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A Recent Study of Cholera
with Reference to an Outbreak in Taiwan in 1962

CHUN HUI YEN, M.D., D.P.H.1

During the summer of 1962, cholera broke out in Taiwan after an absence of 16 years.
This paper gives a full description of the prompt and energetic measures that were instituted
to control the outbreak; these included the designation ofemergency areas, the immediate
detection and isolation ofpatients andprobable carriers, and mass vaccination.

In all, over 160 000 rectal swabs and stool specimens were examinedfor cholera organ-
isms. The author's egg-starch medium, described in detail, proved very satisfactory for this
purpose. During the main epidemic (July-September) 383 confirmed cases of cholera and
380 carriers were identified. While the over-all carrier: case ratio was thus approximately
1: I the ratios in different age-groups varied considerably, being as high as 4: 1 in children
aged 0-4 years and as low as 0.3 : 1 in persons aged 55-59 years. The author suggests
possible reasons for the older persons' tendency to develop clinical disease rather than
become carriers.

There were only 24 deaths in the outbreak (a fatality rate of 6%). The efficacy of
vaccination was difficult to determine precisely, but in general more deaths and more cases
occurred among the non-vaccinated than among the vaccinated.

Taiwan is an island located between latitudes
210 and 25°N and longitudes 1190 and 122°E and
has an area of 36 000 square kilometres, two-thirds
of which is covered by ranges of mountains along
the east coast longitudinally. The plain on the
western section is wide and fertile and is densely
populated (population 11 800 000 in 1962). The
climate is warm and humid, with heavy rainfall. On
the western coast are the fishing villages, on the
plains lie the rice paddy fields, while the mountainous
regions are the fruit- and tea-growing areas. The
health programme is carried out at the provincial
level by the Health Department, which directly
sponsors 23 hospitals, three international quarantine
stations, four provincial quarantine stations, one
maternal and child health institute, one malaria
research institute, one institute of environmental
sanitation, four tuberculosis control centres, one
public health teaching and demonstration centre,
one provincial laboratory of hygiene, one serum and
vaccine laboratory, and one joint health and hospital
laboratory; the Department also indirectly supervises

1 Formerly, WHO Epidemiologist, Institute of Public
Health, Dacca, East Pakistan; present address: WHO
Regional Office for the Western Pacific, Manila, Philippines.

22 rural and city health bureaux and 367 health
stations. During the present outbreak of cholera all
the personnel and the facilities of these some 400
health units were mobilized under the direction of
the Provincial Commissioner of Health in the control
of cholera. The last outbreak of cholera occurred
in Taiwan in 1946, when 3809 cases, with 2210 deaths,
were recorded. During the following 16 years no
single case of cholera was noted until 17 July 1962.

THE PRESENT OUTBREAK

On 15 July 1962 four cases of acute enteritis were
reported simultaneously to the Provincial Health
Department by county and city bureaux. Of these,
two were reported from a small village 10 km from
the seashore of Kho Hu township, Yunlin County,
and another two from Tainan, a coastal city.
Since in all four cases there was frequent diarrhoea
and vomiting with marked dehydration, the local
health officers had early considered the possibility
of cholera; the patients were immediately isolated
in the nearest provincial hospital and specimens of
their stools sent to the Taichung joint health and
hospital laboratory for bacteriological confirma-
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tion. On 17 July, all four specimens were reported to
be positive for Vibrio cholerae which were agglutin-
able with Ogawa-type serum belonging to Heiberg
Group I and were shown to be haemolytic by the
Grieg technique. Thus the occurrence of these first
four cases of cholera (El Tor 1) was confirmed and
WHO was at once notified by telegram.

CONTROL MEASURES

On 17 July the following comprehensive scheme
of control measures was immediately brought into
operation. The administrative districts of Taiwan
were divided into " emergency " and " alert " areas,
the villages in which there were suspected or actual
cases of cholera together with all villages immediately
adjacent to them being designated "emergency "
areas, while all other parts of Taiwan were desig-
nated " alert " areas. After thorough control
measures had been applied and after the absence of
any new cases of the disease for a minimum period
of two weeks, an "emergency " area could be
reclassified as an " alert " area. When no case was
noted for two weeks after the last case had occurred,
the whole of Taiwan was declared free from cholera
on 19 September 1962.

Alert areas
The control measures applied in the "alert"

areas were as follows.

Detection ofpossible cases and carriers. To achieve
this, public and private clinics were visited by the
health officers daily to obtain stool specimens and
rectal swabs from all patients with diarrhoea. These
were put in alkaline peptone water (pH 8.4) and sent
to the reference laboratories.

Random rectal swabbing of that section of the
population living in unhygienic environments. This
was usually carried out in the fishing villages and
farming areas along the rivers and canals where a
piped-water system is non-existent, and the disposal
of night-soil and other waste materials is not
adequate.

Control offood and cold-drink vendors. The sale
of uncovered food and unstoppered soft drinks on
the streets was prohibited as these substances were

1 The term El Tor was used, as the WHO Weekly Epi-
demiological Record employs this term in recording similar
outbreaks in many areas in the Western Pacific Region, but
clinically and epidemiologically the disease is indistinguish-
able from cholera.

usually found to be contaminated. Specimens
were taken from food, vegetables, fish, and low-
ground fruits on sale in the markets, for the culturing
of V. cholerae.

Examination of water supplies. The water supply,
including that from wells, ponds and reservoirs, was
tested for V. cholerae and evidence of pollution.
For all water supplies the chlorine content was
required to be raised to a minimum level of 0.5 p.p.m.
at the point of delivery.

Public health measures. Clearing of refuse and
stagnant waste water and also disinfection of
latrines, drains, and certain parts of irrigation
canals were carried out under the direction of
sanitary engineering teams. For the disinfection of
latrines, whether of the water type or other, chlori-
nated lime was extensively used. In some areas
where there were open latrines kerosene was used to
cover these for two weeks to prevent flies from
breeding.

Inoculation against cholera. Except for children
under one year of age, pregnant women and the sick,
the entire population was required to be inoculated
against cholera, a dose of 1 ml, containing 8000
million organisms each of the Ogawa and Inaba, non-
haemolytic strains, being given subcutaneously.
However, in non-emergency districts, inoculation
with a 0.5-ml weekly dose, up to 2 or 3 doses, was
extensively practised. The response was over-
whelmingly enthusiastic. In pregnant women who
asked to be, and were, vaccinated, no untoward
effect was observed in either mother or foetus over
a period of 3 to 5 months of follow-up of over
200 patients seen at the Hospital for Women's
Diseases, Taipei.

Promotion of health education. Pamphlets, news-
paper articles, radio programmes, hand-bills, and
posters explaining the symptoms of cholera, its
mode of spread, and methods of prevention, such
as the boiling of drinking-water and the protection
of foods against contamination, as well as the
desirability of vaccination, were widely disseminated.
People with symptoms suggestive of the disease
were urged to be seen by the health officer or to
attend hospital immediately, and all private clinics
and government health units were instructed to
send a specimen from such cases for bacteriological
diagnosis. In fact, all suspected cases were admitted
to the provincial hospitals for observation.
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Measures applied in emergency areas

In addition to the measures for " alert " areas,
outlined above, the following were applied in
emergency areas.

Isolation. All confirmed or suspected cases of
cholera were removed to provincial hospitals.
Ambulance teams, each consisting of a health
officer, a nurse, a village clerk, and a driver, carried
with them a saline-infusion set to be used at the
patient's home before taking him to hospital, the
patient being often much dehydrated or in shock;
phenol solution was also carried to disinfect the
vomitus, faecal matter, and other infective materials
on the way to hospital.
At the patient's house all clothes, personal

articles, utensils, latrines, beds, interior of rooms,
open wells, and water containers were immediately
dusted with chlorinated lime or sprayed with a
solution of this diluted to 1000 p.p.m.; the spray
was sometimes combined with Mekezol, Lysol,
phenol, HCH,1 or dichlorvos 2 for the control of
flies.

Detection ofcarriers. To facilitate the detection of
contact carriers, rectal swabs were taken from all
inmates of the patient's household (even before
the diagnosis of cholera was established) and sent
to the designated laboratories in alkaline-peptone
tubes. The result of the bacteriological examination
was usually reported by telephone to the health
officer within 24 hours. Contacts giving a positive
result were regarded as carriers and immediately
hospitalized.

Quarantine of infected households. As soon as the
diagnosis in a suspected case was established the
affected household was put under quarantine until
the patient and all household contacts were shown
to be negative for V. cholerae, quarantine being
maintained for at least 7 days after removal of the
patient and any healthy carriers to hospital. Food
and other -necessities were passed to the household
by a lin (street sub-unit) officer or neighbours.
Compensation for loss of daily earnings was provided
by the local government to these households when-
ever necessary. The populace concerned co-operated

1 HCH is the common name recommended for mixed
isomers of 1, 2, 3, 4, 5, 6-hexachlorocyclohexane by the Inter-
national Organization for Standardization.-ED.

2 Dichlorvos is the common name recommended for
2,2-dichlorovinyl dimethyl phosphate by the International
Organization for Standardization.-ED.

very well. All household contacts were inoculated
against cholera.

Control of the markets. All fresh vegetables, fish,
shellfish, oysters and clams from an infected area
were required to be immersed in 1000 p.p.m.
bleaching solution for 3 minutes before being
brought to market. Pedlars of uncovered foods and
vendors of unbottled or unstoppered soft drinks
and cut fruits were disbanded for the period of the
epidemic.

Rectal-swab surveys in three zones. On the finding
of a case of proven cholera, a rectal swab was
obtained from all persons living in the same house-
hold or compound with the patient, this constituting
zone 1; usually more than one family (mostly
relatives) live in one compound and use the same
kitchen, cooking and eating utensils, the same latrine,
the same common water receptables, well or
reservoir, and the same washing facilities. Zone 2
comprised all individuals living in houses within
500 m around the patient's house and these were also
rectally swabbed so far as possible for bacteriological
examinations. Finally (zone 3) rectal swabs were
taken at random from individuals residing in the
infected village. Usually specimens were collected
from about 15% of the inhabitants of a village, but
in one village, specimens were collected from all but
one of an entire population of some 2400 persons.
When it had been explained that the motive of the
survey was to detect possible healthy carriers the
public were generally receptive to these measures.
Some of the findings of these surveys are discussed
below.

Provision ofdrinking-water. In most of the cholera-
infected villages there was no adequate potable
water supply. Clean water was therefore supplied
by the extension of pipes to the village from a near-
by source or it was brought in water tanks by barge.

Night-soil disposal. The cholera-infected areas
were notable for their lack of proper night-soil
disposal or adequate provision of latrines. To make
it possible to collect and so ensure proper treatment
of the night-soil and to prevent it being scattered
around houses or into gutters, rivers, and ponds,
emergency latrines or pits were provided in great
numbers. A practical one devised by the author
utilized the large concrete water-main pipes (6 ft
(2 m) long and 2 ft (60 cm) diameter) which were
readily available; these were buried vertically in the
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ground, the bottom end being sealed with concrete
and the top covered by a concrete slab which had a
rectangular opening for use. Kerosene, diesel oil, or
heavy oil were poured into it to serve as a floating
cover for the faecal matter and thus prevent the
access of ffies.

HOSPITAL CARE

All confirmed and suspected cases of cholera as
well as carriers of the disease were immediately
removed to isolation wards in the 13 designated
hospitals within the infected area. These wards were
temporarily separated from the existing wings of the
provincial hospitals and their staff, which included
an administrator, doctors, nurses, and attendants,
were given a special short briefing on the manage-
ment of the cases, the isolation technique, and the
collection and dispatch of specimens.

Treatment
Routine treatment with saline infusions with the

addition ofNaHCO3 and KCI was given according to
the method described by Phillips (Wallace et al.,
1962 1). It was found that most of the patients
required from 3 to 6 litres of the infusion, but in
exceptional cases as much as 10 litres had to be
given before symptoms were completely arrested.

Other treatment was given as particular clinical
features required. Trials with antibiotics as additional
therapy were also carried out on small groups of
patients at the Taipei Infectious Diseases Hospital
and Chia Yi provincial hospital. Thus at Taipei
Hospital 31 cases treated, in addition to the routine
infusion therapy, with 500 mg of chloramphenicol
by mouth 4 times a day for 3 days did not show any
significant improvement in symptoms or shorter
duration of positive stool culture as compared with
those treated with saline infusions alone. At Chia Yi
hospital, similar results were obtained with addi-
tional chloramphenicol therapy (250 mg orally
3 times a day for 4 days). However, as this oral
therapy was instituted only after the vomiting and
severe diarrhoea had subsided, its precise influence
on the course of the disease was naturally difficult to
evaluate.

In all cases stool cultures were required daily from
the time of admission, but there were occasional
lapses, these being estimated at about 10% up to
time of discharge. Patients were allowed to leave
hospital when three successive stool cultures were

1 Wallace, C. K., Cox, J. W., Fabie, A., Primicias, P.,
Uylangco, C. V. & Phillips, R. A. (1962) Chin. med. J., 9, 15.

negative for V. cholerae two weeks after onset of the
disease; if, after two weeks, a culture was positive
the period of hospitalization was lengthened until
three successive negative cultures were obtained.
Carriers were kept in hospital for at least two weeks
from the day of the first positive culture, but here
again three successive negative cultures were
required before discharge from hospital. In sus-
pected cases the criterion for discharge was per-
sistent negative stool cultures for 10 days after
absence of symptoms.

LABORATORY DIAGNOSIS

A unified technique was employed at the three
diagnostic centres to which all specimens were sent
for bacteriological examination. The techniques and
procedures employed are summarized below.

Collection ofspecimens and preparation for culture
Rectal swabs and alkaline peptone water (pH 8.4)

contained in 20-ml cotton-plugged test-tubes were
supplied to health stations in batches of 500. After
being used, each swab was replaced in its tube and
dispatched to the relevant diagnostic centre, either
singly or in batches of a few hundred, depending on
whether it was a single case or swabs from a mass
survey.
For the examination of suspected water 180 ml of

the water was added to a graduated flask containing
20 ml of 10 times concentrated alkaline peptone
water at pH 8.4.

Various foodstuffs were prepared for culturing as
follows: in the case of fruits, the skin or peel was
chopped; in the case of fish, the skin, gills and in-
testines were separately chopped; in the case of
oysters and clams, the whole body was removed
from the shell and chopped; and, in the case of crabs,
a washing of the shell was taken, while the gills and
meat were separately chopped.

Cultural procedures
Specimens either in alkaline peptone or directly

were plated on Yen's egg-starch agar, as described
below, or on MacConkey's agar, or on alkaline
nutrient agar, pH 8.4, the plates then being in-
cubated at 35°-37°C overnight, and examined on the
following day. Suspicious colonies appearing on the
plates were picked off for examination by direct
slide agglutination, Gram staining, and the motility
test, and were also transferred to nutrient broth
(pH 8.0) for further studies such as tube agglutina-
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tion, sugar fermentation, the Voges-Proskauer
reaction, the cholera-red test, phage typing, and the
chicken-cell agglutination test, these being carried
out in batches.

In actual practice the MacConkey and alkaline-
agar plates were dropped from routine use after a
few hundred platings had shown that they possessed
no advantage over Yen's medium. For mass
surveys, from which specimens are often received in
batches of hundreds, it was necessary to pool
portions of collected specimens in alkaline peptone
in groups of four before plating. When the pooled
specimen was positive for pathogenic organisms, the
four original specimens forming the pool were
tested individually to identify the source of positivity.
This method worked satisfactorily and saved much
material, time, and labour. All specimens from
suspected cases, confirmed cases, and possible
carriers among the patients' contacts were tested on
individual plates. Thus over 160 000 rectal swabs
and stool specimens from individuals were examined
for V. cholerae and a further 5000 samples of water
and various foodstuffs such as vegetables and fish
were also tested.

The egg-starch medium for rapid isolation of
V. cholerae

This medium, which, with the sole modification of
omitting malachite green, was extensively used in
the present outbreak, was first described 16 years ago
(Yen, 1947 1), but as there had been no opportunity
to test its value in field work since that time it may
be of interest to report its method of preparation
fully here, as it gave excellent results in the detection
both of active cases and of carriers of cholera. It is
prepared in the following way. To 40 ml of egg-
white are added 280 ml of distilled water and 20 ml
of N NaOH; the mixture is beaten thoroughly,
gently boiled for 30 minutes in an evaporating
basin or a flask, and cooled to room temperature.
To this is added 100 ml of a 10% aqueous solution
of soluble starch, previously warmed to 40°C and
thoroughly shaken for 2 minutes; the volume is then
made up to one litre with distilled water and the
following substances added: peptone 10 g, meat
extract 3 g, potassium nitrate 3 g, sodium chloride
3 g, maltose 1 g, magnesium chloride 1 g, and agar-
agar 20 g. The whole mixture is heated in a water-
bath, with frequent shaking to dissolve the agar-
agar, and is then filtered through cotton, and the

1 Yen, C. H. (1947) Chin. med. J., 65, 133.

reaction of the filtrate adjusted to pH 8.4. The
filtrate is then distributed into flasks in 100-ml lots
and autoclaved at a pressure of 15 p.s.i. (1.05 kg/
cm2) for 15 minutes. Just before pouring into plates,
0.5 ml of a 1: 100 dilution of rosolic acid in 95%
ethanol is added to each 100 ml of the medium,
which is thoroughly shaken until the indicator is
evenly distributed throughout the mixture. Finally
the medium is poured into sterile plates to a
depth of 0.3-0.5 cm. As it is important that the
surface of the medium be quite dry before attempting
inoculation, the plates were generally kept inverted,
with covers removed, in an electric oven at a tem-
perature of 50-56°C for 20-30 minutes until the agar
surface was devoid of excessive moisture.

Following inoculation the plates are kept at
37°C for 12-24 hours, though very often luxuriant
growth may appear a few hours earlier at this
temperature or even at room temperature when this
is above 30°C, which is often the case in regions
where cholera occurs. The colonies of V. cholerae
are characterized by the appearance of a circular
zone of clear decolorized medium surrounding them.
The colonies themselves are round, translucent to
slightly opaque, whitish in colour, and measure
from 2 to 5 mm in diameter, with a raised smooth
surface which tends to become flattened at the centre
as the colony grows bigger. The clear and decolor-
ized area against the red background of the medium
is very striking and is easily spotted; the zone soon
enlarges if the growth is left to stand, even at room
temperature. In Fig. 1, the decolorized zones of
medium surrounding the colonies are clearly dis-
tinguishable against the dark-grey background. The
growth is usually heavy enough for direct agglutina-
tion tests and picking for subcultures. Most speci-
mens from cases in the acute stage of cholera give
practically pure cultures and colonies may be so
numerous that the decolorization extends over the
entire plate. It is thought that non-agglutinating
vibrios and a few non-pathogens, especially fungi,
may also cause the zone of decolorization; therefore,
agglutination, sugar fermentation, and haemolysis
tests have to be carried out to confirm the diagnosis
and to identify the vibrio strain.

ADMINISTRATION AND ORGANISATION

The organization set up to deal with the epidemic
functioned at three levels of Government service
namely, the national level, the provincial level, and
the county or municipal level.
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FIG. 1
COLONIES OF V. CHOLERAE GROWING ON

YEN'S MEDIUM (16 HOURS AT 37°C)

1. At the national level was a Cholera Advisory
Committee composed of Ministers or representatives
from ministries and bureaux of the Interior, Eco-
nomic Affairs, Defence, Communications, Import
and Export, Information, Joint Commission of
Rural Reconstruction, Taiwan Provincial Govern-
ment, and Taipei Municipal Government. A
minister without portfolio served as chairman and
weekly meetings were held to consider the report of
the Provincial Health Department, to direct policy,
and to co-ordinate the efforts of all sections of
government services concerned in control of the
epidemic.

2. At the provincial level, a Cholera Control
Centre was established by the Provincial Govern-
ment. This Centre assumed full responsibility for
the control programme throughout the entire
country and had authority to direct activities to any
city, county, or village. Its staff consisted of tech-
nical experts and section chiefs from the Provincial
Health Department, whose Commissioner acted as

chairman. The work of the Centre was carried out

by seven divisions, which dealt respectively with
intelligence, cholera control, medical care, labora-
tory investigations, health education, statistics, and
general business, and in addition there were a large
number of field units. These latter comprised 14
district advisory teams, each composed of one
medical officer and one public health nurse, whose
task it was to supervise the field control activities of
the local health agencies; 54 disinfection teams,
whose duties included disinfection of wells, disposal
of waste, and general cleaning-up activities; 121 im-
munization teams, who worked under the direction
of municipal and county health officers (in addition
the vaccine was made available to all public and
private hospitals and clinics throughout the country);
and lastly, 13 treatment centres, which were set up
at designated provincial and municipal hospitals.

3. At the municipal and county level a cholera
control centre on the pattern of the provincial
Centre was opened in each city or county in the
infected areas, with the director of the local health
bureau as chairman. The work of these centres was
under the direct control of the Provincial Com-
missioner of Health.

EPIDEMIOLOGICAL OBSERVATIONS

Incidence of cases
During the period 17 July to 17 September 1962

a total of 1548 individuals were admitted to the
provincial hospitals either on suspicion of having
cholera, or as suspected carriers of the disease, or
because they had severe diarrhoea and repeated
vomiting. Among the 371 of these in whom cholera
was bacteriologically confirmed there were 12 deaths,
while a further 380 were shown to be symptomless
cholera carriers. In addition there were 12 deaths
due to bacteriologically-proven cholera among
patients who had died in private clinics before they
could be brought to the provincial hospitals. Thus,
with these 12, the total number of proven cases
encountered during this period was 383. Fig. 2
shows the daily occurrence of cases according to the
day of onset of symptoms, while Fig. 3 shows the
weekly occurrence in the various districts. It should
be noted that from the time that subsequent cases
were brought to the attention of a health officer and
the diagnosis of cholera was established, 5 days had
already elapsed since the onset of symptoms in the
first case. Because of the absence of cholera in
Taiwan during the previous 16 years, the initial cases
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FIG. 2

DAILY OCCURRENCE OF CHOLERA (EL TOR) CASES IN TAIWAN, 10 JULY TO 4 SEPTEMBER 1962
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FIG. 3
WEEKLY OCCURRENCE (BY DISTRICT) OF CHOLERA (EL TOR) CASES IN TAIWAN,

10 JULY TO 4 SEPTEMBER 1962
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FIG. 4
NUMBER OF CHOLERA (EL TOR) CARRIERS DETECTED PER 1000 INDIVIDUALS SURVEYED

(5-DAY PERIODS) IN TAIWAN, 19 JULY TO 2 OCTOBER 1962
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were treated in private clinics in these remote areas
as cases of acute enteritis until the more alarming
and precipitate course of the illness led the doctors
in charge to report the cases for confirmation.
Thereafter, all clinics were alerted so that any
suspicious case was immediately admitted to
hospital, as mentioned above. Fig. 3 illustrates the
explosive spread of the disease in the second week
and also its rapid spread to other districts. During
the third and fourth weeks the number of new cases
declined a little, but the real downward trend did
not start until the fifth week, and the entire epidemic
was over after eight weeks. Control measures were
instituted on 17 July, corresponding to the second
week of the outbreak, and an intensive and extensive
attempt to detect symptomless carriers was started,
as described above.

Incidence of carriers
All carriers were hospitalized immediately on

being detected. Fig. 4 shows, in 5-day periods, the
number of carriers detected in relation to each
1000 individuals surveyed, this part of the study in-
volving the examination of some 72 000 specimens
in all. It will be recalled that 380 carriers were
detected during the period of the epidemic. But in
addition to this, a further 38 carriers were found
during the first month after cessation of new clinical
cases and it is worthy of note that all 38 occurred in
the formerly cholera-infected districts. During the
second and third months after the end of the epi-

demic, further surveys on some 47 000 individuals
failed to reveal any more carriers. During the epi-
demic, also, mass-culture and rectal-swab surveys
were carried out in those areas of Taiwan that had
been free from fresh cases or carriers for a period of
four months and the 35 000 specimens thus obtained
were shown to be persistently negative for the cholera
vibrio. In all, therefore, among the some 160 000 in-
dividuals surveyed by means of rectal-swab culture
between 17 July and 4 December 1962 a total of
418 were found to be cholera carriers, i.e., 380 during
the epidemic and 38 after it, the ratio of active cases
to carriers being thus roughly 1: 1.
The weekly occurrence of carriers by districts (see

Fig. 5) showed a similar pattern to that of fresh
cases of cholera (see Fig. 3), but it is of interest to
note that in the fourth week of the epidemic the
number of carriers greatly exceeded the number of
active cases of the disease.

Distribution of cases by age, sex and occupation
Table 1 gives the actual number of cases occurring

in different age-groups and in each sex. From this it
is evident that the two sexes show no marked
difference in incidence except in age-groups 20-29
and 40-49, in both of which there is a greater number
of females than of males. This difference persists
even on a specific age-group basis (per 100000 of
the population) as shown in Fig. 6 and Table 2.
Table 1 also gives the impression that in the age-
group 5-9 years there was apparently a higher
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FIG. 5
WEEKLY OCCURRENCE (BY DISTRICT) OF CHOLERA (EL TOR) CARRIERS IN TAIWAN,

10 JULY TO 4 SEPTEMBER 1962

July 17-23 July 24-30 July31-Aug6 Aug 7-13

Total 36 Total 52 Total 101 L Total 67

Aug. 14-20 Aug. 21-27 Aug. 28-Sept 4

Total 35 Total 34 Total 23

incidence than in the other groups, but when the
incidence is considered in relation to population size
of the age-group it is seen that this is not so. Fig. 6
and Table 2 show that the incidence was higher in
adults than in children and became much higher
after the age of 50, and although the number of
persons in the older age-groups was naturally smaller
than that in the younger age-groups, nevertheless
a definitely higher case rate is observable. Whether
or not this could be accounted for by any physiolo-
gical changes in the old such as, for example,
diminished acidity of the gastric contents, might be
a point for future studies. The greatest number of
cases in males (99) occurred among those working
in the open air and exposed to the sun and heat, that
is, farmers in the fields, fishermen in their boats,
and factory workers; among females the biggest

group was composed of housewives and those
classified as of " no occupation " (192 cases), since
it is mainly they who attend to the cleaning and
washing in the household and care for the sick, as
they are usually at home.

Distribution of carriers by sex and age
There was little difference between the sexes in

the incidence of carriers except that, as in the
confirmed cholera cases, there was a higher propor-
tion of females in the age-group 35-39 years, but
excess of males in the group 45-49 years, as shown
in Table 3. The age distribution of carriers differed
from that of active cholera cases in showing lesser
differences between the various age-groups, mainly
owing to a higher carrier rate in the lower age-
groups.
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FIG. 6
MORBIDITY RATE OF CHOLERA (EL TOR) CASES BY AGE AND SEX PER 100000 POPULATION

IN TAIWAN, JULY TO SEPTEMBER 1962 a

0-4 5-9 10-14 15-19 20-24 .25-29 30-34 35-39 40-44 45-49
Age-group (years)

Both sexes; Males; . . .:.: Females

a Rates per 100 000 for all ages: males, 3.3; females, 3.5; both sexes, 3.42.

Ratio of carriers to cases

When the carrier and case rates are compared
(see Table 2) a very striking feature stands out,
namely, that while the over-all ratio of carriers
to active cases for all age-groups is approximately
1: 1, the ratio is over 4: 1 in the youngest age-

group (0-4 years) and up to 14 years old it is nearly
3: 1, indicating a preponderance of symptomless
carriers over clinical cases among subjects below the
age of 14; between the ages of 15 and 34 years the
carrier: case ratio was approximately 1 : 1, but
from age 35 to 70 or over the ratio ranged between
0.75: 1 and 0.33: 1, indicating a preponderance of
clinical cases over carriers in the higher age-groups.
The significance of these differences led to speculation

regarding the mechanism concerned in determining
whether a person infected with cholera becomes a

symptomless carrier or develops the full clinical
disease. Many factors such as the size of the infecting
dose, the nutritional status, the presence of con-

current infection or parasitic infestation, the im-
munity status, and other physiological factors were

considered. Observations on the intestinal parasite
rate among patients admitted to one provincial
hospital did not show any clear-cut difference in this
rate between those with cholera and carriers. In
most cases carriers and patients belonging to the
same family take the same food, so their diet and
nutritional factors are superficially similar. Other
inquiries as to the places where food and water
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CHOLERA OUTBREAK IN TAIWAN, 1962

TABLE 1
AGE DISTRIBUTION OF 383 CASES OF CHOLERA (EL TOR)

IN TAIWAN, 17 JULY TO 4 SEPTEMBER 1962

Age-group Male Female Total
(years)

0-4 8 5 13

5-9 20 23 43

10-14 8 11 19

15-19 11 11 22

20-24 4 13 17

25-29 8 16 24

30-34 15 14 29

35-39 19 16 35

40-44 12 20 32

45-49 12 15 27

50-54 22 14 36

55-59 21 16 37

60-64 13 10 23

65-69 4 4 8

70 + 8 10 18

Total 185 198 383

were consumed indicated that the source of infection
was most often the home, so that the chances of
acquiring the infection for those living in the same

house were more or less equal.

Excessive sweating in relation to cholera cases and
carriers

In seeking an explanation for the preponderance
of clinically active cases in the older adult groups

and the higher carrier rate among children under
14 years old, it is interesting to note that the adults,
particularly the males, perform strenuous manual
work, while on the whole the younger groups do not.
This strenuous manual work inevitably causes

severe sweating and loss of salts through the skin.
In fact, as was seen above, a great number of these
patients were farmers, fishermen, and labourers who
prior to the onset of symptoms of cholera had been
exposed to considerable heat and sun and who,
because of the resulting severe thirst, had consumed
large quantities of water. It is suggested that acute
and severe salt loss due to excessive sweating may

have played an important role in precipitating the
clinical development of cholera, and that if there is no
excessive loss of salt, as in the younger age-groups,
the organism may be harboured without causing
symptoms (the carrier state). An inquiry carried
out at the end of the epidemic regarding a history of
preceding exposure to heat and excessive sweating
revealed that about one-fifth of the patients remem-
bered having experienced excessive sweating before
they fell ill.

Duration of positivity for V. cholerae in patients and
carriers

No significant difference in the rate of disappear-
ance of V. cholerae from the stools of patients and
carriers was found. It will be noted from Table 4
that cholera organisms disappeared from the stools
of nearly 74% of 279 patients by the fourth day,
of 98% by the ninth day, and of 100% by the
14th day, counting from the day of onset of the
disease, while of 237 symptomless carriers about
78% became negative for V. cholerae within 4 days,
99% by 9 days, and 100% by 14 days, counting
from the day of their first detection, and this without
treatment.

Carrier rate in possible contacts and mass surveys

As explained earlier, as a control measure and as a
means of detecting carriers, rectal-swab surveys were
carried out in three zones around the houses of
index patients and specimens were also taken from
household contacts; the results are summarized in
Table 5, from which it will be noted that among
household contacts there was a high proportion of
carriers (9.5%), whereas among persons living in
zones 2 and 3 the carrier rates were only 0.34%
and 0.32% respectively, thus illustrating the greatly
increased likelihood of transmission of the disease
or of simultaneous infection of individuals in the
same household. Despite the low rates of positive
carriers in zones 2 and 3, which as was seen differed
very little, it is nevertheless important to note that
by surveying a great number of persons even these
low rates do eventually give rise to an appreciable
number of individuals who are of public health
concern. A further investigation of the frequencies
of secondary cases and carriers in a sample of 93
households revealed that in approximately 24% of
households in which there was an active case there
was at least one symptomless carrier, whereas the
frequency of secondary cases was only about 1%Y
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TABLE 2

AGE AND SEX DISTRIBUTION OF CASES AND CARRIERS OF CHOLERA (EL TOR)
PER 100000 POPULATION, TAIWAN, 1962

Age- Case rate per 100 000 Carrier rate per 100 000 Carrier:
group j-_ _ _ _ _ _ __ case ratio(yeroup (both(years) Male Female Total Male Female Total sexes)

__~~~~~_

0-4 0.8 0.6 0.7 2.4 3.2 2.8 4.2 :1

5-9 2.2 2.6 2.4 4.0 4.0 4.0 1.7 :1

10-14 1.1 1.6 1.4 3.7 3.7 3.7 2.7 :1

15-19 2.4 2.5 2.4 2.5 2.7 2.6 1.1 :1

20-24 1.3 2.8 2.2 3.2 1.7 2.3 1.1 : 1

25-29 1.9 4.0 2.9 2.9 2.8 2.8 0.96 :1

30-34 3.7 3.9 3.8 4.0 4.2 4.1 1.1 :1

35-39 5.3 5.5 5.4 1.4 4.4 2.8 0.51 :1

40-44 4.0 8.7 6.0 3.9 3.8 3.9 0.66 :1

45-49 4.6 7.5 5.8 3.4 2.0 2.8 0.48 :1

50-54 11.2 8.3 9.9 4.6 5.4 4.9 0.48 :1

55-59 14.8 12.5 13.4 3.5 5.5 4.4 0.33 :1

60-64 13.7 10.3 12.0 4.0 6.3 5.2 0.44 :1

65-69 6.9 6.2 6.5 8.6 1.5 4.9 0.75 :1

70+ 13.3 10.5 11.6 6.7 4.2 5.2 0.44 :1

All ages [ 3.3 3.5 3.4 3.3 | 3.4 [ 3.3 0.99:1

Tracing of transmission of disease and the role of
carriers

In spite of the fact that about 24% of households
and 9.5% of individual household contacts of
patients were found to be infected with the disease
organism, it was not possible to trace the route of
transmission between two houses or between two
villages. In considering the various possible means
of spread, either direct, that is, by contact with a
case or a carrier, or indirect, that is through infected
food or water, or possibly flies, all instances of per-
sonal contact, such as attending a patient with cholera
or living in the same house with him, were carefully
noted. However, since the prodromal period of the
disease is short and the initial manifestations usually
severe, it is thought highly unlikely that a patient

developing cholera would be able to visit other
homes unless they were situated within the same
compound; and indeed this seemed to be the case
for, as reported above, household contacts showed a
positive rate of 9.5 %. It would of course be easier
for symptomless carriers to transmit the disease to
other families, but it is obviously more difficult to
establish this connexion, since the infected patient
does not know whether any of the apparently
healthy persons visiting him or visited by him is a
carrier or not. Furthermore, as shown in Table 4,
the period of bacteriological positivity of carriers is
of short duration, so that by the time the status of a
suspected carrier is investigated he may already be
in the negative-culture period. The following
history provides an interesting example of the
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TABLE 3

AGE AND SEX DISTRIBUTION OF 380 CHOLERA (EL TOR)
CARRIERS IN TAIWAN, 10 JULY TO 17 SEPTEMBER 1982

Age-roup Male Female Total

0-4 21 27 48

5-9 32 30 62

10-14 22 24 48

15-19 12 12 24

20-24 10 8 18

25-29 12 11 23

30-4 16 15 31

35-39 5 13 18

40-44 12 9 21

45-49 9 4 13

50-54 9 9 18

55-59 3 5 8

60-64 4 6 10

65-69 5 1 6

70+ 4 4 8

Unknown 9 17 26

Total { 185 195 380

possible role of a symptomless carrier in the spread
of the disease.

Mrs C., aged 60, was stricken with symptoms of cholera
on 31 July 1962, was at once admitted to hospital, and
the disease bacteriologically confirmed. This happened
in village A near Taipei in North Taiwan where no other
case of cholera had been seen up to this time. Inquiries
brought to light that some 24 hours earlier the patient
had travelled to A from her own village (B) in Central
Taiwan, a journey of 4 hours by train. No other case
was discovered in B nor in fact did any occur there during
the entire epidemic. At B an immediate check was made
of the farmhouses of her two sons where she had
lived. No clinical cases were found, but cultures of
rectal-swab specimens collected from all the family
members showed that of the 11 apparently healthy
persons in the two families 3 were positive for V. cholerae.
At the same time 265 persons living in 44 houses around
the farms were similarly examined, but with negative
results. In addition to sending the 3 carriers to hospital,
a further inquiry was made in an attempt to determine
the source of their infection. This revealed that a third

TABLE 4

DURATION OF POSITIVITY FOR V. CHOLERAE IN THE
STOOLS OF PATIENTS AND CARRIERS IN TAIWAN,

10 JULY TO 19 SEPTEMBER 1962

Patients a Carriers b
Days

No. s % No. | %

1-4 206 73.8 184 77.6

5-9 67 24.0 51 21.5

10-14 6 2.2 2 0.8

Total 280 J 237

a Counting from onset of the disease.
b Counting from the day of detection.
c Including one patient who remained positive for 37 days

(rough form from the 8th day).

son of the patient had visited his mother and two brothers
while Mrs C. was still living at B, but had returned on
26 July to Kaohsiung in South Taiwan, whence he had
come and where at that time cholera was already very
prevalent. The journey to B from Kaohsiung is one of
6 hours by train. This third son, who was a pastry seller
in Kaohsiung, and members of his family were examined
but were found to be negative for V. cholerae. Of course,
by the time the examination was made 10 days had
elapsed since his visit to B and presumably the probability
of positivity was low (see Table 4), even if he had been a
positive carrier when he stayed with his mother at B.

TABLE 5

CARRIER RATES IN POSSIBLE CHOLERA CONTACTS
AND IN MASS SURVEYS IN TAIWAN,

10 JULY TO 4 OCTOBER 1962

No. of No. of Carrier
Zone a individuals carriers rate

examined detected b (

1 1 818 173 9.51

2 5 582 19 0.34

3 60664 194 0.32

Total 68 064 { 386 0.57

a For description of zones, see p. 813.
b By rectal-swab culture.
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TABLE 6
INCIDENCE OF CHOLERA CASES AND DEATHS ACCORDING TO AGE AND SEX

IN TAIWAN, 17 JULY TO 27 AUGUST 1962

Male Female Both sexes
Age-group

(years) Cases Deaths Cases Deaths Cases Deaths Fatality rate

0-4 7 1 5 2 12 3
10151 = 20 %

5-9 19 3 20 4 39 7

10-19 19 1 21 0 40 1

20-29 12 1 25 0 37 1
3/187=2%

30-39 32 1 27 0 59 1

40-49 22 0 29 0 51 0

50-59 41 4 27 1 68 5

60-69 16 2 13 0 29 2 9/114 = 8%

70+ 8 1 9 1 17 2

All ages 176 J 14 176 8 J 352 22 6 %

Fatality
The total number of deaths in this epidemic was 24,

that is, a fatality rate of 6.2%. Though the number
of deaths is small, Table 6 reveals several interesting
features. First, the mortality up to 27 August 1962
is seen to be highest (20%) in the lowest age-group
(0-9 years), next highest (8%.) in the group 50 years
and over, and lowest in the age-group 10-49 years,
for which it is only 2%. Secondly, all but two of the
deaths occurred among the non-vaccinated, and the
two persons who died in the vaccinated group had
both been vaccinated within the 5 days preceding
the onset of symptoms of the disease, so that they
too could be regarded as non-immunized.

TABLE 7
VACCINATION STATUS OF 383 CHOLERA (EL TOR)

PATIENTS IN TAIWAN, JULY-SEPTEMBER 1962

aPdemisdof Unvaccinated Vaccinated Total

10 July to 23 July 106 9 115

24 July to 4 Sept. 200 68 a 268

Total 1 306 77 383

a of these patients 34 had received only one dose and
7 two doses of vaccine.

Vaccination status among cases and carriers
In the absence of control groups the effect of

vaccination on the incidence of cases and of carriers
is difficult to evaluate. But Table 7 shows certain
features of interest. Thus, when the numbers of new
cases are compared for two different periods, in the
first of which most of the population were un-
vaccinated and in the second most were vaccinated,
it is seen that there was a higher frequency of cases
among the unvaccinated in both periods; however,
the degree of protection conferred by the vaccine
cannot be established from this observation. On the
other hand, it is equally clear that one or two injec-
tions of vaccine do not ensure adequate protection;
for example, among 68 vaccinated individuals who
contracted the disease, 34 had received only one dose
and 7 two doses of vaccine. Table 8 contains
suggestive evidence of an even more interesting
relationship-namely, between the carrier state
and vaccination. These figures are derived from
a smaller group (154) composed of 111 patients
and 43 carriers admitted to one provincial hos-
pital where the information was carefully collected
and completed. Again it shows that more of
the patients belonged to the non-vaccinated popula-
tion. When these data are read vertically, not
comparing one group with the other, since the total
population involved was difficult to estimate, but
rather comparing within each group the proportion
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TABLE 8
VACCINATION STATUS OF 111 CHOLERA PATIENTS

AND 43 CARRIERS ADMITTED TO KAOHSIUNG
PROVINCIAL HOSPITAL, TAIWAN,

JULY-SEPTEMBER 1962

Un- Vaccinated
vacci--
nated 1 dose 12 dosesl3 doses Total

Patients 70 31 10 - 41 (54.7%)

Carriers 9 4 25 5 34 (45.3 %)

Total 79 35 35 [ 5 75

of clinical cases with that of carriers, some, perhaps
significant, facts emerge. Thus, of the 75 persons in
the vaccinated group who all showed cholera
vibrios in their stools 41 (54.7%) developed clinical
symptoms of cholera and 34 (45.3 %) became
carriers but showed no symptoms, whereas of the
79 infected persons in the unvaccinated group 70
(88.6%) showed clinical symptoms and only 9

(11.4%) did not. Whether or not vaccination may
in some cases be unable to avert the infection though
able to prevent development of clinical symptoms is
a point of practical importance which should be
studied whenever the opportunity to do so presents
itself.

Isolation of V. cholerae from the patients' environ-
ment
It was considered worth while to attempt to

determine to what extent the environment of patients
was contaminated with cholera vibrios. With
this aim, a total of 4553 samples of various fruits,
foods, water, other drinks, cooking utensils, clothing,
and other common household articles were sub-
jected to bacteriological examination. In only four
instances, however, was a positive result obtAined,
cold drinks being incriminated three times and
water once. Thus, although in this study it was not
possible to isolate the organisms from the environ-
ment as easily or as frequently as from individuals,
it should be emphasized that this does not necessarily
minimize the possible importance of water or cold
drinks as factors in the transmission of cholera.
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RlESUMt

Une epidemie de cholera El Tor a sevi du 17 juillet au
4 decembre 1962 a Taiwan. L'auteur donne une des-
cription complete des mesures qui ont ete immediatement
prises: etablissement de zones d'urgence, depistage et
isolement des malades et des eventuels. porteurs de ger-
mes, vaccination massive.

Plus de 160 000 examens bacteriologiques (preleve-
ments rectaux et analyses de selles) ont ete effectues.
L'auteur, ayant utilise en vue de l'isolement rapide de
Vibrio cholerae le milieu au blanc d'ceuf et a l'amidon
qu'il a mis au point en 1947, donne une description
detaillee de la preparation de ce milieu. Pendant les

mois de juillet 'a septembre oiu 1'6pidemie fut la plus forte
on a denombr6 383 cas confirm6s de cholera et depiste
380 porteurs sains. Dans l'ensemble le rapport porteurs
sains/malades etait d'environ 1: 1; mais ce rapport variait
considerablement selon l'age, atteignant 4 :1 chez les
enfants de 0 a 4 ans et s'abaissant a 0,3: 1 chez les sujets
ages de 55 at 59 ans.
Le nombre de deces n'a 6t6 que de 24 (taux de letalit6

6 %). Il est difficile de se prononcer avec precision sur
l'efficacite de la vaccination; d'une fagon generale il y eut
plus de d6cEs et plus de cas de cholera chez les non
vaccines que chez les vaccines.
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