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Abstract

Among various mosquito-borne diseases, dengue is one of the most prevalent and quickly spreading diseases primarily trans-
mitted by Aedes aegypti and Aedes albopictus. This review discusses the dengue epidemics in Asian countries with a focus on
India and recognizes various climatic, socio-economic and demographic factors and their complex interaction, involved in den-
gue expansion. The impact of climatic factors, such as temperature, moisture and precipitation has been elucidated on the mos-
quito breeding and disease outbreaks; demonstrating a linear correlation of ambient temperature and humidity with dengue
transmission, in contrast with the uncertain association of rainfall. Multifarious empirical models have been developed for esti-
mating the climatic effects on dengue and are used as a baseline to assess the impact on future infections. However, the spati-
otemporal distribution of dengue cases can only be predicted best using dynamic modelling based on a blend of long-term cli-
matic data, vector ecology, and multiple etiological parameters. The human economic profile, migration and the behavioural
pattern towards the epidemic have also impacted dengue transmission. Moreover, the impoverished countries are facing higher
risks due to the lack of resources for proper medical care and mosquito management measures. Thus, advanced and confirma-
tory vector control interventions, increased awareness of Aedes-borne diseases, and adequate decision and policies may play a
key role to prepare and combat the disease incidences across varied geographic range. Moreover, the increasing support for
the research and development along with regular monitoring, can help recognize the current and predict the future distributions
of Aedes and DENV better.
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INTRODUCTION

Dengue, an Aedes-borne disease, is one of the most
prevalent mosquito-borne diseases nowadays. Since
the past few decades, the dengue incidence through-
out the world has increased at a large scale despite
fruitful intercession efforts, enhanced sanitation prac-
tices and developments in medical care. lronically,
apart from frequent outbreaks in the dengue-endemic
areas, the emergence of disease in unexposed re-
gions has resulted in an increased count of fatalities.
As per reports of the World Health Organization
(WHO, 2019a), South-East Asia and WHO regions of
the Americas are considered major hotspots recording
substantial dengue cases. The Organization has listed
129 countries; primarily Asian and American countries;
which are endemic to the risk of dengue and distress

nearly 3.97 billion people (Brady et al., 2012; Bhatt et
al., 2013; WHO, 2020a). With roughly 50% world's
population at risk of dengue and 100-400 million annu-
al infections; the disease is on the rampant increase.

The rise in dengue incidences can be attributed to
multifaceted reasons, but the prospective driving force
behind spreading disease worldwide could be rapid
globalization, mass mobility, unplanned urbanization,
and environmental changes (Bhatt et al., 2013). The
climatic changes in multiple regions of the world, facili-
tating mosquito breeding and increased global travel
patterns transmitting novel dengue virus serotypes to
new topographical areas; have been contributing ma-
jorly in its global expansion. All these possible
grounds have been supported by the lack of effective
medication and non-availability of a successful vac-
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cine against the disease.

Dengue, principally spread by Ae. aegypti, is a disease
of sub-tropical and tropical climates, habitually in semi-
urban and urban areas. However, Ae. albopictus, com-
monly found in peri-urban and rural environments, has
expanded its range to temperate regions. Mathemati-
cal and geographical models based on climate change
projections in 2085 have predicted occurrence of 5-6
billion dengue cases in comparison to 3.5 billion inci-
dences in the absence of serious climatic changes
(Hales et al., 2002). The anticipated climatic variations,
which are likely to affect the distribution and vectorial
competence of Aedes, can have a noteworthy impact
on the dengue epidemiology. The data implicate that
climate change, prospectively, might raise the total
geographical area with warmer environmental condi-
tions suited for dengue vector breeding and dengue
fever transmission putting a greater human population
to danger. Thus, it is increasingly significant to under-
stand and analyze the climatic and non-climatic im-
pacts, that could possibly affect the complex associa-
tions between the vector, pathogen and host expand-
ing the dengue occurrence globally.

DENGUE EPIDEMIC IN ASIA

Dengue, caused by the dengue virus (DENV), was first
recognized in 1779 in Asia, Africa and North America
(Howe, 1977). The earliest records of a dengue-like
infection date back to 265 to 420 A.D. during the Chin
Dynasty, when a disease connected with water-
associated flying insects was described as ‘water poi-
son’ (Nobuchi, 1979). Later, several countries encoun-
tered outbreaks of dengue-like diseases, yet until to-
day it is uncertain whether it was dengue (McSherry,
1982). Thereafter, the impact of dengue-like infection,
from 1779 to 1940, consisted of irregular epidemics,
and finally, dengue resurged as a global epidemic in
Southeast Asia around the time of World War Il, due to
increased transmissions of mosquito-borne diseases.

The rise in dengue transmission led to the resurgence
of multiple DENV serotypes in Southeast Asia, result-
ing in the emergence of dengue haemorrhagic fever
(DHF), more severe clinical manifestation of dengue
(Gubler and Trent, 1993). Severe dengue was first
documented in 1953-1954 when Thailand and Philip-
pines encountered dengue epidemics. Within two dec-
ades, the disease spread to numerous Southeast
Asian countries; India, Pakistan, Maldives, Sri Lanka,
and China paving its way to other tropical countries
around the globe. During the 1980s, and 1990s, the
transmission of the Ae. aegypti and the dengue viruses
have seen a surge in geographical distribution, and
frequency of epidemics (Gubler, 1997). One such den-
gue epidemic was reported in Singapore during 2005,
with a record 14,006 cases and 0.19% fatality rate

(Koh et al., 2008). In the subsequent year, epidemics
occurred in India and Pakistan risking the huge num-
ber of human lives (Ghani et al., 2008). In 2011, Philip-
pines experienced 18,885 cases, 5.24% higher than
the previous year and a total of 52,008 cases emerged
in Thailand (Win, 2013), denoting the significant rise in
the rate of dengue transmission. Outbreaks continued
to intensify in most of the Southeast Asian countries,
with the dengue deaths tripling in Malaysia during
2012-2014 and approximately 180,000 cases and 301
fatalities in Sri Lanka in 2017 (Win, 2013).

A dramatic increase in the dengue expansion from
nine countries in the 1970s to 129 countries in 2019;
made dengue as one of the world’s top 10 public
health threats (WHO, 2020a). The year 2019 has been
recorded as worst-ever year in terms of dengue docu-
menting a vast surge in dengue cases resulting in the
largest number of dengue cases ever reported global-
ly, affecting almost all regions. In fact, dengue trans-
mission was recorded in Afghanistan for the first time
in 2019 (WHO, 2020b). As expected, Asia accounted
for approximately 70% of the reported global cases,
with a nationwide endemic in Bangladesh being the
direst due to the limited healthcare and high population
density in the country. Malaysia encountered a total of
1,31,000 cases, Philippines had 4,20,000 and Vietnam
recorded 3,20,000 cases (WHO, 2020b).

Remarkably, the year 2020 has also seen a vast ma-
jority of cases, despite the Covid-19 pandemic, alt-
hough lower than the previous year. Malaysia has re-
ported 50,511 cases thus far, a 6,308 decrease from
the same period in 2019. Additionally, the Philippines
has seen a 94% fall in comparison to the same period
last year (WHO, 2019b). Although lower than the last
year, it is estimated that dengue still poses a risk of
infection to 3.9 billion people worldwide (WHO,
2020b).

DENGUE INCIDENCES IN INDIA

In India, Ae. aegypti and Ae. albopictus are two main
competent vectors for dengue virus, though principally
Ae. aegypti is responsible for DENV transmission
through a human—-mosquito—human cycle, with no hu-
man-human transmission (Gubler, 1998). The national
dengue data integration and analysis of dengue cases
in India during 2015-2019, facilitated by National Vec-
tor Borne Disease Control Programme (NVBDCP) aid-
ed by NIV (National Institute of Virology), reveals high-
est incidences in 2017 (Fig. 1).

The records showed the prevalence of dengue in al-
most all the Indian states and Union Territories indicat-
ing the presence of suitable environmental conditions
for vector breeding and virus transmission. The major
dengue incidences in 2019, however, have been docu-
mented from the States of Gujarat, Maharashtra, Raja-
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Fig. 1. Dengue Cases in India during 2015-2019 (Based
on data procured from NVBDCP, 2020; hitps://nvbdcp.go
v.in/index4.php?lang=1&level=0&linkid=431&lid=3715)

sthan, Karnataka, Telangana, Uttarakhand and Uttar
Pradesh (Fig. 2).

The first dengue outbreak in India was reported in
1963 in the Calcutta City (now Kolkata), West Bengal,
while the first dengue epidemiology was documented
in 1970 in the Madras City (now Chennai), Tamil Nadu
(Ramakrishnan et al., 1964). The occurrence of suc-
ceeding dengue outbreaks have been recorded in dif-
ferent regions of India, demonstrating the quick spread
of the disease (Chaturvedi and Nagar, 2008). In the
early 2000s, nevertheless, dengue was restricted to a
few Southern States (Karnataka, Maharashtra, Pondi-
cherry and Tamil Nadu), a few Northern States
(Haryana, Punjab and Rajasthan) and two Union terri-
tories (Delhi and Chandigarh) (Chakravarti et al.,
2012). Since 2001, a significant rise in the total num-
ber of dengue cases has been reported in India. Un-
fortunately, a major ‘urban to rural’ shift in the geo-
graphical range of the disease along with the rising
cases and severity, has augmented the associated
problems (Arunachalam et al., 2004). The prime fac-
tors recognized for dengue expansion have been
listed as unscheduled urbanization, impulsive develop-
ment, wide-ranging ecological features, diverse envi-
ronmental parameters, population immunological at-
tributes and host-pathogen interactions. Moreover,
inadequate and ineffective vector control intercessions
have shaped conditions which proved beneficial not
only for the mosquito vectors but also dengue virus
transmission. The emergence of four distinct sero-
types of DENV (DEN-1, DEN-2, DEN-3 and DEN-4)
has further augmented the recurrence and the severity
of the disease (Pandya, 1982). Though, the fifth vari-
ant of DENV; spread by Ae. nivalis through the sylvatic
cycle and presumed to be the result of high mutation
frequencies, natural selection and genetic recombina-
tion bottlenecks; has been isolated and sequenced in

Fig. 2. Epidemiological profile of dengue fever in India in
the year 2019 (Based on data procured from NVBDCP,
2020; https://nvbdcp.gov.in/index4.phplang=1&level=0&li
nkid=431&lid=3715)

Malaysia in October 2013, there is no indication of its
presence in India (Mustafa et al., 2015).

IMPACT OF CLIMATE CHANGE ON DENGUE
TRANSMISSION

Epidemiological trilogy of dengue includes human
being, DENV and Ae. aegypti alongside their interfac-
es with the environment. The climate plays a signifi-
cant role in the disease transmission as ambient tem-
perature, rainfall, and humidity have a direct influence
on the breeding and development of Ae. aegypti mak-
ing the disease climate-sensitive. Yet, insignificant
correlation between temperature and precipitation
specify the complex connection between climatic vari-
ables and dengue incidence

Studies have shown a complex connection between
the ecology of virus and the ecology of Aedes species
(Scott et al., 2000). Various reports have elucidated
the impact of global climate change on the mosquito
breeding and disease outbreaks (Carrington et al.,
2013a; b; c; Chaves et al., 2014); especially relative
humidity (Chakravarti and Kumaria, 2005; Thamma-
palo et al., 2005; Gharbi et al., 2011), rainfall (Hales et
al., 2002; Johansson et al., 2009a) and temperature
(Chen and Hsiesh, 2012; Descloux et al., 2012; Ear-
nest et al., 2012). A close association of dengue inci-
dence and seasonal patterns in temperature, relative
humidity, and rainfall has been detected in Taiwan,
Thailand, Brazil and Singapore (Chilkaki and Ishika-
wa, 2009; Chen and Hsieh, 2012; Texeiera et al.,
2013; Andraud et al., 2013). In Korea, Lee et al.
(2018) validated a strong correlation between temper-
ature and the potential threat of domestic dengue out-
breaks. On the other hand, many investigators have
questioned the role of climatic variability as the main
factors for the observed expansion of dengue (Gubler
et al., 2001; Halstead, 2008). They suggested globali-
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Fig. 3. Biophysical influences on DENV ecology, showing the interactions between climate variables, vectors, and the
virus. Numbers identify relationships between variables. Habitat availability for mosquito larvae influenced by tempera-
ture through evaporation and transpiration (1) and incoming precipitation (2). Temperature is a major regulator of mosqui-
to development (3), viral replication within infected mosquitoes (4), mosquito survival (5), and the reproductive behaviour
of mosquitoes (6). Habitat availability is required for immature mosquito survival (7) and reproduction of adult mosquitoes
(8). Faster mosquito development and increased survival will accelerate mosquito reproduction (9 and 10). Increased
mosquito reproduction enhances the likelihood of transmission by increasing the number of blood feedings (11), whereas
faster viral replication increases transmission by shortening the extrinsic incubation period (12). Last, increased survival
of the adult mosquito increases the amount of viral replication (13).

zation, urbanization with population growth and the
inadequate control measures as the three chief drivers
responsible for dengue expansion.

Temperature and dengue: Ambient temperature is
considered the most critical climatic factor in dengue
transmission, being the limiting factor for development
rate of Aedes. The prevailing temperature can exert
non-linear converse effects on the possibility of den-
gue risk. The higher dengue risk in tropical and sub-
tropical countries than temperate regions may be at-
tributed to the higher temperature conditions which
quicken the mosquito development and DENV incuba-
tion time, especially in vector-endemic areas (Focks et
al., 1995; Kuno, 1995; Patz et al., 1996; McMichael
and Haines, 1997). Nevertheless, extreme and intense
heat can also augment the mosquito mortality declin-
ing the dengue hazard (Hii et al., 2009). In Taiwan,
Chen and Hsieh (2012) inspected the impact of tem-
perature variation on dengue transmission dynamics in
Ae. aegypti. They deduced the importance of tempera-
ture in the vector-host interaction and suggested that
the existence of 28 °C temperature can peak the risk
of dengue transmission.

Pinto et al. (2011) computed the impact of climatic
variables on the occurrence of dengue in Singapore
and demonstrated that the inconsistent temperature
might act as the best indicator and driver for the grow-
ing dengue incidences. They elucidated the maximum
probability of the disease occurrence during July-

September with an average rise of 22.2-184.6% den-
gue cases for every 2-10 °C of variation of the maxi-
mum temperature during an average increase of 26.1-
230.3% for every 2-10 °C of variation of the minimum
temperature during April-August. The regression mod-
el study by Shil et al. (2019) obtained a positive rela-
tionship with the minimum temperature predictors with
the dengue transmission during the early summer in
Southern Taiwan.

Rainfall and dengue: In contrast with the unswerving
and reliable association of dengue incidences with
temperature; the association with rainfall has fluctuat-
ed from weak or no connection and is still uncertain
(Gomes et al., 2012). A few reports have demonstrat-
ed conflicting non-linear impact on dengue menace in
context to annual rainfall due to swift sweeping away
of mosquito developmental stages during heavy rain-
fall while creating long-lasting breeding habitats as
residual standing water bodies (McMichael et al.,
2006; Watson et al., 2007; Hii et al., 2009; Githeko,
2012; Sarfraz et al., 2012). A major reduction in vector
population has been observed just after 10 days of
heavy precipitation (Watson et al., 2007).

The impact of rainfall on the dengue occurrence in the
most affected states of India has been investigated
during 2010-2016 (Shil, 2019). Through Spatio-
temporal analysis, he deduced a positive correlation of
high rainfall with the number of dengue incidences in
the Northern Indian States whereas a negative correla-

463



Samal, R.R. etal./ J. Appl. & Nat. Sci. 12(3): 460 - 470 (2020)

tion with the cases in the Southern Indian States,
demonstrating the differential impact of rainfall on den-
gue transmission. The storage of water during arid and
rain-deprived conditions has also been observed to
amplify the mosquito breeding and disease transmis-
sion (Aziz et al., 2012). A negative relationship of the
maximum 24 h rainfall predictors with the dengue inci-
dences was observed during the early epidemic phase
of dengue outbreaks in Taiwan (Yuan et al., 2019).
Rainfall has also been found to be significantly associ-
ated with dengue occurrence through lag of 1-
3 months; the maximum correlation (r=0.741) was
found at the lag of 2 months (Tuladhar et al., 2019).
The similar lag effect in the correlation of rainfall and
dengue occurrence was reported in Taiwan (Chen and
Hsieh, 2012), Cambodia (Choi et al., 2016), Puerto
Rico (Johansson et al., 2009b), Singapore (Hii et al.,
2009), China (Lu et al, 2009) and Saudi Arabia
(Alshehri and Saeed, 2013).

The spatial heterogeneity and non-linear correlations
between rainfall and the dengue occurrence have
been ascribed to the regional geography, Aedes popu-
lations and the species involved (Johanasson et al.,
2009a). Involvement of complex pathways and their
interaction with other ecological parameters in the
rainfall and dengue incidence association has necessi-
tated extensive investigations to elucidate the interface
between rainfall and weather conditions, such as wind
speed, humidity, water evaporation and cloud cover.
Relative humidity and dengue: A 19-year retrospec-
tive study conducted by Ramachandran et al. (2016) in
East Delhi, India demonstrated a strong relationship
between relative humidity (RH) and dengue cases due
to humidity-dependent life span of mosquitoes. Similar
conclusions have been deduced by Karim et al. (2012)
and Promprou et al. (2011) recording a higher number
of dengue cases during the monsoon with higher RH.
A 5-fold increase in the frequency of probable dengue
transmissions was obtained when the survival rate of
dengue vector rose from 0.80 to 0.95 (Barbazan et al.,
2010). The RH and thus, annual vapour pressure has
been suggested as the most significant climatic predic-
tor of global dengue occurrence (Hales et al., 2002)
Climate predictive models: Multifarious empirical
models have been developed for estimating the climat-
ic effects on dengue and used as a baseline to assess
the impact on future prospective infections (Sriprom et
al., 2010). However, the results are inconclusive as
the most of the studies are short-term and have cov-
ered small topographical areas which are expected to
be climatically and socio-economically homogenous in
contrast to large regions with variable climates (Elliott
and Wartenberg, 2004). Forecasting the global climate
change over the next few decades (Gubler, 2012;
Halasa et al., 2012; Githeko, 2012), the increase in

frequency and intensity of these extreme climatic
events are more likely to affect dengue transmission
globally. Morin et al. (2013) established a hypothe-
sized relationship between Aedes, DENV, and climate
to investigate the potential contribution of climate-
driven dengue models and deduced complex and dy-
namic relationships between climate variables and
factors influencing dengue transmission (Fig. 3). He
suggested to formulate and apply various climatic indi-
cators on the DENV ecology which could strengthen
research in the area and help in predicting the climatic
effects on dengue prevalence better.

Thus, a better understanding of the impact of climate
change on the prevalence of dengue in a particular
region is a significant step which could assist in finding
the solutions to lessen the impact of disease on com-
munities (Chaves and Koenraadt, 2010). Successful
management of future dengue outbreaks requires a
thorough understanding of the dynamics of not only
virus, host and vector, but also climatic factors specifi-
cally in the context of global climate change (Scott et
al., 2000).

IMPACT OF SOCIO-DEMOGRAPHIC CHANGES
ON DENGUE

Apart from climatic factors, dengue transmission can
be greatly influenced by socio-demographic changes,
economic profile and the behavioural pattern towards
the epidemic in local habitats (Nagao et al., 2003;
Wearing and Rohani, 2006; Tipayamongkholgul and
Lisakulruk, 2011; Walker et al., 2011; Hu et al., 2012).
In Texas, USA; dengue virus transmission has been
narrowed down by the human lifestyle (Reiter et al.,
2003). Various statistical modelling studies conducted
on the climatic change-dengue association, have impli-
cated the critical reflection on other factors; such as
enormous population growth and unplanned urbaniza-
tion (Gubler, 2011a). They also claimed the major role
of urban growth in tropical regions during the past 5
decades on the increase in dengue transmission as it
provided the favourable ecological conditions for a rise
in Ae. aegypti population and created ideal conditions
for transmission of dengue in heavily populated areas.
Dengue-infected human movement has been estab-
lished as another important factor in dengue transmis-
sion due to short flight range and day-biting preference
of Aedes, questioning the spread of dengue over large
distances (Vazquez-Prokopec et al., 2009). Various
studies have discussed the importance of human-
mediated DENV dispersal in local virus propagation
(Adams and Kapan, 2009: Stoddard et al., 2009). Us-
ing contact-site cluster investigations, Stoddard et al.
(2013) demonstrated the effect of human movement
on dengue transmission at the individual as well as
collective level; in spatial heterogeneous pattern. They
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showed the rise in dengue risk through visiting places
inhabiting infected mosquitoes, irrespective of the
distance from their homes; and emphasized the role
of social connects in the DENV transmission. In Vi-
etnam, Rabaa et al. (2010) validated that DENV ex-
change between various provinces and the Ho Chi
Minh City urban regions was due to the human move-
ment. Reiner Jr. et al. (2014) suggested social proxim-
ity as a good predictor of DENV infection risk and oth-
er Aedes-borne diseases (Fig. 4). The impact of social
proximity on the dengue transmission suggests that
information about social connects of a DENV-infected
individual could help in mosquito management more
efficiently as the socially structured infected human
movement can waste all the control efforts taken in
the vicinity of the DENV-infected persons (Scott and
Morrison, 2010).

PREDICTING DENGUE OCCURRENCE
CHANGING CLIMATE

IN

Many model studies have projected the future pro-
spective distribution of dengue at the global level influ-
enced by the climate change, such as temperature,
rainfall and precipitation; social, economic and demo-
graphic changes, particularly urbanization; and the
human travel and trade (Khormi and Kumar, 2012;
Messina et al., 2015).

The prospective geographic dispersal of dengue, its
burden and occurrence have been predicted by two
basic model approaches; biological and empirical. The
biological model, or mechanistic model, analyses the
impact of climatic factors on the survival and proficien-

A

Family and friends

Infection risk Acquaintences

Public at-large

e — — — — — — -

Social distance

Moderate None

(random)

A
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(Source: Reiner Jr. et al., 2014)

Fig. 4. Effect of social proximity on dengue occurrence.
The probability of dengue risk decreases as the social
distance between people increases until it equals the risk
due entirely to an infectious mosquito traversing the dis-
tance between the two houses (dashed red line).

cy of Aedes population. As the distribution and burden
of dengue in different geographical places are correlat-
ed with climatic changes and its different parameters;
the future dengue outbreaks are predicted. Empirical
model; or statistical model; associates the regions with
already prevailing dengue incidences and determi-
nants related to prevailing patterns. Anticipated devia-
tions in these factors, thus estimate the future dengue
prevalence. Nevertheless, the majority of the vector
surveys are piloted in the recognized areas of trans-
mission risk and not marginal areas of transmission.
Thus, the lack of extensive and validated data on day
to day and even weekly basis, and for extreme loca-
tions has been the major challenge in the empirical
model.

Liu-Helmersson et al. (2016) developed a biological
model to predict dengue epidemic possibility in 10 Eu-
ropean cities based on the rise in temperature due to
climatic changes predicted from 1901 to 2099. They
linked the increased intensity and duration of dengue
transmission to the high greenhouse gas emissions
over the course of time in the 21°' century subsequent-
ly leading to rise in temperature making conditions
hospitable to the vector for flourishment. The ecologi-
cal niche model designed by Campbell et al. (2015)
evaluated the occurrence data of Ae. aegypti and Ae.
albopictus from 1950-2000 based on the temperature,
rainfall and precipitation; and projected the potential
distributions of these vectors in 2050, taking into con-
sideration the climate change scenario. The model
proposed a shift in the geographic distribution of mos-
quitoes by colonizing new areas crossing dispersal
barriers, and expansion along the distribution edges
when the environment becomes suitable for their re-
production and growth. Consequent to the ecological
niche profiles of Aedes, they proposed that reorgani-
zation of the dispersal patterns may have a significant
impact on the dengue transmission (Campbell et al.,
2015). As per their predictions, Ae. aegypti had poten-
tial to expand in South and East Asia, Eastern North
America, Australia and Africa; while Ae. albopictus
could expand in Eastern North America, East Asia,
Africa, Eastern and Southern South America, and ma-
jorly in Australia (Fig. 5).

Another approach used an indeterminate logical ap-
proach to anticipate the suitable regional and global
emission habitats of Ae. albopictus and characterized
indecisive ranges to estimate the influence of selected
meteorological measures (Proestos et al., 2015). They
computed the habitat suitability index of Ae. albopictus
based on annual average precipitation, temperature,
rainfall and relative humidity, and specified that by
2050, approximately 2.4 billion people could be living
in an area of high dengue risk transmitted by Ae. al-
bopictus.
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Fig. 5. Modelled potential distributional patterns of Ae. aegypti and Ae. albopictus under future conditions. Blue colour
shows present-day-only distributional areas; the intensity of blue shading depicts model agreement (light blue denotes
low and dark blue denotes high model agreement); shades of orange demonstrate future distributional potential (light
orange denotes low and dark orange denotes high model agreement) .

It has also been predicted that by 2061-2080, the
worldwide area for Ae. aegypti multiplication would
upsurge by 8% under modest and by 13% under high
emissions and climate change (Monaghan et al.,
2016). In addition, the individuals infected by the Ae.
aegypti was forecasted to augment annually by 8—12%
bearing in mind only climate change; by 59-65% when
taken into consideration climate change along with a
development pathway associated with population
growth topping mid-century followed by a decline; and
by 127-134% when taken in account climate change
and a development pathway linked with high popula-
tion increment (Messina et al., 2015).

Jain et al. (2019) designed a machine learning-based
methodology to forecast dengue outbreaks in the fifty
districts of Thailand. The model was based on several
predictors, variables and their combinations; such as
climatological data, clinical stats, lag variables of dis-
ease surveillance, socio-economic figures and the data
regarding spatial dependence. Pineda-Cortel et al.
(2019) used Autoregressive Integrated Moving Aver-
age models and inferred use of climatic variables as
the predictor factors to forecast dengue incidence.

The changing climate and valuation circumstances
provide consistent predictions that could be used in
future models for the risks assessment of dengue
transmission under different scenarios of ecological,

topological, social, demographic and economic factors
(Morin et al., 2013). This also includes quantifying
some crucial variables and significant drivers; such as
resources financed for the betterment of healthcare
and related facilities in low and middle-income coun-
tries (Ebi, 2014).

The occurrence of dengue depends upon a multifari-
ous factors. The analysis of different models predicting
dengue prevalence reveals a need for dynamic model-
ling to understand the complex disease. The prediction
based on the records of long-duration climatic data
collected from a widespread geographical region, un-
derstanding of vector ecology, virus severity, and in-
clusion of socio-economic, demographic and other
causative parameters in the study can help in dengue
risk assessment. In fact, the estimation of delayed
effects of climatic factors on the dengue occurrence in
the tapped regions can assist in taking controlling and
preventive measures beforehand enabling to fight this
fast-growing disease.

CHALLENGES IN PREDICTION OF DENGUE
TRANSMISSION

The ultimate challenge in predicting dengue transmis-
sion is how to fit the best model of future climate
changes at the local level. Various suggestions and
reports have been published by the Intergovernmental
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Panel on Climate Change (IPCC, 2019) covering mul-
tifarious causative factors underlying prospective
greenhouse gas emissions leading to climate change.
These reports suggest different scenarios; such as the
novel and effectual technological development leading
to speedy economic and population growth by 2050;
high rise in population but with slower economic and
technological developments; and average population
and economic development with restricted sustainable
answers to the economic, social and environment.

The panel recommended that no single model can be
considered to account climate modelling uncertainties.
Despite various confirmatory reports, the amplified
dengue incidences; whether arose due to climate
change (Patz et al., 1996) or because of socio-
economic changes in combination with ecologic and
demographic changes (Gubler, 2011a; b); is still de-
batable. The incorporation of multiple etiological fac-
tors into integrated modelling is significant to deter-
mine the human risk to dengue (Beebe et al., 2009).

Conclusion

The geographical expansion of dengue vector; due to
the complex interactions of climatic, socio-economic
and demographic factors that impact mosquito breed-
ing sites, distribution and generation time, human im-
munity, migration, and behavior; is expected to induce
a greater and more severe burden of dengue in the
economically poor and middle-income countries. The
impoverished areas lack resources to stop/manage
dengue infection and are experiencing heightened
risks. Thus, operative strategies and procedures may
play a key role to prepare and combat the disease
incidences across varied geographic range. These
comprise better-quality and coherent reconnaissance
systems; upgraded and confirmatory vector control
interventions; and increased awareness of Aedes-
borne diseases. In addition, adequate decision and
policies could aid in the development of primary warn-
ing systems based on the environmental, social and
demographic factors to formulate and implement pre-
ventive measures. Further, the impact of climate
change on human health has necessitated revisiting
global climate change policies and interventions. The
increasing support for the research and development
along with regular monitoring, can help recognize the
current and predict the future distributions of Aedes
and DENYV better.
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