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SYNOPSIS 

The comprehensive system of antimalaria drainage and oiling pro- 
gramme developed since 1911 has been very successful in the control of malaria in Singapore. In the 1970's, there was a resurgence of 
local malaria, as massive land development created environmental 
conditions favourable for the breeding of Anopheles vectors while the 
need to import labourers from malarious countries further increased 
the risk of transmission. A new control strategy with emphasis placed 
on epidemiological and vector surveillance was implemented in 1975. 
This has been shown to be efficient in recognising the primary focus 
of transmission at an early stage for epidemic control measures to 
be taken to prevent secondary transmission of infection. Singapore 
was certified by the WHO on 22 Nov 82 as having achieved the status 
of malaria eradication. However, vigilance must be maintained in- 
definitely as the country remains both receptive and vulnerable to 
the reintroduction of malaria. 

INTRODUCTION 

On 23 May 1980, Singapore applied to the World Health Organisation 
(WHO) for the certification of malaria eradication from the country. 
This was followed by the visit of a senior WHO malariologist from 
25 August to 6 September 1980. The objectives of the visit were to 
undertake a preliminary review of the relevant documentation sub- 
stantiating achievement of malaria eradication, and to look into the 
effectiveness of malaria surveillance operations, with particular 
reference to: 

(a) comprehensiveness and efficacy of the case detection 
mechanism; 

(b) reliability of the microscopic diagnosis of blood smears; 
(c) thoroughness of epidemiological investigations and satisfac- 

toriness of the epidemiological situation; 
(d) adequacy of preventive and remedial action taken on dis- 

covery of cases; and 
(e) adequacy of the general health services and of the system of 

notification and epidemiological follow-up for the prevention 
of the re-establishment of malaria. 
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The report of the visit was carefully examined by 
the WHO Regional Office in Manila and then submitted 
to the WHO Headquarters in Geneva In view of the 
favourable findings, a three -member WHO Malaria Eva- 
luation Team comprising a malariologist, a public health 
administrator and an entomologist visited Singapore 
from 7 April to 4 May 1981. A comprehensive programme 
was drawn up for the team members to discuss with 
senior officials of both the Ministry of Health and Ministry 
of the Environment and relevant data and reports made 
freely accessible to them. Arrangements were also made 
for them to visit the malaria receptive areas in parti- 
cular, those areas where cases have been experienced 
more recently. They were briefed on the epidemiological 
and vector control activities in operation in Singapore, 
the hospital and primary health care services, public 
health laboratory services, military health services and 
the system of collection and analysis of health statistics. 
The areas visited included Sentosa, Pulau Tekong, 
Changi, Bedok, Bukit Timah quarry (Rifle Range), Wes- 
tern Catchment area, Tampines and Pasir Ris reclaimed 
land, Jalan Tiga Ratus, Whampoa/Kallang area, Kam- 
pong Java Road Store (where vector control equipments 
and materials are kept) and the Barter Trade Centre. 
They also examined school children in some of the 
areas visited. 

A comprehensive report of the team's findings was 
submitted through the WHO Regional Office in Manila 
for scrutiny by the WHO Expert Committee on Malaria. 
At the recommendation of the Director of the Regional 
Office for the Western Pacific and endorsed by the 
Expert Committee on Malaria, the name of Singapore 
was entered on 22 November 1982 in the Official Register 
of areas where malaria has been eradicated. The other 
countries in the register are the United States of America, 
Puerto Rico, Virgin Islands (USA), Dominica, Venezuela, 
Grenada and Carriacou, Jamaica, Saint Lucia, Trinidad 
and Tobago, Cuba, Hungary, Spain, Bulgaria, Poland, 
Romania, Italy, Netherlands, Portugal, Yugoslavia, 
Cyprus, Taiwan, Mauritius, La Reunion and Australia. 

The confirmation of malaria eradication refers not 
only to the situation at a given point of time, but more 
importantly it concerns with the probability that the 
malaria free status ca be maintained in the infinite 
future. The WHO is confident that Singapore, with its 
comprehensive health service networks in the urban 
setting and with its effective malaria vigilance mechanism 
that has proved adequate in preventing the reintroduction 
of local malaria transmission in the past six years, 
is confident that this state can be maintained. 

This paper gives. a review of the evolution of the 
various phases of malaria control activities which ulti- 
mately led to the eradication of the disease from the 
country. The epidemiological situation during the period 
1970 - 1982 and the measures taken to prevent the 
reintroduction of malaria into Singapore are also 
described. 

Evolution of the antimalaria programme 

Malaria was rampant in early Singapore (1). During 
the period 1907 - 1910, about 2,000 deaths were reported 
annually. The disease was the second leading cause of 
death (after tuberculosis) in 1908. In 1911, a large epi- 
demic claimed 2,930 lives and at its peak, about 20 deaths 

a day were reported (2). 
Malaria control activities in Singapore began in 1911 

when the eminent malariologist, Sir Malcolm Watson, 
introduced the antimalaria drainage system in a highly 
receptive area in Telok Blangah (3 - 4). Following 
its dramatic success in the control of malaria in that 
area, the drainage system was immediately extended 
to other receptive areas within the Municipality by Hunter. 
and to the rural areas by Scharff ìn 1921 (5). With the 
cutting down of forests for cultivation and the opening 
of quaries, malaria epidemics continued to occur. An 
Anti -mosquito Ordinance was passed in 1921 and quinine 
tablets were made available to the population at risk. 
However, it was the comprehensive network of anti - 
malaria drains and the oiling programme that effectively 
brought the malaria epidemics under control. Malaria 
mortality rate and spleen rate were markedly reduced 
(6-11). 

During the Second World War, complete disruption 
of antimalaria control activities again gave rise to wide- 
spread epidemics, and 2771 deaths were reported in 1945 , 

alone (12). The malaria situation was quickly brought 
under control during the postwar period and there were 
practically no deaths from malaria. In the mid 1950s, 
indigenous malaria was believed to have been eradicated 
in the main island of Singapore (13). 

A localised outbreak of 29 cases in 1964 in an Ano- 
pheles maculatus-receptive area at Fuyong Estate led 
to a review of the national malaria control activities (14). 
It was realised that the general health services should 
also participate in the control programme by eliminating 
the parasite reservoir through both active and passive 
case detection. Malaria became a notifiable disease 
in February 1966, and a malaria registry was maintained. 
All notified cases were investigated. Based on the epide- 
miological and entomological information collected, the 
cases were classified according to the origin of infection, 
and appropriate actions taken. Legislation to control' 
the breeding of Anopheles vectors was tightened under 
the Destruction of Disease Bearing Insect Act, 1968. 
Contractors of major development projects could be 
prosecuted for failure to take adequate steps to eliminate 
all vector breeding habitats. 

A comprehensive review of the malaria and mosquito 
control activities was undertaken by Professor M J 

bourne in in 1965. In his opinion, malaria control in Singa - 
pore had been exceptionally successful (15). The malaria 
situation then was believed to be equivalent to that of 
the late consolidation phase of a classical malaria era- 
dication programme. 

Malaria transmission continued to occur in the off- 
shore islands (16). An outbreak of 25 cases was reported 
in another Anopheles maculatus - receptive area in 

Pulau Tekong in 1969 (17). In the same year. the first 
chloroquine-resistant falciparum malaria in Singapore 
was detected in the island (18-20). Permanent anti - 
malaria drainage system was extended to Pulau Tekong 
in 1970 and subsequently to Pulau Ubin in 1973. This 
has successfully terminated malaria transmission in these 
islands. 

As the result of rapid urbanisation and industralisation, 
transmission of indigenous malaria recurred in the main 
island of Singapore. Massive land development created 
environmental conditions favourable for the breeding 
of vectors, while the need to import labourers from 
malarious countries further increased the risk of malaria 
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transmission. 
Precautionary measures against the breed- 

ing of vectors were undertaken right from the planning 

stage of major development projects; eg. Kranji reservoir 

project. and foreign labourers repeatedly screened for 

malaria parasites (21). In spite of these actions, a large loca- 

lised outbreak of 55 cases occurred in Telok Blangah/Pasir 

panjang and the offshore islands of Sentosa and Pulau 

Brani from May to November 1974 (22), followed by 

an even larger localised outbreak of 82 cases in a 

densely populated urban area at Whampoa/Kallang from 

December 1974 to March 1975 (23). 

Epidemiological situation during 

the period 1970 - 1975 (24 - 28) 

A total of 2.339 cases were notified during the period 

1970-1975. Of these, 69% to 86% were imported. There 

were 18 cases of induced malaria. The mortality from 

malaria was low, with two to three deaths reported 

per year. The case fatality rate varied from 0.24% to 

0.86%. All deaths were due to P. falciparum infection. 

The two predominant parasite species were P. vivax 

(62.7%) and P. falciparum (33.0%). Infections with P. 

malaria° were uncommon (0.6%), while mixed infections 

accounted for the remaining proportion of the cases. 

The majority of the infections contracted locally in- 

volved males in the 15 - 34 year age group. Trans- 

mission occurred throughout the year. In the Southern 

Islands, the peak period of transmission was in August. 

This was attributed to the increased population move- 

ment between these offshore islands and the malarious 

areas of the Rhio Archipelagoes in association with 
the annual festive occasions during this period. In fact, 

malaria contracted in the Southern Islands accounted 
for 20.8% of the local cases as these offshore islanders 
were related socio -economically with those of the neigh- 
bouring endemic islands. In the main island, the cases 

were distributed along the east and west coastal regions. 

Localised outbreaks occurred in the receptive areas 

in Siglap, Pasir Panjang, Telok Blangah and the off- 
shore islands of Pulau Ubin, Pulau Tekong, Sentosa, 
Pulau Brani and Pulau Semakau Of great concern were 
the outbreaks in several urbanised areas; viz Whampoa/ 
Kallang, Macpherson and Jalan Kukok/Outram estates 
in 1975. The epidemiological features of these localised 
Outbreaks are shown in Table 1. 

In 1974, of 128 cases followed up at one month after 
discharge from hospitals, 2.6% were still positive for 
malaria parasites. Three chloroquine-resistant falci- 
parum malaria were also detected; two from a family 
at Pulau Tekong, and one from Sentosa. 

The new control strategy 

The large outbreak of urban malaria at Whampoa/Kallang 
in 1974/75 together with the report of chloroquine- 
resistant falciparum malaria in the offshore islands led 
to another comprehensive review of the malaria control 
activities in Singapore. In several localised outbreaks, 
control measures implemented were too slow to prevent 
`secondary cases from arising 

It was decided that more aggressive steps should 
'be taken to prevent local malaria transmission and a 

new control strategy was evolved. The existing system 
of vector surveillance and control was further strengthen - 

`ed and stepped up. Maps of malaria receptive areas 

are updated six -monthly. As more than 93% of the 
existing antimalaria drainage system have become obso- 
lete with the rapid pace of national development, the 

oiling programme was extended to other uncontrolled 
areas where vectors have been consistently detected. 
More than two-thirds of the country are covered by 
the weekly oiling cycle, while the highly receptive and 

vulnerable areas are oiled more frequently to eradicate 
all sources of vector breeding. Temporary shelters 
housing foreign contract workers are also routinely resi- 

dual -sprayed with insecticide. About $2.25 million are 

spent annually for this elaborate vector surveillance 
and control programme (29). Consequently, the vector 
population has virtually been eradicated. At present, 

only about 13% of the 616 sq km of the country can 

support the breeding of three local vectors; viz. Ano- 
pheles maculatus, Anopheles sundaicus and Anopheles 
letifer (30). 

Epidemiological surveillance has also been stepped 
up.The WHO's criteria for the classification of malaria was 

adopted (31) As soon as transmission is suspected, 
epidemic control measures are immediately implemented 
to.eliminate the focus of infection. These include active 
and passive case detection and mass blood surveys 
which continue until the reservoir of infection has been 
detected and transmission has ceased; intensified larvi- 
cidal measures; and aerial and residual spraying with 
insecticides Special attention is also given to imported 
cases in receptive areas. 

Epidemiological situation during 
the period 1976 -- 1982 (32-35) 

The number of local malaria cases continued to decline 
(Fig. 1) Between 86.9% and 97.9°/o of the reported cases 
were imported (Table 2). P. vivax remained the pre- 
dominant parasite species (Table 3). All the ten malaria 

deaths reported during this period were from P. falci- 

parum infections. Eight of them were imported infections, 
while the other two were contracted in the offshore 
islands (one from Pulau Sebarok in 1976, and the other 
from Sentosa in 1977). High morbidity rates were noted 
in the 25 - 44 year age group (Table 4), with the male 

to female ratio of 4.9.1. The ethnic -specific morbidity 
rate for Indians was 8.4 times higher than that of Chinese 
and 4.7 times that of Malays (Table 5), because of the 

increasing number of imported cases from the Indian 
subcontinent (from 36 cases in 1976 to 151 cases in 

1982) (Table 6). On the other hand, the number of 

imported cases from Malaysia had decreased markedly 
following the successful implementation of the malaria 
eradication programme in the State of Johore. 

From an analysis of the imported cases. it was found 
that between 27% and 62% of the cases were local 
residents who contracted the disease in malaria endemic 
countries without adequate chemoprophylaxis (Tables 7 

& 8); eg. in 1978, nine of 38 holiday makers contracted 
malaria after visiting a malarious holiday resort. The 

number of imported cases amongst foreign contract 
workers rose more than twenty times from five in 1976 

to 114 in 1982 following increased recruitment of 

labourers from the Indian subcontinent. This category 
of foreigners is of special epidemiological importance 
because they had been responsible for both sporadic 
transmission and localised outbreaks in malaria receptive 
areas. 
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Table 1 

Main epidemiological features of localised malaria outbreaks in Singapore, 1970 - 1982 

Period Locality 
No. el 
CasesSex 

(Deaths' 
Ratio 

M 1 
vs el Cases 

above 

15 Years 

Vound 
loupe 

Parasite 
sp ieº Remarkº 

22 Fen 71 

to 
18 Mar 71 

Pasu Panlang 25 1 9$ lee Anopheles 
aundakus 
(adults, 
MOplrek9 
maculates 
(larvae, 

P. viva x Adult vectors 
not mimed 

22 Jul ì 1 

to 
25 Aug 7 1 

Pass Panlang eri i All males ]see - P. ralwparum Assoclaled wren 
Southern In anus 
outbreaks 

23 Jun 71 

so 

ll AKA 71 

Southern Islands 
it' Semakau 

nlma P Brand 

12 5 1 J6 /1+ - P v 

P lalciparum 
Two Cases were 
national servrümen 
attached to Semosa 

Iii Ala, 71 
lo 

í Aug 71 

Pulau Elba 5 All males 20% Anopheles 
sandeeioua omen,le 
Anopheles 

uNN3 
(larvae) 

P yams 
P lalnparum 

One case horn 
P Tekong working 

a quarry ai 
P Ubrn 

4 Dec '2 
la 

13 Jan 7J 

Perot' Ubrn 19 28 1 895. Anopheles 
meCukl s 
Ilarvae 8 
adults, 

P. man 
P. latepamm 
P matinee 

cases attached 
to Outward Bound 
school n 
campers and one 
Ascot Resmval 
spraying carried 

1 Permanent 

lamalarial 
drains 

rd rn November 
1973 

26 Sep 73 

to 
2e Jab 74 

Upper East Ceder 13 I 85 7% Anopheles 
sonda/cus 
Ilarvae) 

P. vives 
P. /aMgrum 

Eelenswe land 
reclamation 
pmlec15 r n progress 

May to 
November 
1974 

Telok Stange, 
Past Panlang 
Semosa P Brant 

55 29 1 74 See Anopheles 
Sunda/cue 
(larvae 8 
adults, 

P mums 

P la/ce/anne 
Mixed 
rn.ecile^ 

Land reclamation in 
P Bran, 29 Cases in 
Sentosa t1 in P 

Brant 15 in 
Telok Stange, 
Parr Panlang 

13 Dec 71 

to 
21 M.lr :.5 

urnamuoa 
Katleng 

82 12 I /5 eye Anopheles 
loner 
(adults) 
Anopheles 
undeic 

Ilan.. S are 8 
adults) 

P. trivet 
P. lekipanrm 
Mixed 
infection 

The outbreak was 
traced Co an 
imported case Ol 

'evermalaria 
bmg a reign 

worker living in lee 
area 

22 Apr 75 
io 

13 kla, 75 

Ayer Ralah J 3 I 75% - P. civet 
P. takiparvm 

Two foreign 
ts¢rs 

round to be 
Parasite carriers 

lá Jrin ì5 
to 

I6 Jul 75 

Pubau Bran. a All males 75ve - p v¡vex Land reclamation 
.n progress. Source 
of election 
Probably Vietnam 
refugees stationed 
al St John s 

Island 

a Jai /5 
to 

6 Jul 75 

Piprl Read/ 
Lorong Henze 

5 15 I Bev+ - P /atCipawm No Parasite carrier 
detected during 
mass blood surveys 

19 Aug 75 
Io 

20 Aug /5 

Jalan Kukohi 
Ouleam Park 

5 1 15 40% - P v ex 
P larcearvm 

No parasite carrier 
detected during 
mesa blood surveys 

21 Aug 75 

in 
4 Sep 75 

Semosa 6 All males 33 35n - P max 
P /alcrparum 

COn5lrucl,on of a 

salt lake m progre 5 

25 Oct 75 
to 

30 Nov 75 

Ptrlam Semakau 6 I 1 8331n Anopheles 
Imdeicus 

(larvae) 

P. man 
P. tesclpemm 

No secondary case 
occurred following 

npl retentaron of 
epIdeterC vector 
son"' measures 

8 Jun 76 

te 
16 Jun 76 

Pelau Semakau 5 J I JOee Anopheles 
secedes 
(larvae) 

P vryax One gametocyte 
er detected al 

P Seoarok 

2 Aug 76 

to 
6 Sep 76 

East Coast/ 
Char Cnee 

a 2 I 100% Anophak9 
sundakua 
(larvae) 

P hies Reservoir of 
infection traced to 
lour Imported cases 

in the area 

8 Aug 76 
lo 

28 Aug 76 

Chang. Village 7 All males 100 Anop/tele6 
samisen 
(larvae) 

P. vitae 
P. lalciperu 
Mixed 
rnlecuon 

Two foregn 
contract workers 
lone gametocyte 

req b end m be 
the reverron of 
election 

1 Aug 77 

to 
14 Aug 77 

Pulau Texong 3 2 I 333% Anopheles 
eider 
(larvae) 

P s ex Construction of 
reservoir Two 
imported 
laloparum malaria 
cases detected 

IB Aug 77 

to 
22 Aug 77 

Sentosa 4 All males IOOva - P. Vint 
P. lekperem 

No parasrle Garner 
detected 

18 Aug 79 
to 

1 Sep 79 

Seneca 3 2 - 1 Ito% - P. /e%//arum No parasite carrier 
detected 

5 Oc180 
Io 

10 Oct 80 

Slak Kuan Read 5 4 I Bottle Anopheles 
SureakV9 
(larvae a 
aduhsI 

P. vrvex Reservon of 
infection traced t0 
an imported case is 
foreigner) 

14 Jan81 
to 

IS tan 81 
and 

22 Apr 81 
10 

8 May 81 

Seneca 6 
- 

2 1 IWM Anopheles 
uedakes 

Ilarvae& 
adults) 

P. Wax No parasite carrier 
detected 

17 Apr 81 
to 

22 Apr 81 

Pas.r Panlang 
Power Slallon 
Quarters 

5 t 5 t 804 Anopheles 
sundekue 
(larvae) 

P fa/e/parum Two of the cases 
picked up during 
active cam 
detection No 
Parasite career 
detected 
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30 

a 
o 

25 
7 
a 

N 

a 

15 

10 
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Ag. 1 Reported malaria cases in Singapore. 1963- 1982 

malaria made 
notifiable 

óceong Esmle 
almeaº 

I9 eases 

Wok Blaogab 6 
Soalbe,n ISIa.,cl 

Ss cas es art 

-- Total Notified rases 
-.- Local Cases 

New control 
strategy 

Wt,amppp/ 

r 

` East Coasl 6 /- Uongl wlbrtaks 2,.... ( t5cases 
2, `--. 1 _I_ i s 

Pose rànlmq 6 WImW°.n 
Samnem Islands 

Wlau lettoog out caº 
-..il 19 cases 

251 cases I _.-. 

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 

Table 2 

Classification of reported malaria cases in Singapore, 1976 - 1982 

Classification 1976 
(%) 

1977 
(%) 

1978 
(%) 

1979 
(%) 

1980 
(%) 

1981 
(%) 

1982 
(%) 

Imported 218 (86.9) 174 (94.6) 159 (95.8) 202 (97.1) 195 (97.5) 244 (93.5) 276 (97.9) 

Introduced 30 (12.0) 9 (4.9) 7 (4.2) 5 (2.4) 5 (2.5) 17 (6.5) 4 (1.4) 

Induced 1 (0.4) 0 (0) 0 (0) 1 (0.5) 0 (0) 0 (0) 2 (0.7) 

Relapsing ' 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) . 0 (0) 

Cryptic 2 (0.8) 1 (0.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Indigenous 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

TOTAL 251 (100) 184 (100) 166 (100) 208 (100) 200 (100) 261 (100) 282 (100) 

.N.B. 
°_'Imported" 

1Z.Induced" 

':,Relapsing" 

'Introduced" 

ICryptic" 

lIndigenous" 

as shown by tracing the case to its origin 
in a malarious area outside Singapore. 

as shown by its relation to a blood trans- 
fusion with an appropriate interval, or to 
another form of parenteral inoculation to 
which infection could be properly attributed. 

a relapse of a pre-existing infection as shown 
by the history of the case and the absence of 
any associated cases in the neighbourhood of 
its origin. 

directly secondary to a known imported case. 

isolated and not associated with secondary cases, 
as determined through appropriate epidemiological 
investigation, including a mass blood survey after 
the expiry of the incubation interval. 

a malaria infection which has been proved or 
cannot be disproved to be due to recent local 

`An imported relapsing 
case is classified as 
an imported case: - 

1976 - data not available 
1977 - 44 cases 
1978 - 37 cases 
1979 - 80 cases 
1980 - 45 cases 
1981 - 48 cases 
1982 - 127 cases 

: transmission. 
(Source: Black RH:Manual of epidemiology & epidemiologicäl services in malaria programmes 
WHO, Geneva, 1968: 120) 
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Table 3 

Distribution of malaria parasites species in Singapore, 1976 - 1982 

Parasite species 1976 
(%) 

1977 
(%) 

1978 
(%) 

1979 
(°/o) 

1980 
(%) 

1981 
(%) 

1982 
(%) 

P. vivax (P.v.) 167 (66.5) 138 (75.0) 113 (68.7) 156 (75.0) 157 (78.5) 179 (68.5) 225 (79.8} 

P. falciparum (P.f.) 76 (30.3) 42 (22.8) 47 (28.3) 47 (22.6) 41 (20.5) 73 (28.0) 51 (18.1 

P. malariae (P.m.) 3 (1.2) 1 (0.5) 1 (0.6) 3 (1.4) 0 (0) 7 (2.7) 0 (0) 

Mixed (P.v + P.f.) 5 (2.0) 3 (1.6) 5 (3.0) 2 (1.0) 2 (1.0) 2 (0.8) 6 (2.1) e 

Unknown 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) ;i 
e. 

TOTAL 251 (100) 184 (100) 166 (100) 208 (100) 200 (100) 261 (100) 282 (100} 

Table 4 

Age -sex distribution and age -specific morbidity rate of malaria cases in Singapore, 1976 - 1982 

Age 
Sex 

Group 

Male Female Both Sexes 
(%) 

1980 Census* 
population 

Morbidity Rate 
per 100,000 

0 - 4 9 9 18 (1.2) 193,684 9.4 

5 - 14 41 22 63 (4.1) 459,439 13.7 

15 - 24 377 80 457 (29.4) 583,612 78.3 

25 - 34 432 71 503 (32.4) 464.571 108.3 

35 - 44 221 24 245 (15.8) 267,242 91.7 

45 - 54 123 37 160 (10.3) 200,381 79.8 

55 - 64 64 12 76 (4.9) 131,092 58.0 

65+ 22 8 30 (1.9) 113,924 26.3 

TOTAL 1289 263 1552 (100) 2,413,945 64.3 

'Source. Dept of Statistics, Singapore 

Table 5 

Ethnic distribution and ethnic -specific morbidity rate of reported malaria cases in Singapore, 1976 - 1982 

Ethnic 
group 

Male Female Both Sexes 
(%) 

1980 Census* 
population 

Morbidity Rate 
per 100,000 

Chinese 357 74 431 (27.8) 1,856,237 23.2 

Malays 107 39 146 (9.4) 351,508 41.5 

Indians 219 81 300 (19.3) 154,632 194.0 

Others 606 69 675 (43.5) 51,568 1308.9 

TOTAL 1289 263 1552 (100) 2,413,945 64.3 

'Source: Dept of Statistics, Singapore 
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Table 6 

Imported malaria cases in Singapore by geographical area of origin, 1976 - 1982 

3eographical 
tea 

1976 
(%) 

1977 
(%) 

1978 
(%) 

1979 
(%) 

1980 
(%) 

1981 
(%) 

1982 
(%) 

toutheast Asia 182 (83.5) 110 (63.2) 103 (64.8) 97 (48.0) 91 (46.7) 141 (57.8) 121 (43.8) 

ndian Sub -continent 36 (16.5) 60 (34.5) 47 (29.6) 92 (45.5) 81 (41.5) 92 (37.7) 151 (54.7) 

'acific region 0 (0) 1 (0.6) 5 (3.1) 3 (1.5) 20 (10.3) 6 (2.5) 4 (1.4) 

urica 0 (0) 3 (1.7) 3 (1.9) 7 (3.5) 2 (1.0) 5 (2.0) 0 (0) 

Aiddle East 0 (0) 0 (0) 1 (0.6) 3 (1.5) 1 (0.5) 0 (0) 0 (0) 

TOTAL 218 (100) 174 (100) 159 (100) 202 (100) 195 (100) 244 (100) 276 (100) 

Table 7 

Classification of imported malaria cases in Singapore, 1976 - 1982 

Classification 1976 
(%) 

1977 
(%) 

1978 
(%) 

1979 
(%) 

1980 
(%) 

1981 
(%) 

1982 
(%) 

Local residents who 
contracted malaria 
overseas 

104 (47.7) 108 (62.1) 82 (51.6) 87 (43.1) 81 (41.5) 79 (32.4) 74 (26.8) 

Tourists from 
other countries 

42 (19.3) 20 (11.5) 19 (12.0) 12 (5.9) 25 (12.8) 38 (15.6) 21 (7.6) 

Foreigners seeking 
medical treatment 
in Singapore 

21 (9.6) 17 (9.8) 18 (11.3) 21 (10.4) 20 (10.3) 39 (15.9) 32 (11.6) 

Work Permit/ 
Employment Pass 
Holders 

5 (2.3) 5 (2.8) 10 (6.3) 42 (20.8) 29 (14.9) 51 (20.9) 114 (41.3) 

Other categories 
of foreigners 

46 (21.1) 24 (13.8) 30 (18.9) 40 (19.8) 40 (20.5) 37 (15.2) 35 (12.7) 

TOTAL 218 (100) 174 (100) 159 (100) 202 (100) 195 (100) 244 (100) 276 (100) 

Table 8 

Epidemiological characteristics of local residents 
who contracted malaria overseas, 1977-1982 

1977 1978 1979 1980 1981 1982 
Purpose of travel 

Social visits 75 48 59 54 39 55 

Business travel/Employment 24 19 21 21 16 15 

Servicemen 0 0 0 4 7 2 

Tourists 9 15 7 2 17 2 

Chemoprophylaxis 

Took complete course of chemoprophylaxis 3 0 0 3 6 9 

No chemoprophylaxis 94 74 77 72 69 68 

Irregular/incomplete chemoprophylaxis 11 8 10 6 4 6 

Ethnic group 

Chinese 43 45 34 36 44 33 

Malays 12 8 13 5 6 8 

Indians 52 29 39 40 29 33 

Others 1 0 1 0 0 0 

TOTAL CASES 108 82 87 81 79 74 
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About two-thirds of the imported cases developed 
fever within six weeks after entry into Singapore. Unlike 
primary imported P. vivax infections, relapsing vivax 
malaria could be expected up to 30 weeks after leaving 
malaria endemic areas (Table 9). 

Most of the local transmission occurred in the east 
coastal region and the offshore islands (Fig. 2), especially 
between the months of May and November (Fig. 3). 
The rapid development of the Southern Islands into 
industrial and recreational complexes and resettlement 

of the population in the main island have helped t' 
eliminate both potential vector breeding habitats 

an the risk of malaria transmission (Fig. 4). 
International cooperation such as the annuäÌ 

Malaysia -Singapore Border Health Conference and the'e 
WHO -sponsored bi -annual Indonesia-Malaysia-Singa_l 
pore Malaria (Border) Meeting also contributed to the 
reduction in the incidence of malaria in Singapore during 
this period. 

Table 9 

Imported malaria cases by interval between period of entry and onset of illness and by parasites species, 1982 

Parasite 
Interval species 
in weeks 

P.v. 

P.f. 
P.v. 
P.f. 

TOTAL 90 
Imported Imported 

relapsing 

<1 46 4 23 2 75 27.2 

1 - 2 33 12 19 0 64 23.2 

3- 4 15 8 5 2 30 10.9 

5- 6 2 10 2 1 15 5.4 

7-10 0 15 0 0 15 5.4 

11 - 14 0 12 0 0 12 4.4 

15 - 18 0 5 0 0 5 1.8 

19-22 0 15 0 1 16 5.8 

23 - 26 0 20 0 0 20 7.2 

27 - 30 0 24 0 0 24 8.7 

TOTAL 96 125 49 6 276 100.0 

P.v. = Plasmodium vivax 

P.f. = Plasmodium falciparum 

Fig. 2 Geographical distribution of introduced malaria cases in Singapore, 1976 - 1982 
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Fig. 3 Monthly distribution of malaria cases in Singapore, 1976 - 1982 
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Localised malaria outbreaks 1976-1981 (36) 

In most foci of transmission, Anopheles sundaicus were 
either not found or were present ¡n low numbers. 
Although this Anopheles species is known to be a 

less efficient vector than Anopheles maculatus (37), 
it was the only vector detected in outbreak areas in 
recent years. 

The localised outbreaks described below illustrates 
the vulnerability of Singapore to the reintroduction of 
malaria from importation of cases and influx of asymp- 
tomatic parasite carriers. The outbreak areas were recep- 
tive because land development provided suitable condi- 
tions for the propagation of Anopheles sundaicus. 
Prompt notification of malaria cases by medical prac- 
titioners (by telephone as soon as diagnosis was con- 
firmed, followed by written notification) enabled the 
outbreak to be identified at an early stage so that 
immediate epidemic vector control measures could be 
planned and implemented. The outbreaks were quickly 
contained and no secondary cases occurred. 

Changi outbreak 

On 6 September 1976, a 19 -year national serviceman 
from Changi Air Base was found to have malaria with 
onset of symptoms on 24 August 1976. Three days 
later, another six malaria cases from Change were notified 
with onsets between 8and 28 August 1976. Epidemiologi- 
cal investigations showed that all these cases were 
infected at various localities in Changi. Three were 

national servicemen from Changi Air Base, one wa 
an army officer from Selarang Barracks, two were engi 
neers involved in Changi airport project (and staying. 
at Wyton Road) and one was an inmate of Telok Pakuq 
Drug Rehabilitation Centre. 

An outbreak was recognised on 10 September 1976 
Adulticidal vector control measures were immediately, 
organised and implemented between 10 and 18 Sep_e 
tember 1976 at three focal points where these cases 
occurred. More than 1,200 premises were swing -fogged 
with 0.2% bioresmethrin from 'Reslin 10/10' and 1,4001 
premises were residual -sprayed with 5% DDT emulsion.',; 
These were carried out by the Vector Control and Re- 
search Department and Katong District of the Environ. 
ment Ministry, assisted by the Hygiene and Melanie'!" 
Unit, MINDEF. 

An sundaicus was detected in a fish pond at Kampong 
Loyang on 6 August 1976, approximately 2.4 km from: 
the first case at Wyton Road. No adult vectors were 
trapped. All contract workers at Changi were screened 
by the Epidemiology Unit. Of the 569 blood films taken; 
one from a 24 -year old asymptomatic foreign contract) 
worker was positive for P. falciparum. 

The different malaria parasites species detected (P.a 
vivax and P. falciparum) suggest more than one index' 
case for this outbreak. The index case for the three 
P. falciparum cases could have been the asymptomatic. 
carrier. For vivax cases, another foreign contract worker, 
(an imported case) at Wing Loong Road, with onset, 
on 4 August 1976 and isolated on 7 August 1976, could. 
have been the origin of infection (Fig. 5). 

Fig. 5 Malaria outbreaks at Changi and East Coast/Chai Ghee, 1976 

Tice Distribution 

n....... 

Au 

Aug 
Onset 

Sept 

Geographical Distribution 

1 Introduced case 

o t Iscorteri case 

. prcpholes sundaicus 
breeding habitats 
Construction sites 

Declaration and 
earth works 

264 



SINGAPORE MEDICAL JOURNAL 

East Coast/Chai Chee outbreak 

Locally contracted malaria cases at Chai Chee (two 
cases in one family) and Kee Sun Road (one case) 
were reported in August with onset of fever between 
19 and 25 August 1976. On 16 September, another 
three cases (two in one family at Woo Mun Chew 
Road and one at Telok Kurau) with onsets on 5 Sep- 
tember. 6 September and 1 August 1976 respectively, 
were notified. On 17 September 1976, a blood film 
taken from an asymptomatic home contact at Woo Mun 
Chew Road was positive for P. vivax. Epidemiological 
investigations showed that all the vivax cases were 
infected at these localities situated not more than 2.4 km 
from each other. In view of this, another case at Still 
Road with onset on 2 August 1976 and previously thought 
to be infected at Nanyang University campus, was re- 
classified as also being infected in the area. 

An outbreak was notified on 18 September 1976. 
Intensified vector control measures were organised and 
immediately implemented between 18 and 23 September 
1976. More than 4,600 premises were simultaneously 
swing -fogged and residual -sprayed. 

An sundaicus breeding was detected at Bedok re- 
claimed land (April and September 1976) and along 
Sungei Bedok (May and June 1976). No adult vectors 
were trapped. Blood films taken from 196 contract wor- 

Fig. 6 Malaria outbreak at 

kers at Bedok New Town were negative for malaria 
parasites. 

There were four imported cases in this area and 
these could have been the reservoir of infection. They 
were from Jalan Eunos (onset 1 July 1976, isolated 
on 7 July 1976), Marine Drive (onset 20 July, isolated 
on 27 July 1976), Geylang Serai (onset 10 August, 
isolated on 13 August 1976) and Chai Chee Estate 
(onset 16 August, isolated on 30 August 1976). 

Siak Kuan Road 

Five vivax malaria cases were reported in the Siak Kuan 
Road area in October 1980. They were a 26 -year -old 
female factory worker, a 14 -year -old female student, 
a 28 -year -old shop assistant, a 30 -year -old housewife 
and another housewife, 43 years of age. Their onset 
of symptoms was between 5 October and 18 October 
1980. The last two cases were picked up during mass 
blood surveys in which a total of 1,036 blood films 
were taken. The reservoir of infection was probably 
an imported vivax case who developed fever on 1 August 
1980 and staying in the vicinity. Anopheles sundaicus 
breedings were detected. Adult vectors were trapped 
but when dissected were found to be negative for sporo- 
zoites. Epidemic control measures implemented success- 
fully eradicated the focus of transmission (Fig. 6). 

Siak Kuan Road, Oct 1980 
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Measures taken to prevent the reintroduction of malaria 

As Singapore is situated in a malaria endemic region, 
it is both vulnerable and receptive to the re -introduction 
of malaria (38). Based on the findings of relevant epide- 
miological data collected, the following steps were im- 
plemented to prevent the re -introduction of malaria into 
Singapore. 

(a) Health Education 

This is by far the most important preventive measure, 
as a large number of local residents continues to come 
down with malaria when visiting malaria endemic coun- 
tries. Health education is directed at the need for chemo- 
prophylaxis. 

A national health campaign on the theme "Combat 
infectious diseases" was held in September 1976 and 
malaria was one of the diseases highlighted (39). Health 
education is also routinely given on a personal basis 
during epidemiological investigations of reported malaria 
cases. Pamphlets on malaria prevention are distributed 
to all travellers to malarious areas at Government Vac- 
cination Centres. Organisers of group tours are periodi- 
cally advised on the need tor chemoprophylaxis. It is 
also compulsory for national servicemen to be on ade- 
quate chemoprophylaxis when training in malarious 
areas. Medical practitioners are informed of the latest 
malaria situation through the weekly "Bulletin of Infec- 
tious Diseases" and the monthly "Epidemiological News 
Bulletin". They were reminded on the radical treatment 
schedule for vivax malaria, and to put all local residents 
engaged in development projects in malarious countries 
on adequate chemoprophylaxis. 

(b) Screening of parasite carriers 

Because of the potential risk posed by the influx of 
foreign workers involved in various land developments, 
a project to screen all Work Permit applicants was 
initiated in 1976. However. no parasite carriers were 
detected from mass screening of a total of 3.840 of 
these workers The screening programme was subse- 
quently restricted to those working in receptive areas 
where malaria cases have been reported, and intensified 
during period of malaria transmission. Blood films are 
only taken from Work Permit applicants during pre- 
employment examination if direct enquires suggest the 
possibility of malaria. 

Special groups of foreigners such as Vietnamese 
refugees are also routinely screened when they land 
in Singapore (Table 10) 

(c) Follow-up of past cases 

Blood films for malaria parasites are routinely taken 
from febrile patients at Government hospitals and clinics 
(Table 11) while all confirmed malaria cases discharged 
from hospitals are followed up to monitor drug resistance 
and to detect early relapses. In 1977, two cases of 
falciparum malaria contracted in an offshore island were 
probably resistant to chloroquine; both subsequently 
cleared up with quinine and sulfadoxine-pyrimethamine. 
Seven imported cases followed up during the period 
1978-1980 were also resistant to chloroquine. 

(d) Special preventive measures 

In some major development projects; eg. the construct 
of dams across tidal rivers at Western Catchment, Kranji, 
Pulau Tekong and Sentosa, special steps are taken to prevent breeding of Anopheles sundaicus in brackish 
water. The risk of transmission in such area is he 
as foreign contract workers are employed. Water fronó 
the impounded area is periodically sampled for salinity 
analysis. Whenever Cutex sitiens (which breed in almost 
similar conditions as Anopheles sundaicus) are detected, 
or when salinity tests show conditions faovurable fdr 
the breeding of vectors, extra precautionary measures, 
are taken. Vector surveillance and larvicidal measures 
are intensified and foreign workers repeatedly screened 
for malaria parasites. Epidemiological surveillance activi=_. 
ties are also carried out to detect any fever cases amongst'. 
them. If necessary, mass drug prophylaxis is adminis- 
tered to these workers. National servicemen on trainiñg 
in these areas are also put on chemoprophylaxis. Because 
of the rigid measures implemented, malaria outbreáks 
have been averted in these areas. 

CONCLUSION 

Although Singapore did not embark on an official malaria 
eradication programme, the WHO has certified the 
country as having achieved the status of malaria eradicai 
tion. The malaria control activities which brought about 
this state may be classified as follows (40): - 

Before 1910 - 
1911 - 1965 - 
1966 to 1974 - 
1975 onwards- 

period of uncontrolled malaria 
preparatory and attack phases 
consolidation phase 

maintenance phase 

It was the revised control strategies implemented 
after 1975 that have led to the eradication of indigenous 
malaria from Singapore. This eradication did not involve 
countrywide insecticide spraying or mass drug adminis 
tration to the population. Thus, no insecticide resistance 
has been encountered (41 - 43), while the problem 
of drug resistance is mainly confined to imported falci- 
parum malaria infections The primary method has been 
environmental control aimed at source reduction. This 
is backed by a well -established general health service 
and an epidemiological surveillance system which is 
capable of detecting and eliminating the focus of trans- 
mission and thereby prevent the re-establishment of 
endemicity (44). Insecticides are reserved for use in 
epidemic situations only. In fact, DDT, BHC and dieldrin 
have been banned from general use since October 1973. 

The battle against malaria must go on unabated 
until the whole country is fully developed and thus no 
longer receptive to malaria. In the meantime, Singapore 
remains both vulnerable and receptive to the re -introduc- 
tion of the disease; vulnerable because of the constant 
influx of parasite carriers from malarious countries; 
receptive because of the presence of vectors. The risk 
of malaria outbreaks in the non -immune population 
remains. There is no practical way to prevent the impor- 
tation of malaria brought in by the influx of tourists 
and other foreigners. There is also the risk of introduc- 
tion of insecticide -resistant vectors and drug -resistant 
parasites into the country (45-46). Therefore, vigilance 
has to be maintained. Efforts will continue to be directed 
at health education of both medical practitioners and 
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Table 10 

Malaria surveillance in Singapore, 1976-1982* 

Type of 
surveillance 

No. screened No. positive for malaria parasites 

1976 1977 1978 1979 1980 1981 1982 1976 1977 1978 1979 1980 1981 1982 

Work Permit Holders 
and other foreign 
contract workers 4980 1415 510 887 1215 1288 3276 2 0 0 6 0 1 1 

Follow-up of 
past cases 116 122 109 143 240 145 387 4 2 0 0 0 0 0 

Epidemiological 
investigation of 
reported cases 984 319 1027 568 1084 1806 1661 14 0 3 3 3 2 0 

Vietnamese refugees 
and other foreigners 0 94 1905 3488 4729 7300 4812 0 0 11 10 9 13 9 

TOTAL 6080 1950 3551 5086 7268 10539 10,136 20 2 14 19 12 16 10 

'Excluding blood fi ms routinely taken from 
fever cases in hospitals and clinics. 

Table 11 

Examination of blood films at Government hospitals and outpatient clinics for malaria parasites, 1976-1982 

Laboratories in 
Number of Blood Films Examined 

1976 1977 1978 1979 1980 1981 1982 

Singapore General Hospital 7270 4776 7847 9489 11,559 14,641 13,476 

Tan Tock Seng Hospital 1592 1384 1593 2503 2802 2394 2,085 

Toa Payoh Hospital 1897 1860 2440 1555 3200 3408 4,139 

Alexandra Hospital 818 1241 1011 1166 1377 1885 2,144 

Changi Hospital 109 239 263 183 131 527 321 

Middleton Hospital' - 1088 884 680 666 820 558 

Outpatient Dispensaries - 396 133 55** 218 

Total 11,686 10,588 14,038 15,972 19,868 23,730 22,941 

'Laboratory services functioned as from 1977. 

'"Data available only from Maxwell Road Outpatient Clinic 

members of the public concerning the constant threat 
of malaria. 
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