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Abstract

Introduction Dengue continues to be a major health concern in the Philippines. This study aimed to
establish trends and correlations between the incidence of dengue and rainfall, humidity and temperature,
respectively, in the different regions.

Methods Using 2018 records obtained from DOH and PAGASA, correlations were made between monthly
measurements of climatic factors and the incidence of dengue using Pearson’s r, while maps and
interpolations were generated using quantum geographical information system software.

Results There was a significant positive but weak correlation between the incidence of dengue and rainfall
(r =0.379, 95% CI 0.255, 0.491; p < 0.001) and humidity (r = 0.215, 95% CI 0.080, 0.342; p = 0.002).
There was a significant negative but weak correlation between the incidence of dengue and temperature
(r=-0.145,95%CI-0.277,-0.008; p=0.039). A strong positive correlation was noted between the incidence
of dengue, and rainfall and humidity, respectively, in several regions. Multiple regression indicates that
rainfall, humidity and temperature are poor predictors of the incidence of dengue (R? = 0.1436, 0.0461
and 0.0209, respectively).

Conclusion This study showed overall a significant but weak correlation between an increased incidence
of dengue and heavy rainfalls and high relative humidity, and a weak negative correlation for temperature.
A high positive correlation of an increased incidence of dengue and heavy rainfalls and high relative
humidity was observed in several regions.
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have been limited local studies on the relationship
between the number of dengue cases and these climatic
factors.> Majority of the international studies have
concluded that these climatic factors are related with
the dengue case incidence while a significant minority
have suggested otherwise.*®

To contribute to the growing area of research on
dengue, the researchers used the Quantum Geographic
Information System (QGIS) as an innovative
tool to develop alternative means in conducting
epidemiological studies, to advance the knowledge
and understanding among high-risk communities, and
to encourage further promotion and implementation
of laws and healthcare programs to raise awareness
for dengue.” This is an analytic time-trend type of
ecological study because the study is not only looking
into dengue incidence over time in the different
regions but it is also the ecological association between
climatic changes over time and dengue incidence
across the regions. This study aimed to establish a
correlation between the incidence of dengue cases
and the predisposing climatic factors observed across
the regions.

The specific objectives of the study were to
determine recorded monthly and annual climatic
data per region and to determine recorded monthly
and annual number of dengue cases in. The study
then aimed to determine the correlation between
these variables through linear regression. In addition,
the study also aimed to create a geographical map
using the QGIS software to illustrate patterns of
correlation among the variables at a regional level
of assessment.

Methods

This was an analytical time-trend type ecological
study that determined relationship between the number
of dengue cases and climatic factors temperature,
relative humidity and average rainfall in the 17 regions
of the country in 2018. The number of dengue cases
per region was obtained from the Department of
Health (DOH) database.!® Information on the annual
and monthly climatic readings were obtained from
51 out of 58 Surface Synoptic Stations of Philippine
Atmospheric, Geophysical and Astronomical Services
Administration (PAGASA).

The incidence of dengue was defined as the
number of individual cases per 100,000 population,

VOL.9 NO. 2 « JULY -DECEMBER

as recorded in the DOH database.! All the data
on dengue cases retrieved from the DOH database
were included in this study, including the regional
and provincial data records of dengue cases and
deaths. Data was available for all 17 regions. The
climatic factors considered were temperature (°C),
relative humidity (%) and average rainfall (mm/m?).
Information about the annual and monthly climatic
readings were provided by the active stations of
PAGASA. Among the 58 Surface Synoptic Stations
(SYNOP) of PAGASA, 54 stations (93.1%) were
active in 2018; the inactive stations were excluded.’
Three more stations were excluded due to missing
readings for either temperature or humidity. All 17
regions of the country were included in this study.
The SYNOP is a representative station located in
certain cities per region where all meteorological
elements are measured at fixed observation times;
collated data are submitted to the PAGASA Central
Office.!! The climatic records used in this study were
from the PAGASA Central Office.

IBM SPSS Statistics software was utilized for
statistical analyses with regards to the correlation
between incidence of dengue and climatic factors.
Pearson’s correlation coefficient was used to measure
the strength of association among variables, and the
value of r determined the direction of the correlation.
Results were interpreted as positively correlated if
the value was in the positive range or towards +1;
no relationship, if the value was 0; and negatively
correlated if the value was in the negative range or
towards -1. Multiple regression was used to assess
the effectiveness of all climatic factors as predictors
for the incidence of dengue cases. The Quantum
Geographic Information System (QGIS) was used
to create representative maps to provide information
on correlations between the incidence of dengue and
the climatic factors as a form of geospatial analysis.
In order to visually appreciate possible correlations,
an increasing magnitude of the independent variables
were assigned with representative patterns using a
4 x 4 legend with two-dimensional axes (e.g., Figure
12).

This study was approved by the Ethics Review
Committee of the UERMMMCI Research Institute
for Health Sciences. Permission was obtained from
the DOH and PAGASA for the retrieval and use of
the data on dengue and climatic factors, respectively,
in accordance with the Data Privacy Act.!?
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Results

Figure 1 shows that the Ilocos (Region I) and
Cagayan (Region II) provinces, the Cordillera
Autonomous Region (CAR) and MIMAROPA
(Region IV-B) had the highest incidence of dengue in
Luzon. Central Visayas (Region VII) and Northern
Mindanao (Region X) had the highest incidence in
the rest of the country. The Autonomous Region in
Muslim Mindanao (ARMM) and the Bicol provinces
(Region V) had the lowest incidence of dengue in the
country. Figure 2 shows that the incidence of dengue
was highest during the second half of the year. The
peak for the Northern Luzon provinces (Region I, II
and CAR) was July to October while the Zamboanga
provinces and Northern Mindanao had a bimodal
peak.

As shown in Figure 3, there was a wide variation
in rainfall in the different regions. In 2018, the Ilocos
provinces (Region I) had the highest mean rainfall
at 956.72 mm/m? followed by CAR (815.39 mm/m?)
with a peak in August. Several regions had high
levels of rainfall from June to September. Eastern
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Figure 1. Regional incidence of dengue per 100,000 population

80 o
» o:
s\ III
/ \
. / \ A 1va
= ettt / \ _
iz b ¢ \ A A 1vb
z 60 p % \ s
= ’,A\"' 7 \ -
2. 3 v A \ -
2 /At ¥ S -
N V| X3 ¢ L 3 \ iI
2 2/ 3 4 \ o
2 7 o ,Ih * \‘\
3 £ '-,_\A //,... R “\ ¢ -
< A vl F N ®
o 4 AR YN W
& R0 SIS S S R :
o Y : 7 7‘_.’../.-- ---_;"—'-‘*'T/\ N \ ~
+ y 1/ SMN e ) \ % XII
& O L 14578 y b * 2R
o L o o s
9 :” .’..-k' ik A,f \Q:;,.s '''' By \ CAR
§ 20 S e TN | S i
o 4 % o XIII
k) &7 & &’ X -.-:-?\ ® xiiz
& B LA N ~ ® ncE
QOs LR A e
i S S "~
= e 9
Bt
0
Jun Jul Aug Sep Oct No Dec

Months in

012
2018

Figure 2. Monthly incidence of dengue in the Philippines by region.
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Visayas (Region VIII) and the Bicol area (Region V)  Region XII SOCCSKARGEN and ARMM had the
had their peak rainfall around December-January  lowest humidity. The mean temperature range was
(768.33 and 696.44 mm/m?, respectively). The  24.4-29.8°C with a peak in May as seen in Figure 5.
mean relative humidity ranged from 60.5 to 88.7%  January was the coldest month of the year.

and was highest in August, as shown in Figure 4.
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Figure 3. Monthly total rainfall (mm/m?) in the Philippines by region.
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Figure 4. Monthly relative humidity (%) in the Philippines by region.
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Figure 5. Monthly mean temperature (°C) in the Philippines by region.

As shown in Figure 6, the incidence of dengue
paralleled the amount of rainfall for the previous
month: an increase in rainfall in May was accompanied
by an increase in dengue cases in June. As the rainfall
increased from April to July, the incidence of dengue
also increased from May to August. A similar pattern
was observed for dengue and humidity, as seen in
Figure 7, but not for dengue and temperature (Figure
8). Statistical analysis revealed a significant positive
but weak correlation between the incidence of
dengue and rainfall (r = 0.379, 95% CI 0.255, 0.491;
p < 0.001) and humidity (r = 0.215, 95% CI 0.080,
0.342; p = 0.002). There was a significant negative
but weak correlation between the incidence of dengue
and temperature (r = -0.145, 95% CI -0.277, -0.008;
p = 0.039) as seen in Table 1. A strong positive
correlation was noted between the incidence of
dengue, and rainfall and humidity, respectively, in
the Northern Luzon regions, ARMM and Region
IV-B. Multiple regression as shown in Figures 9 to
11 indicates that rainfall, humidity and temperature
are poor predictors of the incidence of dengue
(R? =10.1436, 0.0461 and 0.0209, respectively).

Figure 12 depicts the incidence rate of dengue
and rainfall through bivariate analysis in map form for
July and March. The maps provide a representation
of the degree of relationship between the compared

variables. The pattern-legend indicated on each
figure can be used as a guide to understand the
magnitudes between dengue incidence and rainfall,
simultaneously. The varying patterns arranged from
left to right represent an increasing incidence of
dengue while the patterns from top to bottom represent
an increasing mean rainfall. The map for July shows
the highest rainfall and incidence of dengue in the
western part of Luzon, MIMAROPA, Western Visayas
and Northern Mindanao.
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Figure 6. Mean incidence of dengue (black) vs rainfall (gray) by
month (x-axis); left-hand y-axis is incidence per 100,000 population;
right-hand y-axis is rainfall (mm/m2)
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Figure 7. Mean incidence of dengue (black) vs humidity (gray) by
month (x-axis); left-hand y-axis is incidence per 100,000 population;
right-hand y-axis is relative humidity (%)

Figure 8. Mean incidence of dengue (black) vs temperature
(gray) by month (x-axis); left-hand y-axis is incidence per 100,000
population; right-hand y-axis is temperature (oC)

Table 1. Correlation of incidence of dengue and climatic factors by region.

Region

Rainfall

Humidity

Temperature

Aggregate
ARMM
CAR

NCR
Region I
Region IT
Region III
Region IV-A
Region IV-B
Region V
Region VI
Region VII
Region VIII
Region IX
Region X
Region XI
Region XII

Region XIII

0.379, 95% CI 0.255, 0.492, p < 0.001
0.753, 95% CI 0.315, 0.927, p = 0.005
0.730, 95% CI 0.269, 0.919, p = 0.007
0.246, 95% CI -0.382, 0.718, p = 0.441
0.900, 95% CI 0.674, 0.972, p < 0.001
0.570, 95% CI -0.006, 0.862, p = 0.053
0.683, 95% CI 0.179, 0.903, p = 0.014
0.113, 95% CI -0.493, 0.645, p = 0.726
0.718, 95% CI 0.245, 0.915, p = 0.009
0.286, 95% CI -0.344, 0.739, p = 0.367
0.314, 95% CI-0.317, 0.752, p = 0.321
-0.001, 95% CI-0.573, 0.575, p = 0.997
-0.196, 95% CI-0.692, 0.426, p = 0.542
0.069, 95% CI -0.526, 0.618, p = 0.831
0.000, 95% CI-0.574, 0.574, p = 0.999
0.009, 95% CI -0.567, 0.580, p = 0.979
-0.495, 95% CI-0.832, 0.110, p = 0.102

-0.785, 95% CI-0.937,-0.384, p = 0.002

0.215, 95% CI 0.080, 0.342, p = 0.002

-0.574, 95% CI-0.863, 0.000, p = 0.051
0.733, 95% CI 0.275, 0.920, p = 0.007

0.406, 95% CI -0.219, 0.795, p = 0.191
0.830, 95% CI 0.489, 0.951, p = 0.001

0.500, 95% CI -0.104, 0.834, p = 0.098
0.687, 95% CI 0.187, 0.904, p = 0.014

0.346, 95% CI -0.284, 0.768, p = 0.271
0.691, 95% CI 0.194, 0.906, p = 0.013

0.188, 95% CI -0.433, 0.688, p = 0.559
0.104, 95% CI -0.500, 0.640, p = 0.749
-0.014, 95% CI -0.564, 0.583, p = 0.965
-0.272, 95% CI-0.732, 0.358, p = 0.392
-0.203, 95% CI-0.696, 0.420, p = 0.527
-0.054, 95% CI-0.609, 0.537, p = 0.869
-0.222, 95% CI-0.706, 0.405, p = 0.488
-0.057, 95% CI-0.611, 0.534, p = 0.859

-0.895, 95% CI-0.970, -0.660, p <0.001

-0.145, 95% CI1-0.277,
-0.094, 95% CI-0.634, 0.507,p = 0.772
0.120,95% CI-0.487, 0.649, p = 0.709
-0.280, 95% CI-0.736, 0.350, p = 0.378
-0.098, 95% CI-0.636, 0.504, p = 0.762
0.462, 95% CI-0.152, 0.819, p = 0.462
-0.319, 95% CI-0.755, 0.312, p = 0.311
-0.193, 95% CI-0.690, 0.428, p = 0.547
-0.119, 95% CI -0.649, 0.488, p = 0.713
-0.032, 95% CI-0.552, 0.595, p = 0.922
0.271, 95% CI-0.359, 0.731, p = 0.394
-0.005, 95% CI-0.571, 0.577, p = 0.987
0.237, 95% CI-0.390, 0.714, p = 0.458
0.064, 95% CI-0.529, 0.615, p = 0.843
0.240, 95% CI -0.387, 0.715, p = 0.453
0.100, 95% CI -0.503, 0.736, p = 0.757
-0.265, 95% CI -0.728, 0.364, p = 0.405

0.230, 95% CI-0.396, 0.710, p = 0.472

-0.008, p = 0.039
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Figure 9. Correlation of incidence of dengue per 100,000
population and rainfall (mm/m?)
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Figure 10. Correlation of incidence of dengue per 100,000
population and relative humidity (%)
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Figure 11. Correlation of incidence of dengue per 100,000
population with temperature (°C)

Discussion

The incidence of dengue—being a mosquito-
borne disease —is expected to be dependent on
the life cycle of its vector, Aedes. As previously
mentioned, rainfall, humidity, and temperature are
expected to contribute to the progression of its life
cycle. This study observed an increasing incidence of
dengue cases during the typical rainy season in the
Philippines (June to September) but not from October
to December. The results showed a weak correlation
between the incidence of dengue with heavy rainfall
and high relative humidity, respectively. However,

Highest € Lowest

Rainfall (mm)

Figure 12. QGIS map showing rainfall and incidence of dengue in the different regions in July (left) and March (right)
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the negative correlation between the incidence of
dengue and temperature is not in accordance with
most studies in Southeast Asia which reported that a
higher temperature resulted in an increased population
growth of Aedes aegypti and the transmission of the
dengue virus.' A possible explanation for the findings
is that both mosquito vectors of Aedes aegypti and Aedes
albopictus are found here in the Philippines with the
former breeding in both indoors and outdoors, and
the latter breeding mostly in outdoors and is more
adaptable to changes in temperature.'® Hence, it may
be that some regions may have more of Aedes albopictus
resulting in the less significant impact of temperature
on the incidence of dengue compared with the regions
having less of the vector. However, no available
literature has been published on which specific regions
in the Philippines have Aedes albopictus as the more
predominant specie and hence, such assumptions
are difficult to ascertain. It is also possible that the
recorded range of temperature in this study may have
had no effect on the vectors as this may be the ideal
functioning range in terms of Aedes albopictus’ biology.

The results are consistent with studies which
observed that heavy rainfall led to an increased
transmission of dengue virus as it created abundant
outdoor breeding places, but are not in consonance
with studies concluding that heavy rainfall led to
reduced survival of the mosquito, translating into a
lower incidence of dengue.'®!” In addition, the results
showed a lag period between the increased rainfall and
higher relative humidity, and dengue incidence, where
the increase in rainfall and humidity preceded the rise
in incidence (Figures 6 & 7). This may be attributed
to the lag phase of the vectors’ growth cycle after the
appearance of a favorable breeding environment. This
might also explain a weaker correlation than expected
with dengue incidence versus the climatic factors on
a monthly basis.

This study showed strong correlation of the
increased incidence of dengue with heavy rainfall and
higher relative humidity, respectively, in Regions I, III,
IV-B and CAR, and a strong negative correlation in
Region XIII. The different finding in Region XIII is
difficult to ascertain given only the information of its
climatic factors. As mentioned, negative correlations
for humidity and rainfall were noted in parts of the
Visayas and Mindanao, indicating that there may be
a common factor in these regions that may explain
the data. It may be helpful to see the correlations of
the same variables in previous years to determine if
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a similar trend will be observed as the present study
was limited to a one-year observation period.

The maps produced from QGIS mapping software
provided a visual representation of the correlations
observed allowing an instant visual identification
and demarcation of regions at risk of having a
high incidence of dengue cases. There were several
limitations in this study such as the number of active
PAGASA stations per province and the dengue
serotype classifications. Confounding factors such as
population density, topographical differences, health
policies and education among the regions may have
resulted in current findings. Differences in the biology
and perhaps even adaptations of the mosquito-vectors
may have altered the expected results, specifically
for temperature. Given the seasonal variation in the
incidence of dengue, a time-series analysis rather than
multiple regression would have shown a more precise
relationship between dengue and the climatic factors
studied

This study showed that overall, there is a
significant but weak positive correlation between an
increased incidence of dengue, and heavy rainfall
and high relative humidity, respectively, and a weak
negative correlation for temperature. Strong positive
correlations for both heavy rainfall and higher relative
humidity were observed in Regions I, III, IV-B, and
CAR, and a weak negative correlation was observed
in Region XIII. Rainfall, humidity and temperature
are poor predictors of dengue. The reader is advised
to exercise caution in interpreting the results in this
study so as to not to commit the fallacy of ecological
interference, given that the aggregation of dengue
incidence and climatic factors at a regional level would
result in the loss or concealment of certain details
of information which can only be observed at the
provincial or city/municipality level.
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