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Introduction: Dengue Virus Infection (DVI) is one of cautious mosquito-borne virus disease that 
transmitted by Aedes aegypti and Aedes albopictus. Surabaya has the highest incidence rate of DVI 
in East Java. Transmission of dengue virus were significantly affected by the change of climatic 
factor components (precipitation, temperature, and humidity). This study is aimed to analyze the 
correlation between climatic factor components with the incidence rate of DVI in Surabaya and its 
distribution.
Methods: This is a cross-sectional study using analytic observational approach. The Incidence rate 
of DVI during 2010-2013 datas were taken from Surabaya Health Office. Climatic factor datas on 
the same years were taken from Juanda Meteorological Station. Correlation tests were performed 
by using Spearman Test. 
Results: As the result, there were 7,685 DVI patients during 2010-2013. Male patients have less 
proportion (51.89%). The highest DVI cases are from the age group of 5-14 years (>40%). Incidence 
rate of DVI was increased during February to April, and highest incidence rate occured in 2010 
(n=3,379). There were significant correlation between precipitation (r=0.419, p-value p=0.003) and 
humidity (r=0.502, p-value=0.000) with the incidence rate of DVI in Surabaya during 2010-2013. 
Conclusion: Therefore, precipitation and humidity are two climatic factor components that may 
effect the incidence rate of DVI in Surabaya.

Introduction
Dengue Virus Infection (DVI) is an infectious disease 
caused by one of arthropods borne virus with RNA genome, 
dengue virus. This flaviviridae family has 4 serotypes, 
those are DEN-1, DEN-2, DEN-3, and DEN-4. Dengue 
virus is carried and transmitted by Aedes aegypti and 
Aedes albopictus.1 DVI early discovered in sixties decade, 
and began to expand to the Southeast Asia country region, 
such as: Singapore, Malaysia, Sri Lanka, and Indonesia. In 
Indonesia, this disease firstly found in Surabaya on 1968, 
and shortly spread through all regions in Indonesia.2

Recent study shows that there has been an increased 
number, 30 folds of DVI cases in the last five decades. 
Southeast Asia region has labeled as DVI hyperendemic 

area since 2000. About 2.5 billion people at risk of infection 
every year.1 In Indonesia, DVI had spread in 33 provinces 
and 440 cities since 2010. Java island has Incidence Rate 
(IR) up to 65.62/100,000 and dan Case Fatality Rate (CFR) 
up to 0.87%.3 Surabaya is placed on the first rank of big five 
cities with highest incidence rate of DVI in East Java.4

Factors that affect amount of DVI cases are very complex, 
like population growth rate escalation, uncontrolled 
urbanization, and also vector control failure in endemic 
areas.2 Transmission pattern of dengue virus by mosquito 
is highly correlated with climatic factor components, this 
could be happened since dengue virus and its vector are 
very sensitive with climatic change, especially precipitation, 
temperature, and humidity.5 Global warming as one of world 
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biggest problem, also triggers an unpredictable climatic 
change. The increasing of air temperature from global 
warming caused vector distribute and invade to the host 
rapidly. Each component of climatic factor has different 
mechanism in affecting vector density.6 Furthermore, vector 
density has an important role in DVI cases endemicity in an 
area.7 Those factors also affect the number of morbidity and 
mortality of DVI patients, beside host immunity itself and 
geographical condition.2

Topographically, Surabaya included into lowland areas 
(height of <45 meters).4 As well as other tropical regions, 
Surabaya has two seasons. The rainy season lasts during 
November to April. Average precipitation is 172 mm and 
increased in the the rainy season up to 200 mm/months. 
Maximum temperature can reach 30oC, while the minimum 
temperature is 25oC.  Air humidity ranging from 47%-
88%.3 Due to each precipitation, temperature, and humidity 
pattern in each area and season, the fluctuation of incidence 
rate will also make different. In East Java, DVI cases are 
commonly found in early January and continuously increase 
a few months ahead.2 Study about this field is still lacking. 
Therefore, this study is aimed to analyze the effect of 
climatic factors (precipitation, temperature, and humidity) 
on the incidence rate of DVI in Surabaya.

Methods
This was a cross-sectional study. This study was conducted in 
Surabaya Principal Health Office and Juanda Meteorological 
Station Surabaya, started from November 2014 until March 
2015. We collected climatic factor components (precipitation, 
temperature, and humidity) and the distribution of DVI 
incidence rate by sex and age group from the date of January 
1st, 2010 to December 31st, 2013.

All datas obtained, processed and computed using SPSS 
for windows version 12 (IBM Corp.). Univariate analysis test 
was helped in illustrating the distribution of DVI incidence 
rate by sex, age group, and the fluctuation of each climatic 
factor components. Meanwhile, bivariate analysis was done 
using Kolmogorov-Smirnov test and Spearman Correlation 
Test with p<0.05 considerated as significant. 

Results
Overview of Dengue Virus Infection (DVI) Incidence
The table 1 shown below, presented the number of incidence 
rate of DVI during 4 years periods (2010-2013). 

Table 1. Incidence Rate of Dengue Virus Infection in 
Surabaya during 2010-2013

Year Total Cases Population Incidence 
Rate (IR)

2010 3,379 2,929,528 115.34
2011 1,008 3,024,321 33.33
2012 1,091 3,125,576 34.91
2013 2,207 3,200,454 68.96

The number of DVI patients in 2010 is the highest, compared 
to the other years. It was also recorded that the incidence rate of 
DVI tends to be high in the beginning of the year.It was found 
that the total number of DVI male patients during 4 years as 
many as 3,987 patients (51.89%). Meanwhile, the female 

were about 3,697 patients (48.11%). Although, there is little 
difference in 2012, it can be concluded that in 4 years (2010-
2013), the average of DVI patients between male and female 
is almost the same each year. DVI patients in Surabaya are 
divided into 5 age groups. From this study, >40% DVI patients 
during 4 years are people in the age group of 5-14 years and <1 
year age group (<5%) has the smallest percentage.

The fluctuation of  DVI patients in 4 years (2010-2013) 
is almost the same each year. Monthly distribution of DVI 
patients during the study periods can be seen in figure 1 below.

Incidence rate of DVI escalated from January to March, 
and also has a sharp decline from June-September. In 2010, 
there was an anomaly of incidence rate number, where in May 
and June the rate was still high, compared to other years. It 
can be concluded that the distribution patterns of DVI patients 
during 4 years were relatively the same.

Climatic Factor Components Variation Overview in 
Surabaya
Various climatic factor components data in Surabaya during 
2010 to 2013, consisted of 3 variables, those are precipitation, 
temperature, and humidity. Monthly precipitation in Surabaya 
is relatively high in December and decreased slowly with 
intensity remained high until April. Highest precipitation is in 
2010 (262.6 mm/month). Meanwhile, the lowest precipitation 
(116.4 mm/month) occurred in 2012. According to the 
Oldeman seasonal criteria, 2010 and 2013 were categorized 
as wet months (average precipitation of >200 mm/month). 
Meanwhile, 2011 and 2012 were categorized as moist months 
(average precipitation of 100-200 mm/month). 

The highest mean temperature was in 2010, about 27,97oC. 
Fluctuation in temperature each month as average of daily 
temperatures within 4 years not showing any significant ups 
and downs (relative low fluctuation). According to the Class 
I Meteorological Station Juanda Surabaya, the average of 
minimum temperature in Surabaya during 4 years about 
21.8oC-25.8oC and the average of maximum temperature about 
30°C-34.2oC. Of the two kinds of independent variables that 
have been described previously, humidity have more fluctuated 
each month. Highest average air humidity was occurred in 
2010 (79.42%). While the lowest humidity was occurred in 
2012 with an average of 76.12%.

The Effect of Precipitation on The Incidence Rate of DVI
Through the correlation test done, resulted that monthly 
precipitation affects the incidence rate of DVI patients 
(r=0.419, p=0.003). From the diagram below showed that in 
certain months with high precipitation will be followed by a 
rise in the incidence of DVI. See figure 2.

The Effect of Air Temperature on The Incidence Rate of 
DVI
From data analysis showed that air temperature is not 
significantly correlated on the incidence rate of DVI  (r=0.020, 
p-value=0.894) (Figure 3).

The Effect of Air Humidity on The Incidence Rate of DVI
The last climatic factor tested here is the air humidity and as the 
result, humidity is positively correlated to the incidence rate of 
DVI (r=0.502, p-value=0.000). See figure 4.
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Figure 1. Monthly Distribution of Dengue Virus Infection Patients

Figure 2. The Effect of Precipitation on the incidence rate of DVI Diagram

Figure 3. The Effect of Air Temperature on the incidence rate of DVI Diagram

Figure 4. . The Effect of Air Humidity on the incidence rate of DVI Diagram
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Discussion
Study about the effect of climatic factors on the DVI 
incidence rate give different result in each area. Surabaya 
with its topographic tend to has less temperature fluctuation 
but high and moderate precipitation and air humidity 
fluctuation. A result that must be highlighted from this 
study that air humidity is the strongest climatic factor that 
affect DVI incidence rate, followed by air humidity.

Alshehri (2013) stated that every year, about 2.5 million 
people worldwide are populations at high risk of DVI.8 
Many factors affect the incidence of DVI, one of the most 
highlighted and continues to be the target of intervention by 
a lot of researchers is the spread and density of mosquitoes. 
Several studies have shown that age is a variable that 
is considered strongly affect the incidence of DVI. In 
this study, age group with the highest DVI cases is 5-14 
years age group, while the age group with the smallest 
incidence is <1 year age group. This result is in contrast 
to a study conducted by Thai et al (2011), which shows 
that the highest incidence is in the adult age group (15-44 
year).9 Male patients percentage was slightly higher than 
the female. It is in line to a research conducted by Anker 
in 2011 that said in 6 Asian countries, the number of male 
patients was relatively higher in the 15-44 year age group.10

Therefore some influencing aspects of DVI. The 
first is related to the spatial aspect. Spatial aspect can be 
interpreted as an aspect that has a geographic reference. A 
region to the others have different characteristics on ground 
surface height, soil type, population density and behaviour, 
hygiene level, and many more.11 Geographical condition 
of Indonesia in general, and Surabaya in particular, with 
its tropical climate potentially become a hyperendemic 
DVI area. The development of complex urban area slowly 
degrade the quality of the environment and affect the 
expansion of the Aedes aegypti habitat. The tendency of 
people that highly active in economic bussiness impacts 
in to the gas emission and increases the earth average 
temperature by 1oC-3.5oC. Surabaya is an ideal place for 
the breeding sites of Aedes aegypti by having an average 
air temperature of 27.85oC with an average humidity of 
75.75%.12 

The second, DVI also need to be evaluated based on 
the temporal aspect. Through this aspect, researcher get a 
disease fluctuation pattern by the time.11 From this study, 
authors found that DVI cases in Surabaya is relatively 
high in February until April, then began to decline in May. 
Precipitation, air temperature, air humidity along with 
several other climatic factor components are several main 
contributors for the high number of DVI cases. Precipitation 
improves the transmission of vector-borne disease by supply 
more breeding places.13 Outdoor breeding places such as, 
dry waste bottles, cans, pieces of bamboo as fence, which 
is often found in the houses, is possible to collect much 
rain water and then become a better place to lay eggs.14 

Precipitation and air temperature influence the incidence 
rate of DVI interdependently. A rise in air temperature 
will accelerate evaporation and reduce the quantity of 
water in the breeding sites. Increased air humidity is 
strongly associated with vector adaptation in resting and 
breeding. A study has showed that increase in precipitation 
a few months earlier will be significantly improve larval 
density. In the water habitat, competition for space and 

nutrients are also affected by the water conditions in that 
place.15 However, precipitation itself is also a factor that 
can eliminate the breeding places by immerse all of them.13 

This might be an explanation about the correlation between 
precipitation and the incidence rate. Another explanation is 
when incidence rate is peak in February to April, increased 
precipitation has actually happened 3 to 4 months earlier. 
The results of this study are similar to previous research in 
Banjarbaru, South Kalimantan during 2005-2010.16 

WHO stated that the air temperature is correlated with 
the sustainability of vector. Correlation between solar 
radiation with DVI cases are indirectly because the light 
only affect the mosquitoes habit in foodseeking and find a 
place to rest. Aedes aegypti have a habit to rest in a dark 
place and shielded from sunlight, so are in the habit of 
laying eggs.12 Through correlation analysis, resulted that the 
air temperature variation within 4 years are about 29.29oC-
29.73oC, while variation in humidity are about 62%-92% 
with a mean annual air humidity of 77.83%. The result of 
this study is in line to the research conducted by Costa et 
al. (2010) that said, a condition with 35oC in temperature 
and 60% in humidity will decrease the oviposition rate of 
mosquito (an average of 54.53±4.81 eggs), while the air 
temperature of 25oC and 80% in air humidity are potential 
for vectors oviposition rate (an average of 99.08±3.56 
eggs).17,18 Air temperature in Surabaya, which tend to 
be higher, not illustrate a significant correlation on the 
incidence rate of DVI (r=0.020), whereas high humidity 
is met to the criteria for breeding sites and is a variable 
that correlates fairly strong (r=0.502). This result is similar 
to other studies carried out in different places.16,19,20 In 
contrast, Maslukha (2010) in her study at Sidoarjo during 
2005-2009, proved that air temperature significantly affects 
the incidence rate of DVI.21 For air humidity variable, 
this study results are not much different from the research 
done previously.16, 19 But, it is in contrast with the result of 
study by Fitriany et al. (2010). It might happened due to the 
short study period, so that the test result is less significant. 
According to Bhatia (2013), humidity gave the greatest 
correlation on the incidence rate of DVI, therefore air 
humidity has been discovered as the critical causal factor 
of DVI. The ability of mosquitoes to survive has decreased 
in dry conditions.12 Gobler in Roose (2008) mentioned that, 
humidity also affects the life span of vector.22 It is said that 
humidity is not directly correlated with DVI cases, but with 
the age of mosquitoes. At low humidity, the mosquitoes 
have not enough time to transfer the virus from the stomach 
to the salivary glands. Therefore, the mosquito requires a 
humidity of more than 60% to life longer and potentially 
breeds.18

In Indonesia, the difference of precipitation pattern is an 
important factor to determine how much climatic factors 
can affect the incidence rate of DVI. There are several 
factors that influence the incidence rate of DVI as much 
as climatic factors. Among these factors are urbanization 
and the making of artificial habitat for breeding sites. One 
more variable that mostly contribute is herd immunity 
that can change the demographic transmission of dengue 
virus.23 Furthermore, according to Reiter et al. (2003), 
socio-economic factor that vary in each region is a special 
contributor that should receive more attention. Indonesia 
as a developing country with most suburban communities 
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in it, has high potential to trigger the increased of vector-
borne transmission of the virus itself.24

In this study there is a factor that not examined because 
the study scope of DVI incidence rate assessment, is the 
number of free larvae. The number of free larvae assessed 
using an activity called vector surveillance. This action 
consists of routine practice in many endemic countries due 
to avoid the outbreak of DVI any time and also increase 
the wary. The standard protocol is specified with stegomyia 
invention, a form of immature vector (larval phase). 
However, this protocol weakly correlated with the density 
of adult mosquito population. A method that is more 
accurate, but still rarely applied is the discovery of an adult 
female Aedes aegypti.22

Conclusion
The highest incidence rate of DVI in Surabaya during 
4 years was in 2010. Generally, all climatic factor 
components have high variation each year, but the biggest 
average of precipitation, temperature, and humidity was 
in 2010. Highest amount of precipitation was found in 
December to April. Precipitation and air humidity are two 
climatic factors that give greater change to the incidence 
rate of DVI.
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