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2013 Dengue Outbreaks in Singapore and Malaysia Caused by Different Viral Strains
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Abstract.

Characterization of 14,079 circulating dengue viruses in a cross-border surveillance program, UNITEDengue,

revealed that the 2013 outbreaks in Singapore and Malaysia were associated with replacement of predominant serotype.
While the predominant virus in Singapore switched from DENV2 to DENV1, DENV2 became predominant in neighbor-
ing Malaysia. Dominance of DENV2 was most evident on the southern states where higher fatality rates were observed.

INTRODUCTION

“United in Tackling Epidemic Dengue (UNITEDengue)”
was launched on August 28, 2012, to initiate cross-border
dengue case and virus surveillance to allow timely sensing of
dengue situation in the region. Here we report the first signif-
icant outcome of UNITEDengue using data from Malaysia
and Singapore and demonstrate the benefit of cross-border
surveillance and data sharing, particularly for an endemic
disease that does not receive attention for global or regional
coordinated surveillance.

Dengue imposes a huge burden in the southeast Asia region,
with frequent outbreaks.! In urban Singapore, the economic
impact of dengue from 2000 to 2009 was estimated to range
between US$0.85 billion and US$1.15 billion.? In Klang Valley,
Malaysia, the impact in 2005 and 2009 was estimated to be US
$38.2 million and US$56 million, respectively.** In 2013, the
two neighboring countries experienced unprecedented out-
breaks. Malaysia reported a total of 43,348 cases, which was
close to its peak in 2008 with 49,335 cases and more than twice
the mean of 20279 cases in two previous lull years. Singapore
reported a historical high of 22,170 cases, which was almost 50%
more than the worst dengue epidemic in 2005 with 14,209 cases;
and about four times the annual mean of 5308 cases in the
5 preceding lull years (2008-2012).

Malaysia comprises West (Peninsular) Malaysia and East
(Borneo) Malaysia, separated by the South China Sea.
Singapore lies just south of the peninsula (Figure 1C) sepa-
rated by the Straits of Johor but linked by a bridge and a
causeway, each approximately 1-km long. About 182 million
travelers and 61 million vehicles were reported to cross the
border between the southern state of Johor and Singapore in
2011. This translates to an average of 167,123 vehicles and
498,630 travelers per day (Corporate Communications Divi-
sion, Immigration and Checkpoints Authority). In addition,
an average of 72 daily flights plies between Kuala Lumpur,
the capital city of Malaysia, and Singapore. Both countries
share the same tropical climate and many cultural similarities.
Singapore, with a population of 5.4 million (2013), is a city
with dengue endemic in most inhabited areas. On the other
hand, Malaysia, with a population of 28 million, comprises
both cities and rural villages.
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THE STUDY

A shared secured web-portal with up-to-date database has
been developed under UNITEDengue (www.unitedengue.org).
Data shared include weekly incidence, monthly Dengue virus
(DENV) serotype distribution and sequences of the envelope
(E) gene of viruses of each state. The notification of dengue
cases by clinicians is mandatory in Singapore and Malaysia
While Singapore’s official statistics are based on laboratory
confirmed cases (NS1, PCR, or IgM tests), Malaysia’s official
case definition is based on clinical diagnosis according to the
1997 WHO guideline.’

Singapore’s dengue virus surveillance system has previously
been described.® We have also previously reported that a
switch in predominant circulating serotype could be an early
warning of an impending dengue outbreak.” Leveraging a
Dengue serotype surveillance system that has been progres-
sively set up since 2005, Malaysia set up an equivalent virus
surveillance system in 2012 for monitoring and characterizing
circulating dengue viruses in different states, using the same
laboratory protocols. A total of 52 sentinel sites comprising
hospitals and health clinics throughout the country were
included in the surveillance system to capture both in- and
outpatients (Supplemental Table 1). In each sentinel site, ran-
domly selected clinically diagnosed dengue cases were tested
for NS1 antigen. Virus serotype of each NS1 positive sample
was determined by real-time PCR (RT-PCR) at the National
Public Health laboratory. While the protocol aimed to have
5-10 NS1 samples from each sentinel site serotyped each week,
some sentinel sites failed to consistently reach the number.
Nevertheless, the compliance of sentinel sites in states with
high disease burden (e.g., Selangor and Johor) suggested that
the data are representative of the overall serotype pattern of
the country. In 2012 and 2013, a total of 14,403 NS1 positive
sera in Singapore (N = 9,512) and Malaysia (N = 4,891) were
tested with RT-PCR to determine the DENV serotypes.® Of
them, 2,438 samples were successfully sequenced and ana-
lyzed for E gene as previously described.®

Outbreaks associated with switch in predominant serotype.
In 2013, both Singapore and Malaysia experienced unprece-
dented outbreaks (Figure 2). Dengue incidence in Singapore
peaked in June, reaching 815 cases a week. The number of
cases continued to remain high till the end of the year—an
unusual trend in Singapore. The incidence in Malaysia started
to rise in July, which reached more than 2100 per week at the
end of December. The number continued to remain above
2000 cases per week in the first two months of 2014 before
subsiding in March 2014. Selangor reported the highest case
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Ficure 1. Dengue monthly incidence rate in Singapore and Malaysian States in 2013, case data extracted from UNITEDengue web portal.

burden of 55% of all cases in 2013, followed by Johor (11%).
Interestingly, the incidence rate of Malacca state was higher
than Johor in the fourth quarter of 2013. This suggests the
population in Malacca was at higher risk than Johor during
that period of time.

DENV serotype surveillance revealed that outbreaks in
both countries were associated with a switch in predominant
serotypes. The predominantly circulating virus in Singapore
switched from DENV2 to DENV1 at the beginning of 2013.
In Malaysia, DENV2 overtook a pre-existing DENV3 and
DENV4 dominance pattern in 2013 (Figure 1A and B).
DENV2 was most dominant in the southernmost states of
Johor and Malacca (Figure 1C), where the proportion of
DENV2 rose to 70-90% after August 2013. Incidentally, the
fatality rates of 0.5% in those two states were unusually high
when compared with that of the whole of Malaysia and
Selangor (0.18% and 0.08 %, respectively), where surveillance
protocols were the same. The association of DENV2 domi-
nance with high fatality is of concern although the reasons
remain unclear. Hypothetically, it could be because of the
inherent virulence of DENV2 strain or the antibody-dependent
enhancement, which causes sequential infection of DENV1
(or DENV3) followed by DENV2 to be more severe.
Such occurrences have been previously observed in Cuba®'!
and Brazil.'*'?

Envelope gene-based virus surveillance. DENV1 strains
circulating in Singapore during 2013 epidemic were first
detected in November 2012 and belonged to genotype III
(Figure 3A). From April 2013 onward, more than 50% of all
viruses sampled in Singapore clustered in this clade (Figure 3A).
Interestingly, only 42 (12%) of 349 DENV1 samples sequenced
in Malaysia belonged to this clade (Figure 3A). A recent
report by Teoh and others reported that DENV1 clade
replacement is associated with recurrences of major DENV1
outbreaks in Malaysia and projected that Malaysia could
experience another major outbreak because of in situ evo-
lution of DENV1 genotype 1.'* However, our data suggest
that Malaysia should also be watchful of the DENV1 geno-

type III that contributed to a major outbreak in Singapore
in 2013.

The predominant DENV2 strain found in Johor and
Malacca belonged to the cosmopolitan genotype (named as
cladelb; Figure 3B) and was distinct from those that were
predominant in the northern part of Malaysia. Though closely
related to the cosmopolitan virus that caused Singapore’s
outbreak in 2007, and to strains that continue to circulate in
Singapore,® DENV-2 cladelb in Johor and Malacca clustered
distinctively (supported by a bootstrap value of 98%) from
DENV-2 strains in Singapore (Figure 3B). Out of five dengue-
related death cases in Johor, four were due to cladelb viruses.
Close monitoring in Singapore initially detected sporadic
cases [40 (11%) out of 363 DENV2 sequenced] due to
cladelb, and seven of those 40 sequences were identical
to the cladelb strains in Johor. Incidentally, the first death
case in Singapore in early 2014 was due to a virus from the
same clade.

Genetic sequences of the E gene showed that there was a
diversity of viruses in both countries and genetically identical
viruses were shared between the two, suggesting frequent
exchanges of DENV between Malaysia and Singapore. In
general, the transmission pattern of dengue within a geo-
graphical region is influenced by the movement of infected
persons within the region and the presence of the vector.!>!¢
Thus, neighboring countries are expected to exhibit similar
dengue epidemiology and those with frequent inter-country
movement of people could act as an epidemiological unit.
However, predominant serotypes and strains driving the out-
breaks in Singapore and Malaysia, and even in different states
of Malaysia, were distinct. This suggests that DENV epidemi-
ology in Singapore and Malaysia has distinguishable differ-
ences, contradicting a common belief that Malaysia and
Singapore are of one epidemiology unit. This is not surpris-
ing due to very different immunologic backgrounds and
entomologic environments in Malaysia and Singapore. Previ-
ous findings reported that different genotypes show a char-
acteristic geographic distribution,'” implying a competitive



1152 NG AND OTHERS

g

§

Proportion of serotypes
w
2
Dengue incidence rate
(per 100,000 population)

§

§

g

g
4

Feb

Month-Year

2z DENV 1 w00 DENV 2 s DENV 3 smmmDENV 4 = dengue incidence rate
100% ¢ 3 3 g g 100
90
| 80
70

60

t 40

Proportion of serotypes
1
8
Dengue incidence rate
(per 100,000 population)

30

94 84 8 84 9 94 49 3 84 4484943333223 2832 o |
Month-Year
wpes DENV-1 @i DENV-2  mmmm DENV-3  mamm DENV-4 === dengue incidence rate
Perlis

(73)

=

[

Pinang

1 Kelantan

(117)

Selangor, KL, PJ ‘ I
(1392) )

N. Sembilan
(449)

4 r
£ ”

ol
L sabah{1a1)

e Do, 5
e P o

Melaka (342) Johor
(1166)

Sarawak & Sabah

Peninsular Malaysia & Singapore

Singapore (8216)

FiGURE 2. (A) Monthly distribution of DENV serotypes in Singapore 2012-2014. (B) Monthly distribution of DENV serotypes in Malaysia
2012-2013. Predominant serotype switched from DENV2 to DENV1 in Singapore, while it switched from DENV3/4 to DENV2 in Malaysia.
(C) Spatial distribution of predominant DENV serotypes in Malaysia and Singapore (2013). Dominance of a single serotype by more than 50% is
denoted by a single color. Stripes of different color denote almost equal proportion of more than one serotype. The number in each state denotes
the number of samples used for serotype determination in 2013. N. Sembilan = Negeri Sembilan; KL = Kuala Lumpur; PJ = Putra Jaya.



2013 DENGUE OUTBREAKS IN MALAYSIA AND SINGAPORE 1153

HIBOGOZZIMYSINLIZOY —
KIB06961|SGPZ01A

KIB0BEZ1IMY SIPahang 2013
angor (2013
2014

HIBOSB2IIMY S |Perak|2013

HJBOSBISIMY 5 [Terengganu[2013
HIBOSBZTIMY S |Parak|2013
KABOSB29IMY SIKLI2013
KIBOSE1TIMY Sl Joher [2012
K ABOSBIBIM Y 5 [Mel akal2013
KJBOS8311M Y51 Johor 12013
KIBOSAIBIMY §1 Johor 2043
KISOSEITMY SIKLIZO1D
KIBOBEIIMY'S [Mel 34312013
KIB0SE34IMY S Pahang|2013
KIBOBBABIM ¥ S[Seisnger 2013
K808 13

= Most common DENV-1 strain in
v Malaysia

e =  QOccasionally found in Singapore

FIGOT4TOIKORI2008

18

86

HIBOEB20|MY S|Hegan 2012
HJBOSBI4|SGPI2012

92/

KIBOBE41IMY'S NS0 mbil 30|2013

791 KIB0EB42IMY S IMetatal2013
FI6ID6R2IKNHMIZ008

AVTIBESA|MMR| 1558

KIBOS840IMYSIPerti(2013

KJIBOGBASIMY S[Selangor 2013

AYBTIB1ZICHNIZO04

91 K IBOBBAIIMY SIKLI2013

|2

K IBOSES|MY S[Seianger 2013

T
KIB0G9411SGPRO1S
KABOSEAL|MY S[Periis[2013
KBoeas:

I o
98 99 o
98 K JBO6S40|S BP(LAOK2013
ABVIOTILIPHNHMI200Y
a 3058191V S el anger (2042
% sxas83021vHMI2008 —
e 2013
T
5031PHL 11984
100 100 — AVESESSINONIJakarial200d
" ? s
AvazzTTTIPHLECON
B 100 JNA1SSITIAUS{PHL §2010
KJ180893015GP12013

oo
99
100 _~ ars1311018RARZ001
84 AFS14883|PR Y (2000
100 nires?
Aviga78(CRING0D

—  Arazse1BMMRENSTE
%9 InR 15

JFOSTIEITWI(MYS 2010
HIB08235|3GP2012
KJBOGB18 MY S|Selangor|2012

99 AYT32425(THAI 1980

89 [ 3235 TE92INDIChenna 2008
96 14 154851 AUSIND 2010

98

KIB0GOBO MY SIPahangI2013
Gy K IBOSBE MY S| Sar awak 2013

ﬂ:iiiﬁ::lil::’.‘?ﬁ:.‘i =
L e = 2013 outbreak strain in

s ‘ Singapore
” =  Detected since Nov 2012
{I:;:EZZ::::.‘;;‘::’“"’ = Associated with many clusters in
R 2013
" =  Detected at lower level in several
states in Malaysia in 2013

SIMY S et 2422013
1sePE013

KIBOSEETIMY SINsembilani30 13

1 KIBOBOSBIMY SIKLIZO1Y
K2BOSBERIY 1 ionor 2013 —

Ficure 3. Phylogenetic relationships of global isolates of (A) DENV1 and (B) DENV?2 based on the maximum likelihood method revealed the
diversity of viruses in Singapore and Malaysia. They also highlight the DENV1 genotype III that caused the outbreak in Singapore, and the
DENV2 cladelb that is predominant in Johor and Melaka (Malaysia) and appears to be associated with the high dengue fatality. Numbers on
branches represent significant bootstrap percentages (> 75%). Due to the space constraints, the trees are based on representative viruses selected
from 2,438 E gene sequences to highlight the significant clades of DENV1 and DENV2. Blue and red font represents Malaysian (MYS) and
Singapore (SGP) sequences, respectively.



1154 NG AND OTHERS

B KJB0G318|MYS|Selanger[2013

e el =  Predominant in Johor

KJB0SBIZIMYS | Johor 013

il 30 = Also detected in

K JB0SBI5IM T ${ Johor (2013 . .
e Cladelb neighbouring states
Msormsarmn :
dotoh 2013 and Singapore
precialle cteaiia

[:’“‘m""l“;i’;'.;':ﬁlu
KJBOSBIBIM Y 5| Johor 2013
X|SGPR013

- KJBOSBSO|MYS[Perati2013
KIB0GI05IMYS|Melata[2013

e *  Predominantin
Klang Valley
sl = Common strain in

HIB0GES6 MY S| dehor 2013
KJB0SS26{MYS|Kelartan 2013

87 wmorsomramiaaagens Malaysia

HJB0S1ZIMYS|Selangar 2013 - N =
& iy Sporadic in
KIBOSS0D|MY 5|54l angor (2013

KJIBOSBB4IMYSIKLROSY S'

siassoriieie S Ingapore

K JB0SS2U[MYS{NSerbilan(2013

KIBOSSUMYS] Jobar 2013
K IBOBS2S|MY S|N Se mbilan|2013
K 290886 MYSIPetis[2012

g ISV Terenggani0ta K|al’\g
HIB0BBTE MYS[Perat 2012

H290928 MY SfHartan 2013

n K JB0658 1|MYSIPahangl2013 Valley

KIB0E88S|MY S KL2013

KJ906910|S GP(MYS 2014
KIB06S13{MY S [Selanger 2013
HI06932|MYS el aba(2014

KIB0SIZIMYSIPeral 2014
K IBOSTES|SGPIZ013

K JB0SS00[MY S [Srawal {2013
KJBOS161MY S| Salangor [2013
K JBOEEE3 M ¥ S{Sabah 2013

3 =  Predominant in Singapore
= Also detected in Malaysian states

K J805804|SGP[2013
K806812|5GPR014

DGS1BEIMVS[2004
KUBS315{MYS|Selangor 2013
100 | KB0S0TISEPRO1I

5|Selangor 2013

76| KJB0S322IMY S|NSembilan[2013
M30278{SGPROTC
98
28215135 JPMTMIP 12005
[ AB18312410H]1538
KIBOETETISGPROTE

4| 5o L KIBOSB14|SGPROM

JFSETS91|PHLI2008

— AVTORA0SIPHLIZ000

K

0/SGPI2013

100
99

KIBOSI14MYS|Setanger[2013
KIB0GTO4|SOPROTI
2013

L&
98 I [ AF410371IND1591
l— 100

KIB0GS1BIMY 5{Selangor 2013
KIBOSTESIS G013
INIEITEBGOR008

Indian Lineage

8L HJB0S3101MYS{Selangor 2013
97! KBIST2ISGAINDIZ01 -—
JAUS|1595
AF118881|CHNJ2004
AFHA0SIVIM| 1930
AFISS043THAI1583
L1004 1]BRAJ15S0

M1S0TE|JAM|1583

AF410358VIM| 1997
AFZ04178/CHNIS6T
100 [ AFESOSITIA1S0

x

KJBOSSI0|MYSiKilantan[2014
KJB0SS0TIMYS{Selangor 2013
KIBOGS20IMY S{Mse mbilan2013
100 — L10048PRO|1959
HS(TON|
AV158328IVENHSET

Ficure 3. Continued.

Cosmopolitan




2013 DENGUE OUTBREAKS IN MALAYSIA AND SINGAPORE

advantage for individual virus strains in a particular region.
Modeling work also suggests that the chances of an introduced
DENYV strain to survive and establish localized transmission
in a particular location is dependent on the epidemiological
landscape with a combination of factors such as density of
mosquito population, fluctuation of biting frequency, and a
period of cross-immunity.'® In addition, it has been suggested
that the selection pressure on viral strains vary in different
ecological environments and often acts on a local scale.'”
As such, similar or identical viruses might not have equal
chances to spread in different geographical locations. How-
ever, differences in dengue epidemiology between the two
countries do not mean that they do not have substantial
impacts on each other. A continuation of this cross-border
program will reveal if a delayed impact will be observed. None-
theless, the cross-border analysis of case and virus data could
allow neighboring countries to better understand the dengue
epidemiology in the region and warn each other of potential
outbreaks proactively.
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