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Abstract

Background & Objectives Dengue is a climate-sensitive in-
fectious disease. Climate-based dengue early warning may be
a simple, low-cost, and effective tool for enhancing surveil-
lance and control. Scientific studies on climate and dengue in
local context form the basis for advancing the development of
a climate-based early warning system. This study aims to re-
view the current status of scientific studies in climate and
dengue and the prospect or challenges of such research on a
climate-based dengue early warning system in a dengue-
endemic country, taking Malaysia as a case study.

Method We reviewed the relationship between climate and
dengue derived from statistical modeling, laboratory tests,
and field studies. We searched electronic databases including
PubMed, Scopus, EBSCO (MEDLINE), Web of Science, and
the World Health Organization publications, and assessed cli-
mate factors and their influence on dengue cases, mosquitoes,
and virus and recent development in the field of climate and
dengue.
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Results & Discussion Few studies in Malaysia have empha-
sized the relationship between climate and dengue. Climatic
factors such as temperature, rainfall, and humidity are associ-
ated with dengue; however, these relationships were not con-
sistent. Climate change projections for Malaysia show a
mounting risk for dengue in the future. Scientific studies on
climate and dengue enhance dengue surveillance in the long
run.

Conclusion 1t is essential for institutions in Malaysia to pro-
mote research on climate and vector-borne diseases to ad-
vance the development of climate-based early warning sys-
tems. Together, effective strategies that improve existing re-
search capacity, maximize the use of limited resources, and
promote local-international partnership are crucial for sustain-
ing research on climate and health.

Keywords Dengue - DHF - Climate - Weather - Early
warning - Malaysia

Introduction

Dengue is one of the most rapidly spreading viral diseases in
the world, despite increasing efforts to curb or reverse the
upward trend. Moreover, geographical expansion of dengue
from urban to suburban or rural settings has been observed in
recent decades. The disease is caused by dengue viruses
(DENV 1-4), which are transmitted to human hosts by Aedes
mosquitoes. The dynamics of dengue transmission are influ-
enced by multiple complex risk factors including host immu-
nity, vector capacity, circulating DENV, weather or climate,
dengue control capacity, and population movement. Climate
variables influence dengue epidemiology through their indi-
rect impacts on the biological aspects of mosquitoes and on
incubation periods of DENV within mosquitoes (EIP) [1, 2,
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3+, 4]. Climate change will alter the spatial and temporal dy-
namics of DENV ecology, potentially by increasing the vec-
tor’s flying range, increasing the duration of vector activity,
and shortening the EIP [1]. Mechanistic dengue models have
demonstrated that even small changes in EIP can have a large
impact on dengue cases [5].

Dengue has been endemic in Malaysia since the 1970s,
with increasing intensity and magnitude of outbreaks in recent
decades [6]. The national incident rate (IR) increased from 32
cases per 100,000 population in 2000 to 361 cases in 2014,
though a temporary reverse trend was observed in 2011 and
2012 (Fig. 1) [6]. At the same time, the case fatality rate
decreased from 0.6 % in 2000 to 0.2 % in 2014. In early
2015, dengue cases reached or exceeded the number of cases
reported during the epidemic period in 2014 [6]. However,
this may have been partly due to a spillover from the outbreak
in 2014. All four serotypes of dengue viruses coexist in Ma-
laysia, with each of DENV1-3 being the predominant virus in
different periods, while DENV4 exerts less influence in the
country [6]. A recent study suggested that the dengue out-
breaks in Malaysia during 2013 and 2014 were caused by
changes in DENV serotypes 4 to 6 months prior to each out-
break [6].

In 2011, the Ministry of Health implemented a National
Dengue Strategic Plan (NDSP) to increase dengue control
efforts. The NDSP employed strategies to enhance dengue
surveillance, vector control, case and outbreak management,
population mobilization, and research in innovative dengue

control tools and strategies [6]. Subsequently, a short-lived
downward trend of dengue IR was observed in 2011 and
2012. However, the country has experienced a surge in den-
gue IR since 2013. A study by Ng et al. in 2015 suggested that
the 2013 outbreak in Malaysia was probably caused by a
switch in predominant dengue serotype from DENV3 and
DENV4 to DENV2 [7].

Effective vector or mosquito control measures are critical
to achieving and sustaining a reduction in morbidity attribut-
able to dengue [8]. Vector control is aimed at disrupting den-
gue transmission in order to reduce the incidence of infection
and consequently prevent outbreaks. Vector control, however,
can be capital- and labor-intensive. According to a study in
Singapore, the cost for dengue control could be around 42—
59 % of the total economic burden of dengue [9]. An effective
early warning system will enhance outbreak preparedness and
response, an important element in planning of early interven-
tion and resource allocation [8]. Thus, an early warning of
dengue outbreak not only enhances dengue control but also
reduces the health and economic burden of dengue in the
population. In the past decade, studies have shown evidence
of a relationship between climate and dengue and of the fea-
sibility of using climate data to predict dengue outbreaks
[10—15]. These studies contribute to the advanced develop-
ment of climate-based dengue forecast modeling that could
pave the way for an early warning system. Climate data is
freely and publicly available. Given the well-documented re-
lationship between climate and dengue, climate could be an
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Fig. 1 Dengue incidence rate and case fatality rate for Malaysia, 20002014 (source of data: Ministry of Health, Malaysia)
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economical, simple, and effective tool for predicting out-
breaks, especially in developing or resource-constrained
countries.

Dengue cases are reported primarily in developing coun-
tries with restricted healthcare resources. This study aims to
review scientific studies on climate and dengue and the pros-
pect and challenges of future research in climate-based dengue
early warning systems in Malaysia, a developing and dengue-
endemic country situated in the dengue epidemic center of
Southeast Asia.

Methodology

We systematically reviewed evidence reported from 1990
to 2015 for an association between climate and dengue in
Malaysia based on scientific findings derived from statis-
tical modeling of cases as well as laboratory and field
studies on Aedes mosquitoes and DENV. In September
and October 2015, we reviewed the literature in the fol-
lowing electronic databases: 1) PubMed, 2) Scopus, 3)
EBSCO (MEDLINE), 4) Web of Science, and 5) the
World Health Organization publication databases, namely
WHOLIS and WHO IMSEAR. We searched each of the
databases using a combination of keywords including
“dengue,” “climate,” “weather,” “temperature,” “rainfall,”
“humidity,” and ‘“Malaysia.” The inclusion criteria included
peer-reviewed original papers reporting studies on the links
between climate variables and dengue in Malaysia, published
in international or national journals from 1990 to 2015, in
English, and retrieved from one of the above-mentioned elec-
tronic databases. We identified 127 publications (including
duplicate articles) using data in Malaysia. In the first review,
titles and abstracts were screened based on inclusion criteria to
select articles that analyzed the relationship between climate
and dengue. Laboratory and field studies on climate and Aedes
aegypti, Aedes albopictus, and DENV were also included.
Full articles were reviewed in the second round of selection.
After full-text review and removal of duplicate articles, nine
original papers were selected for this review.

A summary of the search strategy and results is presented
in a flowchart (Fig. 2). The characteristics of selected articles,
including choice of climate factors for each study, are shown
in Table 1. Methodologies and key findings of the studies are
presented in Table 2 according to publication chronology and
types of dependent variables. Dependent variables are ar-
ranged in three categories and coded with letters representing
types of studies: C denotes dengue cases, V indicates vector or
Aedes mosquitoes, and D represents the dengue virus. Find-
ings and discussion focused on the establishment of links be-
tween climate and dengue and the progress of research in
climate-based dengue early warning.

G EEINT3 EEINT3

Scienufic publications:
Chimate factors and dengue in Malaysia

Key words:
dengue. climate, weather, temperature, rainfall. humidity, Malaysia

Inclusion criteria: Peer-reviewed & original papers published in
international and national journals trom 1990-20135, included in
sclected clectronic databascs

¥

Arucles identified from databascs: 127
{Include duplicated articles)
> PubMed: 35
EBSCO (Mcdline): 31
WHOLIS: 0
WHO IMSEAR: 2
SCOPUS: 30
Web of Science: 29

{

Articles identified tor tull text review
+  After first tier screcning based on inclusion
cnteria during initial review of ttles and abstracts
» Including duplicated articles
> PubMed: 8

EBSCO (Medline): 8

WHOLIS: 0

WHO IMSEAR: |

SCOPUS: 9

Web of Science: 8

¥

Article included for this study: 9

| After removing duplication and performed full text review based on
inclusion critena)

Fig. 2 Summary of strategies, process, and results of literature search

Results

Almost all the studies used data from two of the 13 states in
Peninsular Malaysia, namely Selangor and Penang, and the
majority of papers were published after 2010 (Table 1). Tem-
perature, rainfall, and humidity were the key climate variables
used in almost all the papers, whereas two included wind
speed and one considered clouds. Statistical analyses were
performed using daily or weekly data over study periods rang-
ing from 1 to 6 years. Four papers evaluated the relationship
between climate variables, measured as °C and mm, and den-
gue cases based on regression models, while others performed
correlation analyses of climate variables, measured as °C and
mm, and larvae population density or incubation rate of
DENV. Only two papers used advanced statistical modeling
for analyses of non-linear relationships between climate and
dengue.

As shown in Table 2, article C1 found no significant rela-
tionship between increasing temperature and dengue cases,
while article C3 suggested that temperature and rainfall
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significantly influenced dengue trends. Articles C2, C4, and
V2 reported a positive relationship between minimum temper-
ature and dengue cases at lag periods ranging from 7 to
51 days. Wind speed at different ranges of knots posed differ-
ent risk levels. Findings of the effects of humidity and rainfall
on dengue cases were inconsistent. Cheong et al. (article C2)
reported that the highest risk of dengue cases occurred within
a small temperature range, from 25.4 to 26.5 °C, at a lag of
51 days. Bi-weekly cumulative rainfall and dengue exhibited a
linear relationship at a lag of 30 days. Similarly, Wan Fairos et
al. (article C4) reported that minimum temperature (21-26 °C)
was associated with an increase in dengue cases at a shorter lag
period of 14 and 21 days, and an increase in humidity reduced
the number of cases at a lag of 14 days [16]. Rohani et al.
(article V2) also documented that rainfall, temperature, and
humidity were associated with dengue cases at a lag of up to
1 week; however, the findings showed dissimilar effects of
climate on dengue incidence among different study areas [17].

Atticles V1 and V2 showed that rainfall was positively asso-
ciated with larval population at a lag of 7 to 44 days, but article
V3 reported that rainfall posed no effect on larval development
time or mortality rate. Article V2 suggested maximum tempera-
ture and maximum humidity increased larval populations, while
minimum temperature posed negative effects on larval popula-
tion. Article V3 reported rising mean temperature reduced larval
development time. Article V4 showed that the mean number of
Aedes eggs increased 1-2 weeks after rainfall. Humidity was
positively associated with the mean number of eggs, while mean
temperature suggested reverse effects. Article V4 also reported
different results for the effects of mean temperature and humidity
on mean number of eggs between two study areas. Laboratory
experiments suggested that a rise in temperature from 26 to
30 °C increased the replication rate of DENV-2 and DENV—4
and reduced the EIP in mosquitoes from 9 to 5 days (article D1).
The maximum length of the EIP was prolonged from 19 to
23 days for DENV-2 and DENV—4 at 26 °C.

Discussion

Malaysia is a tropical country with warm temperatures, high
humidity, and copious rainfall. The average temperature is
around 27 °C, and mean cumulative rainfall is about
2500 mm a year. The warm and wet weather coupled with
high humidity is conducive to the development of Aedes mos-
quitoes, viral replication, and transmission of dengue year-
round [3e, 18e, 19].

Our literature review revealed only a few studies in Malay-
sia that focused on climate and dengue. Moreover, studies on
the development of climate-based early warning systems in a
local context were not identified in our literature review.
Climate-based dengue forecast modeling thus far has general-
ly been geographically bound, though the framework of the
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model could be generalized to include multiple regions. This
could be due in part to varying local climate conditions and the
influence of multiple non-climatic factors unique to the re-
spective study area. Thus, scientific studies on climate and
dengue using local data are necessary for analyses of the rela-
tionship and for developing a climate-based dengue early
warning system. Numerous studies in recent decades have
reported links between climate, dengue, Aedes mosquitoes,
and DENV. A systematic review in Brazil (2013) suggested
that about 580 publications worldwide had reported findings
in climate and dengue, and that 31, or 5.3 %, of these publi-
cations were from Brazil [20]. Our literature search suggested
that Malaysia contributed about 1.4 % of total publications as
of 2013.

A majority of the studies in Malaysia indicated an associ-
ation between dengue, rainfall, and temperature, with lag pe-
riods ranging from 7 to 51 days. This lag term usually serves
as a window or lead-time for vector control. Optimal lead-time
for early warning could vary according to factors such as the
capacity of vector control and the effectiveness of outbreak
management in the respective study areas. A study in Singa-
pore has suggested that a 3-month window would provide
sufficient time for effective mitigation [21]. Aside from cli-
mate variables, the dynamics of dengue transmission in a giv-
en study area are influenced by multiple complex factors in-
cluding circulating dengue serotypes, herd immunity, popula-
tion density, land-use, dengue control policy and capacity,
outbreak control management, and community commitment
to the removal of larvae in residential areas.

According to the Malaysia Meteorological Department,
long-term mean temperature (comparing climate data for
1961-1990 and 1998-2007 obtained from various weather
stations) increased by 0.5—-1.5 °C and 0.5-1.0 °C in Peninsular
Malaysia and East Malaysia, respectively [22]. A large tem-
poral and spatial variation in rainfall was observed, and rain-
fall in East Malaysia was higher than that in Peninsular Ma-
laysia. Based on a study of climate change scenarios for Ma-
laysia from 2001 to 2099, the projected mean temperature
would most likely increase by 1.0-3.5 °C and 1.1-3.6 °C for
East and Peninsular Malaysia, respectively [22]. The study
further reported that the projected trend in annual temperature
anomaly would most likely rise linearly, and the average tem-
perature anomaly over the period 2020-2029 was expected to
increase by about 1.0 to 1.5 °C, depending on spatial varia-
tion. The cumulative rainfall projection varied according to
year and location. At the same time, the estimated average
annual rainfall anomaly for the period 2020-2029 was likely
to decrease by 8.8 to 18.7 %, with changes varying according
to locality [22]. Furthermore, regional temperature anomaly,
El Nifo and La Nifia, exerts influence on local weather. The
country experienced a severe dry spell during El Nino epi-
sodes in 1963, 1997, and 2002 [22]. In recent years, several
episodes of massive, severe flooding events have occurred in
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multiple cities across the country as a result of extremely
heavy rainfall in a short amount of time.

Considering the relationship between climate and dengue,
climate projections imply an increasing risk of dengue out-
breaks in Malaysia. In addition to strengthening surveillance
and control systems with enhanced capacity, an epidemic pre-
diction capability is needed to allow timely mitigation and
effective resource deployment. To date, no climate-based ear-
ly warning or outbreak alert system has been established for
dengue surveillance in Malaysia. Lack of data and knowhow,
as well as inadequate support from policy-makers for the use
of such a system, could hamper the development of techno-
logical innovations to control dengue. Local to national den-
gue data is not publicly available in Malaysia. Researchers
may be subjected to lengthy application processes in order
to obtain data from respective health departments. Moreover,
the reliability and validity of available data is also a challenge.
Nevertheless, the quality of data regarding dengue has pro-
gressively improved since 2009.

The health authority can encourage studies on climate-
related diseases by making dengue case data publicly avail-
able for research purposes and by supporting the development
and integration of a climate-based dengue forecasting system
through synchronized efforts across national dengue surveil-
lance systems and meteorological departments. Support from
academic and health institutions in providing advanced
knowledge and technical skills for disease forecast modeling
as well as funding resources will boost research capacity and
interest. In addition, the inclusion of advanced disease model-
ing as a university course module for medical or allied health
students and researchers would help to sustain research efforts
in climate and dengue.

Conclusion

In view of projected climate change and the effects of climate
on dengue, the risk of dengue outbreak is likely to increase if
effective dengue or vector control is not in place. It is imper-
ative that institutions in Malaysia actively promote research
and surveillance efforts around climate and dengue with suf-
ficient coverage and depth to advance the development of and
capitalize on a climate-based early warning to control the risk
of dengue. Research topics including optimal lead-time for
early warning, forecast modeling systems, sustainability of
forecast precision and integration of climate into local surveil-
lance systems are encouraged. Research capacity, data quality
and availability, resource constraints, and insufficient support
from public and private institutions all contribute to the cur-
rent shortfall. Therefore, effective strategies to improve
existing research capacity, maximize the use of limited re-
sources, and promote public—private collaboration at the local,

national, and international levels are crucial for the sustain-
ability of local research in climate and dengue.
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