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ABSTRACT

Introduction: This study aims to identify the climatic and environmental factors in influencing the occurrence of 
dengue cases.  Methods: A systematic review is conducted in January 2021 and 581 potentially relevant records were 
searched among Scopus and Web of Science. All articles were retrieved in English language. After quality assessment 
and cross-checking by two independent researchers, finally, a total of 19 articles are eligible for this systematic re-
view based on the quality appraisal assessment by two independent researchers in the field. Results: Temperature, 
land surface temperature, relative humidity, rainfall amount, sunshine, hours of sunshine, land use, high density of 
buildings, high population density, air quality parameters and vegetative index were positively correlated on dengue 
cases. Wind run shows negative correlation on dengue cases. Conclusion: According to the results of the study, 
further investigation on climatic and environmental factors towards dengue cases are important in order to enhance 
their relationship. 
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INTRODUCTION

Change in climate can affect natural environment and in 
turn, can increase the rate of dengue virus transmission 
(1). Climate factors such as temperature, relative 
humidity and rainfall amount are significantly associated 
with the life cycle of dengue mosquitoes which resulted 
in high occurrence of dengue cases (2–4). Dengue is a 
climate-sensitive infectious disease which is caused by 
dengue viruses serotype 1 to 4 (DENV1-4), transmitted 
by Aedes mosquitoes. Severe dengue can lead to fatal 
complications because of fluid accumulation, plasma 
leaking, severe bleeding and respiratory distress (5). 
In view of the fact that dengue still does not have any 
specific treatment, the only control measure available is 
vector control. The vector control measure depends on 
many factors such as climate and environmental factors 

which can be a predictive tool in assessing the potential 
risk areas when the outbreak of dengue will occur (6,7). 
Predominantly, dengue cases depend on many 
factors such as travel history, herd immunity among 
community, mosquito abundance, epidemic potential of 
circulating virus as well as climatic and environmental 
factors. Global warming has caused change in climate 
and environment which include the sea level rise, 
temperature and changes in precipitation patterns. These 
changes can influence the dengue epidemiology through 
biological aspects of mosquitoes and incubation periods 
of DENV (8). Change in climate and environment can 
potentially increase the transmission of dengue cases 
by vectors such as Aedes aegypti mosquitoes. This 
species will be adapted along with other factors such as 
domestic environment, rainfall, humidity, dissemination 
of virus serotypes and temperature. 

In the 21st century, dengue has become a major global 
health issue. Almost half of the population is at risk of 
infection and the development of vaccines are still on 
clinical trials (9). World statistics of dengue cases have 
been increasing tremendously from 505, 430 cases 
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in 2000 to 4.2 million in 2019 (5). It shows that over 
the decade, the increment is about twice of the cases. 
The distribution of dengue cases involves more than 
100 countries in the world and the largest number of 
dengue cases was recorded globally in 2019, which 
accumulated to 4.2 million.

The statistics show the importance addressing the issue 
of dengue and the impact of climatic and environmental 
factors on its occurrence and prevalence. Therefore, it is 
very crucial to identify the climatic and environmental 
factors that can contribute to the increasing of the dengue 
cases which will imperil human health. Given the fact 
about dengue as a major health problem, we design this 
systematic review in order to identify the correlation of 
dengue cases, climatic and environmental factors. 

METHODS AND MATERIALS

Search Strategy: A systematic review was conducted 
in January 2021 using the electronic databases Scopus 
and Web of Science. The search was limited to journal 
articles published in English from 2010 to 2020. Articles 
underwent the process of identification, screening 
and eligibility through assessing the title and abstract 
which addressing the environmental factors or climatic 
factors corresponding to dengue cases. We applied 
a combination of the search terms: ((association* OR 
relationship* OR correlation*) AND (dengue case* OR 
dengue fever*) AND (air pollution index* OR air quality 
index) AND (climatic factor* OR environmental factor)), 
(association AND dengue cases) AND (environmental 
factors) in the automated searches. Articles were 
inspected accordingly based on the criteria. Two 
researchers, one who has background in Occupational 
Safety and Health Management (OSHM) and the other 
one who has background in applied entomology 
study for more than 10 years, worked independently 
on selection of the relevant articles by using the same 
search terms and cross-checking reference lists. Any 
further disagreement between two researchers was 
performed by a third member of the research team who 
has background in environmental technology study 
which resolve and evaluate that particular issue.

Inclusion and Exclusion Criteria: Researchers assessed 
all published studies during the 2010 to 2020, which 
focused on the association between dengue and 
environmental factors such as air pollution index, air 
pollution quality, particulate matter or climatic factors 
such as relative humidity, temperature, heat, rainfall 
amount, sunshine, hours of sunshine and wind run. 
The inclusion criteria were including epidemiological 
(ecological and cross sectional) studies, English as 
study language, and in the peer-reviewed journals that 
assessed at least one dengue and/or environmental factor 
in the title. Exclusion criteria were including studies 
which assessed the other environmental related diseases 
(such as Zika, Chikungunya and Malaria). Reviews, 

laboratory, empirical studies and qualitative studies, 
unpublished literature, studies with confusing results, 
studies with exhibiting bias or inconsistencies result, 
articles in proceedings of symposium or conferences 
that were exposed to selection or information bias in 
results were excluded.

Quality Appraisal: In quality appraisal, quality 
assessment process is conducted in order to evaluate 
all the identified articles. A check list of assessment is 
developed and adapted from a study by Alsolai & Roper 
(10). The main objective of this quality assessment is to 
evaluate selected studies which are relevant and answer 
all the research questions and fulfilled the inclusion and 
exclusion criteria of the study. Quality assessment was 
performed by two experts whom specializes in applied 
entomology and environmental technology study from 
Universiti Teknologi MARA (UiTM) and Universiti 
Malaysia Terengganu (UMT), respectively. Each question 
was scored in accordance as: Yes represents 1.0, Partly 
represents 0.5 and No represents 0. Total of scoring will 
determine the level of articles as Excellent (10.5 ≤ scores 
≤ 13), Good (6.5 ≤ scores ≤ 10), Fair (3 ≤ scores ≤ 6) 
and Fail (0 ≤ scores ≤ 2.5. Having discussed with the 
experts on any disagreement during scoring, researchers 
decided only articles ranked as excellent and good will 
be included and analysed at the final stage of review. 
Eventually, there were 19 articles were categorized as 
good and excellent and fulfilled the eligibility criteria, 
meanwhile 6 articles were removed and excluded from 
the study as their ranking were fair and fail.

Data Extraction: Data were extracted based on the 
quality assessment results. The records were entered 
into EndNote 8 (Thomson Reuters, New York, USA) 
and the duplication of articles were removed. The full 
review of the related articles based on the title and 
abstract was processed for final selection of articles. 
The methodological quality of selected articles was 
conducted based on the quality appraisal which were 
performed in sub section of quality appraisal. Extraction 
of articles were performed when each article contains 
authors, objectives, study areas, samples size, study 
type, statistical analysis used, climatic environmental 
variables and main results.

Selection process of articles was based on the process 
of identification, screening and eligibility as depicted 
in Figure 1. Altogether, 581 potentially relevant records 
were identified from two different databases and their 
references during the initial searches. After removing 
duplicates in Endnote software, 305 articles remained 
for the screening process which assessed through title 
and abstract. During the screening process, 259 records 
were removed and 46 records were assessed by full 
text. In the evaluation process of full text, 21 texts were 
removed and 25 full text articles were assessed for 
eligibility criteria. Finally, after excluding 6 articles, 19 
full articles were included in this systematic review.
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Figure 1 : Flow diagram of the study selection for the review process

RESULTS 

Overall, out of 19 articles that were obtained from the 
review process, there were 15 studies conducted in Asian 
countries which were 5 from India, 3 from Malaysia, 2 
from Indonesia and Thailand, respectively and a study 
from China, Vietnam and Taiwan, respectively. There 
were 2 studies from South America and one study each 
from Africa and Middle East country, respectively. 

Table 1 shows the characteristics (Article ID, title and 
authors, objectives, study location, samples and study 
period, type of analysis, variables used and results of the 
study) for all the selected articles. Most of the articles used 
variables such as temperature, land surface temperature 
(LST), rainfall amount, total weekly rainfall, rainy days, 
wet days, relative humidity, daytime humidity, night 
time humidity, wind run, sunshine, sunshine hours, air 
quality parameters (Coarse particulate matter (PM10), 
Ozone (O3), Carbon monoxide (CO), Sulphur dioxide 
(SO2), Nitrogen dioxide (NO2)), land use, high density 
of buildings, population density and vegetative index. 
Statistical analyses were performed using yearly data 
ranging from 1 to 18 years. Eleven articles evaluated 
the relationship of climatic factors and dengue cases, 
5 articles investigated on environmental factors and 4 
articles assessed both factors (climatic and environmental) 
on dengue incidence. Two articles used advanced 
statistical modelling of non-linear relationships between 

Table I Characteristics of selected articles 

Article 
ID

Title & Author(s) Objective(s) Location
Samples and 
study period

Type of 
analysis

Variables Main results

ID 1 Analysis of effects of 
meteorological factors 
on dengue incidence 
in Sri Lanka using time 
series data 
Goto et al. (21)

To examine the effects 
of meteorological 
factors on dengue in-
cidence by time series 
analysis of weekly data

Ratna-
pura, 
Colom-
bo and 
Anurad-
hapura

Weekly average 
maximum tem-
perature, total 
rainfall and num-
ber of dengue 
cases from 2005 
to 2011

Descriptive 
analysis, 
Linear 
regression 
analysis

Weekly 
average 
maximum 
temperature 
and total 
rainfall

All the variables 
did not have 
significant 
with dengue 
cases but total 
rainfall slightly 
influenced with 
dengue cases 

ID 2 A study of the correla-
tion between dengue 
and weather in Kandy 
City, Sri Lanka (2003 
– 2012) and lessons 
learned
Ehelepola et al. (11)

To identify a between 
dengue and weather in 
Kandy City, Sri Lanka

Kandy, 
Sri Lanka

Data dengue cas-
es and weather 
data from 2003 
to 2012

Wavelet 
time series 
analysis and 
cross-cor-
relation 
coefficients

Rainfall, 
temperature, 
humidity, 
hours of 
sunshine 
and wind

All variables 
correlated with 
dengue except 
for wind

ID 3 Ecological factors 
associated with dengue 
fever in a central 
highlands Province, 
Vietnam
Pham et al. (12)

To elucidate the link-
age between climate 
factors, mosquito 
indices and dengue 
incidence

Province, 
Vietnam

Data on dengue 
cases, mosquito 
larval indices, 
temperature, 
sunshine, rainfall 
and humidity 
from 2004 to 
2008

Poisson 
regression 
model

Tem-
perature, 
sunshine, 
rainfall, 
humidity

Dengue cases 
associated with 
all variables 
but inversely 
associated with 
duration of 
sunshine 

ID 4 Environmental factors 
can influence dengue 
reported cases
Carneiro et al. (1)

To understand the 
consequences of 
temporal variability of 
air temperature in the 
occurrence of dengue

Greater 
Sao Pau-
lo, Brazil

Data of dengue 
cases, climate & 
air pollutant con-
centration data 
between 2010 
and 2013

Pearson 
correlation

Tempera-
ture, hu-
midity and 
PM10

All the variables 
had statistical 
association 
with dengue 
cases except for 
temperature. 

CONTINUE
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Table I Characteristics of selected articles (CONT.)

 
Article 

ID
Title & Author(s) Objective(s)

Loca-
tion

Samples and study 
period

Type of 
analysis

Variables Main results

1D 5 Lag effect of climatic 
variables on dengue 
burden in India
Kakarla et al. (16)

To explore the 
relationship between 
El Nino Southern 
Oscillation (ENSO), 
and dengue cases 

India Report of dengue cas-
es, data of tempera-
ture and rainfall from 
2010 to 2017

Descriptive 
analysis, 
cross correla-
tion

Tem-
perature, 
rainfall

Both temperature 
and rainfall were 
positively asso-
ciated with the 
number of dengue 
cases.

ID 6 Role of climatic fac-
tors in the incidence 
of dengue in Port 
Sudan City, Sudan
Noureldin & Shaffer 
(14)

Describing the re-
lationship between 
climatic factors 
and dengue fever 
incidence in Port 
Sudan City

Port Su-
dan City, 
Sudan

Secondary data of 
dengue fever cases 
and climatic factors 
from 2008 to 2013

The Wilcox-
on rank sum 
test and mul-
tiple linear 
regression

Maximum 
and mini-
mum tem-
perature, 
relative 
humidity

All the variables 
correlated with 
dengue cases.  

ID 7 Analysis of the effects 
of rainfall on dengue 
incidence in the City 
of Delhi, India
Salam (17)

To assess the effects 
of seasonal rainfall 
on the incidence 
of dengue cases in 
Delhi

Delhi, 
India

Retrospective data of 
seasonal rainfall and 
dengue incidence 
from 2005 to 2015

Pearson’s 
correlation

Annual 
rainfall

Positive and 
weak correlation 
between annual 
rainfall and den-
gue cases

ID 8 Correlational analysis 
of air pollution index 
levels on dengue 
surveillance data: A 
retrospective study in 
Melaka, Malaysia 
Mohammad et al. (7)

To elucidate the as-
sociation between 
air pollution pa-
rameters on dengue 
vector density 

Melaka, 
Malaysia

Entomological data 
and air pollution 
parameters data from 
2013 to 2016

Correlation 
and Au-
toregressive 
Distributed 
Lag Models

O3, CO, 
SO2, 
PM10 and 
NO2

CO is the most 
air pollutant that 
contributed to 
the density of 
Aedes mosquitoes 
(r:0.310)

ID 9 Infection rates by den-
gue virus in mosqui-
toes and the influence 
of temperature related 
to different endemic-
ity patterns in three 
Colombian cities
Pena-Garcia et al. (15)

To assess the rela-
tionship between 
density, dengue 
cases and vector 
index

Rioha-
cha, 
Bello 
and Vil-
lavicen-
cio in 
Colum-
bia

Data on dengue cases 
and climate between 
2012 to 2013

Pearson’s 
correlation

Tem-
perature, 
precipita-
tion and 
humidity

Weak associations 
between density of 
the mosquitoes 

ID 10 Dengue fever outburst 
and its relationship 
with climatic factors
Alshehri (13)

To address the 
effects of climatic 
factors on Aedes 
aegypti mosquito 
density

Saudi 
Arabia

Data for climatic 
factors, mosquito 
density and dengue 
fever cases for years 
2004 to 2011

Descriptive 
and bivariate 
statistical 
analyses

Tem-
perature, 
relative 
humid-
ity and 
rainfall

Strong correla-
tion between all 
variables with 
mosquito density

ID 11 Influence of envi-
ronmental factors on 
dengue fever in Delhi. 
Bisht et al. (18)

To find correlations 
between incidence 
of dengue fever 
and environmental 
factors

Delhi, 
India

Dengue data and 
meteorological data 
from 2011 to 2016

Descriptive 
and correla-
tion analysis

Rainfall,
Humidity 
and tem-
perature

All variables are 
associated with 
dengue cases

ID 12 The climatic factors 
affecting dengue fever 
outbreaks in southern 
Taiwan: an applica-
tion of symbolic data 
analysis. 
Lai (19)

To elucidate the 
linkage between 
dengue fever inci-
dence and climate 
factors

Kaohsi-
ung city 
in Taiwan

Dengue fever and 
climatic data from 
2005 to 2014

Symbolic 
data analysis

Tem-
perature, 
rainfall, 
sunshine

All variables 
are significantly 
correlated with 
dengue fever 
incidence

ID 13 Climatic factors influ-
encing dengue hemor-
rhagic fever in Kolaka 
District, Indonesia
Tosepu et al. (22)

To understand den-
gue fever patterns

Kolaka 
District, 
Indonesia

Dengue fever and 
climate data for 
2010 -2015

Multiple lin-
ear regression

Rainfall, 
humidity, 
average, 
min and 
max. tem-
perature

All the variables 
are significantly 
correlated with 
dengue fever

CONTINUE
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Table I Characteristics of selected articles (CONT.) 

Article 
ID

Title & Author(s) Objective(s) Location
Samples and 
study period

Type of 
analysis

Variables Main results

ID 14 Impact of climate and 
land use variability 
based on dengue 
epidemic outbreak in 
Subang Jaya 
Nazri et al. (20)

To identify correlation 
between climate and 
land use factor towards 
dengue cases

Subang 
Jaya, 
Malaysia

Secondary 
data of dengue 
cases, meteo-
rological data 
and land use 
data from 2005 
to 2010

SPSS correla-
tion test

Rainfall, 
temperature, 
relative 
humidity and 
land use,

All the variables 
are positive 
correlated with 
dengue inci-
dence

ID 15 Ecological environ-
ment and socioeco-
nomic factors drive 
long-term transmission 
and extreme outbreak 
of dengue fever in 
epidemic region of 
China. 
Li et al. (24)

To investigate the 
long-term relationship 
between the ecological 
environment and socio-
economic drivers with 
DF transmission

City of 
Guang-
zhou, 
China

Data dengue 
cases, ecolog-
ical environ-
ment and 
socioeconomic 
factors from 
1998 - 2016

Principle 
components 
analysis

Population, 
population 
mobility, 
urbaniza-
tion, vector 
habitat

All the variables 
are correlated 
with dengue 
cases

ID 16 Revealing two dynamic 
dengue epidemic clus-
ters in Thailand.
Lim et al. (25)

To study the patterns 
and biological reasons 
for dengue outbreaks 

Thailand Data of climate, 
human popula-
tion, flight from 
2007 to 2018

Bayesian 
regime 
switching 
models

Climate, 
urban popu-
lation, urban 
land cover 
and flight 
passengers

All the variables 
are associated 
with the dengue 
outbreak

ID 17 Assessment of urban 
land surface tempera-
ture and vertical city 
associated with dengue 
incidences. Nakhapa-
korn et al. (27)

To study the association 
of urban land surface 
temperature with den-
gue incidence

Bangkok, 
Thailand

Data of dengue 
incidence and 
Digital map of 
Bangkok during 
2009 to 2014

Pearson cor-
relation and 
Bayesian 
hierarchical 
model

Land surface 
temperature, 
density of 
high build-
ings, 

All the variables 
are associated 
with dengue 
incidence

ID 18 Land use changes and 
cluster identification of 
dengue hemorrhagic 
fever cases in Bandung, 
Indonesia
Sari et al. (26)

To identify cluster areas 
and their correlation 
with land use 

Bandung, 
Indonesia

Data dengue fe-
ver and normal-
ized difference 
vegetation index 
(NDVI ) from 
2003 to 2013

Spearman 
correlation

Land use 
and vegeta-
tive index

NDVI had nega-
tive and positive 
correlation on 
2008 and 2012 
respectively

ID 19 Spatial density of Aedes 
distribution in urban 
areas: A case study of 
Breteau index in Kuala 
Lumpur (KL), Malaysia
Aziz et al. (23)

To establish spatial den-
sity of mosquito popula-
tion or breteau index (BI) 
in KL using GIS, RS and 
spatial statistic tools

Kuala 
Lumpur, 
Malaysia

Data of BI and 
meteorological 
for 2010

Pearson’s 
correlation 
coefficient 

Rainfall and 
hot spot 
localities

Strong correla-
tion between 
hotspot localities 
with High BI and 
monthly rainfall 
data

climate, environmental factors and dengue cases.

Determination on the correlation between dengue cases, 
climatic and environmental variables are demonstrated 
in Table II. Nine articles were found to positively 
correlated with temperature and 2 articles were 
positively correlated with LST. Researchers also found 9 
articles were positively correlated with rainfall amount 
or precipitation factor and 3 articles were positively 
correlated with sunshine or sunshine hours. Meanwhile, 
there is a number of articles that had a positive correlation 
with air quality parameters, land use, high density of 

buildings, population density and vegetative index (1- 4). 

Based on the results, the variables used for the study 
were temperature, land surface temperature (LST), 
rainfall amount, total weekly rainfall, rainy days, wet 
days, humidity, daytime humidity, night time humidity, 
relative humidity, wind run, sunshine, sunshine hours, 
air quality parameters (PM

10
, O

3
, CO, SO

2
, NO

2
), land 

use, high density of buildings, population density and 
vegetative index. In addition, we also observed several 
factors that have no correlation with dengue cases such 
as wind run and rainy days.
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Table II Determining the correlations of climatic and environmental variables with dengue cases

Factor Significant correlation Non- signifi-
cant correla-
tion

Additional explanation

Positive Negative

Temperature
Land surface temperature

2, 3, 5, 6, 7, 9, 
10,11,12
13, 17

4
Increase in temperature tends to shorten the extrin-
sic incubation period within the mosquito vectors 
which increases the growth rate of Aedes mosquitos

Rainfall
Total weekly rainfall
Rainy days 

2, 3, 5, 7, 9, 11,12,13, 
19

1
6

2

On dry seasons, rainfall might become not signifi-
cant and it is suggested to study intermediating vari-
ables such as water and sewage system at study area

Wet days 2

Humidity
Daytime humidity
Nighttime humidity
Relative humidity

3, 4, 9
2
2
2

The greater humidity, the higher the number of den-
gue cases
 

Wind run 2

Sunshine
Sunshine hours

3, 12
2

Increase in sunshine can lead to increase in tem-
perature and in turn can increase the occurrence of 
dengue incidence

Air quality parameters
PM

10
, O

3
, CO, SO

2
, NO

2
8

The gap between air quality parameters and dengue 
cases are at scarce

Land use
14, 15, 16, 18

Change in land use results in process urbanization 
which results in increase case of dengue due to 
modern practice, water and sewage system 

High density of buildings
17

High density of buildings results from change of land 
use and in turn increase the dengue variability and 
transmission of virus

Population density 15,16

Vegetative index 15,17,18
Note: The number in the table is referring to article ID

DISCUSSION

Prediction of the dengue outbreak can be investigated 
through the association of climate change, environmental 
factors and dengue incidence. This systematically 
review sought to investigate the main climatic and 
environmental factors influencing on dengue cases and 
how different types of these factors may influence the 
occurrence of dengue cases. Based on our findings, 
the following factors were positively correlated with 
dengue cases: temperature, land surface temperature 
(LST), rainfall amount, total weekly rainfall, wet days, 
humidity, daytime humidity, night time humidity, 
relative humidity, sunshine, sunshine hours, air quality 
parameters (PM

10
, O

3
, CO, SO

2
, NO

2
), land use, high 

density of buildings, population density and vegetative 
index. 

Most of the studies showed that temperature has 
positive correlation towards dengue cases (11–20). This 
is because the rises in temperature could increase the 
biting rate of the vector, reduced the extrinsic incubation 
period of the dengue virus, shortened egg to adult 
development time (11,16,19,20). It was also found that 
elevated temperature could associate with the increase 
dengue cases as the development of rate of virus was 
accelerated and increased life stages of Aedes aegypti  
(12). Temperature was also described as one of the factors 

influence in Vector Borne Disease (VBD) of the dengue 
and this occurred when global temperature increased, 
it enhanced the transmission rate of mosquito-borne 
diseases and allowed expansion the vector into new 
geographic regions (16). In other study by Noureldin 
& Shaffer (14) temperature significantly affected the 
survival rate of the mosquito, number of blood meals 
and could increase the transmission of virus. However, 
study by Pena-Garcia et al. (15) showed that temperature 
could negatively affect the virus transmission when at 
320C and its finding was supported by Alshehri (13) 
when the study mentioned that ideal temperature for 
Aedes growth was between 25oC to 270C. Land surface 
temperature (LST) is different with the air temperature 
because it is calculated using thermal remote sensing 
images from Landsat which measures the emission of 
thermal radiance from the land surface (21). Studies 
by  Alshehri (13) and Salam (17) showed positive 
correlation between LST and dengue cases. Hence, 
temperature factor is dynamically affecting the dengue 
cases and more research required to fill the gap between 
temperature and dengue incidence.

Most of the studies showed rainfall had a positive 
correlation towards dengue cases (11,12,15,16,18,23,24) 
except study by Goto et al. (22). This factor was further 
explained by Ehelepola et al. (11) as rainfall may increase 
breeding sites for the vector and deeper levels of water 



Mal J Med Health Sci 17(SUPP8): 158-166, Oct 2021 164

allowing mosquitoes to complete their development of 
life cycles. This was similar in study by Pham et al. (12) 
increased in the amount of rainfall lead to increase in 
breeding site and increased in the number of adult female 
mosquitoes which eventually increased the probability 
of viral transmission in community. Meanwhile, Kakarla 
et al. (16) found that relative risk (RR) of dengue tends 
to increase as cumulative weekly rainfall increased from 
40 to 60 mm then it decreased when rainfall exceeded 
80 mm. However, rainfall could be seemed as negative 
correlation during dry seasons, with condition water and 
sewage system must be included as the intermediating 
variables because the assumption between rainfall and 
dengue has no correlation if only the study area has 
good system of water and sewage. Thus, researchers 
believe there is still a need to conduct study on rainfall 
and other intermediating variables which can interfere 
with the dengue cases.

According to Carneiro et al. (1) relative humidity is the 
ratio of the amount of water vapor in the air at a specific 
temperature and at higher temperature the air may 
contain more water vapor than the same volume of air at 
lower temperature. They also mentioned that mosquito 
needs humidity and temperature ranging between 15oC 
and 35oC and study showed mosquito life span can drop 
from 10 to 7 days when temperature increased from 
27oC to 37oC. The findings were also similar with several 
studies (11,12,15). The association between temperature, 
relative humidity and dengue cases also could affect the 
infection rates (IR). Ehelepola et al. (11) found that when 
relative humidity and temperature was 25.1oC and 80% 
respectively, it was found to be positive correlation with 
dengue cases and this temperature range was supported 
by Carneiro et al. (1) when they found mosquito needs 
humidity and temperatures ranging between 15oC and 
35oC for their life cycle.

Based on our findings, wind run (wind run = wind speed x 
duration) showed negative correlation with dengue cases 
(11). It was contradicted with the assumption that wind 
might increase the range of vector mosquitoes which 
could increase the effect of transmission. However, it 
was further explained in this study that high population 
may negate the effect of the wind as mosquitoes could 
find a human to feed on without the wind which make 
them fly farther. Sunshine was associated with dengue 
incidence (12,19). This finding was similar with study 
Ehelepola et al. (11) which found hours of sunshine 
showed correlations between dengue incidence. It was 
observed hours of sunshine could influence the dengue 
cases when more solar radiation on Earth which could 
increase the temperature and in turn can lead to the 
rise in dengue. The association between sunshine and 
temperature on dengue cases were also correlated well 
(11,19).

The increase trend in dengue cases was also influenced 
by land use changes (20,25–27).  Land use changes 

were mainly due to the construction sites, commercial 
areas and industrial development which made that areas 
became exposed to the dengue virus (20). Change in land 
use did not only increase the resident’s density but also 
affecting the water and vegetation system which making 
the places became favourable for breeding and feeding 
sites for mosquitoes (25). In Thailand, study by Lim et 
al. (26) found that urbanization is strongly associated 
with increased dengue incidence and this was further 
elaborated by urban practices such as storing water 
in plastic containers which can enhance the potential 
breeding of vectors and could result in increased the 
vector’s viability at that particular area. These findings 
are homogeneous with a study performed in Bandung 
by Sari et al. (27). Association of land use change and 
land surface temperature (LST) had been studied (28) 
which found positive correlations between LST and high 
building density with dengue incidence.

Vegetation is one of the environmental factors including 
water receptacles and it becomes the main factor 
for vector habitat in study of dengue cases. Several 
studies also showed a positive correlation between 
vegetative and dengue cases (23,25,27). Finally, study 
by Muhammad et al. (7) showed that air pollution 
parameters were correlated with density of dengue 
vector. Air pollution parameters in this study were PM

10
, 

O
3
, CO, SO and NO

2
. It was observed that CO was 

the most abundant air pollutant that contributed to the 
density of dengue vector.

The information is required for implementing dengue 
outbreak systems and mitigating harmful effects of 
dengue virus. Having such information about what 
and how environmental and climatic factors can have 
impact on dengue cases are essential. However, this 
study is exposed to some limitations such as we studied 
only articles in English and these criteria could create 
language bias in our results. This study also found 
that the review about correlation study on air quality 
parameters on dengue are at scarce. Therefore, more 
comprehensive review is suggested to assess the effect 
of air quality parameters on dengue cases.

CONCLUSION

The main findings of this review study are that following 
climatic and environmental factors are found to be 
positively correlated to dengue incidence: temperature, 
land surface temperature (LST), rainfall amount, relative 
humidity, sunshine, hours of sunshine, land use, high 
density buildings, high population, vegetative index 
and air quality parameters (PM

10
, O

3
, CO, SO and 

NO
2
). Wind run had a negative correlation with dengue 

incidence. According to the study’s findings, climatic 
and environmental factors play important roles in 
forecasting dengue outbreak, and further research is 
needed to improve the connection between climatic and 
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environmental factors and dengue cases. Researchers 
also suggest more study on factor that identified as 
negative correlation such as wind run and it is necessary 
to take consideration and emphasize the factor of air 
quality parameters as the review about it is at limited.
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