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Abstract: Introduction: Dengue is an arboviral infection, transmitted from person to person via mosquito vectors.
Dengue transmission is affected by rainfall, temperature, humidity and wind speed. These climate variables are
changing as a result of anthropogenic climate change, and it is expected that this will affect the incidence of dengue.
This scoping review explored the impacts on dengue transmission of variation in these climate variables in 12 Asian
countries located in South- and South-East Asia regions. Methods: The protocol developed by the Joanna Briggs
Institute was followed for this scoping review. Articles were found using the PubMed, Scopus, and Embase databases,
as well as grey literature. Studies conducted in India, Bangladesh, Bhutan, the Democratic Republic of Korea,
Indonesia, Maldives, Myanmar, Nepal, Thailand, Sri Lanka, and Timor Leste and published in English between 2002
and 2022 were included. An extensive literature search was conducted in February and March, 2022. A modified
checklist designed for assessing the quality of ecological studies was used to assess the quality. Following quality
assessment, ninety articles were included in the review. Results: The initial search yielded 1912 articles. After the
duplicates were removed, 983 were identified as potentially relevant. Following the exclusion of 729 articles by two
reviewers, 254 articles were subjected to full text screening. Thereafter, 90 articles were selected for the review that
strictly met the inclusion criteria. Although the results were mixed, we found that dengue transmission decreases in
temperature extremes. Dengue transmission increases with heavy rainfall, with a 1- 3-month lag. Humidity was also
found to be related to dengue transmission. Other factors found to be associated with dengue transmission include
the hours of sunshine and wind speed. Conclusion: There is a complex relationship between changing climate
parameters and dengue incidence in Asia. This reflects the complex ecology of vector-borne diseases and suggests
that the impact of changes in climate variables on dengue transmission may vary according to local climate and other
factors.
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1. Introduction

Global average land and sea average temperatures are due to increasing greenhouse gases in the
atmosphere. This is resulting in changes in weather patterns across the globe (United States Environmental
Protection Agency, 2022). The past seven years (2015 — 2021) have been reported as the warmest years so far with
a rise in the global mean temperature of 1.11 + 0.13°C above the 180 -1900 period (World Meteorological
Organizaton, 2022). It is estimated that global temperature will be increased rapidly over the next few decades,
causing changes in rainfall and precipitation (Intergovernmental panel on Climate Change, 2022). Mosquito breeding
and vector competency is impacted by changes in climate variables such as temperature, humidity and rainfall
(Chandra & Mukherjee, 2022).

Dengue is an arboviral infection predominantly transmitted by Aedes aegypti and Aedes albopictus
mosquitoes. Ae aegyptiis the most efficient vector. These mosquitoes only breed in clean water (Higa, 2011). Dengue
infection can be asymptomatic but may lead to dengue fever or Dengue Haemorrhagic Fever (DHF). Some cases can
be severe, requiring hospitalization and can cause death. There are four dengue virus subtypes, DENV1, DENV 2,
DENV3, DENV4 (World Health Organization, 2022a). Dengue is a vector-borne disease of public health concern. It
has emerged as the most widespread and rapidly increasing vector borne disease in the world. Of the 3.5 billion
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people around the world living in dengue-endemic countries, 1.3 billion live in dengue-endemic areas in 10 countries
of the South-East Asian (SEA) region. The SEA contributes to more than half of the global burden of dengue. The
number of cases in this region has increased by 46% from 451,442 to 658,301 from year 2015 to 2019 period. Five
SEA countries (India, Indonesia, Myanmar, Sri Lanka, and Thailand) are among the 30 most highly endemic countries
in the world (World Health Organization, 2022b).

Dengue transmission is affected by host factors, vector density and environmental factors including climate
and urbanization. Urbanization causes increased transmission of the disease due to increased population density and
the formation of residual mosquito breeding places such as construction sites, slums and garbage (Gubler, 2011).
Rainfall fills these sites with clean water suitable for mosquito breeding. In areas where there is a very low rainfall
and interrupted water supply, collection of water in artificial containers like tanks increases mosquito breeding
habitats. When there is heavy rainfall, a reduction in dengue transmission may occur due to the flushing away of
mosquito eggs, larvae, and pupae (Benedum, Seidahmed, Eltahir, & Markuzon, 2018). Further, precipitation is
identified as an important factor in providing habitat for aquatic stages of the mosquito cycle. Higher precipitation is
associated with increased Aedes aegypti population (Barrera, Amador, & MacKay, 2011). Importantly, temperature
can influence dengue transmission. Moderate increase in temperature shortens the extrinsic incubation period (EIP)
and affects the viral replication within the vector and increase dengue transmission. The EIP of DENV 1 and DENV 2
in Ae aegypti mosquito is 9 days at 26°C - 28°C and 5 days at 30 °C (Watts, Burke, Harrison, Whitmire, & Nisalak,
1987). A small increase in DTR around the mean temperature also shortens the EIP (Lambrechts et al., 2011).
Moreover, all four stages of Ae aegypti mosquito life cycle (eggs, larvae, pupae and adult) is affected by temperature
including the female mosquito reproductive life cycle. As in many of the research, there is a parabolic relationship
between maximum temperature and dengue (Seah, Aik, Ng, & Tam, 2021). Their fertilization decreases below 20 °C
and oviposition cycles are accelerated in higher temperature levels. It affects the egg and immature mosquito
development and the adult mosquitoes as well (De Garin, 2000). It has been found that the maximum survival of
immature eggs, lower mean time to pupation in days and maximum percentage of larval survival occurs between 16
°C to 38 °C, with optimal survival at 26°C (Carrington, Seifert, Willits, Lambrechts, & Scott, 2013) while the cooler
temperatures are not favourable for survival. It has been found that development of larvae and pupae of Ae aegypti
is ceased in temperature less than 8.3°C (Rueda, Patel, & Stinner, 1990). The survival of the adult mosquito beyond
the EIP is important in transmission of dengue because viral replication in the vector host is necessary for
transmission. Adult mosquitoes take their first blood meal three days after being an adult. They become vectors after
the EIP and they are unable to survive in extreme temperatures (less than 0°C and more than 40°C) According to
Lambrechts et al., 2011, life span of adult Ae aegypti mosquitoes is more in lower DTR compared to higher DTR
(Lambrechts, Paaijmans, Carrington L, Thomas, & Scott, 2011). When the vector mosquito density in an area is
increased, the host — vector ratio becomes high and the biting rate of humans by mosquitoes also increase. These
factors contribute to the vectoral capacity which determines the spread of dengue. Further, it has been understood
by a modelling study done in few countries in south-east asia, that A. aegypti population increases in the warmest
months (April — June) in the region (Osuolale, 2023).

Although there is clear evidence as to how the variation in temperature affects Ae aegypti, effect of humidity
seems to be more complex. Although it has explained that feeding activity, survival and egg development is increased
in Ae aegypti mosquitoes at high humidity, there is an interaction with temperature (OECD, 2018). A study in Brazil
has brought to light that at 25 °C and 80% relative humidity, Ae aegyptifemale mosquitoes survived two-fold more
and produced 40% more eggs when compared to those kept at 35 °C and 80% relative humidity. However, in 45%
of females kept at 35 °C and 60% relative humidity oviposition was inhibited and only 15% females laid more than
100 eggs, suggesting that the intensity of the temperature effect was influenced by lower humidity. Gradual
reductions in egg fertility at 60% relative humidity were observed with the increase in temperature whereas such
effect was not found in 80% relative humidity at 25°C and 30 °C. These results suggest that the reduction in
population densities recorded in tropical areas during seasons when temperatures reach over 35 °C is likely to be
strongly influenced by temperature and humidity (Costa, Santos, Correia, & Albuquerque, 2010) . A comparison of
infection rate, dissemination rate and population transmission rates of Ae albopictus, with the fluctuating temperature
(18°C, 23°C, 28°C and 32°C) has shown that all of these parameters are at their highest at 32 °C (Liu et al., 2017).
However, extreme temperature seems to increase mosquito mortality followed by a reduced risk in the transmission
of the virus. Research done in Thailand has revealed that minimum and average daily temperature is associated with
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female Ae aegypti mosquito abundance. The proportion of parous mosquitoes had been highest during the dry
season (Scott et al., 2000). Most importantly, different components of climate interact with each other in a complex
manner. Therefore, the relationship between the change in climate variables and its effect in dengue has also been
found to be multifaceted. For example, higher precipitation and high temperature leads to increased humidity in the
environment. Although the effect of these individual parameters has been identified in the laboratory settings, it is a
combination of these variables which affect dengue in the environment. Thus, the combined effect of different
parameters of climate act differently in different contexts (Xu et al., 2017).

The aim of this scoping review is to assess how change in climate variables has affected Dengue infection in
the South Asia and SEA regions. It will assist the health authorities of countries in those regions to plan for the
implementation of preventive measures to minimize the spread of dengue infection (Center for Disease Control and
Prevention, 2021).

2. Methods

This scoping review was conducted according to the protocol developed by the Joanna Briggs Institute (JBI)
(The Joanna Briggs Institute, 2015). The main considerations of the JBI review protocol (study objective, inclusion
criteria, search strategy, data extraction and presentation of results) were observed. This study was registered in
the International Prospective Register of Systematic Reviews PROSPERO 2022 CRD4202231316.

2.1. Selection criteria

Peer reviewed articles, discussion papers, briefings, dissertations and thesis, conference proceedings, fact
sheets, manuscripts, and unpublished papers which described the effect of climate change on dengue infection or
its vectors (Ae aegypti and Ae Albopictus) or predicted its effect were included in the review. Studies which were
conducted in India, Bangladesh, Bhutan, Democratic republic of Korea, Indonesia, Maldives, Myanmar, Nepal,
Thailand, Sri Lanka and Timor Leste published during 2002 — 2022 period, in English language were included.
Although it was planned to include articles in Sinhala language as it is the mother tongue of the authors, there were
no articles published in Sinhala language. Therefore, only articles in English language were included in the review.
Articles in other languages were excluded due to unavailability of funding for translation. Review articles on climate
change and dengue were excluded.

2.2. Search Strategy

An advanced literature search was conducted in February and March 2022. The electronic data bases
Pubmed, Scopus, and Embase were used to find peer reviewed journal articles whereas Google scholar, and ProQuest
to search for grey literature. A general search in Google search engine was also done [Refer Supplementary file.01].

2.3. Data Extraction

The principal author (MF) did the preliminary search of the articles from different sources mentioned above.
They were managed and duplicates were removed using EndNote version 20 (The EndNote Team, 2013). The articles
were uploaded to Rayyan software for screening purposes (Mourad Ouzzani, 2016). At the first stage, both MF and
RMNUR screened for title and abstracts blindly and there were no conflicts on any decisions. Then full text screening
of the selected articles was conducted by the same reviewers. In cases where there were conflicts regarding the
decision, opinion of the supervisor was considered. Finally, the articles which strictly met the inclusion criteria were
included in the review. Due to the heterogeneity of the studies, a meta-analysis of the results was not feasible. The
findings are reported as a narrative synthesis.

2.4. Quality Assessment

As the majority of the studies included in the review were ecological in design, a modified scale of a checklist
designed for quality assessment of ecological studies was used (Dufault & Klar, 2011). The quality assessment was
based on 10 items with a maximum overall score of 12 points. For each item, if a study did not meet the criteria the
item was given a score of 0", otherwise it received a score of “1”, or “2". The grade of the studies was labelled: low
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(< 5 points); medium (5-8 points) and high relevance (> 8 points) (Extraction data available as supplementary data
file 02).

3. Results

Initially, 1912 articles were yielded from the initial search, including 483 articles from PubMed, 827 from
Scopus, 426 from Embase and 176 from Google Scholar. Endnote version 20 was used to remove duplicates. After
removing the duplicates, 983 were identified as potentially relevant. Those articles were subjected to title and
abstract screening. This was done by two independent reviewers. After excluding 729 articles according to both
reviewers’ opinion, 254 articles were subjected to full text screening. Following that, 90 articles which strictly met
the inclusion criteria were selected for the scoping review. The details are illustrated in figure 1.

Among the articles included in the study, the majority of the studies have been conducted in Indonesia (n=
29) while the least have been conducted in Bangladesh (n= 5). Data for the studies have been taken during different
periods of time between the period of 1979 to 2019.

Following the quality assessment 13 articles were identified as low, 71 articles were identified as medium,
and six articles were identified as high quality.

)
c Records removed before
£ Articles identified from*: screening:
K Databases (n = 1459) Duplicate records removed (n =
= Grey literature (n= 164) 929)
5 Total (n=1912)
S
—/
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Figure 1. PRISMA flow diagram

3.1. Variables Included in the Studies

Dependent variables were either dengue fever case numbers or variables related to the vector mosquitoes.
Most of the articles (n=75, 83.3%) have calculated dengue fever incidence using dengue fever case numbers and
estimated population data for the area concerned. Most of the dengue data were extracted from the government
health offices of relevant countries. Only three studies have used data which were primarily collected for the study
(Chaiphongpachara, Pimsuka, Na Ayudhaya, & Wassanasompong, 2017; Mukhtar et al., 2021; Roy, Gupta, Chopra,
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Meena, & Aggarwal, 2018). Different mosquito-related variables were included as dependent variables in fifteen
articles. House index (percentage of houses positive for larvae), Bretaux index (number of positive containers for
100 houses) and container index (number of infected containers pr 100 containers) (Garjito et al., 2020) were taken
as dependent variables in three articles (Channa & Memon, 2020; Paul et al., 2018; M. Rahman et al., 2021).

The main climate variables included in the studies were temperature, rainfall, humidity and precipitation.
The impacts of temperature variables were assessed by 88 articles. The temperature related variables included in
the articles were average temperature, maximum temperature, minimum temperature, daytime and night time land
surface temperature, diurnal temperature range, indoor & out door temperature, and water temperature in
containers. Some studies have considered daily temperature while other have considered monthly values. The
impacts of rainfall were assessed by 65 studies. The rainfall variables were annual accumulated rainfall, average
monthly, weekly & daily rainfall maximum, minimum and average rainfall and total number of rainy days. Precipitation
has been addressed in seven studies. The impacts of humidity were assessed in 43 studies. Annual relative humidity,
mean, maximum and minimum humidity and weekly relative humidity were humidity variables used in those studies.
Other climate related variables included in the studies were barometric pressure, (Sriklin, Kajornkasirat, &
Puttinaovarat, 2021), average maximum wind speed(Ahmed & Siddiqui, 2014; Arsin et al., 2020), wind velocity (IOP
Conference Series. Earth and Environmental Science, 2018); Ishak & Kasman, 2018; (Harumy & Ginting, 2021; Jat
& Mala, 2017; Minarti et al., 2021); Harumy & Ginting, 2021(Ishak & Kasman, 2018) annual sunshine duration (Jaya
& Folmer, 2021) and dew point in a day (Sahay, 2018). Most of the climate related data were obtained from the
government mereological departments of relevant countries except in 28 articles where satellite data on climate were
used.

3.2. Analytical Approaches

Different analytical methods have been used in the article selected in this review. Most of the studies have
used either a univariate analysis, bi variable analysis or multi variate analysis. Ali et al, 2020 have used spearman
test (Ali, Ma'rufi, Wiranto, & Fuad, 2020) while Pearson correlation was performed in (Chandran & Azeez, 2015; U.
Khairunisa, Wahyuningsih, Suhartono, & Hapsari, 2018; Pichainarong, Mongkalangoon, Kalayanarooj, &
Chaveepojnkamjorn, 2006; Rusli & Yushananta, 2020; Salam, 2018); (U. Khairunisa et al., 2018); (Wijegunawardana
et al., 2019). Arcari et al, 2017 have done a stepwise regression analysis (Arcari & Tapper, 2017) and Acharya et al,
2018 have performed a generalized linear model, followed with a multi variate analysis (Acharya et al., 2018). Linear
regression has been done to analyze the correlation between climate variables and dengue variables in two articles
(Noppradit et al., 2021; Sripugdee, Inmoung, & Junggoth, 2010). GIS analysis has been used along with regression
analysis in one article (Khalid, Bueh, & Ghaffar, 2021). Poison regression model has been used in another (K. M.
Rahman et al., 2020). Auto Regressive Integrated Moving Average (ARIMA) model was used in two articles
(Shashvat, Basu, & Bhondekar, 2021) (Zahirul Islam et al., 2018). Time series analysis was used in two articles (Goto
et al., 2013; Salim & Syairaji, 2020). Wavelet time series analysis has been performed in one article (Ehelepola,
Ariyaratne, Buddhadasa, Ratnayake, & Wickramasinghe, 2015).

3.3. Impact of Temperature on Dengue

Among the 90 articles included in the study, 65 articles have studied the impact of temperature on Dengue.
Summary of the articles are given in table 3 in supplementary data. Nine studies have been conducted in India, 4 in
Bangladesh, 25 in Indonesia, 09 in Pakistan, one in Nepal, 08 in Sri Lanka, 07 in Thailand only, 01 in Thailand and
Singapore and one in a region consisting of Bangladesh, Thailand, Myanmar, India, Philippine, Sri Lanka. Most of the
studies have shown a positive association between moderate temperature and dengue incidence (Anno et al., 2014;
Arsin et al., 2020; Campbell, 2014; Joshua, Kaliaperumal, Krishnamurthy, Muthusamy, Venkatachalam, Gowri, Shete,
Ramasamy, Gupta, & Murhekar, 2020; Joshua, Kaliaperumal, Krishnamurthy, Muthusamy, Venkatachalam, Gowri,
Shete, Ramasamy, Gupta, Murhekar, et al., 2020; Khalid et al., 2021; Salamah, Kuswanto, & Yussanti, 2012). One
study has shown the negative association between maximum temperature and dengue incidence (S Wongkoon,
Jaroensutasinee, & Jaroensutasinee, 2013).

In contrast to the evidence mentioned above, one study has shown negative association between
temperature and dengue incidence (Ummi Khairunisa & Wahyuningsih, 2018) and few studies conducted in Thailand,
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India and Sri Lanka have shown that there is no significant association between temperature and dengue
(Chaiphongpachara et al., 2017); ;(S. A. Rahman, Rahim, & Mallongi, 2018; Salam, 2018); Wijegunawardana et al.,
2019; (Goto et al., 2013; Noppradit et al., 2021; Wijegunawardana et al., 2019).

3.4. Impact of Temperature on Mosquito Related Indices

A study conducted in Lahore, Pakistan during 2011 — 2013 period has revealed that the association between
Ovitrap Index (OI) (the number of ovitraps containing aedes eggs or immature mosquitos in the total ovitraps
observed) and temperature in early rainy season (p=0.133), late rainy seasons (p=-0.823) were not significant while
it was significant in early post-rainy (p=-0.000), late post-rainy seasons (p=0.024) (Qureshi, Tabinda, & Vehra,
2017).

According to a study in Pakistan during July 2016 — June 2017 period, Container index (CI) was highest when
the minimum temp was between 17 - 24 °C, maximum temperature was between 32.5 - 36.5 °C. During this study
period the minimum temperature varied from 11- 27.6 °C and maximum temperature has varied from 22 — 42 °C
(Channa & Memon, 2020).

A study in Nepal during 2011 — 2012 period revealed that each degree rise in mean temperature has shown
an increase in Ae aegypti and Ae albopictus abundance (Dhimal et al., 2015). This was supported by a study in
Indonesia in 2019 which revealed that there is a positive correlation between temperature and Ae aegypti and Ae
albopictus larvae (Ratnasari et al., 2020). However, another study has proven that each degree rise in mean
temperature by one degree Celsius was associated with a decrease in the mean Ae aegypti and Ae albopictus
mosquito number by 6.49 (95%CI: - 12.4 - 0.58; p= 0.032) (Paul et al., 2018).

Density of Ae. albopictus was positively correlated with temperature (Pearson correlation = 0.79; p < 0.001)
in four different cities in Pakistan (Rawalpindi, Islamabad, Abbotabad and Mansehra) in during July to September
2012 (Khan, Tahir, Ahsan, Malik, & Butt, 2014).

3.5. Impact of Rainfall on Dengue

Eighteen articles which have studied the relationship between the number of rainy days and dengue cases
have shown a strong significant relationship (Ali & Ma'Rufi, 2018; Anno et al., 2014) (Chandran & Azeez, 2015) ;
(Ehelepola et al., 2015); (Minarti et al., 2021; S. A. Rahman et al., 2018; Rusli & Yushananta, 2020) (Ummi Khairunisa
& Wahyuningsih, 2018; Nair & Aravind, 2020; K. M. Rahman et al., 2020; Sriklin et al., 2021; Sripugdee et al., 2010).

Evidence from a study from Indonesia and Thailand have shown a significant positive correlation between
rainfall at two months lag and the number of dengue cases (Polwiang, 2016; Shashvat et al., 2021). Muurlink et
al,2018 have revealed that the best predictors of an dengue outbreak are the number of rainy days in the preceding
two months (Muurlink, Stephenson, Islam, & Taylor-Robinson, 2018). According to studies conducted in Indonesia
and India, there is a significant association between cumulative rainfall (Ali et al., 2020; Arcari & Tapper, 2017;
Arcari, Tapper, & Pfueller, 2007; Joshua, Kaliaperumal, Krishnamurthy, Muthusamy, Venkatachalam, Gowri, Shete,
Ramasamy, Gupta, Murhekar, et al., 2020; Riyanto et al., 2020; Roy et al., 2018; Salamah et al., 2012). A significant
weak correlation between higher rainfall and incidence of DHF cases has been found in two studies conducted in
Indonesia (Haryanto, 2016);(Salim & Syairaji, 2020).

In contrast to the above findings, a study conducted in Pakistan revealed that that the highest occurrence
of dengue was reported when the rainfall is low (Fareed, Ghaffar, & Malik, 2016). This evidence is supported by the
findings of a study conducted in Bangladesh, India and Sri Lanka and Pakistan (Islam, Emdad Haque, Hossain, &
Hanesiak, 2021; Netrananda & Mani, 2021); (Mukhtar et al., 2021). Studies from Thailand, India and Sri Lanka have
revealed that there is no significant association between dengue and rainfall (Chaiphongpachara et al., 2017; Goto
et al., 2013; Noppradit et al., 2021; Pandey et al., 2012; Salam, 2018; Wijegunawardana et al., 2019).
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3.6. Impact of Rainfall on 4Ae Aegypti and Ae Albopictus Mosquito Related Indices

A study conducted in Indonesia during 2014 — 2018 period revealed that nhumber of mosquito larvae tends
to increase in the rainy season (Zamli et al., 2019). Further, there had been a rainfall of 131.8 mm before the peak
of container index was noted (Channa & Memon, 2020).

A study in Nepal during 2011 — 2012 period, has revealed a decrease in Ae. aegypti and Ae. albopictus
abundance with increase in rainfall (Dhimal et al., 2015). In contrast, another study in Pakistan which revealed that
the Ae. albopictus population was maximum during the rainy season (Nasir et al., 2018). Further, an entomological
survey carried out in Bangladesh revealed that each mm increase in total rainfall was associated with a decrease in
the mean number of immature Ae aegypti and Ae albopictus mosquitoes per positive container by 0.04 (95% CI: -
0.08, -0.01; p = 0.024) (Paul et al., 2018). Density of Ae albopictus was positively correlated with rainfall in another
study done in Pakistan (Pearson correlation = 0.95; p < 0.001) (Khan et al., 2014).

3.7. Impact of Precipitation on Dengue

Precipitation was found to have the strongest correlation with dengue cases with a lag time of eight weeks
(correlation coefficient 0.363, p-value <0.05) in a study conducted in Pakistan during 2007 — 2011 period (Baig &
Nawaz, 2012).

According to a study done in Indonesia during 2012 — 2016 period, precipitation is negatively associated with
relative risk of dengue. Their results revealed that for 1% increase in monthly average precipitation, the relative risk
of dengue decreases by 13.8%, 16.4%, and 8.5% for a zero, one, and two-month lag, respectively. According to a
study conducted in Thailand during 1982 — 2013, it has been found that there is a 3 % increase in dengue relative
risk for a unit increase in precipitation (Lowe, Cazelles, Paul, & Rodo, 2016).

A study done in Indonesia during the period of 2013 — 2019 has shown that there 0.0005 increase for 1mm
precipitation (2 months lag) (Maulana et al., 2021).

3.8. Impact of Humidity on Dengue

A study conducted by Ali et al, 2020, using data during the period of 2012 — 2016, it was shown that there
is a strong correlation between minimum humidity for one-month lag and DHF cases. The IRR for DHF cases for
minimum humidity with a three months lag period was 1.030 (Ali et al., 2020). This evidence is also supported by
the results of a study conducted in Indonesia during the period of 2014 — 2018 which shows that there is a correlation
between relative humidity and DHF incidence, which is statistically significant (r = 0.413, p= 0.001) (Arsin et al.,
2020). This is also supported by a Sri Lankan study, Bangladesh study, three Indonesian studies, Indian study and
an Thailand study (Ehelepola et al., 2015); (Islam et al., 2021; Jat & Mala, 2017) (Roy et al., 2018) Tosepu et al.,
2018; (Ummi Khairunisa & Wahyuningsih, 2018; Salim & Syairaji, 2020; Tosepu, Tantrakarnapa, Worakhunpiset, &
Nakhapakorn, 2018).

According to a study done in Indonesia during 2012- 2016 period, the relative risk of Dengue is predicted to
rise by 22.1%, 21.8%, and 25.8% for 1% increase in monthly average humidity at zero, one, and two-month lags
(Jaya & Folmer, 2021).

A study conducted in Thailand during the period of 2014 — 2015 revealed that there was no significant
association between humidity and dengue (Chaiphongpachara et al., 2017). This was also supported by the evidence
from a study conducted in Thailand during 1982 — 2018 period (Noppradit et al., 2021) and a study from India
considering data from 2014 — 2017 period (Shashvat et al., 2021).

Findings of a study conducted in Indonesia, have shown that an increase in the dengue fever cases with 1%
decrease in relative humidity (Husnina, Clements, & Wangdi, 2019). On the contrary, an Indonesian study conducted
during 2011 — 2017 period revealed that higher number of DHF cases are reported in areas with increased humidity
(Riyanto et al., 2020). This is also supported by the evidence from a study conducted in Thailand which revealed
that the maximum incidence of DHF cases occur at mean humidity of >80% and minimum humidity >62% (Campbell,
2014).
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According to a study conducted in Sri Lanka, negative correlations between dengue incidence and a DHR
(daily humidity range) >20% with 3.3-week and 4-week lag periods, has been found. Additionally, positive
correlations between dengue incidence and DHR < 15% with 3- and 4-week lag periods was discovered (N. D.
Ehelepola & K. Ariyaratne, 2015).

A study done in Indonesia during the period of 2014 — 2019 period and two studies in India showed that
there is no significant association between the number of dengue cases and humidity (Harumy & Ginting, 2021).

According to a study in Indonesia during 2013 — 2019 period, the number of dengue cases has increased by
0.0143 for 1% humidity (Maulana et al., 2021). A study conducted in Indonesia during the period of 2003 — 2010
revealed that the dengue incidence will decrease with humidity of 70 to 75% and it will increase with humidity of 82
to 87%. Dengue will also increase under humidity of below 70% (Salamah et al., 2012).

3.9. Impact of Humidity on Ae Aegypti and Ae Albopictus Mosquito Related Indices

Container Index (CI) was highest when the relative humidity was between 50 % - 67% (Channa & Memon,
2020). According to a study in Nepal during 2011 — 2012 period, the Ae. Aegypti abundance has decreased and Ae.
albopictus abundance has increased with increase in relative humidity (Dhimal et al., 2015). Relative humidity in
previous 30 days of survey had a significant positive impact on Aedes abundance, as the mean number of mosquitos
increased by the rise of relative humidity (Beta = 2.73, 95% CI: 0.59 - 4.88, p = 0.014) (Paul et al., 2018).

3.10. Impact of Wind on Dengue

According to a study conducted in Pakistan during the period of 2011 — 2012, it has been revealed that low
wind speed prevents dengue outbreak (Ahmed & Siddiqui, 2014). This evidence is also supported by the findings of
the study conducted during the period of 2010 — 2015 in India which found that there is a relationship between wind
speed and DF cases (R?= 0.06) (Jat & Mala, 2017). Further a study conducted in Indonesia has revealed that there
is a strong correlation between wind speed and DHF incidence (r = 0.76). However, this finding has found to be
statistically not significant (r= 0.76, p=0.492) (Minarti et al., 2021). Apart from the above findings, five studies
included in the review have concluded that there is no correlation between wind speed and DHF incidence or dengue
cases (Arsin et al., 2020; Harumy & Ginting, 2021; Noppradit et al., 2021; S. A. Rahman et al., 2018).

In contrast to the above findings, Ehelepola et al in 2015 have found that there is a negative relationship
between wind run and dengue cases in a district in Sri Lanka during the period of 2003 - 2012 (Ehelepola et al.,
2015).

3.11. Impact of Sunshine on Dengue

A study conducted in Indonesia during the period of 2012 — 2016 has revealed that sunshine duration has
different effects for different time lags. The relative risk of Dengue decreases by 15.4% with a contemporaneous
increase of monthly sunshine duration by 1%. There are positive impacts for one and two-month lags. The relative
risk of dengue is predicted to increase by 21.5% and 7.6% for a 1% increase in monthly average sunshine duration
at one and two-month lags (Jaya & Folmer, 2021). Wongkoon et al, 2012 also revealed that sunshine was negatively
correlated with dengue incidence at a lag of zero to three months (S. Wongkoon, Jaroensutasinee, & Jaroensutasinee,
2012). In contrast to the above findings, a study conducted in Thailand, taking the climate data and dengue data
during the period from 1982 — 2018 revealed that there is no statistically significant relationship between dengue
cases and sunshine duration (Noppradit et al., 2021). This is supported by a study done in Indonesia which has
shown a non-statistically significant weak relationship between sunshine and dengue cases (r = 0.008; p = 0.865)
(Minarti et al., 2021). According to Noppradit et al, 2021, there is no significant association between sunshine and
dengue (Noppradit et al., 2021).
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3.12. Impact of Air Pressure on Dengue

According to study conducted in three provinces in Thailand (Pattani, Yala and Narathiwat) during the period
of 2015 — 2019, air pressure was negatively correlated with the number of dengue cases. Spearman’s rank correlation
test has been used in analysis (Sriklin et al., 2021).

4. Discussion

This review is important because it collates evidence on impact of climate change on dengue in South Asian
and SEA regions. This review analyses studies providing evidence on many climate variables. The majority of the
articles which have studied the effect of temperature on dengue incidence have concluded that there is a positive
association between moderate temperature between 25 °C — 34 °C and dengue incidence (Ajim Ali & Ahmad, 2018;
Ali et al., 2020; Anno et al., 2014; Anwar et al., 2019; Arcari & Tapper, 2017; Arsin et al., 2020; Campbell, 2014; N.
Ehelepola & K. Ariyaratne, 2015; Haryanto, 2016; Joshua, Kaliaperumal, Krishnamurthy, Muthusamy,
Venkatachalam, Gowri, Shete, Ramasamy, Gupta, & Murhekar, 2020; Joshua, Kaliaperumal, Krishnamurthy,
Muthusamy, Venkatachalam, Gowri, Shete, Ramasamy, Gupta, Murhekar, et al., 2020; Khalid et al., 2021; Lowe et
al., 2016; Netrananda & Mani, 2021; Polwiang, 2016; Roy et al., 2018; Salamah et al., 2012; Salim & Syairaji, 2020;
Sriklin et al., 2021) . One study has shown the negative association between maximum temperature and dengue
incidence (S Wongkoon et al., 2013). Most of the articles which have studied the relationship between the number
of rainy days and dengue cases have shown a strong significant relationship (Gama & Nakagoshi, 2013; (Ali &
Ma'Rufi, 2018; Anno et al., 2014); (Chandran & Azeez, 2015) (Ehelepola et al., 2015); Ali & Ma'Rufi, 2018; Rahman
et al., 2018; Ummi Khairunisa & Wahyuningsih, 2018; Ishak & Kasman, 2018; Tosepu et al., 2018; Supadmi et al.,
2019; (Minarti et al., 2021; S. A. Rahman et al., 2018; Rusli & Yushananta, 2020) Nair & Aravind, 2020; Minarti et
al., 2021;(Dutta et al., 2021); (Ishak & Kasman, 2018; Ummi Khairunisa & Wahyuningsih, 2018; Nair & Aravind,
2020; Sriklin et al., 2021; Supadmi, Perwitasari, Abdulah, & Suwantika, 2019; Tosepu et al., 2018). In contrast to
the above findings, few studies have shown a negative relationship between dengue fever and rainfall (Fareed et
al., 2016);(Islam et al., 2021; Netrananda & Mani, 2021); (Mukhtar et al., 2021). Further, a correlation between
humidity and dengue has been identified by most of the studies (Anno et al., 2014; Arsin et al., 2020; Ehelepola et
al., 2015; Islam et al., 2021; Jat & Mala, 2017) Ummi Khairunisa & Wahyuningsih, 2018; Tosepu et al., 2018; (Roy
et al., 2018) Arsin et al., 2020; Salim & Syairaji, 2020; Ali et al., 2020; (Minarti et al., 2021) (Sriklin et al., 2021)
Islam et al., 2021 (Ummi Khairunisa & Wahyuningsih, 2018; Salim & Syairaji, 2020; Tosepu et al., 2018). According
to the findings of studies which have included wind speed, one study has revealed that low wind speed prevents
dengue outbreak (Ahmed & Siddiqui, 2014) while another study has found a strong correlation between wind speed
and DHF incidence (Minarti et al., 2021). In contrast, five studies included in the review have concluded that there
is no correlation between wind speed and DHF incidence or dengue cases (Arsin et al., 2020; Harumy & Ginting,
2021; Noppradit et al., 2021; S. A. Rahman et al., 2018). Two studies which have measure the effect of sunshine on
dengue has revealed that there is a negative relationship between sunshine (Jaya & Folmer, 2021; S. Wongkoon et
al., 2012), one has revealed that there is no statistically significant relationship between dengue cases and sunshine
duration (Noppradit et al., 2021) and another study has shown no significant association between sunshine and
dengue (Noppradit et al., 2021). Only one study has which has assessed the effect of air pressure and dengue in
this review, which revealed a negative correlation (Sriklin et al., 2021).

Although it has been concluded that temperature range between 25 — 34°C has a positive association with
dengue in this review, a study conducted in 20 Colombian cities during 2012 — 2015 period has concluded that
average and maximum temperatures greater than 28°C and 32°C, respectively, had an inversely related relationship
to dengue incidence (Pena-Garcia, Triana-Chavez, & Arboleda-Sanchez, 2017). The probable reason for this
difference could be the adaptation of the Ae aegypti and Ae albopictus mosquitoes in different geographical settings.
As similar to the findings in this review, study conducted during 2003 — 2010 in Brazil has reported that there is a
positive association between number of dengue cases and rainfall lag per three months (Silva, dos Santos, Corréa
Rda, & Caldas Ade, 2016). A study conducted in Burkina Faso in Sub Saharan Africa has shown that the effect of
humidity on dengue was similar to the findings in the review, which revealed an increase in dengue cases with
maximum humidity of 15 to 45% and then from 60 — 70% (Ouattara et al., 2022).
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Different results have been observed in the studies selected in the review. The probable reason could be
that the studies have been conducted in different geographical locations. Although measures have been taken at the
planning stage of the systematic review to concentrate the review to studies from a region with similar climate
variation, there are variations in the countries considered in this review as well. In some studies, data have been
taken from few locations such as districts, provinces in one country whereas national level data have been taken in
others. There two studies where more than one country have been taken as study location.

Although all the studies have described the climate variables such as temperature, rainfall, humidity, wind
speed, sunshine and air pressure, the different variables have been measured in different studies. For example,
different variables with regard to temperature such as maximum, minimum and mean temperature, daily temperature
range have been measured under temperature while weekly rainfall, annual rainfall and number of rainy days have
been measured under rainfall. Average humidity, minimum humidity, maximum humidity, average annual humidity,
monthly average humidity has been measured under humidity.

The variation of results also could be due to the difference in source of data. The difference in the definition
of dengue cases have also contributed to this difference. Some studies have taken all the notified dengue cases
which have been confirmed clinically, while some have considered laboratory confirmed cases only. There can be
instances where few other infections such as Leptospirosis and Chikungunya which are also common in this region
may mimic as dengue, there could be a misclassification bias. Further, some studies have looked at the DHF cases
as the dependent variable. Since all the dengue cases does not progress into DHF this also can be identified as a
limitation.

There is a wide range of analytical methods used in data analysis of the studies selected in this review. This
could also have resulted in variation in the results generated from the studies.

Only 12 countries of South Asia and SEA region were included in the study and articles published in the past
20 years are two main limitations in the study.

As dengue is on the rise specially in South Asian and SEA region, the findings of this review will be very
useful to predict the dengue outbreaks according to weather forecast and implement preventive strategies
accordingly.

5. Conclusion

It is complex how the change in climate variables affect dengue in Asian region. However, the evidence
suggests that the transmission of dengue is decreased in extremes of temperature. Dengue infection tends to
increase with a lag of 1 — 3 months of high rainfall. However, dengue cases tend to decrease with very high rainfall.
Dengue infection seems to prefer high humidity level. Low wind speed tends to lower the transmission of dengue
while moderate wind speed has a positive correlation on dengue. Sunshine also has a positive association on dengue
transmission while air pressure seems to be negatively associated with dengue transmission. Since the number of
studies conducted to measure the effect of climate parameters such as wind speed, air pressure, and sunshine on
dengue in South Asian and SEA regions have shown to be low, more studies need to be conducted in this regard to
generate concrete evidence.
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