Commentary

Chikungunya in Singapore—the Battle Continues

Lynette LE Oon, msss, mree, Freea, Lee Ching Ng, 2pho

In the past decade, Singapore has been confronted by
outbreaks caused by novel viruses, namely Nipah virus
in 1999, severe acute respiratory syndrome (SARS)
coronavirus in 2003, and chikungunya virus in 2008.
While Nipahvirusand SARS coronavirus disappeared after
causing a season of crisis, we continue to see importation of
the chikungunya virus after the initial elimination in 20009.
Inearly 2013, chikungunyafever re-emerged in Singapore,
culminating in 1059 cases by the end of the year.! At the
point of writing this commentary, the transmission has
subsided.

The chikungunya virus, transmitted by mosquitoes,
belongs to the family Togaviridae and genus Alphavirus.
The virusis believed to have originated from Africa, where
itis maintained in a sylvatic cycle involving wild primates
and forest-dwelling mosquitoes. In urban or rural areas in
Asia, chikungunya fever is largely transmitted from human
to human via Aedes aegypti and Aedes albopictus. The
disease is characterised by an abrupt onset of high fever,
severe arthralgia or arthritis, myalgia, headache and rash.
While largely self-limiting, some patients experience joint
pain that continues for years.?

Chikungunya virus may have been introduced into
Singapore as early as the 1960s but until 2008, there were
only sporadic imported cases.>* Singapore’s population
remained immunologically naive to the virus as evidenced
by the low seroprevalence of 0.4% among 531 young
healthy adults tested in 2002 to 2003.° The first reported
local transmissions of chikungunya in Singapore occurred
in January 2008 in a small outbreak of 13 cases in Little
India, adensely populated urban area.® Despite asuccessful
containment of the virus in Little India in February 2008,
the virus emerged again in rural and suburban parts of
Singapore in the middle of the year. By 2009 when the
outbreak subsided, a total of 1033 chikungunya cases
were reported.® Over 75% of the cases were indigenous
and 83% of the clusters involved rural or suburban areas.*
Between 2010 and 2012, chikungunya fever reverted to

the pre-2008 scenario of mainly being an imported disease,
with only 12 indigenous cases and a total of 60 cases, and
it appeared that the battle against this virus was won.”®
However, in 2013, Singapore experienced a resurgence
of chikungunya, of which 95% were indigenous cases,
mainly in suburban areas in Singapore.! Interestingly, the
chikungunya epidemic has come on the back of the largest
dengue epidemic in Singapore since 2005, suggesting that
similar factors may be at play in the resurgence of these
two mosquito-borne diseases.

The control of chikungunya is multi-pronged, involving
an understanding of the interplay of the mosquito vector,
virus, and host factors. The mosquito vector in Singapore’s
first outbreak in Little India was Ae. aegypti, the same
urban mosquito vector which drives dengue epidemiology
in Singapore.® In contrast, Ae. albopictus, which is mostly
associated with greenery, was the predominant vector in
the second outbreak in 2008 to 2009 and the current 2013
to 2014 outbreak.® This explains the higher intensity of
transmission insuburban and rural areas of Singapore during
these outbreaks. The virus involved in the first outbreak was
awildtype viruswithalanine at codon 226 of the envelope 1
gene. Virusstrains isolated from the latter outbreaks showed
the alanine to valine (A226V) mutation, which is known
to significantly enhance the transmissibility of the virus by
Ae. albopictus. The mechanism of the enhancementinclude
the lowering of the oral infectious dose and the increase of
viral dissemination in the mosquito.*

Genetic fingerprints of the viruses detected since 2006
revealed that there have been multiple importations; at
least 4 different strains, closely related to strains from
India, Malaysia and Sri Lanka, have been associated with
outbreaks.® Insights gained from molecular epidemiology
suggested that the 2008 outbreaks were most likely due
to importations of the virus from these countries, which
were also battling with the disease during the same periods,
and subsequent spread to the local naive population.?
Investigation of the 2013 t0 2014 outbreak is still unfolding.
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Singapore is not alone in its battle against chikungunya.
Since the recent outbreak in Kenya in 2004, the virus
has spread globally in a series of epidemics across the
Indian Ocean to the Indian subcontinent. It subsequently
spread to Southeast Asia and even to southern Europe.*
In December 2013, it arrived at the Caribbean, showing
evidence of gaining a foothold in a new territory.*2 Millions
of people have been infected in at least 40 countries.’® The
resurgence in Singapore is facilitated by several factors,
and the situation reflects the larger global picture. Firstly,
there are vastimmunologically naive local and international
populations to a disease that has been rather dormant
globally in the last few decades. Secondly, an increase in
international travel has allowed the cross-border spread of
the disease, and local travel and migration have facilitated
further spread within countries, including to rural isolated
areas. Thirdly, the genetic adaptation of the virus to Ae.
albopictus has contributed to the waves of epidemics
across the globe.’® Ae. albopictus, originally native to
Asia, has greatly expanded its geographic range in the
last two decades to include Africa, the Americas, Europe
and the Middle East, spanning tropical and temperature
latitudes.** Fourthly, rising population density in countries
such as Singapore provides abundant opportunities for
interactions between humans and the mosquito vector.
Lastly, environmental factors such as temperature and
rainfall probably play an important role in chikungunya
transmission. Itis interesting that chikungunya outbreaks
are driven by different environmental factors in different
settings. In Singapore, peak chikungunya outbreaks are
associated with rainy seasons, while reports have described
that the outbreak in Kenya in 2004 was associated with
drought conditions.®®

Vector control is the sole method for reducing transmission
of chikungunya as no vaccine is available. Having Ae.
albopictus as the main mosquito vector for the chikungunya
virus presents additional challenges to vector control
services already over-taxed by the dengue epidemic. In
contrastto Ae. aegypti which mainly inhabits urban areas, Ae.
albopictus s largely outdoors, so measures such as outdoor
fogging, residual spraying of external walls and clearing
of unkempt vegetation will have to go hand-in-hand with
current vector control strategies aimed at reducing dengue
transmission.® Ae. albopictus is relatively long-lived (4
to 8 weeks), has a flight radius of 400 m to 600 m and its
eggs are highly resistant to drying. Its association with
nature and greenery may render its population even more
difficulttoreduce and eliminate as compared to Ae. aegypti,
which is already a challenge both locally and worldwide.
In the Hawaiian islands, an extensive mosquito control
campaign virtually eliminated Ae. aegypti, thus controlling
their dengue epidemic in 1943 to 1944, but Ae. albopictus
remained widespread.'’
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The chikungunyaepidemiology clearly demonstrates the
vulnerability of the globalised and immunologically naive
human population to diseases vectored by mosquitoes that
share the same ecological niche as the human population.
In Singapore, these characteristics of chikungunya
epidemiology mirrorthat of dengue.*® Though the extensive
national vector control programme may have moderated
the impact of these diseases, the increasing challenges call
for novel approaches to augment the effectiveness of the
programme in tackling these diseases. This includes the
use of new technology such as population replacement or
suppression by the Wolbachia-infected Aedes or genetically
modified sterile male Aedes.

Thebattle against chikungunyainvolvesanunderstanding
of the complexity of vector-virus-host-environment
interactionsand howthey can affect disease epidemiology. In
particular, the study of virusevolution is key to understanding
virus adaptation to the vector and subsequent transmission.
Thereisacontinued need for intense surveillance, improved
diagnostics, and rigorous research of this virus in order to
succeed in the battle.

REFERENCES

1. Ministry of Health Singapore. Epidemiological Week 52 (22-28 Dec
2013). Weekly Infectious Disease Bulletin 2013;10:1.

2. de Andrade DC, Jean S, Clavelou P, Dallei R, Bouhassira D. Chronic
pain associated with the Chikungunya Fever: long lasting burden of an
acute illness. BMC Infect Dis 2010;10:31.

3. Ng LC, Tan LK, Tan CH, Tan SS, Hapuarachchi HC, Pok KY, et al.
Entomologic and virologic investigation of Chikungunya, Singapore.
Emerg Infect Dis 2009;15:1243-9.

4. HoK,Ang LW, Tan BH, Tang CS, Ooi PL, James L, et al. Epidemiology
and control of chikungunya fever in Singapore. J Infect 2011,62:263-70.

5. Ministry of Health, Singapore. Chikungunyavirus disease. Epidemiological
News Bulletin 2006;32:58-61.

6. Ministry of Health, Singapore. Epidemiological Week 52 (27 Dec 2009-2
Jan 2010). Weekly Infectious Disease Bulletin 2009;6:1.

7. Ministry of Health Singapore. Epidemiological Week 52 (26 Dec 2010-1
Jan 2011). Weekly Infectious Disease Bulletin 2010;7:1.

8. Ministry of Health Singapore. Epidemiological Week 52 (25-31 Dec
2011). Weekly Infectious Disease Bulletin 2011;8:1.

9. Ministry of Health Singapore. Epidemiological Week 52 (23-29 Dec
2012). Weekly Infectious Disease Bulletin 2012;9:1.



327

10.

11.

12.

13.

14.

15.

16.

17.

18.

Chikungunya in Singapore—Lynette LE Oon and Lee Ching Ng

Tsetsarkin KA, Vanlandingham DL, McGee CE, Higgs S. A single
mutation in chikungunya virus affects vector specificity and epidemic
potential. PLoS Pathog 2007;3:e201.

Ng LC, Hapuarachchi HC. Tracing the path of Chikungunya virus —
evolution and adaptation. Infect Genet Evol 2010;10:876-85.

European Centre for Disease Prevention and Control. Communicable
Disease Threats Report Week 5, 26 January —1 February 2014. Available at:
http://www.ecdc.europa.eu/en/publications/Publications/communicable-
disease-threats-report-01-feb-2014.pdf. Accessed 16 June 2014.
Schwartz O, Albert ML. Biology and pathogenesis of chikungunyavirus.
Nat Rev Microbiol 2010;8:491-500.

Benedict MQ, Levine RS, Hawley WA, Lounibos LP. Spread of the tiger:
global risk of invasion by the mosquito Aedes albopictus. Vector Borne
Zoonotic Dis 2007;7:76-85.

Chretien JP, Anyamba A, Bedno SA, Breiman RF, Sang R, Sergon K,
et al. Drought-associated chikungunya emergence along coastal East
Africa. Am J Trop Med Hyg 2007;76:405-7.

Tan CH,Wong PS, LiMZ, Tan SY, Lee TK, Pang SC, etal. Entomological
investigation and control of a chikungunya cluster in Singapore. Vector
Borne Zoonotic Dis 2011;11:383-90.

Gilbertson WE. Sanitary aspects of the control of the 1943-1944
epidemic of dengue fever in Honolulu. Am J Public Health Nations
Health 1945;35:261-70.

Lee KS, Lo S, Tan SS, Chua R, Tan LK, Xu H, et al. Dengue virus
surveillance in Singapore reveals high viral diversity through multiple
introductions and in situ evolution. Infect Genet Evol 2012;12:77-85.

Annals Academy of Medicine



