964) found the
modified Gohar plate satisfactory. De & Lahiri
(1964) and De (1965) obtained excellent results with
alkaline peptone water and subsequent plating to
bile-salt agar.
Kobayashi et al. (1963) modified the Nakanishi

plate, which is commercially available in dehydrated
form as TCBS agar. The selective lauryl sulfate-
tellurite-salt plate is now available also in desiccated
form. Hsu et al. (1964) described a new differentia-
ting method.

Arai (1962) found that peptone water with 3%
sodium chloride and 0.0125% sodium desoxycholate
(pH 8.4) is superior to plain alkaline peptone water
for the maintenance of El Tor vibrios. Arai et al.
(1962) also observed that plain SS agar with a pH
of 8.0 is suitable for the isolation of vibrios. Soman
& Sayyid (1962), working in Poona, confirmed that
the sea-salt solution of Venkatraman & Ramakrish-
nan (see Pollitzer, 1959) is excellent for the main-
tenance of vibrios; they were also able to isolate
shigellae and salmonellae from this fluid.

Comparative studies of media were carried out by
Finkelstein & Gomez (1963), who found gelatin agar
the least effective. Better results were obtained by
picking colonies from alkaline meat-agar plates with
the aid of oblique illumination, a method that is used
in the Philippines. The fluorescent-antibody tech-
nique applied to growth in alkaline peptone water
was the most effective.

Feeley (1962) tested a small series of stools from
cholera patients and found bile-gelatin agar some-
what superior to plain nutrient agar. He also con-
firmed that MacConkey's plate does not give
satisfactory results in cholera. Feeley did not consider
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alkaline peptone water helpful in increasing the
number of positive cultures. The bile-gelatin agar
was also found by Aragon & Famatiga (1962) to be
satisfactory and superior to Dieudonne's medium.
A detailed description of some of these methods

can be found in the Annex.
The fluorescent-antibody technique advocated by

Finkelstein & Gomez (1963) has been recommended
by Chibirikova et al. (1962) for the examination of
water, and by Sack & Barua (1963) for direct stool
examinations without enrichment in peptone water.
Non-specific staining could not be eliminated by the
latter authors.
Benenson et al. (1964) described a procedure based

on the observation of the motility of the vibrios in
darkfield microscopy after addition of cholera anti-
serum to stools, and stated that a high percentage of
positives was found by this method. This procedure,
as well as the fluorescent-antibody technique, may be
useful only if the number of vibrios is large enough.
Carriers and some clinical cases, however, do not
always excrete many cholera organisms.

It has been mentioned that El Tor vibrios differ
from classical cholera vibrios by often forming
haemolysin, especially on anaerobic blood-agar
plates (de Moor, 1963). Furthermore, they may
produce acetylmethylcarbinol, are not susceptible to
cholera phage IV of Mukerjee, and give positive re-
actions in some or most of the physico-chemical tests,
especially those of Tanamal, Wabha & Takla, Gan &
Tjia and Mayer & Gispen (see, e.g., Pollitzer, 1959;
de Moor, 1963; Felsenfeld, 1964). The oxidase
reaction has also been applied in cholera studies
(Kovacs, 1963). These reactions may be used for
the differentiation of vibrios.
The haemagglutinating properties of vibrios were

studied by Doorenbos in 1932, but no practical
application was made of his test until Finkelstein &
Mukerjee (1963) developed a method using chick red-
blood cells, which agglutinate with El Tor but not
with classical cholera vibrios in the slide test. Barua
& Mukerjee (1963) tested vibrios with human, fowl,
rabbit and sheep erythrocytes and observed that
classical cholera vibrios did not agglutinate any of
them, whereas one non-agglutinating NAG strain
agglutinated fowl and human red-blood cells. Ghosh
et al. (1965) found quantitative differences between the
haemagglutinins ofEl Tor and water vibrios. Zinnaka
et al. (1964) questioned the specificity of this test.

Blackwell (1961) invited attention to the alkalinity
of cholera stools. The determination of the pH of the
faeces may be helpful for diagnosis.

Other tests. Serological tests have been frequently
employed for the diagnosis of cholera. They are
based on immunological responses of the infected
individuals; these have to be discussed first.
Numerous workers put emphasis on agglutinins as

a means of measuring antibody formation, but there
is apparently no general agreement on the technique
used in this test. Vella & Fielding (1963) obtained
the best results with live antigens, incubating the
antigen-antibody mixture for two hours at 37°C and
then overnight in the ice-box. Koshi et al. (1963)
found that the titres of this reaction were the same
when live cultures were used and the incubation time
was four hours at 37°C or when formolized sus-
pensions were employed and the incubation time was
22 hours. They therefore recommended the use of
formolized antigens. Barua et al. (1963c) used live
peptone-water cultures and incubated them for one
hour at 37°C and then overnight in the refrigerator;
they found a four- to eight-fold rise in the titre, four
to seven days after the onset of the disease. The
attempts of Barua et al. (1963c) to utilize the indirect
haemagglutination test to increase the usefulness of
the agglutination method were not successful.

Sazaki (1961) described a quantitative flagellar test,
which it may be possible to develop into a diagnostic
means in spite of technical difficulties.
Aragon & Famatiga (1963) found that cholera

convalescents have El Tor haemolysin-inhibiting sub-
stances in their sera, whereas the titres of such anti-
bodies were low in vaccinated and in unexposed
individuals. They also reported (1962) that El Tor
antigens gave better serological results than classical
cholera vibrios in infections with El Tor vibrios. The
antihaemolysin test was used by Felsenfeld (1963)
and Felsenfeld et al. (1964), together with the determi-
nation of circulating antitoxin, in population studies
to follow the status of individual and group immunity
against cholera. The titres of these antibodies
declined after the epidemic. Vaccinated individuals
showed low antitoxin and antihaemolysin titres. The
agglutination titres of the sera of such persons
increased after immunization but decreased signifi-
cantly after six months.

Vibriocidal antibodies (see Pollitzer, 1959) and
vibriocidal-property-inhibiting antibodies were stu-
died by Finkelstein (1962); cholera patients had
higher titres than uninfected persons. This test was
also used to determine such antibodies in the stools
of patients (Finkelstein et al., 1963). I

Copro-antibodies in cholera, which have been
studied by Burrows et al. since 1947 and were found
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to be produced locally, independently of serum anti-
body levels, were examined by Basu Mallik & Roy
(1960), who observed that their production was
irregular. Freter (1962a) and Freter et al. (1965)
adapted the Farr method for a better quantitation of
copro-antibodies and found some discrepancy
between serum agglutinin and copro-antibodies.
Thind (1961a, 1961b) reported that cortisone

lowers the copro-antibody titre as well as the serum
agglutinin titre; epinephrine also affects both these
quantities. Barua et al. (1963a) found that copro-
antibodies may be present also in some normal stools
and that these antibodies are active also against
organisms other than V. cholerae. They suggested
that copro-antibodies may be fatty acids.
Summarizing the recent work on serological

phenomena in cholera, it is evident that many tasks
still lie ahead. The significance of the agglutination
test is obscure, since cholera vibrios do not circulate
in the human body. Antibacterial antibodies may be
of importance during the defence of the body against
vibrio multiplication in the gut if they reach the
vibrios after being produced in the intestines or
excreted into the intestinal lumen from the circu-
lation. Antitoxic principles are probably the factors
that influence the course of the disease, but little is
known about circulating toxin and antitoxin, and
even less about the substances that may counteract
vibrio products, such as the sodium-pump inhibitor,
and other pathogenic factors.

In this connexion one should remember that a
new, practical field test for the laboratory diagnosis
of cholera is much needed. The development of such
a bedside serological proof of cholera at its beginning
would be of great help to the field worker. At present,
serological tests may be used only for retrospective
diagnosis and they may be of little value in a vacci-
nated or in an exposed population.

Skin tests suggested in the past (see Pollitzer, 1959)
were considered unsatisfactory and they have not
been used in recent years.
Thus stool examination is an indispensable, and

perhaps the only, tool for the laboratory diagnosis
of cholera.

TREATMENT

Correction of water and electrolyte balance

The treatment of cholera consists essentially in
rehydration, correction of the acidosis, and restora-
tion of the electrolyte balance. Rehydration is the

most important, and often a life-saving, measure.
The method used by Phillips (1963) is employed in
numerous hospitals. It is based on rehydration with
saline infusions controlled by means of plasma
specific gravity determinations, rectification of
acidosis by the judicious use of sodium bicarbonate
infusions, and the administration of potassium and
glucose when this is indicated. The feasibility of this
procedure has been demonstrated on many occa-
sions.
Where possible, the amount of fluid to be replaced

should be calculated with the aid of plasma specific
gravity determinations. This is preferable to the use
of the specific gravity ofwhole blood and haematocrit
values, because of the probably co-existing anaemia.
Enough saline should be infused to reduce the plasma
specific gravity to 1.025 and to maintain it at that
level. It is advisable to administer 1 litre of saline
every two to four hours intravenously until this
goal is achieved.

It is feasible to regulate the flow of the saline so
that first about 50 ml of fluid are infused per minute
and then about 25 ml/min until the pulse is restored.
As much as 500 ml - 600 ml may be required per kg
of body-weight. The diarrhoea may return after the
initial rehydration is completed. Further infusion
must be given to replace the fluid lost with the stools
and urine, and allowance should be made for
sweating. According to Wallace et al. (1964), on the
average 20 litres of fluid are used per patient.

It is imperative that the saline is actually infused
into the circulation and not deposited in the tissues.
The intravenous route must be chosen. If the cubital
veins are collapsed or too slender, the femoral or the
external jugular veins may be used.

Mild cases may require only one or two litres of
saline, and the infusions can be followed by copious
oral rehydration.
The loss of bicarbonate causes acidosis, which has

to be corrected promptly. Alkaline saline or sodium
bicarbonate alone have been recommended for this
purpose, and such solutions may be available com-
mercially. If they are not, the alkaline saline is
prepared by boiling 1 litre of distilled water, adding
to it 6 g sodium chloride and, while it is still hot,
18 g sodium bicarbonate, under sterile conditions.
Five hundred millilitres of this saline may be used
with 1500 ml - 2000 ml of saline containing 2 mg
thiamine hydrochloride and 50 g glucose per litre.
After this infusion, the administration of physiologic
saline may be resumed. It is necessary to guard
against alkalosis.
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Carpenter et al. (11963a, 1963b, 1964b, 1965c)
recommended the use of 0.167-M sodium lactate
instead of sodium bicarbonate, administering 1 litre
of this solution after each 2 litres of saline infusion.
Sodium lactate solutions are easier to prepare than
sodium bicarbonate solutions, but the splitting of the
lactate may be slow and therefore its action may be
somewhat more delayed than that of bicarbonate.
Sodium lactate is preferred in the treatment of
children.
There are few indications for the use of hypertonic

solutions, since the plasma of cholera patients is
already somewhat hypertonic.

It has been recommended that potassium chloride
(5 ml of a 15 % aqueous solution) should be added to
each litre of saline to prevent excessive potassium
loss. Potassium chloride should be given very
carefully if the kidneys are not functioning pro-
perly and whenever possible should be administered
orally. Coconut milk, which has a high potassium
content (Carpenter et al., 1964a), is well tolerated by
most patients.

In co-existing renal and cardiac disease, sodium
chloride infusions must be given carefully. Glucose
should be used sparingly, in 5% solution.

Children may suddenly lapse from a dehydrated
into a hyperhydrated state. Thus rehydration should
be carried out with due precautions. The state of
hydration may be controlled by determinations of
plasma specific gravity. Pulse, blood pressure, and
in most instances the turgor of the skin are the main
clinical indicators.

Antibiotics, chemotherapy and bacteriophage
A tendency to introduce antibiotics in the treat-

ment of cholera has recently been observed. Naha
(1963) tested the influence of antibiotics after only a
few hours' contact with cholera vibrios in vitro. The
results were disappointing with penicillin, dihydro-
streptomycin, chloramphenicol and chlortetra-
cycline. Hsing (1964) also studied the antibiotic
sensitivity of vibrios. Haldar et al. (1961) obtained
better results, especially with polymyxin B, which,
however, in small amounts does not inhibit most El
Tor vibrios in vitro, according to Gan & Tjia (see
Felsenfeld, 1964b). Cholera vibrios may become
antibiotic-resistant, as has been demonstrated in the
treatment of carriers who received streptomycin.
Baron & Falkow (1961) and Kuwahara et al. (1962,
1963) pointed out that the resistance-transferring
factor of some Enterobacteriaceae can be transferred
to cholera vibrios. This transferred resistance was

lost after several subcultures of V. cholerae on arti-
ficial media. Luk (personal communication, 1964)
observed more permanent resistance to antibiotics,
which was hereditable and was directed against
several drugs simultaneously. Lewis & Sanyal (1965)
were unable to find tetracycline-resistant vibrios in
Calcutta.

Regardless of the menace of antibiotic-resistant
strains, such therapy of cholera patients has been
successful when coupled with the restoration of the
water and electrolyte balance. Banjati (personal
communication) used oral kanamycin in Thailand,
with good results. Carpenter et al. (1963a, 1963b,
1964b) combined the use of tetracycline with
rehydration, tetracycline being administered either
orally or intravenously. Carpenter et al. claimed
that vibrio excretion ceased within the first day of
treatment and that the stools were less copious
after this regime was instituted. Greenough et al.
(1964) and Gordon et al. (1964) obtained excellent
results with rehydration and administration of
tetracycline; they gave 250 mg or 500 mg first, then
250 mg tetracycline every six hours. The most
effective dose seems to be 4 g per day (Mondal,
personal communication).

Sulfonamides are now widely used in some
countries, without displaying a spectacular activity
against the vibrios.

Dutta & Panse (1962) found the alkaloid berberine
effective against cholera in infant rabbits.

Phage treatment of cholera has been tested by
Soviet workers. Sayamov (1963b) noted that it had
proved effective in Dacca on a limited number of
patients, and Plankina et al. (1961) obtained some
success in Afghanistan. They administered phage
intramuscularly and orally, giving it with copious
amounts of fluid. The population at risk was vac-
cinated simultaneously. The mortality rate was 3.5 %,
whereas in Kabul, where antibiotics were used but
not phage (and no intensive rehydration), about 50%
of the patients died.

It appears that rehydration and restoration of the
electrolyte balance are the main tasks in the treat-
ment of cholera. Unless drug-resistant strains
appear, there can be no objection to the use of anti-
biotics. Nevertheless, a search for a therapeutic
agent that not only is antibacterial but also counter-
acts vibrio toxicity is strongly advocated.

Experiments with antisera in infant rabbits infected
with cholera (McIntyre et al., 1964) indicate that
such therapy may perhaps be reintroduced in the
treatment of cholera.
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Other measures

The cholera patient should receive oral nutrition
as soon as possible. Coconut water and fruit juices
are usually the first liquids that are tolerated. Rice
decoctions and meat and yeast extracts may be
given if accepted by the patient. Glucose and other
sugars are often rejected during the first days of the
disease. A normal full diet should be re-established
as soon as possible.

Cardiac complications necessitate immediate
potassium therapy. There is little use for stimulants
during shock because of the lack of circulating
fluid, which is the cause of the low blood pressure
before rehydration takes place.
Renal failure requires rigorous control of fluid

intake and output. Isotonic glucose is indicated.
Peritoneal dialysis and use of the artificial kidney
must be attempted at once.
During the phase of copious elimination, it is

advantageous to keep the patient on a cot which
has a circular opening for the buttocks and which
is covered with a rubber sheet that has a sleeve
passing along the edges of the opening. A collecting
vessel is placed under the opening, so that the stools
may flow into it.
The practice of permitting visitors to cholera

patients or putting the patient under the care of his
family is to be deplored, since it has been amply
demonstrated that a large proportion of the contacts
become carriers.

MODE OF SPREADING

Environmental and other socio-economic factors

It has been pointed out (Pollitzer, 1959; Felsen-
feld, 1963) that cholera thrives in deep-lying river
deltas with shallow and slow brackish water in
which the saline content and the organic materials
in the water favour the survival of vibrios. In cities
the slums may become the hot-houses of cholera.
Newcomers to the city who are not familiar with
urban sanitary customs and facilities act as obstacles
to the eradication of enteric infections. Since most
cholera patients have low incomes, they not only
live in dwellings with bad sanitary facilities, but are
also lcss well nourished than other sections of the
population. Wallace et al. (1964), for example,
stated that only 17% of the children in the San
Lazaro hospital) in Manila with cholera had an
adequate; diet and nearly all were infected with
intestinal worms.

The influence of age, sex and occupation has been
discussed by many authors (see Pollitzer, 1959),
including those reporting on the occurrence of El Tor
cholera since 1961. An extensive analysis of the age of
patients and symptomless carriers has been presented
by Tamayo et al. (1965), who reported that 41 % of
children under one year of age in infected households
excreted cholera vibrios. Yen (1964) found that
ten times as many children as young adults develop
into carriers. It was frequently observed that, if
cholera invades a territory from which it has been
absent for a long time, all age-groups become
affected. In endemic areas young children and old
people are often victims of the disease. Children
may come into contact with dejecta while playing,
or with infected adults if such persons take care of
them. Housewives deal with soiled linen and con-
taminated food, stand or wade in and handle water
from contaminated streams and wells, and visit
neighbours in cholera-infested homes. Young
adults who work hard lose sodium chloride in
perspiring and then drink large amounts of water,
which may be infected (Yen, 1964). Men also fre-
quently eat in restaurants, which may be contamin-
ated (Forbes 1). Thus, taking account of age-sex
distribution, it seems that socio-economic factors
play a role that may be as important as the state of
immunity acquired from previous contacts with
cholera. The mortality rate is usually higher in
children and in elderly persons than among the
young and strong. This may be due to lack of an
effective immune response, to underlying diseases,
and to complications that are more frequent in the
extreme age-groups.
Doki et al. (1964) found water, latrines, and flies

to be infected during the Korean epidemic. Ahmad
et al. (1962) believed that lack of chlorination of the
water was the main factor in the West Pakistan
epidemic, and Beg (1961) implicated not only water
but also food, milk, dates and flies in the same
outbreak. Dizon et al. (1963) called attention to
the effect of raw shrimps in the beginning of the
Philippine epidemic, but found that, later, person-
to-person contact acquired importance. A similar
situation was observed in Malacca, where the cholera
outbreak was first water-borne and was then pro-
pagated from person to person. Ghose et al. (1961)
reported on the survival of cholera vibrios in the
kai-fish as a possible source of cholera infections.

I Forbes, G. 1. (1964) The Temple Street well, unpublished
paper presented at the WHO Inter-Regional Seminar on
Cholera Control held in Manila, 12-18 November 1964.
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Pereira (1963, 1964) found that shallow wells and
carriers propagate the disease in Macao. Reports
from Hong Kong (MacKenzie, 1961; Davies, 1962;
Yeoh & Teoh, 1963; Forbes 1) illustrated the diffi-
culties encountered in island, as well as in peninsular,
areas, with highly mobile shore-dwellers, fishermen,
inhabitants of sampans, small vegetable gardeners,
an enormously increased and poor population, a
restricted water supply, and other factors conducive
to the propagation of enteric infections. Although
cholera at first predominated along the shore in
Hong Kong, it became the disease of the apartment
dwellers in later years.
Although water seems to have played an impor-

tant role in the propagation of cholera in recent
years, carriers must be given equally serious consider-
ation.

Cholera notoriously occurred at the time of
festivals and pilgrimages, until the Saudi Arabian,
Egyptian, Indian and other authorities took steps to
provide proper sanitary facilities and surveillance.
Abou-Gareeb (1964) described the measures taken
by the UAR to prevent cholera. Mass meetings,
such as Indian melas, are accompanied by an
accumulation of susceptible individuals, who provide
a fertile soil for infections, including cholera.
Movements of armies, as at the end of the Second
World War; of refugees, as across the Indian-
Pakistani border; and other large shifts of popula-
tions under conditions excluding adequate personal
and environmental sanitation carry infection from
one country to another.
The mobility of fishermen, unskilled labourers

and unemployed persons may also contribute to the
greater participation of these groups in the cholera
statistics. There is no doubt, however, that lack of
hygiene, frequent contact with infected water, and
unsatisfactory diet are the main causes of the high
cholera morbidity rate among them.

Water, food and fomites
The survival of cholera vibrios in these media

has been discussed in the section on viability.
Abou-Gareeb (1959, 1960a, 1960b) 2 re-emphas-

ized the importance of water in cholera. Brackish
water is conducive to the survival of vibrios. Shallow

1 Forbes, G. I., op. cit.
2Abou-Gareeb, A.H. (1964) Some epidemiological aspects

on cholera, unpublished paper presented at the WHO Inter-
Regional Seminar on Cholera Control held in Manila on
12-18 November 1964.

wells and other unprotected collections of water
may be contaminated by direct deposition of faecal
materials into them; by seepage; and by the washing
of dejecta into them by rainwater. Rivers become
infested by deposition of faecal matter directly into
them by individuals; by having latrine buckets
emptied into them or washed in them; by untreated
sewage; and during rains, when the faeces deposited
on the banks or even beyond are washed into them.
Some rivers and canals in the cholera area have
brackish water for many miles upstream from their
mouths and constitute favourable media for vibrios.
" Tanks ", lakes, and even household water jars are
often contaminated, the jars by having had infected
hands, containers or clothing washed in them. It
was shown in Singapore, Hong Kong and Bangkok
that, in areas with a reliable community water
supply, the household water jars may be the source
of infection because of careless handling and lack
of sanitary precautions. It has to be remembered that
chlorine evaporates quickly and thus chlorinated
water may become a source of infection.

Infected water may contaminate vegetables and
food, which then serve as a further source of infec-
tion. Fish and other seafood may transfer vibrios.
The practice of refreshing vegetables with unsanitary
water before marketing them is another way of
propagating the infection. Cholera vibrios, as a rule,
do not multiply in water and they have to be de-
posited into it again and again with faecal matter
to remain infective.

It is interesting that, whereas many food handlers,
including housewives, are among cholera victims,
workers dealing with night-soil seldom become
clinically ill With cholera.

Cholera may spread through a combination of
water and food, as in a restaurant-infected well
outbreak in Hong Kong (Forbes 1). There may be a
sequence of water-borne cholera followed by carrier-
borne spread and vice versa.

Carrier problems
Carriers are persons who shed pathogenic micro-

organisms without showing clinical symptoms of
disease. There are preclinical or incubatory carriers,
namely, persons who have been infected with
cholera vibrios and who excrete the organisms
before falling ill with the disease. Such individuals
are often the source of further cases and may carry
the disease from one area to another. The duration
of the incubatory carrier state is usually short, not
exceeding the incubation period of cholera.
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"Convalescent carrier" is a misnomer, since
such a person is apparently in good health and
may well have been discharged from hospital as
cured of cholera. Since cholera vibrios do not invade
the tissues, the existence of post-cholera carriers
is a puzzle. It is possible that the vibrios survive in
the gall bladder, especially when that organ has
undergone pathological changes during or before
the acute cholera stage. Another possibility is the
maintenance of the vibrios in that portion of the
intestines that has alkaline contents. According to
Dizon (personal communication, 1964), the duration
of the carrier state is longer in such individuals.
Although contact carriers cease shedding vibrios
in about seven days, some post-cholera carriers
excrete organisms for 10 days, and a few of them
for four to 15 months. In such instances reinfection
cannot be excluded. Yen (1964), however, did not
find any difference in the duration of the vibrio
excretion in so-called convalescent and contact
carriers.

Contact carriers are persons who excrete cholera
vibrios after having been in contact with cholera
cases or other carriers. When thorough and daily
stool examinations are carried out (Morgan et al.,
1960; Forbes 1), such excretors will be detected
sometimes only after several stool specimens have
been studied. A thorough examination of stool
specimens, not of rectal swabs, using enrichment
fluids and selective media, is a prerequisite for
successful carrier studies (Pollitzer, 1959; Barua 2).
Contact carriers are most numerous in the house-
holds of patients (10% to 600, according to different
authors) and their number decreases with the
distance from the infected home (Yen, 1964). It
was suggested (Dizon, personal communication,
1964) that only contacts of bacteriologically proven
cholera cases become vibrio shedders. When such
contacts are questioned closely, a considerable
proportion of them (12.7%, according to Dizon,
personal communication, 1964) admit that they
have had some diarrhoea. This observation militates
against the division of so-called contact and con-
valescent carriers.
The frequency of successful vibrio transmissions,

their exact mode, and the possibility of interspersed
transfers (carrier to carrier, carrier to food, food to

1 Forbes, G. I., op. cit.
2 Barua, D. (1964) Laboratory diagnosis of cholera,

unpublished paper presented at the WHO Inter-Regional
Seminar on Cholera Control held in Manila, 12-18
November 1964.

carrier to carrier and so forth) are known only
from fragmentary studies.
The practical aspects of the numerous questions

arising owing to carriers include those of inter-
country transfer, which has not yet been proved to
the satisfaction of all quarantine officers, the pos-
sibility of intermittent gall-bladder carriers, recur-
rence versus reinfection in apparently chronic carrier
states, the influence of immunization on the duration
of the vibrio excretion, the isolation of carriers, the
criteria for their discharge and so on. This report
can only touch on the problem and emphasize the
lack of sufficient scientific data.

Pollitzer (1959) summarized the observations that
had then accumulated on cholera carriers. One of
the most complete studies was that of Russell (1936),
who found that some infected persons may excrete
vibrios for up to 30 days. The carrier rate was 3.5 %
in the general population and 9% in contacts.
The publications quoted earlier in this report

contain references to carriers. Here, attention will
be called to only a few of them. Kao (1963) studied
the age of carriers in the group he observed; six out
of 14 were below 13 years of age. Four of them were
intermittent excretors. Seven were fully immunized,
having received three injections of cholera vaccine.
Yen, in very careful studies (1964), found that 120%
of the contacts were infected. Dizon (1963; per-
sonal communication, 1964) reported interesting
community studies. He found that the usual carrier
incidence rate was 6% - 70%, whereas that of close
contacts, such as nursing personnel, mothers of sick
children and so on, was 14.5% - 21 %. His studies
also demonstrated that systematic daily swabbing of
suspected persons gave better results than single
stool examinations in the detection of carriers. Some
contacts started to excrete organisms late, five to
eight days after exposure. Dizon pointed out,
however, that this may have been due to reinfection.
According to Dizon, convalescent carriers excrete
vibrios for a longer time (about 20 days) than
contact carriers (to about 10 days). Some carriers
shed vibrios for several weeks, occasionally for
15 months, but the average duration of carrier
status was less than 17 days. This confirms the
observations of Yen (1964), who found that practic-
ally 990% of the carriers ceased excreting vibrios
within 14 days. Morgan et al. (1960) reported in-
termittent carriers and short-term vibrio passers in
Thailand when daily rectal swabbing revealed
V. cholerae for a few days in otherwise healthy indi-
viduals without known contact with cholera patients.
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Doki et al. (1964) observed 3.6% contact carriers,
but 33.8% carriers among nurses. These figures are
similar to those of Dizon (personal communication,
1964).
For the treatment of carriers, MacKenzie (1961)

recommended streptomycin and, if that drug failed,
chloramphenicol. Dizon et al. (1963) found sulfa-
guanidine ineffective, but dihydrostreptomycin (1 g
four times a day for two days) shortened the dura-
tion of the carrier state.
One may conclude that a thorough study of

carriers requires daily stool examinations over a long
period. Moreover, an inquiry into the possible
variations and mutations of the excreted organisms,
as well as of their susceptibility to antibiotics, would
be of great value. Vaccination does not seem to
influence the duration of the carrier status, but
further studies are desirable to confirm or to modify
this opinion.

CONTROL MEASURES

Notification and epidemiological information

Each country has its own laws concerning the
reporting of the occurrence of infectious diseases
within its territory to the proper authorities. More-
over. the International Sanitary Regulations (ISR)
require that every case of cholera shall be brought
to the attention of the World Health Organization
telegraphically within 24 hours by the government
concerned. This is binding only on countries that
are members of the World Health Organization;
they are also bound to report the number of cases
and deaths, the area infected, and the measures
taken against the spread of the disease.
An area is considered infected with cholera for a

period of 10 days, i.e., twice the incubation time of
the disease as recognized by the World Health
Organization, after the last case has died, recovered
or been isolated.
The study and the consequent development of

strategy for the control of an infectious disease are
impossible without information on its incidence and
prevalence. The detection of maladies and their
notification and recording, which are reflected in
reports and statistics, give guidance to those who
have to formulate plans for the control and combat
of the diseases concerned. The system of notifica-
tion and collection of health data depends on the
stage of development of health services in the
different countries and on various other factors,
including readiness for international co-operation.

From 1958 to 1962, cholera caused by the El Tor
vibrios was not regarded as " true" cholera by the
World Health Organization (Wkly epidem. Rec.,
1962). No measures, such as reporting, quarantine,
vaccination and so on, could be expected from
Member States that were affected. Although the
genius epidemicus of cholera is still unclear, it is
possible that the omission to erect barricades in the
path of El Tor vibrios in 1961 was partly responsible
for the present wide spread of this infection.

Scrutiny of the reports on cholera reaching WHO
shows that these data cannot be evaluated fully
until it becomes known how the diagnosis of cholera
was made. Most countries report only bacteriolo-
gically proved cases, although a few inform WHO
whenever a clinical diagnosis of cholera is made. El
Tor infections seem to be reported in both ways or
not at all. The information received is not always
complete. One has to add that the International
Sanitary Regulations require the reporting of cases
only, not of carriers.
Doorenbos (1936, 1937) stated that " true cholera

precedes official cholera ". This can be explained by
the difficulties encountered in outlying districts that
have insufficient public health support, or when the
disease invades a new area and remains unrecognized
for some time. The laboratory diagnosis of cholera
yields negative results more often than does that of
other enteric diseases. Thus even the best-motivated
health authorities may fail to recognize the presence
of cholera if thorough laboratory investigations
cannot be carried out.

Isolation and surveillance
It is desirable that all cholera patients should be

isolated in properly equipped and conducted hospi-
tals, but this is not always possible. Home care is
hazardous, and from the epidemiological point of
view undesirable because of the danger of further
spread of the infection. Leaving the patient in his
home deprives him also of proper treatment, which
is difficult to administer outside a hospital. Emer-
gency hospitals under tentage, in quickly erected
huts or in requisitioned buildings with satisfactory
waste disposal, usually render excellent service.
One of the serious problems arising in this con-

nexion is the lack of trained personnel. Since cho-
lera, like many other epidemics, frequently hits
unprepared areas, nursing personnel must be drawn
from any reserves that are available. It is often
possible to divert teams working on yaws, venereal
disease, malaria and other diseases for duty in cho-
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lera areas. Students in nurses' schools may be
utilized also. It is dangerous to employ personnel
not familiar with the proper care of patients or with
the sanitary requirements in the infected environ-
ment represented by the cholera hospital. Members
of the patient's family are seldom able to meet such
standards if required to take care ofhim at home; and
the practice of permitting relatives and friends to visit
the ill in infectious-disease hospitals is deplorable.
The isolation of contacts and other carriers poses

many problems. It is desirable to keep them apart
from the rest of the population until at least three
consecutive stool specimens give negative results.
The stools are collected at least one day apart and
the first of them taken not earlier than three days
after antibiotic therapy has been discontinued.
Carriers should be housed in special camps or
buildings. This measure requires not only proper
housing facilities but also provisions to counteract
the psychological and economic impact of isolation.
As Teng (1964) pointed out, even if camps or build-
ings are available, the economic losses of the person
isolated may be intolerable; if there is unemployment
in the community, he may lose his job. The bread-
winner must support his family, but health insurance
benefits may not be available. Proper provisions
have to be made to have mass-communication
media, religious services, reading materials, games,
toys, and so forth available in isolation barracks.
Moreover, those isolated must understand the reason
for their separation from the rest of the population,
so that they do not consider the isolation facilities a
prison.

Strict isolation in camps and buildings may not be
feasible, especially in rural areas, where it may be
possible to keep contacts under surveillance in their
homes or in blocks of dwellings. In cities, blocks of
houses may be put in isolation and provision made
to bring in food. Surveillance alone, for the duration
of the incubation period, is often practised in the
case of new arrivals from an infected area. Their
daily reporting to the health authorities may be
required for five days from the day they left the
infected area. Immunized persons are put under
surveillance; those not vaccinated are quarantined.
The mode of isolation has to be determined by

each country or local authority, since conditions
differ widely. In many instances isolation is not
possible because of economic causes, lack of facilities
and of laboratory and supervisory personnel, or for
other reasons. This, however, does not alter the
desirability of such measures.

Quarantine

The International Sanitary Regulations deal with
the establishment of quarantine measures and will
be described later. They apply only to international
travel. Within a country, the movement of the
population may be restricted by order of the proper
authorities. Travel, including pilgrimages, may be
forbidden to and from the infected area. It is often
difficult to keep food vendors from entering or
leaving infected localities and members of families
from visiting relatives. Experience has shown,
however, that travel restrictions help in checking the
spread of cholera.

Since vaccination against cholera does not protect
every individual from becoming a case or a carrier.
it is a fallacy to consider a valid vaccination certifi-
cate a laissez-passer for its bearer.

Disinfection

Concurrent and final disinfection are required.
Yen (1964) emphasized the value of chlorinated
lime for this purpose; it has to be applied to the
dejecta and vomits of the patient and to his personal
articles, clothing and utensils. Dusting with this
chemical is also said to be effective, especially for
floors and furniture. Lysol and similar preparations
may also be used.

It is important to discard or to treat all water, and
any food in the house after the patient has been
removed to the hospital must be cooked before being
eaten.

Environmental sanitation

One of the greatest problems is the provision of
safe water. During droughts, water may not be
available in sufficient quantities. Often it has to be
imported into the infected area in water lorries,
tanks, or barges, or by emergency pipelines.

Pollution of water has to be prevented. This
involves checking pipelines, seepage into wells,
chlorination works and other sanitary engineering
works. It water does not contain more than the
permissible amount of organic material, 0.5 p.p.m.
free chlorine usually suffices for its sterilization.
Over-chlorinated water is often rejected by the
population. Closing of shallow and unprotected
wells may be necessary. Household jars are fre-
quently difficult to protect because of the faulty
sanitary practices of their users. They should be
covered and the water boiled before consumption.
Boiling is the safest way of eliminating live cholera
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vibrios. Not only drinking-water but also water used
for washing eating utensils and for cleaning teeth
should be made safe.

Night-soil has been found, especially in the tho-
rough studies carried out in Hong Kong (Filchie,
personal communication; Forbes 1), to be con-
taminated with cholera vibrios during cholera out-
breaks. Its sanitary disposal and the cleaning of the
buckets, tanks and other vehicles in which it is
carried, in a manner that prevents the survival of
cholera vibrios, is essential. Night-soil is often
dumped into rivers. Chlorinated lime and phenol
derivatives may make it innocuous but may inter-
fere with its agricultural use.

Existing latrines must be equipped with a cover
and the plates or seats periodically cleaned and
disinfected. Chlorinated lime may be added to the
latrines. It is advisable to use kerosene or diesel oil
to prevent fties from breeding. Yen (1964) suggested
the use of emergency latrines consisting of 6-ft (2-m)
long and 2-ft (60-cm) wide water-main pipes, which
are sunk into the soil. The bottoms are sealed with
concrete and a concrete slab is laid around the
upper opening. These latrines are very helpful if the
population is willing to use them and keep them
clean.
Although the role of flies in the transmission of

cholera has been exaggerated, their number should
be reduced not only by covering latrines with a
floating oil or kerosene seal but also by excluding
animals from human dwellings. Insecticidal sprays
should be employed whenever necessary.

Filchie (personal communication, 1964), Teng
(1964) and Yen (1964) called attention to food,
market and restaurant sanitation. It is necessary to
reinforce the sanitary control of the production,
storage and distribution of food and drink. Markets
must be checked and cleaned up if necessary. Food
vendors may become a menace if they are allowed to
peddle home-made unbottled or unstoppered drinks
and to sell uncovered food, cut fruits and sweets.
Teng (personal communication, 1964) advocated

the periodic bacteriological sampling of water, food,
night-soil and the equipment in restaurants, in-
cluding chopping blocks, utensils, dustbins,
spittoons, latrine pans and seats, and even the chairs,
which he and his group found infected during an
outbreak. Night-soil is an indicator of the presence
of infection in the community and the examination
of the different vessels in which it is collected and

FForbes, G. I., op. cit.

carried may result in the tracing of people who are
excreting vibrios.

Vaccination
The common goal is to administer effective

vaccines which cause either no reaction or only slight
local reactions that are acceptable to the public. The
population as a whole should be immunized and not
only a few individuals. On the other hand, cholera
vaccination is not a panacea and by no means can it
be used as the only measure of public health control.
Mostly, vaccines containing 4000 million each of
Ogawa and Inaba heat-killed and phenolized organ-
isms per ml are used.
Delpy (1963) and Beran et al. (1964) discussed the

evaluation of cholera vaccines in general. Doki et al.
(1964) reported that vaccination reduced mortality
during the Korean outbreak. This is in accordance
with previous observations (see Pollitzer, 1959).
Din Fon Khua (1961) analysed vaccine reactions.
He used the Castellani tetravaccine (cholera, typhoid,
paratyphoid A and B) and found that the addition of
1 %-2 % procaine reduced severe local reactions from
15% to 7% while agglutinin formation was not
influenced. Noble (1964a) proved that, according to
the serological results, intradermal vaccination is as
effective as subcutaneous. He used an intracutaneous
immunizing agent containing 8000 million vibrios
per ml.
Oseasohn et al. (1965) tested a commercial vaccine

in Pakistan with good results, but the reactions were
rather unpleasant in a number of vaccinees. This
vaccine was assayed by Feeley & Pittman (1965) and
gave the impression of containing more than 8000
million vibrios per ml.
Joo et al. (1964) tested extract and adsorbed

vaccines and vaccines containing whole organisms,
using them also in combination with Salmonelli typhi
and tetanus antigens. The age of the mice and the
total number of viable vibrio cells were decisive for
the outcome of the mouse tests. Both Ogawa and
Inaba antigens were necessary to protect the mice.
Aluminium-hydroxide-adsorbed whole-cell cholera
vaccines gave the best immunological response in
volunteers. A modified Castellani vaccine, containing
8000 million vibrios, tetanus toxoid, S. typhi Boivin
extract corresponding to 2000 million organisms, and
2 mg aluminium hydroxide per 1 ml vaccine, given
twice at four-week intervals in 0.5-ml doses, caused
severe general reactions in four out of 318 volunteers.

Husain (1962) used a glucose-casein digest medium
for the growth of the vibrios, killed them with phenyl-
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mercuric nitrate, and then dialysed and concentrated
the suspensions. A single subcutaneous dose pro-
tected mice for nine months. The addition of calcium
stearate was of no advantage. Husain also used a
toxic supernate which was extracted with phenol,
purified with ethanol and adsorbed on aluminium
hydroxide. This material was only slightly toxic but
was an effective immunizing agent. When testing
these antigens in man, he found that BCG vacci-
nation or tuberculin application prolonged the time
necessary for the formation of cholera antibodies.

Sodhi et al. (1961) observed good antigenic res-
ponses in rabbits immunized with vaccines contain-
ing Freund's adjuvant.
Aswami & Rao (1962) found that most of the

antigenic material is in the liquid portion of the
vaccines and can be extracted with ethylene glycol.
Pustulova (1963) reported similar findings when
testing vaccines and ammonium sulfate precipitates
of the liquid portion of vaccines with the aid of the
agar-gel diffusion technique. Rapaport et al. (1963)
studied the effect of iodine salts on cholera antigens
and observed that unaltered V. cholerae culture
filtrates were strongly antigenic. Bhatia et al. (1964)
expressed themselves in favour of both lipopoly-
saccharide vaccines and immunizing agents incorpo-
rated with adjuvants. This confirms the results
achieved by Watanabe and his co-workers (reviewed
by Felsenfeld, 1964a), who used a highly purified
lipopolysaccharide from El Tor vibrios for vacci-
nation against cholera.

Shrivastava (1961) recommended that only Inaba
strains be used for vaccine preparation because of
the strong cross-protection between Inaba and Ogawa
strains. This trend is not being followed by other
investigators.
The question of the use of classical cholera or El

Tor vaccine in El Tor epidemics has not been settled
as yet. Vella (1963) found in mouse tests that cholera
vaccine protected against El Tor infections also, but
that El Tor did not protect against both infections.
Rabbit sera, however, gave satisfactory cross protec-
tion in passive immunization tests. Pittman &
Feeley (1963) found classical cholera vaccines satis-
factory in the protection of mice against both
classical and El Tor vibrios. Basaca-Sevilla et al.
(1964) measured agglutinating and vibriocidal anti-
body formation in men immunized with six vaccines.
Fresh El Tor vaccines and mixed El-Tor-classical
cholera vibrio vaccines gave the best immunological
response. Castellani's tetravaccine was less effective.
These experiments showed that the same levels

of agglutinating and vibriocidal antibodies were
achieved when either 0.5 ml or 1.0 ml of the vaccine
was given.

Live vaccines, originally advocated by Ferrtan in
the 19th century, and recommended by Burrows et
al. in the 1940s (see Pollitzer, 1959), were successfully
tested in rabbits by Panse et al. (1964), who found
them superior to formolized and heat-killed antigens.
The mouse-protection tests did not show this
advantage of the live vaccines.

Oral vaccination, which had its partisans and foes
decades ago (see Pollitzer, 1959), has again become
a matter of interest. Mukerjee (1963; personal com-
munication, 1964) favours the use of oral vaccination
with avirulent cholera vibrios. If an organism with
strong immunogenicity but no tendency to become
virulent can be found, it might prove the most
efficient means of vaccination against cholera.
As a result of studies of copro-antibodies, Freter

(1962b) and Freter & Gangarosa (1963) administered
killed vibrios to volunteers orally (one dose per day
for one week) and studied the formation of anti-
bodies. The serum antibody content was low, but
copro-antibodies appeared in seven out of nine
individuals. It seemed that immunization with
further, spaced doses may be sufficient. Preliminary
parenteral vaccination ensured higher antibody levels.

This survey of the recent literature shows that
there is dissatisfaction with the efficacy of the present
standard cholera vaccine. The heat-killed, phenol-
preserved cholera vaccine will protect about half of
the immunized population at the most, with limited
duration; thus if there are 100 cases in the non-
immunized group, there will be only about 40 to 60
among the immunized. These data are based on a
single injection of 1 ml (i.e. 8000 million organisms)
of the vaccine. The effect of revaccination is not yet
known, but cholera has occurred in individuals who
received as many as eight injections of the vaccine
within six months (Morgan et al., 1960).
A series of two or three injections at 7-10 day

intervals is being practised in many countries in
Europe and America. The doses are 0.5 ml and then
1 ml. By international agreement for travellers
entering other countries, revaccination is required
every six months. This time limit is arbitrary and
has not been substantiated by scientific experiments
or observation.

It is difficult to render proof of the efficacy of a
given vaccine for the protection of man. The World
Health Organization recommended the use of the
mouse-protection test to evaluate the potency of
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cholera vaccines. Rabbits, especially suckling rab-
bits, in which cholera vibrios produce a disease
similar to, if not identical with, cholera in man, have
been recommended as experimental animals by Dutta
& Habbu (1955). This method may be elaborated
into a convenient yardstick for the evaluation of
anticholera immunizing agents.

Finally, one has to admit that the present lack of
knowledge and understanding of the pathogenesis
and immunology of cholera does not allow for much
hope of a fully effective vaccine being developed
soon. The original concept of cholera vaccination
was empirical and it may take some time to find out
whether, e.g., an immunizing agent should be sought
against the infection or against the disease.
The presently employed cholera vaccines are,

however, effective to a certain degree, so that their
use should not be discontinued until better agents are
found. It is, however, not proper to consider vacci-
nation as the only means of preventing cholera.
Immunization always has to be employed together
with other preventive measures, especially sanitation
and public health education.

It is customary to vaccinate first the population at
risk (contacts, neighbours, medical personnel, post-
men, policemen, transportation workers, dock-
wvorkers, etc.). Immunization is usually carried out
concentrically outwards from the focus of infection.

Phalge and drug prophylaxis
Phage prophylaxis of cholera has been advocated

by Nikonov et al. (1962), who showed that vibrio
phages will survive in water for about six months.
It might be interesting to see if trials with phages at
this time will be more successful than they were in
the 1920s and 1930s (see Pollitzer, 1959).
There have been no large-scale trials as yet to test

antibiotics, sulfonamides, nitrofurans or other drugs
as prophylactics against cholera. Theoretically, it
vould be possible to prevent cholera by taking non-
absorbable antibiotics, such as streptomycin,dihydro-
streptomycin, kanamamycin, neomycin and other
agents. The administration of such an antibiotic
would have to continue for a long time, or repeated
application might be indicated. In such instances,
alterations of the intestinal flora, with all their physio-
logical consequences, as well as the development of
drug-resistant vibrios, have to be considered.

Central stores

Although the problem of storage is an adminis-
trative one and should be discussed in the proper

section, it seems to be desirable to emphasize here
also that immunizing agents should be available at
short notice. The World Health Organization en-
courages the creation of vaccine depots, from which
such agents can be distributed as needed. This can
be best achieved by international co-operation; for
example, the Medical Department of Hong Kong
has informed all countries in the cholera belt that
cholera vaccine is available to them at cost. Cer-
tainly, in due course other countries will also notify
their neighbours and the World Health Organization
about the availability of cholera vaccines.

It is equally important to have access to physio-
logical saline and other fluids, such as sodium bicar-
bonate or lactate and potassium solutions, that are
needed in large quantities in the control of cholera.
Such solutions, even if kept in plastic bags, are
difficult and expensive to transport to a stricken area
by aeroplane; thus local storage is desirable.
Rehydration facilities should be available within

walking distance wherever diarrhoea occurs. Pro-
perly stored solutions should be on hand, as well as
means of rapid transport. This is a matter to be
worked out by each community, since rehydration
is life-saving, not only in the treatment of cholera,
but also in that of numerous other diseases, among
which diarrhoeas rank high.

Public health education
Even the best sanitary installations and public

health measures remain ineffective when they are not
accepted by everybody, when they are not used
properly, and when they are not paralleled by
proper personal hygiene and practices acquired as
the result of adequate public health education and
training. It is of paramount importance that the
public understands them and is motivated to accept
and to use them. Lack of public health education
may render excellent water supplies, sewage plants,
garbage-disposal systems, bathing facilities, latrines
and vaccination campaigns useless or even danger-
ous. Where public health education is not carried
out properly it is not unusual to see newly built
communal latrines become the foci of enteric
infections. When the latrines are not being kept
clean and people do not understand the flush
systems (if installed), they will soon avoid them; this
is true also of bath-houses. Health education must
reach not only the public at large but also those who
are charged with the maintenance of sanitary
installations, so that it is understood why faucets
should not drip, why pipes should not leak, why

1&83
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garbage should not be spread on the streets, and why
pumps should work.

Experience during the present cholera outbreak in
the Pacific area showed that the most effective means
of public health education in that region were:

(a) radio and television, especially during and
before popular programmes, presenting brief talks,
directed at the layman, on cholera and how to avoid
it;

(b) loudspeakers, either mounted on public
buildings or broadcasting from cars, river boats and
other vehicles;

(c) house visits by public health workers;
(d) films and lantern slides projected during pro-

fessional film shows in theatres, inserted at appro-
priate times or shown to groups in independent per-
formances;

(e) posters with a brief text and a simple drawing
or painting that attracted attention;

(f) simple cartoons inserted in daily newspapers;
(g) intensified instruction of schoolchildren in

personal hygiene, with an effort to convey the same
principles to their elders;

(h) demonstrations of proper sanitary facilities by
expert teams;

(i) distribution of handbills to members of afflicted
households and their neighbours, as well as in
clinics, in queues waiting for vaccination, in public
offices, and by medical, home economics, agricultural
and other visitors to homes and farms.

Public health education should not be negative.
If " don't "s have to be used, the " do "s should be
afforded at least the same degree of emphasis.
" Don't drink unsafe water, but do boil your
water." " Don't contaminate the canals, but do use
latrines." A call for positive action is always more
effective than stern admonishing. Many people
prefer an approach in a lighter vein. A comic strip,
a five-minute radio comedy, a joking slogan are
more effective than a learned dissertation in most
instances.
Both visual and auditory approaches must be

employed. Millions of handbills with detailed rules
on cholera prevention have been wasted on illiterate
populations that could easily be reached by loud-
speakers or by word from the pulpit. The means of
approach have to be selected according to the
population to be reached. A method that is effective
when dealing with housewives in Calcutta may not
appeal to rice farmers in Korea or to fishermen of

the Philippines. Even within the same country,
adaptation to local conditions and flexibility are
important.

It is especially important in long-range pro-
grammes to make people understand why certain
things have to be done-why to wash hands, why to
use latrines, why to cook food. It is unfair, even
dangerous, to advocate a public health measure that
cannot be carried out immediately. For instance,
vaccination has sometimes been recommended
before sufficient supplies of the immunizing agent
were on hand and before vaccinating teams were
ready for action; in several localities this has led to
fear and even riots. It is also detrimental to promise
that certain measures will give complete protection
and safety when it is known that they cannot.
Posters with slogans such as " Get vaccinated and
be protected against cholera" or " Kill the flies and
the cholera with them " evoke a false sense of secur-
ity; when failure becomes apparent, faith in the
public health authorities is undermined and measures
are discredited which, if applied together with other
means, would help to bring cholera under control.
The system of public health education varies from

country to country. It may be entirely entrusted to
the formal educational institutions, e.g., schools.
Public health officials may or may not serve as
advisers; they usually initiate the campaign and
furnish basic materials for it. In other countries the
public health authorities themselves carry out
educational activities, usually through a department
of health education. For long-range planning, a
combination of both systems seems to be the most
feasible, since the teachers who reach the youth are
well qualified to implant the ideas, practices and
customs required for the implementation of rules of
personal and community hygiene. In many coun-
tries, teachers are also respected citizens and are
able to influence adults and to mould the public
conscience with regard to sanitary improvements.
The public health authorities usually rely on hospi-
tals, clinics, visiting nurses, sanitarians, inspectors,
engineers and other health workers to spread the
ideas of public health. Evidently, a department of
health education must be set up from which spe-
cialists in public health education can co-ordinate
these activities, supply ideas, recommend means, and
design campaigns to accompany other public health
efforts. One of the most important tasks of the
public health education specialists is to evaluate the
results of such activities. This is usually done by
polling a sample of the population that was exposed
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to a campaign of public health education. Such a
check permits the evaluation and re-evaluation of
the effectiveness of the methods and means employed
and makes timely corrections possible.

Since cholera is mainly the disease of the poor and
the ignorant, and since it can be controlled by
properly applied public health measures if people
know how to benefit from them, the importance of
expertly conducted public health education as a
factor in cholera control cannot be over-emphasized.

National programmes

U Ko Kol outlined a model national cholera-
control programme that serves as the basis for the
considerations presented in this section.
The organization of such a programme has to be

centralized. It is recommended to set up a cholera
committee, headed by a public health official and
composed of as many experts and lay representatives
as is feasible. The committee should also include
officials from the government departments that
furnish and reimburse the expenses of an anti-
cholera campaign, as well as from the offices res-
ponsible for water supply, food distribution,
transportation and other services necessary for a
cholera-control project. This committee would plan
the campaign and ensure that personnel, space,
transportation, educational and budgetary require-
ments were stated and the means to satisfy them
made available.

In large countries and in countries with divided
areas, subcommittees may be set up with proper
communication and co-ordinating channels to the
national committee.
At the local level, managers of the campaign have

to be selected. In addition to professional workers,
volunteers have to be recruited. Village heads,
community leaders, religious and civic organiza-
tions, teachers and other appropriate persons and
groups have to be approached and their co-operation
solicited. If such co-operation can be ensured, the
local campaign may be conducted with vigour.
Emphasis has to be placed on the provision of safe
water, sewage and garbage, food production, storage
and distribution, quarantine and isolation measures
(if imposed), community cleanliness, and hospital
facilities. Public health education by all available
means, including tactful discussions with families

' U Ko Ko (1964) National cholera control programme,
unpublished paper presented at the WHO Inter-Regional
Seminar on Cholera Control in Manila, 12-18 November
1964.

and individuals, must be carried out intensively and
with aid supplied through the national committee
or its subcommittees, adjusted to local conditions.
The role of, and the necessity for, vaccination have
to be explained. An effort must be made to induce
everybody to appear when the vaccinators are
ready to carry out their task.

If a community is well motivated, self-help may be
expected and should be encouraged. The inhabi-
tants may be induced to build water pipelines, dig
wells and latrines, clean up their homes and shops,
and participate in, or contribute to, other sanitary
improvements. It may be expected that ameliora-
tion of the hygienic conditions will reflect itself not
only in the control of cholera but also in the re-
duction of other diarrhoeal diseases. This may
become patent at an early date and may stimulate
the community to continue their interest in better
sanitation.

International programmes
The present cholera outbreak in the Pacific area

brought forward numerous manifestations of inter-
national co-operation. There are few countries
which produce cholera vaccines that have not
donated or furnished at cost this immunizing agent
to countries that have needed it but not had sufficient
supplies. It is expected that local and regional
vaccine stores will be set up which can supply such
products in an emergency. The first country to
declare its willingness to maintain a cholera vaccine
store for emergency use by others was Hong Kong.
Another example of international and regional co-

operation is that of the cholera vaccine trials in
India (India and WHO) and in the Republic of the
Philippines (Philippines, Japan and WHO). Co-
operative cholera-research projects and international
grants abound in the cholera belt and such projects
are likely to develop into service and mutual-aid
programmes. An example is theWHO International
Reference Centre for Vibrio Phage-typing at the
Indian Institute of Experimental Medicine, Calcutta,
which carries out cholera phage-typing of all strains
submitted to it.
The role of the World Health Organization in

cholera control has been extended recently by the
formation of a cholera research team, which is
ready to go to any country that needs and requests
its services. The nucleus of the team is one epide-
miologist, one internist and one microbiologist.
The World Health Organization is also entrusted

with the administration of the International Sanitary
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Regulations (ISR) approved by the World Health
Assembly. The Regulations contain, in addition
to general rules, a chapter consisting of 10 articles
(60 to 69 inclusive) devoted to cholera.
The first of these articles states that, for the

purposes of the Regulations, the incubation period
of cholera is five days (Article 60).
Any standard cholera vaccine used in the country

where the vaccination is performed shall be accept-
able to all other countries (Article 61). This means
that vaccination carried out in one country and the
international vaccination certificate issued must be
accepted by all other countries. Furthermore, if a
vaccinated person arrives from an infected area, he
may be put under surveillance for five days, counting
from the date of departure from the cholera-infected
area. If he does not have a valid vaccination certi-
ficate, isolation for the same period may be indicated.

Ships and aeroplanes are considered infected on
arrival if a case of cholera is aboard or has occurred
within the last five days. Ships are regarded as
suspected if cholera has been present during the
voyage although no fresh cases have been observed
during the last five days. An aeroplane is suspected
if a cholera patient has been aboard but has dis-
embarked before the aeroplane arrived at the airport
in question. All other vessels must be considered
healthy, even if they come from an infected area, if
on arrival the health authorities are satisfied that
there have been no cases of cholera aboard during
the trip (Article 62).
When an infected ship or aircraft arrives, all

vaccinated passengers and crew members are put
under surveillance upon disembarkation. Those who
do not have a valid vaccination certificate are isolated
for five days. All the belongings of the sick person
and all contaminated articles are disinfected. Water
carried aboard and considered to be contaminated
is removed and the containers are disinfected.
Human excreta, waste water, and waste matter are
disinfected before being unloaded or discharged
from the ship (Article 63).

Suspected ships and aircraft are subject to similar
disinfection and all persons who disembark may be
placed under surveillance for five days (Article 64).
After these measures have been taken, the ship or
aircraft is permitted to stay or to depart (given free
pratique) (Article 65). If a healthy ship or aircraft
arrives from an infected area, those who disembark
who have valid vaccination certificates may be placed
under surveillance for five days. All others who
disembark may be isolated for the same length of

time (Article 66). Those arriving by train or road
are subject to similar measures (Article 67).
The health authorities at the point of arrival may

remove from an infected or suspected ship, aircraft,
train or road vehicle, or may prohibit the unloading
of, fish, shellfish, fruit or vegetables to be eaten
uncooked, as well as beverages, unless these are
in sealed containers and the health authorities have
no reason to believe that they are contaminated.
The pilot of an aircraft may require the removal of
such food or beverages. The Government of Ceylon
reserves the right to remove also jaggery and muscat
from such vessels (Article 68).
No person shall be required to submit to rectal

swabbing upon arrival from another country except
in Greece, the Philippines, Saudi Arabia, and the
United Arab Republic (Province of Egypt), where
governments have an accepted reservation to this
rule. Only a person who comes from an infected
area within the incubation period of cholera and
has symptoms indicative of that disease may be
required to submit to stool examination (Article 69).

It is evident that these regulations concern only
arrivals from other countries. The International
Sanitary Regulations concern the prevention of the
international propagation of diseases. The World
Health Organization, as administrator of these
regulations, has no jurisdiction over the internal
affairs of countries bound by these regulations.
WHO does become involved when provisions of
these regulations are not complied with; for example,
if excessive sanitary measures are employed against
international travellers or goods, or obligatory
notifications are not forthcoming. Present develop-
ments indicate that WHO and other international
organizations will expand their participation in
research and in the support of cholera control. Not
only may this help interested countries to control
cholera; it may also assist them towards the ultimate
aim-eradication of this disease.

POSTSCRIPT

(January 1966)

Reviews are inevitably out of date by the time they are
published; the present paper is no exception. It was
originally prepared in November 1964, and during
editing some references were added to papers that had
been presented at various meetings but had not appeared
in print when the paper was written. During proof-
reading it was not possible to add in the text detailed
discussions of more recent publications, but the attention
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of readers should be drawn to several papers of con-
siderable interest.
The proceedings of a scientific meeting on cholera

(Proceedings of the Cholera Research Symposium,
24-29 January 1965, Honolulu, Hawaii, Washington,
D.C., US Government Printing Office) contain much
information on recent research, and those of a seminar
sponsored by the Indian Council of Medical Research
(Indian J. med. Res., 1964, 52, 743) summarize much
excellent work that will not be published in extenso for
some time.
New efforts to reclassify cholera vibrios and reports on

numerous unusual and aberrant strains have appeared
in 1965 (e.g., Hugh, R., Internat. Bull. bact. Nomencl., 15,
13, 61; Feeley, J. C., J. Bact., 89, 665; De, S. N. et al.,
J. Indian med. Ass., 44, 520; Rizvi, S. et al., J. Bact., 89,
910; Ghosh, A. K. et al., Indian J. med. Res., 53, 1). A
significant analysis of the cholera " toxins " presented by
W. Burrows et al. (J. infect. Dis., 115, 1) may alter present
concepts of cholera toxigenicity.

Cholera has now reached Iran on its westward treck; a
better understanding of the spreading of this infection
may be gained from the WHO report on cholera in
1964 (Wkly epidem. Rec., 1965, 40, 198).

Annex

SELECTED PROCEDURES FOR THE ISOLATION AND IDENTIFICATION
OF CHOLERA VIBRIOS

1. STOOL EXAMINATION

1.1 Collecting and Shipping Media
1.1.1 Venkatraman & Ramakrishnan fluid
The simplest modification feasible for stool and

rectal swab preservation is:

Crude sea salt
Peptone
Distilled water

20 g

5 g
to 1 litre

Dissolve the sea salt, add the peptone and make up
to volume, adjusting the pH to 8.6-8.8. Tube and
autoclave at 15 lbf/in2 (1.05 kgf/cm2) pressure for
15 min.

1.1.2 Alkaline peptone water

This fluid is most useful for short-term preserva-

tion, e.g., for keeping specimens or swabs overnight
in a refrigerator until they can be delivered from the
hospital to the laboratory, or when specimens are

collected in the field and may reach the laboratory
within one day. Longer incubation may result in
overgrowth of non-choleragenic organisms.

Sodium chloride
Peptone
Distilled water

10 g
10 g

to 1 litre
Dissolve the salt, add the peptone and make up to
volume, adjusting the pH to 8.6-9.0. Tube and
autoclave at 15 lbf/in2 (1.05 kgf/cm2) pressure for
15 min.
Gohar (see Pollitzer, 1959) recommended the

addition of 1: 200 000 potassium tellurite after
sterilization.

1.1.3 Saline-glycerol
This preservative is used for salmonellae, shigellae

and enteropathogenic Escherichia coli.
Glycerol 300 ml
0.9% aq. soln of sodium chloride 700 ml

Mix the two liquids, adjust the pH to 7.4-7.6. Tube
and autoclave at 15 lbf/in2 (1.05 kgf/cm2) pressure
for 10 min-15 min.

1.2 Collection of Specimens
Add about 0.5 g of stool to each 10 ml of the tubed

media and thoroughly mix with the preserving
fluid. (Wide tubes, vials or bottles may be used as
containers for these preservatives.)
Immerse rectal swabs in the tube and break the

sticks so that the plugs or caps of the containers
can be replaced.

NOTE: Dried-out stool specimens and swabs are
useless for bacteriological examinations. It is recom-
mended, therefore, that a preserving fluid be employed
always. On arrival in the laboratory the peptone water
may be incubated preferably for 6 h-8 h but not
for longer than 24 h. Saline-glycerol and alkaline
sea-salt water are not usually incubated.

1.3 Commercially Available Desiccated Plating
Media

Whenever possible, at least two cholera plates
and one Salmonella-Shigella medium should be
employed for each streaking. The following desic-
cated media are commercially available:

Tetrathionate broth (BBL, Difco, Oxoid, etc.)
TSBS agar (Japan)
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Cholera medium (Oxoid)
Desoxycholate-citrate medium of Hynes (Oxoid)
Salmonella-Shigella (SS) agar (BBL, Difco, etc.)

1.3.1 Procedure
Streak the alkaline sea-salt fluid or the alkaline

peptone broth out on:

one plate of TSBS agar
or

one plate of cholera medium
and

one plate of Hynes medium.
If a swab was delivered in the preserving fluid it
may be used to start the streak.
From the glycerol-saline solution streak

one plate of Hynes medium
or

one plate of SS agar.

Inoculate about 1 ml of the alkaline sea-salt or
peptone water into each 9 ml-12 ml of a fresh
alkaline peptone water tube and incubate for
8 h-14 h. After incubation, streak plates from this
second peptone water tube as described above.

Inoculate about 1 ml of the saline-glycerol into
each 10 ml-20 ml of tetrathionate broth. After
incubation for 18 h-24 h and 36 h-48 h, streak the
plates from the tetrathionate broth, as described
above.

Study all plates for presence of colonies of entero-
pathogenic organisms after 24 h and 48 h incubation.

NoTE: Vibrios grow well on the TSBS, the cholera
medium and on Hynes medium, whereas salmonellae
and shigellae will be isolated on Hynes medium and
on the SS plate.

1.4 Laboratory-prepared Media
1.4.1 Preparation of media

Alkaline agar. This is a non-inhibitory or only
slightly inhibitory medium which gives the best
results in acute cases excreting numerous organisms.

Sodium chloride
Peptone
Meat extract
Agar (granular)
Distilled water to

5 g
10 g
3 g

15 g
1 litre

Dissolve the components by heating and adjust
the pH to 8.4-8.6 with 10% sodium carbonate
solution. Autoclave at 15 lbf/in2 (1.05 kgf/cm2) pres-
sure for 15 min. Check the pH under sterile condi-

tions, using the best of a small sample taken from the
bulk with the aid of a sterile pipette. Adjust the pH if
necessary. Pour plates under sterile conditions.

Husain & Burrowsplate. This is a slightly inhibitory
plate.

Peptone
Glycerol
Sodium chloride
Agar (granular)
Distilled water to

10 g
2 g
5 g

15 g
1 litre

Dissolve the components by boiling and adjust the
pH to 7.6 if necessary. Autoclave at 15 lbf/in'
(1.05 kgf/cm2) pressure for 15 min. Add, under
sterile conditions, 1 ml of 0.1% thionin solution.
Pour plates.

Modified Toyoshima & Gohar mnedium (Monsur).

Trypticase
Sodium chloride
Sodium taurocholate
Sodium carbonate
Gelatin
Agar-agar
Distilled water to

10 g
10 g
5 g
I g

30 g
15 g
1 litre

Dissolve the components by heating and make up
to volume. Autoclave at 15 lbf/in2 (1.05 kgf/cm2)
pressure for 15 min. Add 0.5 mlMl ml of 1 %
potassium tellurite solution. Pour plates.

Modified MacConkey medium. This medium is
useful for the growth of salmonellae and shigellae.

Sodium chloride
Tryptone or tryptose

or trypticase
Sodium desoxy-

cholate
or Sodium tauro-

cholate
1 % brilliant green

solution
Lactose
Agar (granular)
Distilled water to

5 g

15 g

3 g

5 g

0.2 to 0.5 ml
15 g
15 g
1 litre

Dissolve the components by heating and make up
to volume, adjusting the pH to 7.2-7.4. Autoclave
at 15 lbf/in2 (1.05 kgf/cm2) pressure for 5 min-
10 min. Check pH and correct if necessary. Add
15 ml of 0.25% neutral red solution. Pour plates,,
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Other media. The egg medium of Yen (see Pollit-
zer, 1959 and Yen, 1964), the bismuth media of
Wilson & Reilly, of Ahuja and of Panja (see Ppllitzer,
1959), and the tellurite-salt-lauryl sulfate, plate
(Morgan et al., 1960; see also Felsenfeld, 1964) are
not easily prepared. They are highly selective and
must be made exactly according to the methods
suggested by their devisers.

Noms:
(a) All ingredients must be tested before use. This is
especially important with dyes and indicators; different
batches may give different results and their concentra-
tions must be adjusted accordingly.
(b) Other peptones may be substituted for tryptone,
tryptose and trypticase,- but preliminiary trials are
essential to establish their usefulness.
(c) Agar of different origin may give softer or harder
plates and the concentration must be appropriately
adjusted. Hard plates give rise to small colonies; soft
plates are difficult to streak and the colonies may
become confluent.
(d) Media containing bile salts tend to foam when
heated. They should be autQclaved in large bottles and
the autoclave permitted to cool slowly.
(e) After sterilization of media containing carbo-
hydrates, the autoclave should not be exhausted,
because a sudden change in pressure and temperature
may break them down'

1.4.2 Procedure
Use the same holding and enrichment media as

under 1.1 and 1.3.1 but, instead of cholera medium
or TSBS agar, plate to

one alkaline agar
and

one Husain-Burrows
or

Toyoshima-Gohar medium,
as well as one modified MacConkey plate.

If possible add SS or Hynes medium.
If possible employ one or more of the selective

plates mentioned under " Other media " in 1.4.1.

Noms:
(a) The selection of colonies for further studies under
oblique light, as suggested by Lankford (see Finkel-
stein & Gomez, 1963), should be performed only by
persons who recognize not only smooth but also
rugose and rough colonies, if it is used instead of
routine colony selection.
(b) Agglutination tests may be performed directly
with colonies grown on the plating media. This pro-
cedure is not always reliable.

1.5 Identification of Cholera Vibrios
Suspicious colonies'may be used directly for slide

agglutination tests. This is a rapid method of diag-
nosis, buit for epidemiological or laboratory purposes
a more detailed examination,is necessary, esoecially
when biotypes and incomplete, a,s well as; non-
agglutinating, organisms have tq be,investigated.

1.5.1 Differential media
(a) Agar slants, pH 7.6, for agglutination experin-

ments.
(b) Peptone broth, 1%, preferably tryptone or

tryptose or trypticase, with 0.5% godium chloride,
pH 7.4, for the indole test.

(c) Voges-Proskauer broth (Difco, BBL or Oxoid),
pH 7.4-7.6.

(d) Kligler medium, with long butts and slants, fQr
primary differentiation. It is ino&ulated by stabbing
to the bottom of the tube and then streaking the' slant.

(e) Semi-solid mannitol, irial from a good
peptone, 1 %; mannitol, 1 %; so ulm chloride, 0.5%
and agar, 0.3 %-0.5 %; 0.4°,-4.t% of a 0.4%O
bromcresol purple solution;, pH "7.4-7.6; autow
claved in tubes and permitted to solidify uprig**t)''
It is inoculated with a single deep stab. ^

(f) Tubes containing 0.5% arabinose or mannose
or sucrose in 0.5% peptone and 0.5% sodium
chloride, with 0.4 ml% of a 0.4% solution of brom-
cresol purple or phenol red as an indicator for
grouping the vibrios according to Heiberg.

(g) Brain-heart infusion broth (Difco or BBL)
with 1% glycerol as a stabilizer, for the haemolysin
test of Barua.

NoTE: With the exception of alkaline agar slants,
these media should be used in small tubes to save
materials and space.

1.5.2 Reagents
Indole reagent (Kovacs). Dissolve 5 g p-dimethyl-

aminobenzaldehyde in 75 ml amyl alcohol. Then
add 25 ml conc. hydrochloric acid. Keep in a dark
bottle.

Perform the test by adding 1 ml-2 ml of the
reagent to the growth in peptone broth, shaking it,
and observing the result after 5 min.

Voges-Proskauer reagent (Barritt). To 1 ml of
the three-day-old growth in the broth add 0.6 ml of
5% a-naphthol in ethanol and then 0.2 ml of 40%
potassium hydroxide solution. Shake and observe
after 1 h and 4 h.

3
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Washed sheep red-blood cells, 1% in saline, for the
haemolysin test.

Washed chicken red-blood cells, 2.5% in saline, for
the haemagglutination test.

1.5.3 Procedure
Inoculate suspicious colonies into Kligler's me-

dium.
Transfer those giving an alkaline (red) slant

and acid or acid and gas in the butt in 20 h-30 h to:

one tube of semi-solid mannitol
one tube of peptone broth
one tube of agar slant.

Incubate these tubes, together with the Kligler
medium, for 20 h-24 h and then carry out the indole
test.
Examine organisms giving the reactions of cholera

vibrios, salmonellae or shigellae (see Table 3) for
agglutinability, using the growth or the agar slant
and 0 or OH sera, in slide tests.

TABLE 3
DIFFERENTIAL DIAGNOSIS OF VIBRIO, SALMONELLA AND SHIGELLA a

KilglerSemi-solid
Kilgier mannitol Voges-

Indole Pros- Other tests Organism
Slant Butt H2S Fermen- Motility kauer

tation

K A -or Tr usually A +++ + _ Haemagglutination - V. cholerae
Haemolysis -
Sensitive to phage IV
Agglutinated by Ogawa or Inaba

or both sera (Hikolima)

K A _ A +++ + fresh, Haemagglutination mostly + V. cholerae
mostly Haemolysis: older usually + biotype
++ Not susceptible to phage IV El Tor

Agglutinated by Ogawa or Inaba
or both sera (Hikojima)

K A - usually A +++ + usually - Morphology of vibrio NAG vibrio
Not agglutinated by Ogawa and
Inaba sera

Fits into Heiberg groups
One single flagellum
Usually not sensitive to phage 11

K A - V _ V _ Citrate- Shigella
Agglutinated by Shigella sera
Lactose -
Sucrose - or delayed A
Salicin -

K A some A ++ Agglutinated by group D or Vi S. typhi
and d serum

K AG V G usually - - Lactose- Salmonella
++ Sucrose-

Salicin -
Agglutinated by Salmonella sera

K AG V - +++ V - Urea + Proteus vulgaris
Lactose - or mirabilis

K AG V usually V V V Lactose V So-called
or A AG Sucrose V Paracolobactra

Salicin V

A AG V AG V V V Lactose + Colon-Aero-
Sucrose V bacter group

a All are Gram-negative rods. The vibrios mostly appear in comma-shaped forms. K= alkaline (red); A = acid; AG = acid
and gas; V = variable; Tr = trace.
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Inoculate vibrios (whether agglutinable or not)
into media for the Voges-Proskauer test, fermenta-
tion of arabinose, mannose and sucrose, and into
peptone broth for the haemolysin test. (The growth
from the agar slant may be used for the haemagglu-
tination test, mixing a drop of a heavy saline sus-

pension of the growth with a drop of the chicken
red-blood cell suspension on a slide, and observing if
agglutination takes place within 10 min.)

Perform the haemolysin test by mixing equal parts
of the growth in broth with 1 % sheep red-blood
cells, incubating the mixture for 2 h at 37°C and over-

night in the refrigerator.
Inoculate organisms suspected of being salmonellae

or shigellae but not agglutinating with 0-group sera

into Voges-Proskauer tubes, into liquid media [1.5.1
(f)] containing 1% sucrose or lactose or salicin and
observe for at least one week. (In addition, urea
medium may be inoculated (it is not altered by them)
and Shigella-like strains may be streaked to citrate
agar for further differentation.)

Simplified procedure. A procedure applicable in
laboratories with modest means is shown in the
accompanying schema. It is based on simple collect-
ing media and on the great versatility of the Hynes
plate, which can be used for the detection of sal-
monellae, shigellae and vibrios. If modifications of
this procedure are considered, it is necessary to
keep in mind the facilities and the ingredients
available, as well as the manpower needed for media
preparation and diagnostic work. The laboratory
technicians must be thoroughly acquainted with
the media they are using. In work with El Tor
vibrios, which grow rather well on many plates,
the familiarity of the bacteriologist with the medium
used is a more decisive factor than the kind of plate.

Noms:
(a) Some authors recommend the use of urea medium
for screening. Semi-solid mannitol, however, serves
the same purpose and also permits the differentiation
of motile and non-motile organisms. Gram-positive
organisms often form a typical growth in it.

PROCEDURE FOR STOOL EXAMINATION a

Specimen or swab

Alkaline sea-salt
or Alkaline peptone water

I
1. One non-inhibitory cholera plate
(Alkaline agar or Husain-Burrows)

2. One inhibitory cholera plate
(Cholera medium, modified
Toyoshima-Gohar, TSBS, or other)

3. One Hynes plate

Kligler tubes

I
1. Semi-solid mannitol

2. Peptone broth for indole reaction

3. Agar slant

Indole test
Voges-Proskauer test
Agglutination experiments
Haemolysin test
Haemagglutination test
Fermentation of

arabinose
mannose
sucrose

Phage-typing

Other tests (if indicated)

Saline-glycero

One Hynes or SS
or modified

MacConkey plate

Tetrathionate
broth

After 24 h: one After 48 h: one
Hynes or SS or Hynes or SS or

modified modified
MacConkey plate MacConkey plate

jl
Kilgier tubes

1. Semi-solid mannitol

2. Peptone broth for indole reaction

3. Agar slant

Indole test
Voges-Proskauer test
Agglutination experiments
Fermentation of

lactose
sucrose
salicin
urea
and others (if indicated)

Utilization of citrate

a Applicable also to vomits.
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(b) There are certainly many other useful (and also
shorter) procedures available, e.g., that described by
Burrows & Pollitzer (in Pollitzer, 1959). It is regret-
table that the excellent bismuth media require so much
attention from the me4ia makers that they are being
neglected. The same holds true of the more compli-
cated tellurite plates. The use of more than one plate
of each kind gives better results, especially if sufficient
material is available, which is, however, seldom the
case when rectal swabs ahtl not stool specimens are
being examined.
(c) A phage-typing service for vibrios is available in
the WHO International")eference Centre for Vibrio
Phage-typing at the Indian Institute of Experimental
Medicine, 4 Raja Subogh Mullick Road, Calcutta,
India. Salmonella- and Shigella-typing centres function
in many countries. The Strains may be sent also to the
International Salmonella Centre at the Statens Serum-
institut, Copenhagen, Denmark, or to the International
Salmonella Center at the Communicable Disease
Center, Chamblee, Georgia, USA.

2. EXAMINATION OF WATER, SEWAGE, FOOD AND
FOMITES

Water
Filter about 1 litre of water, collected in a sterile

bottle containing 1 g of sodium thiosulfate, through
a millipore (or similar) filter and place the filter-
paper in a wide-mouthed bottle containing 50 ml-
100 ml of alkaline peptone water (1.1.2).

Sewage
Dilute sewage, if necessary, with sterile saline or

,filter it first 'through sterile gauze before treating'
it as water.
Examine night-soil in the same way as stool

specimens.

Food and fomites
Trituratefood or mix it,in a blender (with cooling>

with sufficient alkaline peptone water to fQrm a thin;,
emulsion. Adjust the pH to 8.2-8.4 and incubate
the emulsion for' 16 h-20 h.

Treat washings from the surface of fomites and
foods with alkaline peptone Wyater in the same way,
as water.

Treat liquid food as water or,' if necessary, dilute
it first with alkalife peptone water.

NOTES:

(a) It is recommended that simultaneously, but ising
different p9rtions, of the samples, 1 % peptone bro`th
with 0.5% sodium chloride, pH 7.2-7.4, should be
employed fdr tl;e isolation of salmonellae 4nd shigellae
in these experiments.
(b) The. alkaline peptone water and, the pepttne
broth are ipcubated for 16 h-20 h and then plates
are streaked and the isolated colonies examined as in
the procedure §hown in'the accompany'ig schema.
The peptone broth is examined in the same way as the
tetrathionate broth in this schema.

RtSUMlt

Le present travail, pr6sent6 au Seminaire interregional
sur le chol6ra organise par l'OMS a Manille en novembre
1964, est une mise au point de nos connaissances concer-
nant cette affection et une revue des donn6es nouvelles
rassembl6es depuis la publication de la monographie de
Pollitzer en 1959.

L'epid6miologie du cholera est actuellement domin6e
par la diffusion du cholera El Tor dans toute l'Asie du
Sud-Est oCt il envahit l'aire de propagation du cholera
classique. Bacteriologiquement, la distinction entre le
vibrion cholerique vrai et Vibrio El Tor, malgre la multi-
plicite des methodes proposees en vue de leur differen-
ciation, reste aleatoire. L'etude morphologique, la
recherche des proprietes hemolytiques et des particularites
de culture, de meme que l'analyse des caracteristiques
antigeniques des souches ne peuvent, en raison de la
grande variabilite des vibrions, conduire a une identifica-
tion certaine. D'autre part, sous le rapport de la physiopa-
thologie de l'infection chol6rique, il semble qu'il n'y ait
pas de differences nettes entre les formes classiques de la

maladie et les etats morbides dus a V. El Tor. Le diagnos-
tic differentiel entre les deux varietes de chol6ra ne repose
actuellement sur aucun critere clinique nettement defini.
L'existence, lors des 6pid6mies, de syndromes diarrhei-
ques non specifiques simulant le cholera et la frequence
des infections choleriques vraies 'a evolution relativement
benigne compliquent encore le probleme. L'auteur decrit
les nombreuses methodes de laboratoire qui sont a la
base du diagnostic; l'int6ret pratique des tests serolo-
giques actuellement connus est limit6 et l'examen des
selles reste l'outil indispensable du diagnostic. La thera-
peutique demeure axee sur la r6hydratation et la restaura-
tion de l'equilibre electrolytique. Le traitement d'appoint
par les tetracyclines a donne des resultats prometteurs.
Les sulfamides et les bacteriophages, en revanche, pa-
raissent denues d'action decisive.

Etudiant les caract6ristiques epidemiologiques du
chol6ra et l'influence de divers facteurs sur I'apparition
et l'extension des epid6mies, l'auteur signale l'importance
de la transmission hydrique et le r6le considerable des
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porteurs, souvent asymptomatiques, dans la transmission
par contact de personne A personne. Les mesures de lutte,
d'application difficile, sont influencees par les conditions
d'environnement souvent tres d6favorables. La declara-
tion des cas, l'isolement des malades et la desinfection
sont indispensabls, mais la pr6vention de la contamina-

tion de 1'eau reste le probleme essentiel. La vaccination
specifique est l'objet de recherches tres pouss6es menees
avec I'aide de I'OMS. Les preparations actuelles deman-
dent a etre ameliorees et 1'etude des possibilites d'immu-
nisation par voie orale au moyen de souches vivantes
avirulentes doit etre poursuivie.
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