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gackground: Dengue Hemorrhagic Fever (DHF) is an infectious disease caused by dengue virus and trans-
mitted through the bite of mosquito Aedes aegypti. Spreading of DHF and the occurrence of DHF cases are
strongly influenced by climate, but the relationship is not simple. The purpose of this research was to deter-
mine the relationship of DHF cases in Semarang city to air temperature, humidity, and rainfall in Semarang City
(from January 2011 to April 2016). Method: The rainfall data were obtained from 8 monitoring stations, while
the air temperature and humidity data were obtained from 1 monitoring station (Meteorology, Climatology and
Geophysics Board of Semarang City) from January 2011 to April 2016. The data of DHF cases (9,294 patients)
were collected from Health Office of Semarang City. A relationship between two variables i.e., air temperature,
air humidity, or rainfall with DHF cases was analyzed by Rank Spearman correlation test. Results: The highest
number of DHF cases yearly was found during January to April. The range of recorded air temperature i.e., 25.9

30.1 °C, correlation analyses showed that lower air temperature increased the number DHF cases or higher air
emperature reduced the number of DHF cases (p = 0.0001; r = —0.425). However, higher humidity (p = 0.0001;
r = 0.659) and rainfall (p = 0.0001; r = 0.465) increased the number of DHF cases. Conclusion: Higher air tem-
perature reduced the number DHF cases, but higher humidity and rainfall increased the number of DHF cases.
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INTRODUCTION dengue cases with 1317 deaths.” In 2015 the number of dengue

engue Hemorrhagic Fever (DHF) is an infectious disease
caused by dengue virus and transmitted through the bite of a
mosquito. Ae. aegypti is the primary vector, but other species
such as Ae. albopictus can also transmit the virus. Several factors
can influence the transmission of dengue ie., susceptible human
hosts, competent mosquito which is associated with their breed-
ing places during the rainy season, and suitable climate.!-?

Climate or weather pattern that occurs over many years can
affect the number of mosquito breeding sites.* Ideal air temper-
atures for optimal growth of mosquitoes are 25-30 °C." Rainfall
can increase mosguito breeding areas, but high moisture can drift
mosguitoes larvae and make them die. Climate change such as
transitional seasons marked by rain and high temperatures may
also cause several viruses to increase in number. On the contrary,
the dry condition can lower the ability of mosquitoes to live.”

In spite of the knowledge that climate affects dengue trans-
mission, DHF cases in Indonesia remain high and are the largest
in Southeast Asia.® In 2010 Indonesia was ranked as the largest
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cases in Semarang had increased by 6.7% or 1737 patients com-
pared to 2014.* Tt appeared that the relationship between climate
variables and dengue transmission are not straightforward and
long-term climate variability does not regulate long-term pall&ug
in transmission.” Therefore we carried out the following study to
analyze the relationship between cli (air temperature, humid-
ity, and rainfall) and dengue cases in Semarang City between
January 2011 until April 2016. We hope that the result of this
study can be used to design a preventive program by the respec-
tive authority in Semarang city.

2. METHOD

This research was observational descriptive and analytic study
using secondary data from Meteorology, Climatology, and
physics Board of Semarang City and Health Department o
Semarang City from January 201 IR April 2016. Bivariate anal-
ysis was conducted to analyze the relationship between two vari-
ables i.e., air temperature, air humidity, or rainfall with dengue
cases.

doi: 10.1166/as1.2017.9166 3283
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3. RESULTS
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The distribution of dengue cases by month for each year.

3.1. The Distribution of Dengue Cases by Month
Monthly cases of dengue during the years 2011-2016 (Fig. 1{A))
showed that increased number of dengue cases consistently
occurred during January to April with the highest number of
cases were found in January 2013 (Figs. 1(A and B)-488 cases).
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Fig. 2. Air temperature relationship with dengue cases in Semarang city.
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After April the number of dengue cases declined until December,
and the lowest number was found in November (Fig. 1(C)).
In 2011, the highest number of dengue cases occurred in March
as many as 215 cases and the lowest one 33 cases in November.
In 2012, the largest number of dengue cases (170 cases) occurred
in May, and the lowest occurred in August (51 cases). In 2014,
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Fig. 3. Humidity relationship with dengue cases in Semarang.

the lar

number of dengue cases occurred in March as many

as 196 cases, and the lowest number occurred in November as
many as 76 cases. In 2015, the highest number of dengue cases
occurred in February as many as 329 cases, and the lowest num-
ber occurred in October as many as 26 cases which were also
the lowest number of DHF cases during 2011-April 2016.

&. Air Temperature Relationship with Dengue Cases
igure 2 showed that air temperature was inversely correlated

to dengue cases with r = —0.

and p = 0.0001. Within the

recorded air temperature data 1.e., 259 to 30.1 °C, this rela-
tionship meant that the number of dengue cases increased as
air temperature lowered and vice versa. The highest number of
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Fig. 4. Rainfall relationship with dengue cases in Semarang.

3285




RESEARCH ARTICLE

dengue cases in Semarang city were found during January 2011-
April 201 00.8 cases, Fig. 2(C)) when the air temperature
was =27 °C (the lowest temperature data was 25.9 °C). The
minimum number of dengue cases were found during September
2015 to January 2016 with air temperature from 28.2 to 30.1 °C
(Figs. 2(A and B)).

3.3. Humidity Relationship with Dengue Cases

Figure 3 showed that air humidity was din:lly correlated to
dengue cases with r=0.659 and p = 0.0001. The highest number
of dengue cases during January 2011-April 2016 (218.8 cases,
Fig. 3(C)) were found when air humidity was =80%.

3.4. Rainfall Relationship with Dengue Cases

Figure 4 showed that rainfall was directly correlated to
dengue cases with r = 0.465 and p = 0.0001. The high-
est number of dengue cases during January 2011-Aprl 2016
(194.4 cases, Fig. 4(C)) were found when rainfall was above
200.01-400 mm/month.

4. DISCUSSION

Distribution of dengue cases over time was affected by the cli-
mate. In Indonesia, a climate cycle (transition) from rainy season
to dry season is changing and uncertain. This condition can be
advantageous to Ae. aegypti which can adapt to the situation
so that seasonal factors only affect the density of mosquitoes.”
Most dengue cases occurred in February to June with the high-
est cases (33.33%) in March.'"™'"" A swdy by F. Kennet (1993)
in Sitorus 2003 stated that as much as 120% increase in dengue
cases was followed by monthly rainfall of over 300 mm. He
also found that +2-3 months after a heavy rain, there would
be an outbreak of dengue fever. It appears that at the end of
rainy season dengue cases will increase as rainwaler becomes
abundantly available and serves as a potential breeding place of
Ae. aegypti."?

The highest number of DHF cases (200.8 cases) in Semarang
coincided with temperature <27 °C. On the contrary, the lowest
DHF ca (109.2 cases) were found at a temperature between
28.2°C to 30.1 °C. These results suggested that air temperature
affected directly the biology of mosquito within a narrow range
(=27 °C the highest number of cases compared to =282 °C
the lowest number of cases). It is known that the average air
temperature for optimum growth of mosquito is in the range of
25-30 °C. The air temperature has an influence on the devel-
opment rate of mosquito, mortality, behavior, viral replication
inside the mosquito, mosquito biting rate, resting and mating
behavior, as well as the spread and duration of the gonotrophic
cycle.*'* The extrinsic incubation period of the virus within
the mosquito is influenced in part by environmental conditions,
especially ambient temperature.'* Higher temperature reduces the
time required for the virus to replicate and disseminate in the
mu»;quilu,2 However, our data showed that at temperature <27 °C
appeared to be of benefit to the spread of the virus and hence
higher DHF cases. This result could be because the temperature
can interact with rainfall which regulates evaporation and fur-
ther affects the availability of breeding places associated water.
Therefore lower air temperature (=27 *C) could maintain and
favor the presence of breeding place associated water and hence
support vector growth. Vector growth with its harboring virus
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and the presence of susceptible human host nearby can increase
the occurrence of dengue cases.”

The result which showed that the number of dengue cases
increased in direct correlation to rainfall could be due to the
presence of Ae. aegypti mosquito breeding places. Ae. aegypti
populations depend on the breeding sites. High moisture which
lasts for a long time can cause flooding and consequently elimi-
nate the breeding sites of Ae. aegypti that usually, lives in water.
As a result, the number of mosquito breeding is reduced so that
the mosquito population declines. However, when rainfall is low
and long, it will increase the presence of breeding places and
hence mosquito populations. As with other vector based diseases,
dengue shows a pattern which is related to the climate especially
rainfall as it influences the spread of the vector (mosquitoes)
and the possibility of transmitting the virus from one human to
another."

Our result which showed that the number of dengue cases
increased directly about raising in air humidity may be due
to the effect of air humidity on the transmission of vectors.
Mosquitoes as vectors are sensitive to moisture’ and mosguitoes
ability to survive in dry conditions declines. The average thick-
ness has been found as the most critical factor in the climate
to disease relationship.”® As with other vector-based discases,
dengue showed an association with climate primarily because of
humidity affecting the spread of vectors (mosquito) and therefore
increasing the possibility of transmitting the virus. Also, moisture
measurement is the best climatic factor to predict the spreading
of DHE®

5. CONCLUSION

The highest number of DHF cases each year was found dur-
% the month of January to April. Climatic condition showed
that higher air temperature reduced the incidence of DHF (p =
0.0001, r = —0.425), but higher rainfall (p = 0.0001, r = 0.645)
and humidity (p = 0.0001, r = 0.659) increased the incidence
of DHE. The result of this research can be used as an input for
the program manager of Disease Prevention and Eradication of
Health Office in Semarang City in determining the strategy for
prevention and eradication of dengue disease in Semarang. It also
showed the importance of Meteorology and Climatology data in
determining such strategy.
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