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Abstract
Dengue incidence has grown dramatically around the world in recent years. It is transmitted 
by Aedes mosquitoes. Many climatic factors contributed to the vector densities such as 
temperature, relative humidity, rainfall and winds. This study is to determine the trend of 
climatic factor associated with dengue cases. The analysis was performed by using Pearson’s 
Correlation and Mann-Kendall trend analysis from 2012 to 2016. The Pearson’s Correlation 
showed that dengue cases in Kuala Lumpur were signifi cantly correlated with temperature, 
relative humidity and rainfall (p < 0.05). Mann-Kendall trend analysis showed that in both 
2012 and 2014, the rise in dengue cases were aff ected by the increases in temperature and 
wind speed, while the relative humidity and rainfall aff ect the dengue with decreasing 
pattern. As the conclusion, climate factors such as temperature, relative humidity and 
rainfall contributed to 4.4% of the dengue cases in Kuala Lumpur from year 2012-2016. 

Keywords: Dengue; Mann-Kendall; Climatic factor

Implication of Climatic Factors on Dengue Fever in Urban 
Area: Case Study in 2012-2016

Ruhil A. Adnan1, Mohamad F. Ramli1*, Hidayathul F. Othman2,
Zulfa H. Asha’ri1, Sharifah N. S. Ismail3,  Muhammad A. Zaudi1,

Amir K. Hamidon1, Da’u A. Umar1, and Mohd S. Samsudin4

1Department of Environment,Faculty of Forestry and Environment,
Universiti Putra Malaysia, Malaysia

2 Department of Diagnostic and Applied Health Science, Faculty of Health Sciences,
Universiti Kebangsaan Malaysia

3 Department of Environmental and Occupational Health, Faculty of Medicine 
and Health Sciences, Universiti Putra Malaysia, Malaysia

4 Faculty Bioresources and Food Industrry, Universiti Sultan Zainal Abidin (Unisza),
Besut Campus, Malaysia

* Corresponding author: fi ruz@upm.edu.my
Received: February 25, 2020; Revised: April 15, 2020; Accepted: May 22, 2020

1. Introduction
Dengue infection is mosquito-borne 

virus, transmitted by Aedes aegypti and Aedes 
albopictus. Globally, dengue caused 390 
million infections annually in more than 125 
countries (Bhatt et al., 2013). Asian countries 
such as Thailand, Singapore and Malaysia 
have suitable tropical climate are always 
being aff ected by the outbreak of dengue fever 
(DF) and dengue haemorrhagic fever (DHF). 
Although the dengue cases in Malaysia as 
of September 2018 is 51,450 cases with 
approximately, 34.6% decreased compare to 
2017. However, the current number of cases is 

still alarming. Public were urged to clean the 
surrounding of the houses from potential of 
breeding sites (Malaysia Ministry of Health, 
2018).

The dengue transmission is infl uenced by 
factors such as environment, climate, human 
behavior and dengue virus serotype-specifi c 
herd immunity in human (Cheong et al., 
2013; Halstead, 2008; Hay et al., 2000). The 
major impact of climate change is the health 
of human population. The understanding of 
climate change to specifi c disease and its 
relationship is crucial in order to implement 
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the control measures (Díaz-Castro et al., 2017;
Epstein, 2005). Several studies indicated the 
climate is associated to the mosquitoes-borne 
diseases (Cano et al., 2017; Small et al., 2003; 
Rogers and Randolph, 2000).

Weather such as rainfall, temperature, 
relative humidity and wind have direct impact 
on mosquito populations (Fareed et al., 2016; 
Halstead, 2008; Gubler, 2001). Temperature 
found to be influenced in development, behavior 
and replication rate of dengue virus (Barrera 
et al., 2011; Rueda et al., 1990;  Watts et al., 
1987). Rainfall serve as the breeding sites 
for mosquito larval when the temperature is 
high (Morin et al., 2013).The rainfall also 
contributed to the abundance and densities of 
mosquito due to the increasing of pool and 
puddles of water for female mosquito to lay 
eggs (Méndez-Lázaro et al., 2014; Li et al., 
1985). The increasing of temperature and rainfall 
resulting of climate change, together with 
urbanization may increase dengue incidence 
and the transmission of dengue (Ebi and 
Nealon, 2016). The higher temperature and 
rainfall will increase the evaporation process. As 
a consequence, the relative humidity increases 
and causes higher feeding rates, survival and 
development process of Aedes mosquitoes better 
(Fareed et al., 2016). The role of wind speed in 
dengue has been reported for flight influenced to 
non-endemic areas (Rosa-freitas et al., 2006). 
Study in Guangzhou indicated that an increasing 
of minimum temperature and decreasing of wind 
velocity are correlated with dengue incidence 
(Lu et al., 2009). The objectives of this study 
area to determine the climate factors which are 
correlated to dengue cases and to present the 
trend of climate factors for dengue incidence in 
Kuala Lumpur.

2. Materials and Methods

2.1 Study Location

Kuala Lumpur is the capital of Malaysia, 
making up an area of 243 km2 with an average 
elevation of 21.95 m (Figure 1). Kuala 
Lumpur has a population of l.8 million as 
of 2018 which is 5.5% of the total national 
population. The average annual population 
growth rate from 2000 - 2010 was 0.1 % 
(Department of Statistic Malaysia, 2018). 

The city experiences a hot and humid climate 
all year-round with seasonal variation in 
the temperature and rainfall. The maximum 
temperature floats between 31ºC and 33ºC 
and have never exceeded 37.2ºC (average is 
32.4ºC), while minimums hover between 22 
and 23ºC (average is 23.3ºC) and had never 
fallen below 17ºC. Kuala Lumpur typically 
receives 2,266 mm of rain annually with 
June and July being relatively dry (Malaysia 
Meteorological Department, 2018). Since 
1972, Kuala Lumpur has been governed by 
Kuala Lumpur City Hall (KLCH). The Kuala 
Lumpur City Hall Health Department was 
established to monitor the health status of 
Kuala Lumpur residents as well as improving 
the population’s quality of health.

2.2 Data Collection

The daily dengue cases from 2012 until 
2016 were obtained from Vector Unit, Health 
Department of Kuala Lumpur City Hall. 
The climatic data obtained from Malaysia 
Meteorological Department, Petaling Jaya 
from the local weather station in Petaling Jaya 
which was the nearest station to the study 
area. The data consist of daily mean rainfall, 
temperature, relative humidity and wind speed 
which were aggregated to monthly data.

2.3 Data Analysis

Pearson’s Correlation test was used 
followed by multivariate analysis for 
investigation of association between climate 
and dengue cases. The level of significance in 
this study was set up at p < 0.05 and p < 0.01.

2.3.1 Mann-Kendall Trend Test

Mann–Kendall trend test (Mann, 1945; 
Kendall, 1975) is widely used to detect and 
assess the significance of a trend (Woon et 
al., 2018, Samsudin et al., 2017;  Mé, 2014). 
In this study, Mann-Kendall trend test was 
used to detect the trends of climatic data at 
Kuala Lumpur from 2012 to 2016. The test is 
based on the correlation between the observed 
parameters and their time series. The formula 
for Mann-Kendall trend test is defined as 
(equations 1 to 6):
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The mean and variance of the S statistic in 
equation (1) above are given by the equations 
as shown below based on the assumption that 
the data set are independent and distributed;

E(S) = 0 			   (3)

Vₒ(S) = n (n-1) (2n+5) /18 	 (4)

where n is the number of observations. 
A reduction of the variance of S will be 
computed when the tied ranks exist in the data. 
The equation of σs is given below;

                                                            (5)

where b is the number of groups of tied 
ranks and td is the tied observations. When 
the number of observations becomes large, 
the statistic S will be normally distributed as 
implied in the equation below.

                                                         (6)

Figure 1. Map of Kuala Lumpur, Malaysia

From the equation (1) and (2), the Rp 
and Rq are the ranks of observations xp 
and xq of the time series, respectively. It 
can be observed that the statistic test relies 
only on the ranks of the observations, 
instead of their actual values. This is also 
known as distribution free test statistic. 
This test is well-known for its ability in 
that its power and significance are not 
influenced by the actual distribution of 
the data. In contrast, for parametric trend 
test such as the regression coefficient test, 
we can assume that the data obey to the 
normal distribution and its power can be 
greatly influenced by skewed data (Mann, 
1945; Kendall, 1975).
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The results obtained from the Mann-
Kendall trends test are then interpreted. 
Parameters processing which have the 
p-values smaller than 0.1, indicate that there 
is an existence of significant difference for that 
particular parameter. If the statistic S shows 
a positive value, it is an indication there is 
an upward trend and if it shows a negative 
value, it indicates a downward trend. Instead, 
for the parameter which showed the p-value 
that greater than 0.1, it indicates that there 
is no significant difference occurred for the 
parameter. The accepted of null hyphothesis 
(H0) meant that there was no trend in the series 
data (Mann, 1945; Kendall, 1975).

3. Results

3.1 Daily mean variation rainfall, temperature, 
      relative humidity, wind speed and dengue  
      cases from year 2012 until 2016

A total of 27,296 confirmed dengue cases 
had been recorded by Kuala Lumpur City 
Health Department from 2012 to 2016. The 
five years cummulative averages of climatic 
factors in Malaysia is  shown in Table 1. 
However, monthly mean of climate variables 
were ploted in figure 2  and it revealed 
inconsistent pattern for the five years analysis. 
The highest dengue cases was in January 
2014 (953 cases), followed by January and 
July 2016 (921 and 861 cases, respectively). 
While, the lowest dengue cases was in July 
2012 with 79 cases, followed with May (89 
cases) and June 2012 (91 cases).

The plot also indicates variations in 
terms of the influence of climatic variables 
on dengue occurance. Climatic variable 
influenced the increase and decrease of 
dengue cases in area. For instance, during 
the highest period of dengue cases (953 
cases), the presence of relative humidity was 
72% , meanwhile at the lowest dengue cases, 
the reading of relative still in conducive 
range which was 73.5%. The highest 
relative humidity was in December 2012 
(83.7%) which is period of lowest dengue 
cases (Figure 2a). 

Furthermore, the plot in  Figure 2b, 2c 
and 2d, indicates fluctuation trend between 
temperature, wind speed and rainfall with 
dengue cases. The highest number of dengue 
cases (953 cases) occured during period 
of lowest temperature (27.2 oC), however 
during highest temperature (30.1 oC), the 
number of dengue cases remain high as well 
which was 710 cases. 

The result also indicated similar pattern 
to the wind speed and rainfall. During 
the highest dengue cases, the monthly 
rainfall showed was 8.2 mm. Meanwhile, 
in November 2012 during the highest 
mean rainfall, dengue incidence indicated 
among the lowest range in the five years 
(111 cases). The highest peak of wind speed 
in February 2014 which was 1.5 m/s with 
dengue incidence was 657cases. However, 
at the lowest wind speed (0.8 m/s), dengue 
cases remain high in December 2014 (550 
cases).

Table 1. Mean of climatic factors from 2012-2016
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Figure 2. A-relative humidity and total dengue cases, B- temperature and total dengue cases, 
C- wind and total dengue cases, D- rainfall and total dengue cases from 2012 to 2016.
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Figure 2 (Cont.)  A-relative humidity and total dengue cases, B- temperature and total dengue 
cases, C- wind and total dengue cases, D- rainfall and total dengue cases from 2012 to 2016.
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Table 2. Pearson’s Correlation Value between Environmental Factors with Dengue Cases
at Kuala Lumpur

Table 3. The ANOVA values for the environmental factors and variables

Table 4. The equation values for total dengue cases in Kuala Lumpur

3.2 The Pearson’s Correlation between 
dengue cases and environmental factors

The result from 2012 until 2016 showed that 
dengue cases in Kuala Lumpur were significantly 
correlated with temperature, relative humidity 
and rainfall (p < 0.05) (Table 2). However, there 
is no significant correlation between dengue 
cases and wind speed. Temperature, rainfall and 
wind showed positive correlation with dengue 
cases while relative humidity showed inversely 
proportional relationship with dengue cases 
in Kuala Lumpur. Based on table 2, the result 
demonstrated that wind showed no significant 
correlation (p = 0.149).

The multivariate analysis was proceeded 
(Table 3) and equation model were tested. It 
was found that the regression models for total 

dengue cases fit at α = 0.05 (Table 3) with 
insignificant value, F = 20.953 (p = 0.001). 
Slope test showed that all variables contribute 
significantly for total dengue cases temperature 
with t value 5.448 (p = 0.001), relative humidity 
with t value -8.479 (p = 0.001), rainfall with t 
value 2.541 (p = 0.011) and wind with t-value 
-2.613 (p = 0.09) (Table 4). The equation model 
was generated as followed:

y = 0.135 (temperature) – 0.212 (relative) 
(humidity) + 0.059 (rainfall) – 0.061 (wind)

ŷ = bo + b1x1;
ŷ = Predicted value of dengue cases
bo = Y intercept
x1 = temperature, relative humidity, 
	 rainfall, wind
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The analysis was proceeded to identify the 
R square value (Table 5). The R square value 
for total dengue cases was 0.044. Therefore, 
based on the summary of the model, (Table 
5) the temperature, relative humidity, rainfall 
and wind contributed 4.4% of the total dengue 
cases in study area.

3.3 Mann-Kendall Trend Analysis

The Mann-Kendall (MK) result revealed 
the trend variation for all the parameters. 
Generally, the temperature indicated 
negative trend from 2012 to 2016, however 
in year 2015 the data of temperature showed 
no trend. On the other hand, the trend results 
of relative humidity showed positive trend 
all through except in 2013 that showed no 
trend (Table 6). For the rainfall analysis, 
a positive trend for 2012 and 2014 was 
revealed. Meanwhile, a negative trend was 
shown for the wind speed for 2012, 2014 
and 2015. 

For the dengue cases; however, the 
variation for the 5 years indicates negative 
and positive trends. Dengue showed 
downward trend in year 2012, 2014 and 
2016 meanwhile in year 2013 and 2015 the 
cases showed upward trend. The analysis 
showed similar trend pattern (increasing and 
decreasing) between all climatic variables 
and dengue cases for 2012 and 2014 (Table 
7). Based on climate variables, temperature 
and wind demostrated similar trend pattern 
(downward trend) meanwhile relative 
humidity and rainfall showed opposite trend 
pattern. Based on year 2012 and 2014, the 
Mann-Kendall trend analysis showed that 
the rise in dengue cases were affected by 
the increases in temperature and wind speed, 
while the relative humidty and rainfall 
affects the dengue with decreasing pattern.

Table 5. The model summary for total dengue cases 

4. Discussion

The transformation of the climate 
condition for the long period of time 
including temperature, precipitation, 
relative humidity, winds, and rainfall 
may lead to the changes in survival, 
replication, development and distribution 
of dengue virus and mosquitoes (Li et al., 
2018; Wu et al., 2016). The occurrence of 
infectious disease determined by multiple 
factors including environmental factors 
such climate, vegetation, and water bodies 
(Palaniyandi, 2014).

The changing of average monthly 
temperature found to be associated with 
dengue transmission.  The Pearson’s 
corre la t ion f rom this  s tudy showed 
temperature significantly associated with 
dengue incidence (WHO, 2011). Trend 
analysis from this study also indicated that 
the rising temperature trend was parallel 
with the increasing pattern of dengue 
cases. The similar study in Malaysia 
showed that high temperature (29.5 °C) 
with presence of rainfall increased the 
number of dengue incidence (Nazri et 
al., 2011). The warmer temperature had 
been shown to increase the rate of dengue 
transmission (Vazquez-prokopec et.al., 
2010; Wongkoon et al.,  2007; Kuno, 
1997).  The warmer temperature allows 
the mosquito to survive and matured 
faster. Thus, the female vectors need 
extra blood in order to lay eggs. A study 
in China found that the biting temperature 
ranged between 15 °C to 35 °C. However, 
the optimal range is 25 °C to 30 °C 
which is also the average temperature in 
Malaysia (Díaz-Castro et al., 2017; Jemal 
and Al-thukair, 2016; Chen and Hsieh, 
2012; Zhang and Zhang, 1994). 
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Table 6. Hypotheses of Mann-Kendall trend analysis for Climatic factors from 2012-2016

Positive ―”S” indicates a positive trend. Negative ―”S” values indicate negative trends. If 
p < 0.05, the slope is significantly different from zero.
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Table 7. Mann-Kendall trend analysis for Climatic factors from 2012-2016

Higher temperature may increase the 
length and efficiency of Extrinsic Incubation 
Periods (EIPs) of arboviruses in the vectors 
(Lindsay and Mackenzie, 1997). Therefore, 
the infected mosquitoes may survive for 
a longer period in higher temperature. 
However, this only occurs when the 
temperature range between 32 °C to 35 °C. 
The duration of dengue EIPs only 7 days 
compared to temperature at 30oC with 12 days 
dengue virus EIPs (Christiansen-Jucht et al., 
2014; Westbrook et al., 2010; Focks, 2003).

This study also proved the rainfall has 
low positive correlation with dengue cases 
(r = 0.049, p = 0.038). The rainfall data were 
prearranged before analysis for optimum 
result. The data were selected 7 days before 
the date of dengue incidence. Seven days are 
the time needed for successful completion 
of mosquito life cycles, from eggs to adult 
in stagnated water (Wardekker et al., 2012). 
The studies related the rainfall as the main 
contributor to the abundance of Aedes 
mosquitoes (Sharmin et al., 2015; Barrera 
et al., 2011; Promprou et al., 2005). The 
increasing rainfall may increase the suitable 
breeding sites such as aim proper disposed of 
man-made container, roof gutter, water trap, 
and discarded rubbish (Cheong et al.,2013 ;
Wan-Norafikah, 2012). Furthermore, the 
prolonged rainfall will increase dengue 

transmission risk (Hashizume et al., 2012; 
Bich et al., 2011). Aedes mosquitoes preferred 
rain water compared to the tap water because 
of the chlorine (Ho et al., 2014), thus it is 
strongly associated with presence of shrub/
vegetation above the container (Arunachalam 
et al., 2010). Under shrubbery area, the 
water may take longer period to dry, and it 
will turn as breeding areas. This situation is 
one of major problem in order to eliminate 
the breeding resources to this country since 
Malaysia is the tropical country surround by 
vegetation area (Cheong et al., 2013). 

Relative humidity found has been found to 
impart negative effect on dengue fever (Chen 
et al., 2016; Cheong et al., 2013; Maimusa 
et al., 2012). However, the relative humidity 
in this study showed negative correlation, 
however it was the highest r value compared to 
other climatic factors (r = -0.151, p < 0.005). A 
study in China proved that minimum relative 
humidity (68%) affect dengue transmission, 
however it showed negative associated when 
it exceed 78.9% which was in line with the 
finding of this study (Xiang et al., 2017). The 
study in India showed, the enormous quantity 
of Aedes albpictus were found at plant area 
with suitable value of relative humidity 
(70%-90%) (Palaniyandi, 2014). Another 
study in Dhaka City indicated that relative 
humidity at 72.8% associated with dengue 
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transmission and affected time of replication 
and development of mosquitoes (Banu et al., 
2014). It maybe differs to each country since 
the association between climate and dengue 
fever depend principally on the local climate 
condition to specific study area and study 
periods (Li et al., 2018).

Pearson’s analysis revealed that wind 
speed showed a poor association with dengue 
incidence which was statistically insignificant. 
Several studies have shown that the wind can 
increase the frequency of mosquito flights, 
so it can also affect feeding and oviposition 
activities (Lu et al., 2009, Wang and Chen, 
2014; Chadee, 2004; Clements, 1999). 
Nevertheless, the strong wind > 10.7 m / s 
in China suggested that it could suppress 
mosquito flight activity and reduce the risk of 
dengue transmission (Xiang et al., 2017). Air 
movement (wind) plays an important role in 
transporting the infected mosquito but, due to 
strong wind, it may also limit flying activity 
and human contact (Rosa-freitas et al., 2006).

The climate and dengue cases showed the 
same trend pattern for both 2012 and 2014, 
based on Mann-Kendall’s analysis. Cases of 
dengue showed decreasing trends as rainfall 
and relative humidity increased, while it 
decreases with the decrease in wind speed and 
temperature (Table 7). This study suggested 
that the flood-related rainfall can flush away 
the breeding areas, and decrease the mosquito 
population (Chien and Yu, 2014). In addition, 
the increasing trend in relative humidity has 
affected adult mosquito mortality and its 
survival (Tuladhar et al., 2019; Sahay, 2018). 
The decreasing temperature trend leads to 
decrease of vector mosquito feeding activity. 
The female mosquito requires more blood 
and nutrient to produce more offspring (Yang 
et al., 2009). In this analysis, the range of 
wind speeds for 2012 and 2014 (0.8 m/s to 
1.5 m/s) had no effect on the dengue mosquito 
flight activity. The previous study showed 
that mosquito flight speed was roughly ~ 1 
m/s (Enrih et al., 2011). And the mosquito is 
still free to fly. The decreasing trend of wind 
speed in the study region can also affect the 
sheltering effect of the local topography (Enrih 
et al., 2011). Throughout this study, climatic 
conditions showed that only 4.4 per cent lead 
to the incidence of dengue. The rising or 

declining pattern of dengue incidence cannot 
be determined by the individual climatic factor 
but from combination of several climatic 
factors. In addition, the incidence of dengue 
was not based solely on climatic factors, but 
other factors such as sociological factors 
may also contribute to the dengue problem 
(Cheong et al., 2013).

5. Conclusion

This  s tudy indica ted  tha t  4 .4% 
contribution of climatic factors to dengue 
cases. Temperature, rainfall, relative humidity 
and wind speed showed a significant 
correlation to the dengue cases with low r 
value. Even though the contribution of climate 
is small to dengue cases, but the climate is the 
major factor for vector abundance. Besides 
the climatic factors, there were other factors 
influenced the distribution of dengue fever 
such as sociological, environmental and 
ecological factors. The current study suffered 
limitations mainly regarding weather data due 
to the spatial distribution (not closely located) 
of weather stations in the study area. Though 
preliminary, the study will serve as the bases 
upon which future studies will be rooted, 
and will help the health authorities with 
important information regarding the factors 
and distribution of epidemic in the study 
area. The study recommends an integrated 
approach to dengue disease involving other 
factors such as sociology, ecology and human 
behaviour for better understanding, and action 
to deadly disease.

Conflict of interest

The authors declare that there is no 
conflict of interests regarding the publication 
of this paper.

Acknowledgement

The authors would like to express their 
deepest gratitude and thanks to Universiti 
Putra Malaysia for Putra Grants Sponsorship 
(GP-IPS/2015/9453500) and Vector Control 
Unit Staff in Dewan Bandaraya Kuala Lumpur 
(DBKL) for their cooperation.



R. A. Adnan et al  /  EnvironmentAsia 13(3) (2020) 89-102

100

References

Arunachalam N, Tana S, Espino F, Kittayapong 
P, Abeyewickreme W, Wai KT, Petzold M. 
Eco-bio-social determinants of dengue vector 
breeding: A multicountry study in urban and 
periurban Asia. Bulletin of the World Health 
Organization 2010; 88(3), 173–184.

Banu S, Hu W, Guo Y, Hurst C, Tong 
S. Projecting the impact of climate 
change on dengue transmission in Dhaka, 
Bangladesh. Environment International 
2014; 63:137–142. 

Barrera R, Amador M, MacKay AJ. Population 
dynamics of Aedes aegypti and dengue as 
influenced by weather and human behavior 
in San Juan, Puerto Rico. PLoS Neglected 
Tropical Diseases 2011; 5(12).

Bhatt S, Gething PW, Brady OJ, Messina JP, 
Farlow AW, Moyes CL, Jaenisch T. The 
global distribution and burden of dengue. 
Nature 2013; 496(7446), 504–507.

Bich TH, Quang LN, Hale TT, Hanh, TT, 
Guha-Sapir D. Impacts of flood on health: 
Epidemiologic evidence from Hanoi, 
Vietnam. Glob. Health Action 2011; 4.

Bogojevic MS, Merdic E, Bogdanovc T. The 
flight distances of floodwater mosquitoes 
(Aedes vexans , Ochlerotatus sticticus and 
Ochlerotatus caspius) in Osijek, Eastern 
Croatia Biologia 2011; 6, 678–683.

Chadee DD. Observations on the seasonal 
prevalence and vertical distribution patterns 
of oviposition by Aedes aegypti (L.) 
(Diptera: Culicidae) in urban high-rise 
apartments in Trinidad, West Indies. Journal 
of Vector Ecology 2004; 29(2): 323–330.

Cano J, Mangeas M, Despinoy  M, Dupont-
rouzeyrol M, Nikolay B, Teurlai M. 
Socioeconomic and environmental 
determinants of dengue transmission in 
an urban setting : An ecological study in 
Noume New Caledonia 2017; 1–18.

Chen C, Zheng H, Zhang Z, Wang D, Li T, 
Wang M. Influence of meteorological factors 
on arbo infectious diseases in Guangzhou. 
Disease. Surveillance 2016; 31, 984–988.

Chen SC, Hsieh, MH. Modelling the 
transmission dynamics of dengue fever: 
implications of temperature effects. 
Science of the Total Environment 2012; 
431: 385-391.

Cheong YL, Burkart K, Leitão PJ, Lakes T. 
Assessing Weather Effects on Dengue 
Disease in Malaysia. International Journal 
of Environmental Research and Public 
Health 2013; 10, 6319–6334.

Chien L, Yu H. Impact of meteorological 
factors on the spatiotemporal patterns 
of dengue fever incidence. Environment 
International 2014; 73: 46–56.

Chr i s t i an sen - Juch t  C ,  Pa rham PE , 
Saddler  A, Koella JC & Basanez 
MG.  Tempera tu r e  du r ing  l a rva l 
development and adult maintenance 
influences the survival of Anopheles 
gambiae s.s. Parasites Vectors 2014; 
7 (1), 489. 

Clements AN. The Biology of Mosquitoes: 
Sensory Reception and Behaviour; CABI: 
Wallingford, UK.1999.

Department of Statistic Malaysia. https://
www.dosm.gov.my/v1/. Accessed on 

	 20th September 2018.  
Díaz-Castro S, Moreno-Legorreta M, 

Ortega-Rubio A, Serrano-Pinto V. 
Relation between dengue and climate 
trends in the Northwest of Mexico. 
Tropical Biomedicine 2017; 34(1), 
157–165.

Ebi KL, Nealon J. Dengue in a changing 
climate. Environmental Research 2016; 
151: 115–123.

Epstein PR. Climate change and human 
health. New England Journal of Medicine 
2005; 353: 1433-1436

Fareed N, Ghaffar A, Malik T. Spatio-
Temporal extension and spatial analyses 
of dengue from Rawalpindi, Islamabad 
and Swat during 2010–2014. Climate 
2016; 4(2), 23. 

Focks DA. A review of entomological 
sampling methods and indicators for 
dengue vectors. Geneva: World Health 
Organization; 2003.

Gubler DJ, Gubler DJ, Reiter P, Ebi KL, Yap 
W, Patz JA. Climate variability and change 
in the United States: potential impacts 
on vector- and rodent-borne diseases. 
Environmental Health Perspectives 2001; 
223–233.

Halstead SB. Dengue virus-mosquito 
in te rac t ions .  Annua l  Review of 
Entomology 2008; 53, 273–291 



R. A. Adnan et al  /  EnvironmentAsia 13(3) (2020) 89-102

101

Hashizume M, Dewan A, Sunahara T, Rahman 
M, Yamamoto T. Hydroclimatological 
variability and dengue transmission in 
Dhaka, Bangladesh: A time-series study. 
BMC Infectious 2012; 12: 98. 

Hay SI, Myers MF, Burke DS, Vaughn DW, 
Endy T, Ananda N, Shanks GD, Snow 
RW, Rogers DJ. Etiology of interepidemic 
periods of mosquito-borne disease. 
Proceedings of the National Academy

	 of Sciences of the United States of
	 America USA 2000; 97: 9335–9339.
Jemal Y, Al-thukair AA. Combining GIS 

application and climatic factors for 
mosquito control in Eastern Province, 
Saudi Arabia. Saudi Journal of Biological 
Sciences 2016; 25(8): 1593-1602.

Kendall MG. Rank Correlation Methods. 
Griffin, London. 1975.

Kuno G. Factors influencing the transmission 
of dengue virus. In: Gubler DJ, Kuno G, 
eds. Dengue and dengue hemorrhagic 
fever. Oxon, UK: CAB International 
1997; 61–88.

Li CF, Lim TW, Hann LL, Fang R. Rainfall, 
abundance of Aedes aegypti and dengue 
infection in Selangor, Malaysia. Southeast 
Asian Journal of Tropical Medicine and 
Public Health 1985; 16(4): 560-568.

Li C, Lu Y, Liu J, Wu X. Climate change 
and dengue fever transmission in China: 
Evidences and challenges. Science of the 
Total Environment 2018; 622–623(19), 
493–501. 

Lindsay M, Mackenzie J. Vector-borne 
viral diseases and climate change in the 
Australian region: Major concerns and the 
public health response. In Curson P, Guest 
C, jackson E, editors, Climate Changes 
and Human Health in the Asia-Pacific 
Region. Vol. n/a. n/a: Australian Medical 
Association and Greenpeace International. 
1997. p. 47 - 62.

Lu L, Lin H, Tian L, Yang W, Sun J, Liu, 
Q. Time series analysis of dengue fever 
and weather in Guangzhou, China. BMC 
Public Health 2009; 9: 1–5.

Maimusa AH, Jambari HA, Yahya AA, Ahmad 
S. Aedes Mosquitoes Surveillance in Non-
Residential Areas in University Campus 
in Malaysia. Asian J Exp Biol Sci 2012; 
3: 163–169.

Mann HB. Nonparametric tests againts trend. 
Econometrica 1945; 13: 245-259.

Malaysia Meteorological Department. 
http://www.met.gov.my/penerbitan/
laporantahunan. Accessed on 10th 

September 2018.
Malaysia Ministry of Health. http://www.moh.

gov.my. Accessed on 20th September 2018.
Morin CW, Comrie AC, Kacey E. Climate 

and Dengue Transmission: Evidence 
and Implications. Environmental Health 
Perspectives 2013; 121(11-12): 1264-1272.

Mé P. Assessing Climate Variability Effects 
on Dengue Incidence in San Juan , Puerto 
Rico 2014; 4: 9409–9428.

Méndez-Lázaro PA, Nieves-Santiango A, 
Miranda-Bermúdez J. Trends in total 
rainfall, heavy rain events, and number of 
dry days in San Juan, Puerto Rico, 1955-
2009. Ecology and Society 2014; 19(2): 50. 

Nazri CD, Abu Hassan A, Abd Latif Z, 
Ismail R. Impact of climate and landuse 
variability based on dengue epidemic 
outbreak in Subang Jaya. 2011 IEEE 
Colloquium on Humanities, Science and 
Engineering, CHUSER 2011, December 
2011; 907–912.

Palaniyandi M. The environmental aspects 
of dengue and chikungunya outbreaks 
in India : GIS for epidemic control. 
International Journal of Mosquito 
Research 2014; 1(2): 35–40.

P r o m p r o u  S ,  J a r o e n s u t a s i n e e  M , 
Jaroensutasinee K. Climatic factors 
affecting dengue haemorrhagic fever 
incidence in Southern Thailand. Dengue 
Bulletin 2005; 29:41–48.

Rogers DJ, Randolph SE. The global spread of 
malaria in a future, warmer world. Science 
2000; 289: 1763-1766.

Rosa-freitas MG, Schreiber KV, Tsouris P, 
Tatiani E, Weimann DS, Luitgards-Moura 
JF. Associations between dengue and 
combinations of weather factors in a city in 
the Brazilian Amazon. Pan American Journal 
of Public Health 2006; 20(4): 256-267.

Rueda LM, Patel KJ, Axtell RC, Stinner RE. 
Temperature-dependent development and 
survival rates of Culex quinquefasciatus 
and Aedes aegypti (Diptera, Culicidae). 
Journal of Medical Entomology 1990; 
27: 892-898.



R. A. Adnan et al  /  EnvironmentAsia 13(3) (2020) 89-102

102

Sahay, S. Climatic variability and dengue risk 
in urban environment of Delhi (India). 
Urban Climate 2018; 24: 863–874. 

Samsudin MS, Khalit SI, Juahir H, Nasir M, 
Fahmi M, Kamarudin, MKA, Lananan 
F. Application of Mann-Kendall in 
analyzing water quality data trend at Perlis 
River, Malaysia. International Journal 
on Advanced Science, Engineering and 
Information Technology 2017; 7(1): 78-85.

Sharmin S, Glass K, Viennet E, Harley D. 
Interaction of mean temperature and daily 
fluctuation influences dengue incidence 
in Dhaka, Bangladesh PLoS Neglected 
Tropical Diseases 2015; 9(7): e0003901.

Small J, Goetz SJ, Hay SI. Climatic suitability 
for malaria transmission in Africa, 
1911–1995. Proceedings of the National 
Academy of Sciences of the United States 
of America - USA 2003; 100: 15341-15345.

Tuladhar R, Singh A, Varma A, Choudhary 
DK. Climatic factors influencing dengue 
incidence in an epidemic area of Nepal. 
BMC Research Notes 2019; 12(1), 1–7. 

Vazquez -p rokopec  GM,  Ki t ron  U , 
Montgomery B, Horne P, Ritchie SA. 
Quantifying the spatial dimension of dengue 
virus epidemic spread within a tropical urban 
environment. PLoS Neglected Tropical 
Diseases 2010; 4(12): e920.

Wang L, Chen W. A CMIP5 multimodel 
projection of future temperature, 
precipitation, and climatological drought 
in China. International Journal of 
Climatology 2014; 34: 2059–2078.

Watts DM, Burke DS, Harrison BA, Whitmire 
RE, Nisalak A. Effect of temperature on the 
vector efficiency of Aedes aegypti for dengue 
2 virus. The American Journal of Tropical 
Medicine and Hygiene 1987; 36: 143-152.

WHO. Prevention and Control of Dengue and 
Dengue Haemorrhagic Fever. 2011.

Woon YL, Hor CP, Lee KY, Mohd Anuar 
SFZ, Mudin RN, Sheikh Ahmad MK, 
Lim TO. Estimating dengue incidence and 
hospitalization in Malaysia, 2001 to 2013. 
BMC Public Health 2018; 18(1): 1–11.

Wu XX, Lu YM, Zhou S, Chen LF, Xu B. Impact 
of climate change on human infectious 
diseases: empirical evidence and human 
adaptation. Environment International 2016; 
86: 14–23.

Westbrook CJ, Reiskin MH, Pesko KN, Geene 
KE, Lounibos LP. Larval environmental 
temperature and the susceptibility of Aedes 
albopictus Skuse (Diptera: Culicidae) 
to Chikungunya virus. Vector Borne 
Zoonotic Diseases 2010; 10 (3): 241–247.

Wan-Norafikah O, Nazni WA, Noramiza 
S, Shafa’ar-Ko’Ohar S, Heah SK, Nor-
Azlina AH, Khairuh-Asuad M, Lee HL. 
Distribution of aedes mosquitoes in three 
selected localities in Malaysia. Sains 
Malaysiana 2012; 41: 1309–1313.

Wardekker J, De Jong A, Van Bree, L, Turkenburg 
W, Van Der Sluijs J. Health risks of climate 
change: An assessment of uncertainties 
and its implications for adaptation policies. 
Environmental Health 2012; 11: 67.

Wo n g k o o n  S ,  J a r o e n s u t a s i n e e  M , 
Jaroensutasinee K, Preechaporn W, 
Chumkiew S. Larval occurrence and 
climatic factors affecting DHF incidence 
in Samui Islands, Thailand. International 
Journal of Biological, Biomolecular, 
Agricultural, Food and Biotechnological 
Engineering 2007; 1(9): 100–105.

Xiang J, Hansen A, Liu Q, Liu X., Tong 
MX, Sun Y, Cameron S, Hanson-Easey 
S, Han GS, Williams C, Weinstein P, 
Bi P. Association between dengue fever 
incidence and meteorological factors 
in Guangzhou, China, 2005–2014. 
Environmental Research 2017; 153: 17–26. 

Yang HM., Macoris MLG, Galvani KC, 
Andrighetti MTM, Wanderley DMV. 
Assessing the effects of temperature on the 
population of Aedes aegypti, the vector of 
dengue. Epidemiology and Infection 2009; 
137(8): 1188–1202.

Zhang Y, Zhang H. Observation on specificity 
of bloodsucking of Aedes albopictus 

	 [in Chinese]. Endemic Diseases Bulletin 
1994; a(2): 37-38


