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SYNOPSIS

The largest outbreak of dengue haemorrhagic fever in
Singapore’s history (1,187 cases, 27 deaths) is reported.

The outbreak began in April, peaked in August and was
controlied by November. Concentrations of cases occurred
in populated areas in the city and suburbs, coinciding with
the distribution and density of the primary vector Aedes
aegypti,

Highest morbidity rates ( > 80 per 100,000 population)
occurred in the young age groups, i.e. below 24 years, with
morbidity rates falling with age. Highest fatality rates
occurred in the 5-9 age group. More males than females
{M/F = 1.46) were affected. Foreigners who had little or no
immunity were affected most. One constituency {(Serangoon
Gardens) had a morbidity rate of 168.2 per 100,000 popula-
tion while five others had morbidity rates ranging from 102
to 135 per 100,000 population.

The outbreak was successfully controlied by attacking
the primary vector, using an integrated system involving
vector source reduction, adult elimination by fogging,
health education and law enforcement. Adult elimination
was found to be the most effective and rapid method of ter-
minating transmission.

The importance of disease noftification, as well as
routine disease and vector surveillances in forecasting out-
breaks are discussed among otherthings.

INTRODUCTION

Dengue haemorrhagic fever (DHF) is among the 10 leading
causes of hospitalisation and death in children in at least
eight Asian countries in the tropics (WHOQ, 1975). It is en-
demic in many large Asian cities and spreads to smaller
cities and towns during epidemics. In recent years, it has
spread to the Pacific islands including Micronesia, Melane-
sia and Polynesia. There is every likelihood that it would
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eventually encircle the whole globe and affect
every country where the principal mosquito
vector, Aedes aegypti,is found,

DHF* was first reported in Singapore in 1960
{Chew, et ai, 1961). Since then, it has become en-
demic. In the first decade (1980-70} the largest epi-
demics occurred in 1966, 1967 and 1968 when res-
pectively 630, 836 and 846 cases with 24, 21 and 18
deaths were recorded. In the second decade the
largest epidemic occurred in 1973 when 1,324
cases with 27 deaths were reported (Goh & Chan,
1974}. Aithough Goh & Chan {1974) reported 1,324
cases, careful.checking of the records kept by the
Epidemiclogy Unit, Ministry of the Environment,
showed a total of 1,255 notified cases of which 44
were duplicated and 24 others were unaccoun-
table. This gave an actual total of 1,187 notified
cases.

This paper therefore describes the 1973 out-
break of 1,187 cases and its control.

DESCRIPTION OF OUTBREAK

The 1973 outbreak was first noted when the Micro-
biclogy Department, University of Singapore, re-
ported to the Vector Control and Research Depart-
ment on 21 April 1973 a sudden rise in the number
of cases based on their routine serological diag-
nosis and confirmation of DHF cases from blood
specimens submitted by hospitals. The outbreak
was later confirmed when the incidence of DHF
continued to increase and deaths were reported.

* Throughout this paper statistics on DHF in Singapore would
include dengue fever as well.
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Time distribution of DHF outbreak with vector control activities, Aedes aegypt/

The outbreak later proved to be the largest everre-
ported in the history of Singapore (Goh & Chan,
1974).

1. Time Distribution

DHF cases were reported throughout the year. A
sharp increase was noted in April (Fig. 1). This
continued to reach a peak in August when 308
cases were notified. After a fogging operation
which began on 15 Aug 1973, a sudden decrease
was seen in November and this tapered off to the
original endemic level of less than 10 cases a
week by the end of December.

2. Geographical Distribution

Cases were found throughout the country. Con-
centrations of cases occurred in urban and sub-
urban housing areas with a wide scatter in the
rural area (Fig. 2). The plotting of the cases was
based on the patient’s residential addresses in
electoral constituencies and not on their places of
work where infection could have also occurred
since the vectors were day hiters. In any case, it
was impossible to determine exactly where each
patient was infected. The human population
figures were based on the 1973 population esti-
mates obtained from the Department of Statistics.

The distribution of the disease coincided with
that of the main vector Aedes aegypti (Fig. 3). Very
high incidence (168.2 per 100,000 population)
occurred in Serangoon Gardens (Fig. 4). Morbidity
rates of 100-150 per 100,000 occurred in five con-
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Fig. 3. Distribution of Aedes vectors, 1973.

stituencies (Paya Lebar, Mountbatten, Tanjong
Pagar, Hong Lim and Rochor). Six constituencies
had morbidity rates of 75-100 per 100,000 popu-
jation, 19 had morbidity rates of 50-75 per 100,000
population while the rest {34) had morbidity rates
of less than 50 per 100,000 population (Fig. 4).

3. Age Group Distribution

More than 75 per cent of the cases were below 24
years of age (Table |; Fig. 5). Maximum incidence
(235 cases) was seen in the 10-14 age group.
Highest morbidity rates ( > 80 per 100,000 popu-
lation} occurred in the age groups from 1 to 24, the

SINGAPORE MEDICAL JOURNAL

SERANGOON

+  DHF CASE

= Ae. segypt breeding

» Ae. albopictus breeding

Ae. aegypll stauons

®-®
@-@ Ae abopictus stations

highest (84.3 per 100,000 population) cccurring in
the 1-4 age group.

Highest fatality rate occurred in the 59 age
group. More than 85 per cent of the fatal cases
were below 14 years of age (Table Il).

4, Sex Distribution

More males than females were affected
(M/F = 1.46). The morbidity rates were roughly
equal between the sexes in all age groups except
the 15-19 and 20-24 age groups where the morbi-
dity rates of males were significantly higher than
those of the females (Table I).
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TABLE —1973 DHF outbreak: Age and Sex Distribution and Morbidity Rate

Age Group Wi 1(3331122?1:1?)“0“ WEEL LA LD M;;l:lf l;'l{ol:)%'e
{in years}
Persons Males Females Total | Males |Females ] Total Males |Females
<1 49.8 258 24.0 27 15 12 | 542 58.1 | 50.0
1— 4 126.9 91.2 85.7 107 62 45 |843 68.0] 525
5— 9 261.0 1335 127.5 218 | 110 108 1835 82.4) 847
10—14 287.2 1479 1393 235 | 131 104 | 81.8 886| 747
15—19 275.3 1410 1343 225 | 148 77 | 81.7 | 105.0| 57.3
. 20-—-24 23056 117.7 112.8 194 | 140 54 | 84.2 | 119.0{ 47.9
25—29 164.4 82.8 81.6 86 45 41 52.3 54.4] 503
30—34 1426 71.0 716 38 19 19 | 26.7 26.7] 26.5
35—39 120.8 61.2 59.6 24 11 13 19.9 180 21.8
40—44 108.8 57.3 515 9 6 3 8.3 10.5 5.8
45—49 89.6 482 41.4 6 3 3 6.7 6.2 7.3
50—54 76.2 40.8 35.4 6 3 3 7.9 7.4 8.5
55—59 64.8 33.5 31.3 0 o 0 0.0 0.0 0.0
60—64 57.2 29.3 279 0 o 0 0.0 0.0 0.0
65—69 376 18.3 193 2 2 0 5.3 109 0.0
70 & over 42.4 171 25.3 1 o 1 2.4 0.0 4.0
Unknown — — — 9* 9* 0 — — =
Total 21851 11166 | 10685 | 1187 | 704 483 | 54.3 63.1] 452

1 Source: Department of Statistics, Singapore
“ Including 7 soldiers probably in the 1529 age group.
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Fig. 5. Cumulative percentage distribution of DHF cases in
the 1973 outbreak.

More males than females (M/F = 1.5) died from
the disease (Table H).

5. Ethnic Group Distribution

The majority of cases (1,024 or 86.8 per cent) were
Chinese (Table lll). The remaining cases were
Malays (5.2 per cent), Indians (6.0 per cent} and
others (3.0 per cent). Seven cases (soldiers in the
15-29 age group) were of unknown ethnic group.
The highest morbidity rate (85.6 per 100,000 popu-
lation} occurred in ‘others’, a group consisting
mainly of Japanese and European foreigners who
obviously had little or no immunity against the
disease since DHF does not occur in Japan or
Europe. The local population in this group (i.e.
'ot'hers’) comprising mainly Eurasians were not as
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TABLE 11—1973 DHF outbreak: Age and Sex
Distribution of Fatal Cases

Age Group Total Males Females
(in years)

< 1 1 1 0
1—4 6 2 4
5—9 11 4 7
10--14 5 . 0
1519 2 2 0
20— 24 1 1 0
25—29 0 0 0
30—34 1 0 1
Total 27 15 12

greatly affected as were the foreigners.

CONTROL OF THE 1973 QUTBREAK

An ad hoc Committee for the control of the epi-
demic was immediately formed on notification of
the outbreak, with the Head of the Vector Control
& Research Department as Chairman. Action was
immediately taken to break the chain of disease
transmission by attacking the vectors. The trend
of the disease was followed from cases notified to
the Epidemiclogy Unit and from the number of
estimated cases notified by the Microbiology De-
partment.

On 1 May 1973, a “Search & Destroy” operation
was launched to search and destroy major
sources of Aedes breeding. Attention was focus-
sed on some 400 construction sites where Aedes
breeding and harbourage were found to be pro-
fuse. The construction sites were fogged with 0.2
per cent bioresmethrin from Reslin 10/10 {a com-

TABLE Ii1—1973 DHF outbreak: Ethnic Group Distribution of Cases

Ethnic Mid-1973 Population* DHF Cases Morbidity Rate
group Persons % No. % per 100,000
Chinese 1,663,400 76.1 1,024 86.8 616
Malays 329,100 15.1 62 5.2 18.8
indians 151,700 6.9 59 5.0 38.9
Others 40,900 1.9 35 3.0 85.6
Total 2,185,100 | 100.0 | 1,1871 | 100.0 543

* Source: Department of Statistics, Singapore

1 Including 7 cases of unknown ethnic group
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mercial product containing 10 per cent of the
active ingredient bicresmethrin and 10 per cent of
the synergist piperonyl butoxide) to kill the adult
vectors and treated with 1 per cent Abate sand
granules or 1 per cent malathion emulsion to kill
the immature stages. However, despite these
measures, more DHF cases were reported. It was

86

subsequently found that the dominant species in
construction sites was Ae. albopictus and not Ae.
aegypti which accounted for only 20 per cent of
total Aedes breeding in construction sites. Thus,
on 15 Aug 73, an intensified integrated Aedes
control programme was carried out, This involved:

(@) Elimination by indoor fogging of the main
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vector Ae. aegypti in high endemic areas
and areas with high aegypti breeding;

{b) Sourcereduction;

(c) Health education; and

(d) Law enforcement.

Elimination of adult Ae. aegypti through large
scale fogging of all premises in high endemic
areas (Fig. 6) began on 15 Aug 73 and was not
lifted untii 4 Mar 74 when the disease was under
control (Fig. 1). By the end of 1973, a total of
105,141 premises were fogged, and by the end of
March 1974, a further 8,866 premises were fogged
(Table V). The fogging operation involved the use
of 20 swingfog machines (model SN 11), and the
deployment of 7 to 73 men at each fogging site,
the number varying according to the size of the
area and the availability of vector control person-
nel.

Source reduction which began in April 1973, in-
tensified in May 1973, was later synchronized with
the fogging operation. By the end of 1973, a total
of 154,252 residential premises and 7,217 con-
struction sites were checked including repeats in
high endemic areas (Table V). By the end of 1974 a
further 212,806 residential premises and 11,562
construction sites were inspected for larval
breeding.

Health education was carried out together with
source reduction right from the beginning in April
1973. The outbreak was covered widely on radio,
television and newspapers. A TV documentary to
educate the public on simple preventive and
control measures for Aedes breeding in the home
was released on 17 Sep 73. This was augmented
by the distribution of 120,000 pamphlets in various
languages especially in high endemic areas.
Householders were motivated through personal
contact by vector control personnel to keep their
premises free of Aedes breeding. This was rein-
forced by increased and sustained law enforce-
ment action.

Law enforcement was stepped up in April 1973
when serious efforts were made to control the out-
break. It was sustained right through 1973 and
1974. By the end of 1973, a total of 3,975 orders
and 163 summonses under the Destruction of
Disease Bearing Insects Act were served on
householders found breeding mosquitoes and 378
orders and 652 summonses were served on deve-
lopers and contractors whose construction sites
were found breeding mosquitoes on two or more
occasions (Table V). By the end of 1974, a further
3,856 orders and 273 summonses were served on
householders and 363 orders and 657 summonses

SINGAPORE MEDICAL JOURNAL

were served on developers and contractors (Table
V).

As aresult of all the intensive integrated control
measures, the fortnightly Aedes premise index
dropped from 9.1 per cent in April 1973 to 5 per
cent by the end of May 1973, three weeks after the
mounting of the “Search and Destroy” operation
on 1 May 73. After May 1973, the fortnightly pre-
mise index fluctuated between 4 per cent and 1
per cent with an average of 2.4 per cent. This level
was maintained right through 1973 as well as 1974
(Fig. 1). The Ae. aegypti density also fell from a
peak of 0.7 2 /house in Aprit 1973 to less than
0.2 2% /house by early October 1973, fluctuating
around this level for the rest of 1973 and right
through 1974 (Fig. 1).

The number of reported DHF cases dropped
dramatically in November 1973 following the
swingfogging operation launched on 15 Aug 1973
(Fig. 1). The dramatic drop occurred only after 22
of the most highly endemic areas were fogged
(Fig. 8). Although a total of 65 areas were fogged,
the number of premises fogged {101,273) in the 22
areas by the end of November 1973 represented
88.8 per cent of the total premises fogged (Table
IV). The incidence of DHF dropped from an all-
time high of 308 cases or 14.1 per 100,000 popu-
lation in August 1973 to 38 cases or 1.7 per
100,000 population in December 1973 and to 10
cases or 0.46 per 100,000 population in February
1974, and remained at about this evel for the rest
of 1974 (Fig. 1). Dramatic decreases in incidence
of reported DHF cases were noted following
fogging in almost all constituencies in which
highly endemic localised areas were fogged. Four
such constituencies are ilfustrated (Fig. 7).

Thus, the multi-pronged, integrated Aedes
control measures were effective in containing the
outbreak.

DISCUSSION

In the last decade, Singapore saw two large out-
breaks of DHF, one in the years 1966-8, and the
other in 1973. It is not known whether these were
due to increases in the vector density or to host
susceptibility or to virulence of the virus strain or
strains then circulating in the population or to a
combination of these or other factors. However, in
these epidemic years, the combined Aedes
premise index had exceeded 5 per cent (Fig. 8). In
the non-epidemic years during the decade, the
combined Aedes premise index had remained
generally below 5 per cent as a result of inten-

39



'OLUME 18, No. 2 JUNE 1977

g |y Density

:‘{ 2b18

3 17

(<%

o sl

Q 15

=z

o' 4

nr Index ™,
IZI: \‘

began May 1

Search anc Destroy ':')pera(ioi}_[j

Premise index (%}
-
:

1966 I 1967 | 1968 | 1969 I

Fig. 8.

! SIrRTATeIa T TaTs o InTol
1969~ 70

1970 l 1971

Year

E E 8d5%E

16 E
|
0 5
i E
Ae. atbopitwus {No ##iman-hr} L
; . 8
z &
14
0 2
Ae. aggypti (No #%/house) ‘12
-412
q1r
c
410 &
i
4% 3
- a g:
e =3
_| Swmgtogaing Operation | g 8
ceased Mar L 8.
- 1s 8
L
veesseterrsaresentrerseeds &
14 ﬁ
E]
42 [
11
11
| 1972 t 1373 ‘ 1974 l 197 | 1976

DHF incidence, Aedes vector density and premise index in Singapore in the last
decade.

0o

- %0
L [£7]-1966-8 (maximum s |
- & minimum range) 7 |-
- 0 '.
- 50

1973 0

1975 -6

Fig.9. Incidence of DHF in Singapore, 1969-1976 compared with outbreak period

1966-1968.

sified vector control measures (Fig. 8; Chan, 1976).
It is therefore the experience of Singapore that
when the combined Aedes premise index exceeds
the 5 per cent level, the vector density would be at
atevel high enough to cause outbreaks. Apparent-
ly there is a minimum vector density (the thres-
hold density) which would support transmission
of DHF at epidemic levels. The current practice is
therefore to routinely control all areas with more
than 5 per cent premise index to below this level
in orderto prevent DHF outbreaks.

90

In the 1966-8 outbreaks, there were two peaks in
the year, one (the smallen) in August and the other
(the larger) in November (Chan, Ho & Chan, 1971}
In the 1973 outbreak, the second or November
peak was not observed. This shows that the inte-
grated control measures had been effective in
controlling the disease.

The disease had consistently shown a higher
incidence every second year since 1969 (Fig. 9) as
was the case in Thailand during the period 1958-
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TABLE VI— 1973 DHF outbreak: Number of cases estimated by Department
of Microbiology, University of Singapore, based on serology

Specimens Examined No. of
i . Specimens | Esti *
Month Sr::;?:::s Negative ——— not n:r:it? ¢
(x) Paired single examined | DHF Cases
sera (v} sera (2

Jan 44 6 9 4 25 28
Feb 18 4 3 5 6 1y
Mar 23 2 7 3 11 18
Apr 58 9 16 15 18 42
May 209 29 41 25 114 133
Jun 251 37 35 37 142 141
Jul 421 21 27 117 256 287
Aug 388 31 55 115 187 289
Sep 352 42 49 99 162 235
Oct 251 38 57 39 117 166
Nov 128 32 34 14 48 73
Dec 104 20 20 8 56 56
Total 2247 271 353 481 1142 1479

* H Y
Estimate assumes ﬁol (2} would have been positive for DHF if tests were completed.

Example:

For January, total positive specimens examined = 9 + 4or 13,
If the 25 specimens not examined were examined, then the number of positive specimens would

y 9
X2z or
X+ y 6+9

he

x 25 = 15,

s Total positive = 13 + 15 = 28,

1968 (WHO, 1970). The significance of this is not
really known but is likely related to the immuno-
logical status of the population.

Routine disease and vector surveillances are
important in predicting outbreaks and therefore in
enabling control measures to be taken early. Any
sudden and significant increase in both the
disease incidence and vector density would be
indicative of a possible outbreak. In the 1973 out-
break, it was the routine surveillance of clinical
cases by the Microbiology Department, University
of Singapore, which had enabled the outbreak to
be recognized early.

Routine vector surveillance by the Vector
Control & Research Depariment could have also
predicted the outbreak, in fact even earlier, since
an increase in vector population normally pre-
cedes an increase in the disease incidence. As
early as January 1973, a two-fold ingrease in the
Aedes premise index (from below 5 per cent

during the period November 1969 to December
1972 to 11.2 per cent in January 1973) was already
noted (Chan, 1978). But unfortunately, the signi-
ficance of this increase above the 5 per cent level
was not known then and could not be used to fore-
cast and forewarn the impending outbreak. The
present practice therefore is to routinely use both
the disease incidence and vector density {e.g. pre-
mise index and adult female density) as indicators
for predicting DHF outbreaks.

For effective DHF control, it is important that
the trend of the disease is followed consistently
and continuously, especially just before, during
and after an outbreak. Otherwise it would not be
possible to evaluate whether vector control
measures implemented had been effective. In the
1973 outbreak, the trend of the disease was
followed from serological diagnosis and confirma-
tion of DHF cases by the HI (haemagglutination-
inhibition) and the CF (compiement-fixation) tests
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carried out by the Microbiology Department, Uni-
versity of Singapore. These methods were unfor-

tunately too slow to be of much practical value.

With the recent development of newer laboratory
techniques such as counterimmunoelectrophore-
sis (Churdboonchart et al, 1974),the intra-thoracic
inoculation of mosquitoes (Rosen & Gubler,
1974), and the staphylococcal agglutination-in-
hibition test (Chan, Teoh & Aw, 1975), the hope for
rapid methods of diagnosis suitable for routine
use in providing on-the-spot reliable statistics on
the disease as well as in assisting clinicians, be-
comes brighter.

There is a need to make DHF legally notifiable*
in Singapore in order to have reliable statistics on
the disease. Prior to 1973, meaningful statistics
on DHF were available onty from the Microbiology
Department, University of Singapore, which had
since the 1960 outbreak routinely examined and
confirmed by serology, blood specimens volun-
tarily submitted by clinicians from four city gene-
ral hospitals (Chan, Ho & Chan, 1971). The Micro-
biology Department had consistently estimated
the number of DHF cases, by extrapolation, from
the percentage of blood sera found positive for
dengue as illustrated in Table VI and was able to
project a true epidemic pattern of the disease
(Chan et al, 1971). Although DHF was made noti-
fiable administratively by the Ministry of Health
with effect from 18 Oct 1966, many government
and private doctors could not really provide noti-
fication priorto 1973 because of the lack of proper
technical guides for its clinical diagnosis, DHF
being then a relatively new disease. As a result,
DHF was under-reported prior to 1973. Further-
more, a good percentage of the DHF cases noti-
fied had probably included other diseases with
simitar clinical symptoms. Thus, reliable statis-
tics on the disease were not available. However,
the seriousness of the 1973 outbreak had
prompted the Epidemiology Unit, then newly
formed under the Ministry of the Environment, to
arrange for another administrative notification on
a firmer basis in September and October 1973.
This had resulted in subsequent regular notifica-
tions of DHF to the Epidemiology Unit from all
government hospitals and clinics and from the
University and armed forces. Notification of DHF
was further augmented recently by the publica-
tion of technical guides for its diagnosis, treat-

ment, surveillance, prevention and control by
WHO (WHO, 1975). _

From the experience gained in the control of
the 1973 outbreak, it has become quite clear that
selective control of the primary vector Ae. aegypti
in all high endemic areas where this vector is
normally also prevalent, could stop the outbreak
quickly if the control were thorough, intensive and
carried out over a short period of time. The exter-
mination of virus-harbouring vector females
through fogging and the prevention and suppres-
sion of vector breeding through continuous and
systematic source reduction, health education
and legislation, had proven to be highily effective
in controlling the disease. The choice of biores-
methrin as the adulticide had shown the wisdom
of using this safe and rather odourless insecticide
with low mammalian toxicity as no refusal of
fogging by the public nor accidental poisoning of
humans and domestic animals were encountered.
The use of the hand-portable swingfog machine
(model SN 11) had shown that it is effective and
suitable for Aedes control in highrise buildings.
Aerial ULV spraying and a heavy ground machine
such as the LECO ULV which is suitable for fog-
ging premises up to two storeys high, are un-
suitable for use in the Singapore context where
highrise buildings predominate.

Singapore has developed a highly successful
integrated programme of Aedes control which
could both speedily controt and prevent outbreaks
{Chan, 1976). WHO in its 25th Regional Committee
Meeting has hailed this programme as ‘‘the
most highly developed ... which can serve as a
model for other countries” (WHO, 1974). Much of
Singapore’s success had been due to the proper
utitization of vector bionomics and ecology for
vector surveillance and control (Chan, 1973). Other
elements and factors contributing towards the
success of DHF control in Singapore include:—

(a) a good routine disease surveillance and

notification system;

(b) a good routine vector surveillance and

control system;

{c) an effective strategy for the emergency

control of DHF outbreaks and

(d} an effective organization and adminis-

tration accustomed to planning and carry-
ing out vector control operations within
hours from notification of DHF outbreaks.

*This has been done recently. DHF was included among other infectious diseases for notification by law in the Infectious Diseases
Act, 1976, under "The Infectious Diseases (Delegation of Powers) Notification™ gazetted on 15 July 1977 and scheduled for com-

mencement on 1 August 1977,
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The effectiveness of Singapore’s integrated
control programme was borne out recently (1976)
when Singapore was spared an outbreak which
swept through the region, affecting several neigh-
bouring countries.
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