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Abstract

Dengue cases in Malaysia are on the rise and have worsened since last decade, and this has generally
been attributed to human actions. However, the effects of climate in this situation have been un-
der-mentioned. We argue that climate also plays a role in spreading dengue transmission and mul-
tiple studies have shown that climate and transmission of infectious diseases are closely intercon-
nected. Our evaluation examines how local climate influences dengue transmission by studying two
parameters, specifically local average surface temperature and average precipitation, and we as-
sume that a changing climate will influence the number of reported dengue cases and mortality
rates. We also study the potential impact of climate change on the transmission of dengue and its
distribution over a large geographical region, and have found that dengue and infectious diseases in
general tend to be widespread in regions with higher or increasing surface temperature.
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1. Introduction
1.1. Global Climate Observation

Current climate models predict that global surface temperatures may experience increases of up to 8°C and an
increase in carbon dioxide (CO,) concentration up to 1000 ppmv by 2100 [1] [2]. This increase will not only in-
fluence the future climate, but also other environmental systems which we depend on. Besides that, such
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changes can alter the behavior of infectious diseases and pose global health concerns [3]. The World Health Or-
ganization (WHO) noted that if the earth experiences a fast pace of climate change, the transmission of infec-
tious diseases will follow a similarly rapid trend, which in time could eventually become the sole cause of dis-
ease transmission [4].

1.2. Malaysia Dengue Overview

Located in equatorial Southeast Asia, Malaysia provides a suitable environment for infectious diseases to spread
all year-round [5]. Dengue in particular has a tremendous effect on the livelihood of communities in Malaysia.
Recent statistics released by Malaysia’s Ministry of Health (MOH) shows that Malaysia experienced a 59% in-
crease in the number of cases reported in January 2015 compared to similar period in 2014 [6]. Out of all the
number of cases reported, 44 proved fatal [6]. The MOH added that these numbers are increasing monthly, and
as of February 2015, 23,966 cases have already been reported this year with 62 fatalities. Figure 1 illustrates the
number of cases and mortality rates reported from January 2014 to February 2015. Overall rising trends are ob-
served in both shown datasets and it is predicted that the trend will continue in the near future. In addition, the
WHO findings placed Malaysia on a list of Southeast Asian and Western Pacific regions with a high number of
cases of reported dengue [6].

1.3. Climate as Drivers

Many studies posit human behaviors as the primary driving force for the rising trend observed in the reported
number of cases. Factors such as population growths, increased infrastructure, increased agricultural activities,
overcrowding, and sanitization are often associated with increased frequencies of dengue transmission in the
community [7]. In addition, increased travelling and shipping networks also play some role in distributing den-
gue locally and globally [8]-[10]. As for climate change, a study by Abdul Rahman (2012) argued that climate
change is most likely a minor player in the spread of dengue due to poor correlations between climate and his-
torical incidence. However, Banu et al. (2011) argued that the poor correlation might be due to lag-phases expe-
rienced during the transitions between local climate cycles.
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Figure 1. Reported dengue cases and mortality rates in Malaysia from January 2014 to February 2015.
The green line represents the number of cases reported in 2014, the purple line the number of cases in
2015, the blue line the number of mortalities in 2014, and the red line the number of mortalities in
2015. An overall rising trend is shown for both parameters. In addition, a sharp spike is observed be-
tween the months of June and July 2014 in both the number of cases and mortality rates. In 2015, the
number of reported cases jumps in the order of thousands compared with the same period in 2014,
with the mortality rate showing the same trend [6].
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We tried evaluating the role of climate in the transmission of dengue by using data from reported cases in
2014 and data which was made available from an international climate agency. Our goal is to find a correlation
between climate and dengue cases. Two parameters, in this case average surface temperature and average preci-
pitation, are used as proxies for climate. Since historical data is not available from the local meteorological de-
partment, we resorted to using historical datasets provided by the US National Climatic Data Center (NCDC).
We utilized three out of five different meteorological stations (MSs) in Malaysia as provided by the NCDC
(partly due to one of the MS’s lack of complete data, while another MS had no data from 1995 onwards)to
measure the average temperature and precipitation (Figure 2). These MSs are the Setiawan MS, the Kuching
MS, and the Sandakan MS. These three MSs cover large geographical areas in Malaysia and provide a relatively
good estimate of the country local surface temperature and precipitation. Statistical evaluation on monthly tem-
peratures and precipitation are illustrated in Table 1.

2. Analysis

We first examined correlational data to investigate the relationship between the monthly average surface tem-
peratures and the number of reported cases (Figure 3(a)). The monthly average surface temperature from three
MSs for year 2014 is 23.7°C (n = 12, ¢° = 0.34, oy =0.58, R” = 0.2448). We observed no particular overall
trends in compared datasets but we did however observe two distinct relationships in the months of February
and May. It is shown that in February, when the average surface temperature dropped, the number of reported
cases increased, and vice-versa in May. We have also observed a rising linear trend in the average temperature
profile where (R? = 0.2248). However, the result obtained differs from most available literature since studies
conducted have all concluded that dengue spreads fairly well at higher temperatures and not the other way
around [15]. Carrington et al. (2013) added that dengue vector, Aedes aegypti, is particularly competent when
the temperature ranges from 20°C to 30°C. We also noted that there is a transition between the northeast mon-
soon and southwest monsoon in May, when local temperature and precipitation distribution in Malaysia is af-
fected [12]. The northeast monsoon is often associated with cold surges while the southwest monsoon causes
warm ones [12].

Next, we set up the correlation to investigate the relationship between the monthly average precipitation and
number of reported cases in 2014 (Figure 3(b)). It is recorded that the average precipitation for 2014 from all
three MSs is at 177.5 mm (n = 12, ¢° = 12690.1, o, =112.7, R? = 7E"®). There are no particular overall trends
for both datasets tested, similar to the observation in Figure 3(a). However, we managed to distinguish two sets
of trends, one for the months of February to March as well as September to December. Both sets show a distinct
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Figure 2. A triangular grid representing the geographical area covered by meteorological stations in Setiawan, Kuching, and
Sandakan. These particular stations are selected because data from them is available from the NCDC. The triangular grid
encompasses one location on the peninsula and two locations in East Malaysia (on the island of Borneo). The average area
coverage within the triangular grid is approximately 400,000 km?. Map image and grid utilized ArcGIS software [23].
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Table 1. Statistical evaluation on monthly surface temperatures and precipitation measured at three meteorological stations
in Malaysia. Datasets are provided by the NCDC [11].

Month Jan Feb Mar Apr May  Jun Jul Aug Sept Oct Nov Dec
°C? 22.7 225 23.7 24.1 24.4 24.3 23.9 23.6 23.8 23.9 23.9 23.9
Average
mm® 452.0 184.9 28.1 97.3 1114  96.6 94.8 2248 1224 1532 2238 3106
Standard  TEMP- 0.31 0.35 0.36 0.61 017 055 0.10 0.35 0.35 0.56 0.44 0.46
Deviation  proc 31799 17155 7344 15312 66.94 87.10 12500 19207 6212 11154 5152 19184
Temp. 0.18 0.20 0.21 0.35 0.10 0.32 0.06 0.20 0.20 0.32 0.25 0.27
Error
Prec. 18359 99.04 4240 8840 3865 50.29 7217 11089 3586 6440 29.75 110.81
ANOVA single factor test.
Source of Variation Conditions SS df MS F P-values  Ferit Note
Temp. 2.317 2 1.1586 2.981 0.065 3.285 Null hypothesis accepted®
Between Group
Prec. 116722.7 2 58361.33  2.235 0.123 3.285 Null hypothesis accepted®
Temp. 12.856 33 0.3887
Within Group
Prec. 861598.2 33 26109.04
Temp. 15.143 35
Total
Prec. 978320.9 35

“Original values are measured in degrees Fahrenheit and converted to the centigrade scale. "Original values are measured in inches and converted to
the meter scale. °H, = Temperature influenced the rising number of dengue reported cases in Malaysia. °H, = Precipitation influenced the rising num-

ber of dengue reported cases in Malaysia.

25000 +

20000 1 Re=0.244

15000

10000

Number of reported cases

5000

2 3 45 6 7 8 9 101112

@) Months

r 25

[ 24

- 23

25000 700
| 600
245 20000 £
ORI ] S
> 8 500 ¢
5 3 2
& € 15000 8
5 o 400 o
AN e 2 'S
- 23.5 g g It
5 300 &
© £ 10000 o
g 3 g
S L 200 &
z Z Z
5000
- 22.5 - 100
Re= 7E-05
22 0 — 0

12 3 45 6 7 8 9 10 11 12

(b) Months

Figure 3. (@) Number of reported dengue cases and average temperature in Setiawan, Kuching, and Sandakan MSs; (b)
Number of reported dengue cases and average monthly precipitation in Setiawan, Kuching, and Sandakan MSs. The red line
represents the average monthly temperature while the two blue lines represent the number of reported cases each month. The

orange line represents the average monthly precipitation.

lag after months when heavy precipitation occurred. Banu et al. (2011) explained this by stating that numerous
studies have shown similar lag-phase behavior between the transmission of dengue after a rainy period and these
lag-phases can be attributed to numerous biological factors. We have also observed a small rising trend
(R*=7E™®) in average precipitation, but it is negligible and unlikely to contribute significantly towards the
spread of dengue. A study conducted by Thu et al. (1998) [14] observed that the developmental cycle of dengue
normally peaks during the rainy season and slowly decreases towards the dry monsoon period. It is also noted
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that dengue is positively correlated with increased rainfall since outbreaks normally occur within this period [15].
We noted that the heavy precipitation-causing northeast monsoons are predominant during this period [10].
Conversely, Malaysia experienced an intense drought in February and March, which explains the huge drop in
average precipitation in Figure 3(b) [16].

Using the correlations obtained for average surface temperatures, average precipitation, and the number of
monthly reported cases, we then proceed to infer how climate change might influence the future transmission of
dengue in Malaysia. Although our results do not show the intended positive correlation between temperature and
precipitation in increasing dengue transmission, we assume that with the predicted increase in global tempera-
tures, the number of reported dengue cases would continue to fluctuate depending on how global warming af-
fects regional and local climate. Our predictions of a fluctuating number of cases are supported by an argument
from McMichael et al. (2006) [17] where although an increased surface temperature might support the growth of
dengue, the availability of watersheds for vector reproduction will ultimately decide whether it can continue its
transmission cycle. Furthermore, we also noted the impacts of climate change on modifying the strength and pe-
riodicity of local monsoons. Since monsoons are thought to influence dengue transmission, climate change can
offset and weaken these monsoons through time by influencing local temperature variation and precipitation,
and by extension affecting the transmission of the disease [18].

3. Future Predictions

With the increase in global temperatures, the transmission of dengue can spread across larger global geographi-
cal region (Figure 4). Our view is augmented from Abdul Rahman’s (2012) and Patz et al. studies (2003) [20],
which they state that climate change has the capacity to directly affect the potential transmission rate of infec-
tious disease and spread them over large terrestrial areas. De Souza et al. (2012) added that climate change can
cause the migration of infectious diseases into newer regions and this can lead to safety hazards for local com-
munities while inducing immunological stresses in sterile individuals. In Figure 4, it is illustrated that the future
transmission area of the similar mosquito-borne disease malaria is expected to surpass the current longitudinal
boundaries tropical and sub-tropical zones by 2050. Dengue, which is similar to malaria for mode of transmission,
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Figure 4. Geographical areas currently and expected to be affected by Malaria. Yellow-shaded regions represent the current
distribution of Malaria vectors worldwide. Red-shaded regions represent the possible extent of Malaria distribution by 2050
following climate change. Dengue which has similar mode of transmission as Malaria is expected to follow the distribution
observed. Figure adapted from De-Souza et al. (2012) of which they utilized UNEP’s Global Risk Data Platform [19].
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is infectious and competent within a temperature range from 16°C to 38°C [13]. With the predicted increase of
global surface temperatures within the next century, regions bordering Malaysia and other dengue-infected re-
gions might experience increased dengue transmission.

4. Discussion

Although future cases of dengue transmission are difficult to predict, it is important to note that there are ma-
thematical models that can be used to study the global transmission of infectious diseases. The utilization of
these models will not only help Malaysia to restrict the prevalence of dengue, but they can also help local hos-
pitals and clinics prepare for the outburst of a dengue endemic during certain times in the year. Keeling and Da-
non (2009) [21] show that the current mathematical models used to model infectious diseases with climate
change as a parameter are solid and can be utilized to predict the future transmission of any particular infectious
diseases. In addition, modeling often helps clinicians to prepare for any major epidemics and allows intervention
planning in the case of a disease outbreak [22]. However, it is argued that due to the complexity and dynamics
of vectors and hosts, mathematical models can only provide limited information that renders them far from be-
ing accurate.

Our analysis provides details of the influence of climate on the rising number of dengue reported cases in
Malaysia. We provide a small scale climate-disease analysis that spans a year, but this is insufficient to pinpoint
climate as major cause in the recent increase in dengue transmission. However, promising data regarding the in-
fluence of climate change on monsoon seasons allow us to we predict that with the projected increase in climate
variation, transmission of dengue in Malaysia will also change. Unfortunately, Malaysia lacks the information
needed to provide a full-scale analysis of the impact of climate on dengue transmission, since both the MOH and
the Malaysian Meteorological Department did not have databases of previous datasets made available for public.
We recommend that more studies to be conducted in order to better understand the influence of climate on den-
gue transmission in Malaysia, as well the setting-up of data bases by government agencies to store past informa-
tion on climate and health-related statistics which will prove invaluable in conducting future research.
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