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Review Article

Emerging and re-emerging arboviral diseases in Southeast Asia
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ABSTRACT

Arthropod-borne viruses (arboviruses) have become significant public health problems, with the emergence
and re-emergence of arboviral diseases nearly worldwide. The most populated Southeast Asia region is particularly
vulnerable. The arboviral diseases such as dengue (DEN), Japanese encephalitis (JE), West Nile virus (WNV),
chikungunya fever (CHIK), hemorrhagic fevers such as Crimean-Congo hemorrhagic (CCHF) fever, Kyasanur
forest disease virus (KFDV), etc. are on the rise and have spread unprecedentedly, causing considerable burden
of disease. The emergence/re-emergence of these diseases is associated with complex factors, such as viral
recombination and mutation, leading to more virulent and adaptive strains, urbanization and human activities
creating more permissive environment for vector-host interaction, and increased air travel and commerce. Climate
is a major factor in determining the geographic and temporal distribution of arthropods, the characteristics of
arthropod life cycles, the consequent dispersal patterns of associated arboviruses, the evolution of arboviruses;
and the efficiency with which they are transmitted from arthropods to vertebrate hosts. The present and future
arboviral threats must be mitigated by priority actions such as improving surveillance and outbreak response,
establishing collaboration and communication intersectorally, and strengthening the prevention and control
programmes along with improving biosafety aspects with regards to highly infectious nature of these arboviral

diseases. Evidence from research needs to be generated and priority areas for research defined.
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INTRODUCTION

Contagions or rapidly spreading highly infectious
diseases, with an estimated high fatality rate of 17 mil-
lion deaths per year worldwide are major issue of public
health concern'=3. The most overpopulated and economi-
cally backward countries in Southeast Asia are particu-
larly vulnerable. Among the emerging infectious diseases,
the arboviral diseases group has particularly warrant at-
tention in global health landscape with its potential for
epidemics and its unprecedented spread* 3.

The arboviral diseases (arthropod-borne viral) are
caused by a wide variety of RNA viruses with a life cycle
that requires both a host (birds or mammals) and a vec-
tor®. The transmission is preceded by a biological repli-
cation in an arthropod vector (e.g. mosquitoes, sandflies,
ticks, or midges) and these viruses typically circulate
among wild animals. More than 130 arboviruses are
known to cause human disease, and are responsible for
some of the most explosive epidemics of emerging infec-
tious diseases over the past decade. Most arboviruses of
public health importance belong to one of three virus gen-
era: Flavivirus, Alphavirus and Bunyavirus. Arboviral
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diseases include: WINV disease, Yellow fever (YF), DEN,
Murray Valley fever (MV), JE, Equine encephalitis, CHIK
fever, Rift Valley fever (RFV) and among the tick-borne
diseases, tick-borne encephalitis, hemorrhagic fevers ex-
cept KFDV, CCHF are less common infections.

The evolution and diversification in the tropics of the
many arboviruses resulted in more invasive and virulent
strains® 7. Although enzootic amplification is one char-
acteristic of the viruses, some like dengue and chikun-
gunya have lost this requirement and exclusively utilize
humans as reservoir and amplification hosts, thus able to
cause extensive epidemics. A review of the factors that
may lead to emergence and re-emergence of arboviral dis-
eases is presented here, with focus on Southeast Asia re-
gion.

Current status of arboviral diseases in Southeast Asia
The true magnitude of arboviral diseases and its as-
sociated human, economic and social costs are difficult
to quantify, thus largely unknown®. In one study, the bur-
den of Disability Adjusted Life-Years (DALYSs) lost at-
tributable to YFV, JEV, CHIKYV, and RFV was estimated
to fall between 300,000 and 5,000,000°. DEN, consid-
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ered as the most important human arbovirus, have in-
creased in incidence by 30-fold in the last decade with an
estimated 50-100 million annual cases!'% !l From the
Southeast Asia region around 1.3 billion people are at-
risk of dengue, which is the leading cause of hospitaliza-
tion and death among children'?. JE is the leading cause
of encephalitis epidemic worldwide, mainly in Korea,
China, India, and Indonesia. The virus has large geo-
graphical range and it puts more than 3 billion people
residing in Asia at-risk, and approximately 30,000-50,000
cases are reported annually!'3. CHIKV, which often mim-
ics the clinical manifestation of dengue disease, started
causing epidemics in India and Southeast Asia since 1950s
and has become endemic in many countries! 1>,

The diseases caused by arbovirus are increasingly
becoming common causes of severe febrile disease that
can progress to long-term physical or cognitive impair-
ment or result in early death. Large number of people is
at risk and the limitation in the health system in the en-
demic areas inevitably results in underestimation of the
true burden of arboviral diseases.

Although most arboviral infections are asymptom-
atic, clinical manifestations range from mild febrile ill-
ness to severe encephalitis and are even occasionally fa-
tal. Case definition and adequate surveillance, therefore,
are major challenges. Treatment for arboviral diseases is
mainly supportive!l: 16,

Occurrence of emerging and re-emerging diseases in the
last decade

In the past decade there have been sporadic outbreaks
of a number of emerging and remerging zoonotic viral
diseases in the Southeast Asia. In 2001-02 an outbreak
of Nipah virus (NiV) disease in Malaysia among the pigs
and pig farmers has claimed many lives. The Pteropus
bats (fruit bats) are mainly thought as the reservoir for
this virus. The NiV has been responsible for similar out-
breaks in the neighbouring countries of Bangladesh and
India (Siliguri, West Bengal in 2010-11).

Another highly infectious arboviral disease, the CCHF
virus has claimed many lives in the Gujarat state of India
in 2010-12 period. The CCHF virus is mainly transmit-
ted via infected tick bites or contact with an infected per-
son or through nosocomial transmission in the hospital
setting.

Similarly, in enzootic state, KFD virus circulates
through small mammals such as rodents, shrews, ground
birds and an array of tick species, however, the species
Haemaphysalis spinigera is considered as the main vec-
tor and maintained an enzootic in small mammal and
monkeys in the forest. A recent outbreak of KFDV was

reported during 2011-12, affected 80 villages across the
Shimoga district of Karnataka.

Factors responsible for arboviral diseases emergence

Emergence and re-emergence of arboviral infections
undoubtedly are increasing phenomena in the last decade.
The changing epidemiology and the responsible factors
for the dramatic resurgence of arboviral diseases are com-
plex and represent the evolutionary conflicts between rap-
idly evolving and adapting viruses and their evolving
hosts® 17,

The progress of arboviral disease to epidemic level
requires competent vector intersecting with vertebrate host
population within an environment that is permissive for
such interaction. A large proportion of the arboviral dis-
eases of humans are zoonotic. Further the catalysis by fo-
cal and/global environmental, societal and demographic
changes will lead to causing spillover infection to humans.

The inherent ability of the RNA viruses to recom-
bine and reassort can lead to genetic mutations and
change in host range. The population of reservoir
hosts or intermediate insect vectors also undergoes
changes that are mainly linked to human movement and
urbanization> 7> 18,

Dengue is one example of arboviral disease for which
the urbanization factor is strongly associated with its
emergence. As the vectors (Aedes aegypti) prefer artifi-
cial water containers as its larval habitat thus human habi-
tations became its choice. The four different serotype of
DENYV can co-circulate and causing hyperendemicity in
many areas!'®, consequently give them greater epidemic
potential and more likely to be transmitted from human
to human?%- 21,

WNYV has spread to north America in the western
hemisphere and caused major concern* 2> 23, The global-
ization, land use and development of rapid transportation
systems are thought to be the underlying factors for the
WNYV invasion?. It is initially known to be endemic across
tropical parts of Africa and Asia. With mosquitoes (Culex
species) as the principal vectors along with a bird-mos-
quito natural cycle, in India the role of ardeid birds in the
maintenance of WNV has been described®. The spread
of WNV has also been reported from endemic area JEV,
where a substantial proportion of the acute encephalitis
syndrome cases can actually be attributed to emerging
WNV?26, Wider epidemiological spread of WNV can be
attributed to quick adaption of the virus to infect local
mosquito vectors?’. Although normally humans are dead-
end hosts for WNV, the risk of infection is greatly in-
creased by the zoonotic viral amplification and its persis-
tence in the environment.
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JEV is closely related to WNV and is maintained in
an enzootic cycle involving aquatic birds and primarily
Culex species mosquitoes. However, other animals such
as pigs have been shown to play a role as amplification
hosts and contribute to the increasing risk of the disease
to human and equine alike* ?8. The widespread expan-
sion of JEV cannot be separated from the growth in hu-
man populations, land use for irrigated rice agricultural
activity and in pig farming!>2°. The existence of JEV in
India, Pakistan and Nepal where swine farming is limited
may indicate an expanding role for migratory birds in
JEV amplification® 30,

Another factor that contributes to remarkable arbo-
virus invasions is air transport, which is inevitable in the
world with dramatic increase in commerce and traffic
volume. This in conjunction with adaptation for replica-
tion at higher temperature in mosquito vectors is crucial
in enhancing urban transmission where previously the
virus was unknown.

The seasonality and inter-annual variation in inci-
dence of diseases are more pronounced for arboviral
diseases, as the vector reservoirs are so susceptible to
seasonal changes. Climatic conditions and disease trans-
mission dynamics are interlinked, and as more knowl-
edge on meteorological parameters is built, the impact of
climate change can and should be mitigated. During the
past 50 years or so, patterns of emerging arboviral dis-
eases have changed significantly® 8. Climate is a major
factor in determining the geographic and temporal distri-
bution of arthropods, the characteristics of arthropod life
cycles, the consequent dispersal patterns of associated ar-
boviruses, the evolution of arboviruses and the efficiency
with which they are transmitted from arthropods to ver-
tebrate hosts!8: 31,

Therefore, with gradually increasing surface tempera-
tures, urbanization, irrigation practices and commerce, it
seems that the arboviruses will continue to emerge in new
regions. For example, the CCHF reported from India®? 33,
unexpected but successful establishment of CHIK fever in
northern Italy3+3%, the sudden appearance of WNV in North
America?>24 %7 the increasing frequency of RVF epidem-
ics in the Arabian Peninsula’® 3, and relatively recent
emergence of bluetongue virus in northern Europe*® 41-

As arthropods are dependent on specific climate for
their epidemicity and the effect of climate on alteration
of the natural cycles are well-documented, there is little
doubt that climate change indeed play a role in the trans-
mission dynamics of arboviral diseases. Table 1 summa-
rizes the emerging arboviral diseases in SEA region, and
Table 2 shows the categorization of re-emerging/newly
emerging arboviral diseases, important viruses that may

emerge and less important viruses, but may emerge in
the Region.

Priority actions for the perpetual challenges

Disease surveillance is corner stone of response to
emerging disease threats. Risk assessment and outbreak
preparedness are imperative. Surveillance indicates where
a disease has appeared and gives vital clues about how
the emerging infectious agent may spread in nature. Af-
ter surveillance has brought attention to the problem, how-
ever, actual prevention and control measures ultimately
require additional information provided by the scientific
research.

Countries in Southeast Asian region have not been
able to give emerging disease surveillance, the priority
status it deserves. Much of the surveillance in the region
is centered in a few well-established laboratories where
there is adequate expertise, sufficient funding and war-
ranted commitment. Mathematical modeling can be used
to forecast the risk of arboviral diseases more precisely
and to determine the impact of emerging epidemics. Vec-
tor control efforts cannot be undermined in this realm
and understanding their biology and adaptability are man-
datory.

Considerable progress has been made in recent years
to develop vaccines for the arboviruses, such as JE*? and
DEN!!, Novel candidates of vaccines are now being trialed
for WNV2. Advances in clinical case management have
decreased case fatality rates for DEN, yet there remain
many challenges in diagnosing and treating other less
common arboviral infection®,

However, it can be stated that surveillance and other
activities that traditionally fall within the domain of pub-
lic health are not sufficient to adequately address the prob-
lem of emerging diseases. Basic, translational and opera-
tional research efforts to develop more effective and
advanced tools to combat the resurgence of the arbovi-
ruses are of critical importance. Understanding the chang-
ing pattern and epidemiology of different diseases is im-
perative**,

Strengthening the health system as a whole can defi-
nitely be beneficial as well, because resurgence of dis-
ease often worsened due to the breakdown in public health
measures and inadequate capacity of the system to re-
spond. Policy to improve surveillance, prevention and
control programmes for arboviral and other zoonotic dis-
ease frequently being established late after the outbreak
or epidemics had occurred.

Research priorities
With the constant evolution ongoing for the viruses,
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Table 2. Re-emerging and newly emerging arboviruses

Arbovirus Natural cycle Vector Reference Nos.
Dengue 1, 2, 3, 4, and Chikungunya Mosquito, human, monkey Aedes 10, 11, 23-27
Japanese encephalitis Mosquito, bird, pig, horse Cx. triaeniorhynchus 5,13, 28,29
Kyasanur Forest disease Rodent + Lower primates Tick; Haemaphysalis sp. 45-48
West Nile Bird + Horse Cx. vishnui gr. 23-27
Chandipura encephalitis Sandflies, human Sandflies; S. argentipes 49-51
Crimean-Congo hemorrhagic fever Domestic animals, Hyalomma ticks Tick (Hyalomma) 32-33
Important and may emerge

Rift Valley fever virus Mosquito, human, large animals Culicine sp. 1-5
Yellow fever Mosquito, human, monkey Aedes

Less important but may emerge
Bagaza virus flavivirus Pigs? Culicine sp. 51
Zika like DEN Mosquito, human Aedes 52,53
Banna Reo virus encephalitis — China like JE Pigs? Culicine sp. 54
Usutu virus mosquito-borne flavivirus Pigs? Culicine sp. 55, 56
Ingwavuma Pigs? Culicine sp. 57-59

vectors and host, there is scarcity in the evidence gener-
ated from research in the arboviral diseases. Among oth-
ers, the research priorities in this field should encompass:
understanding environmental factors which facilitate
emergence, maintenance and transmission of these dis-
eases; studying the evolution of pathogenic infectious
agents resulting in changes in infectivity, virulence, trans-
missibility and adaptations, host factors influencing emer-
gence of new infection and their transmission; develop-
ment of tools for diagnosis, management, control and
prophylaxis; training and infrastructure for responding to
emerging diseases; and information sharing on emerging
infections and development of research-based evidence
to influence policy modifications with respect to the pub-
lic health improvement.

CONCLUSION

The history of emergence of arboviruses involves sev-
eral mechanisms, notably geographical expansion linked
to human transportation and development, enhanced trans-
mission in peridomestic area and spillover of zoonotic
cycle. Global warming increases vector distribution and
transmission dynamics. The inherent ability of some ar-
boviruses with Aedes vector to adapt also poses greater
risk for explosive epidemics and wider epidemiological
spread. The factors associated with the emergence and
re-emergence of arboviral diseases are complex and mu-
tually influenced with each other. Collaboration among
academia and public health communities is critical in ef-
forts to contain the menace of arboviral diseases emer-
gence/resurgence.
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