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Global warming and malaria in Lao PDR:
A spatial epidemiological study
using earth observation satellite data
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(Abstract)

Background: Climate change is expected to impact the distribution of malaria, as its change affects
the distribution of Anopheles mosquitoes, the intermediate host of malaria. In order to provide evidence
contributing to malaria control in Lao PDR, the present study aimed to analyze the impact of global
warming on the distribution of malaria using earth observation satellite data. Methods: Malaria
distribution and earth observation satellite data (e.g. ground surface temperature and precipitation) of
Lao PDR between 2002 and 2015 was obtained. Structural equation modeling (SEM) was conducted to
identify the factors associated with malaria incidence. Results: SEM identified two factors independently
associated with malaria incidence: ground surface temperature and forested land. A rise in average
ground surface temperature of Lao PDR was observed. Specifically, the ground surface temperature
appeared to be rising faster in the capital city (194 C) and in Lao PDR as a whole (1.61TC), than in
the southern region where most malaria patients were observed (0.93C) during 2002 to 2015. The
ground surface temperature in the capital city was higher than in the southern regions, but malaria
was not endemic. In addition, Sekong province located in the southern region with few malaria cases
showed lower ground surface temperatures than adjacent malaria endemic provinces. Conclusion: To
our knowledge, the present study is the first in Lao PDR, based on actual data analysis, to report that
forested land is an important factor in addition to ground surface temperature when considering
malaria distribution. Global warming appears to be steadily progressing in Lao PDR, and it is important
to grasp, prevent, and intervene in the areas adjacent to malaria endemic areas where malaria patients

may have been suppressed due to the low temperature.

[Key words] Lao PDR, Climate Change, Vector Mosquito, Malaria, Earth Observation Satellite Data

1

1) Graduate School of Public Health, St. Luke's International University « 22 #&H1E RS B S R i A 22 22 )
2) Department of Tropical Medicine and Malaria, Research Institute, National Center for Global Health and

3) Earth Observation Research Center (EORC),

Medicine (NCGM) - EINZWFZER 386 N ENLEIBREERIT T8 > & —WF7Ep i 257 - ~ 7 1) 7 W EEp

Agency (JAXA) - FEINZWFZERIFEE NFHEMIZEMIZE R FERENE 50— F i Bl Et b ER Bl /e > & —

*Corresponding author.

2 2022%9AF27H %I 2022F12R6H

Space Technology Directorate I, Japan Aerospace Exploration



2

BEHOMERCE Vol9 20233,

(Japanese Abstract)
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I. Introduction

Malaria is an acute febrile disease caused by
Plasmodium parasites, which are transmitted to
humans through the bites of infected female Anopheles
mosquitoes”. Four specific parasite species that causes
human malaria are P. falciparum, P. vivax, P. malariae,
and P. oval. According to the latest report, in 2020,
nearly half of the world’s population was at risk of
malaria and there were an estimated 241 million cases
and 627,000 deaths”.

As climate affects the distribution of Anopheles
mosquitoes, climate change is expected to impact the
distribution of malaria. In fact, studies about the impact
of climate change on malaria have increased in recent
years. For example, climate change has been cited as a
potential cause for the persisting malaria incidence and
its notable increases in some areas® .

Earth observation satellite data, with their ad-
vantages in spectral, spatial and temporal resolutions,
have demonstrated great value in providing infor—
mation. Earth observation satellite has been collecting
environmental data (e.g. ground surface temperature,
precipitation, etc.) for decades that are crucial to the
understating of public health issues including early
warning systems for infectious disease” .

The present study aimed to analyze the impact of
global warming on the distribution of malaria in Lao
PDR using earth observation satellite data. The re-
sults provide important evidence contributing to ma-
laria control and elimination in Lao PDR.

I. Methods

1. Data sampling

To assess the impact of global warming on the dis-
tribution of malaria in Lao PDR, epidemiological data
and earth observation satellite data were collected.

For epidemiological data, all the available data on the
distribution of malaria (e.g. area, population, num-ber
of patients, malaria species, etc.) between 2002 and
2015 were collected from the Center of Malariology,
Parasitology and Entomology (CMPE), National Insti-
tute of Public Health (NIOPH), and Institut Pasteur du
Laos. Morbidity per 1,000 per year (API: Annual Par-
asite Incidence) and mortality per 100,000 per year
were calculated and analyzed by province and district.

Earth observation satellite data, including land
surface temperature, precipitation, and forested land
between 2002 and 2015, were obtained from the Japan
Aerospace Exploration Agency (JAXA), Public Health
Monitor and Analysis Platform (]PMAP)”. The
JPMAP utilizes MOD11/MYDI11 products as land sur-
face temperature data originally provided by the Na-
tional Aeronautics and Space Administration (NASA)
and United States Geological Survey (USGS), and
Global Satellite Mapping of Precipitation (GSMaP)
product as precipitation data provided by JAXA. Land
cover product developed by the European Space
Agency (ESA) Climate Change Initiative (CCI)
provided the forested land data. All the satellite data
were analyzed using Quantum Geographic Information
System (QGIS) 2.18.22 (Development Team- Open
Source Geospatial Foundation Project, 2018).
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2. Statistical analyses

After all the correlations were examined, Structural
Equation Modeling (SEM) analysis was conducted to
identify the factors associated with the API. The fit of
the model was examined in terms of degree of freedom
(df), chi-square (CMIN), and comparative fix index
(CFD)®. According to conventional criteria, a good fit
was indicated by CMIN/df < 2, and CFI > 097, and an
acceptable fit by CMIN/df < 3, and CFI > 0.95. All sta-
tistical analyses were conducted using SPSS version
24.0 and Amos 24.0 (SPSS Inc, Chicago, IL, USA).

II. Results

1. Malaria distribution data

In Lao PDR, while the population increased every
year between 2000 and 2014, the API showed a decline
until 2011 and an increasing trend since 2012 (Figure
1 ). Meanwhile, malaria mortality showed a steady de-
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Figure 1. Malaria trend in Lao PDR

Analysis of the API per district showed that malaria
is prevalent mainly in the southern provinces in Lao
PDR (Figure 2 ). Comparing the data for 2008 to that
of 2015, epidemics in the mid-west provinces were
subdued, while the southern region continued to
experience epidemics. In Champasack province located
in the southern region, the API was 33.17 in 2014. In
contrast, the API in Vientian (the capital city) was
never above 1.0 since 2000, and malaria is not endemic.
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Figure 2. Annual Parasite Incidence (API) by
district in Lao PDR

2. Earth observation satellite data

In Lao PDR, the average ground surface tempera-
tures were highest in the capital city, followed by the
southern provinces, mid-west provinces, Sekong, and
northeast provinces (Figure 3). Sekong is a mountain-
ous area located in the southern provinces, and the
ground surface temperature was lower than the adja-
cent malaria endemic areas. The ground surface tem-—
perature in Sekong was about the same as in the
northeast provinces of Lao PDR.
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Figure 3. Average ground surface temperatures per year
during 2002 to 2015 in Lao PDR

The average ground surface temperatures showed a
rise between 2002 and 2015 (Figure 3). The rise ap-
peared faster in the capital city (1.94C) compared to
that of Lao PDR as a whole (1.61°C). The rise in the
southern region between 2002 and 2015 was lower
where most malaria patients are found (0.93C). The
fluctuations of the temperature during 2002 to 2015

were similar in all provinces.
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Figure 4. Average ground surface temperature and
precipitation per year during 2002 to 2015 in Champasack
province, Lao PDR

Compared to the ground surface temperature, the
amount and yearly variation of precipitation was sta—
ble between 2002 and 2015 (Figure 4 ). Lao PDR has a
tropical monsoon climate, and has a dry season (No-
vember to April) and wet season (May to October).
During the dry season, the lowest monthly precipitation
in 2002 was 180 mm in January, and in 2015 the lowest
was 5.5 mm in February. Monthly precipitation in
during the wet season was highest in August with
2798 mm in 2002 and in August with 250.1 mm in 2015.

The forested land in Lao PDR showed decreases
every year (data not shown). The deforestation rate
was especially high in Champasack province, with 262.7
km® (1.9 % of the total area of the province) de-
forested between 2002 and 2015.

3. Structured Equation Modeling (SEM)

Based on the bivariate analysis, the SEM was built to
examine the factors associated with the API (Figure
5). As a result, SEM using data for years 2002 to 2015
except for the capital city, identified two factors inde-
pendently associated with malaria incidence: ground
surface temperate and forested land. Furthermore, a
decrease in forest area was associated with an increase
in surface temperature (p < 0.05), and an increase in
ground surface temperature was associated with an
increase in precipitation (p < 0.01). The SEM
adequately fit the data according to the conventional
criteria (CMIN/df = 1554, CFI = 0.996, and GFI =
0.997).

Forested land (%)

749.1*

Ground surface
temperature (°C)

3,25
122.6**

Precipitation (mm)

CMIN/df=1.554, CFI=0.996, GFI=0.997
All correlations were significant (*p < 0.05. ** p <0.01, ***p < 0.001)

Figure 5. Structured equation modeling (SEM) using
province data from 2002 to 2015, excluding data of the
capital city

IV. Discussion

The present study aimed to analyze the impact of
global warming on the distribution of malaria in Lao
PDR using earth observation satellite data and malar-
1a epidemiological data.

The malaria morbidity has been increasing since
2012 but mortality has declined since 2000 in Lao PDR.
In 2012, funding from the Global Fund increased the
number of tests, resulting in a sharp increase in the
number of infected humans. On the other hand, it can
be said that the mortality rate is decreasing due to the
spread of appropriate treatment.

The final SEM, using the data for years 2002 to 2015
excluding the capital city, identified two factors
independently associated with malaria incidence:
ground surface temperate and forested land (p < 0.05).
This suggests that the distribution of malaria vector
mosquitoes has been affected not only by in-creasing
ground surface temperature, but also by in-creasing
forested land suitable for mosquito ecology. Malaria in
Lao PDR are mainly forest malaria predom-inately
transmitted by Anopheles dirus”. Forest ecosystems
provide favorable conditions for the vector mosquitoes
and human community living in for-ests are also the
most challenging to diagnose and treat'” '?. The
findings confirm the need to consider the ecosystem
including the distribution of vector and malaria’ '

Most studies on climate change and malaria dis—
tribution focus mainly on ground surface temperature
and precipitation'” . While the results of the pre-sent
study supports this premise, in addition to tem-
perature, forested land may also be an essential factor
when considering the distribution of malaria. Although
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no studies have been reported in Lao PDR, the canoni-
cal epidemiological understanding is that deforestation
increases malaria risk in Africa and the Americas and

Y To our knowledge,

decreases it in South-east Asia
the present study is the first in Lao PDR, based on
actual data analysis, to report that forested land is an
important factor in addition to ground surface temper—
ature when considering malaria distribution.

In the Sekong province which is located in the
southern region but has few malaria cases, the ground
surface temperatures were lower than those in adja-
cent malaria endemic provinces, and were similar to
those of northeast provinces where malaria was not
endemic. Since Sekong province has a similar envi-
ronment to adjacent malaria endemic areas, the in-
crease In ground surface temperature might increase
the risk of distribution of vector mosquitoes and pa-
tients in this province.

A limitation of the present study is that the analy-sis
used district-based data. Improvements may be
possible by obtaining more detailed and precise data.
We are planning to carry out an analysis using the data
obtained from other earth observation satellites such
as radar satellites that can be observed in all-weather

conditions including the presence of clouds.

V. Conclusion

The ground surface temperature in Lao PDR was
positively associated with malaria incidence, and the
ground surface temperature has steadily increased
every year in Lao PDR. The analysis also showed that
the percentage of forested land was significantly asso—
ciated with malaria incidence which may be due to
vec—tor mosquito preference. In addition, it is important
to grasp, prevent, and intervene in the areas adjacent
to malaria endemic area, such as Sekong province,
where malaria patients have been suppressed due to
the low temperature in Lao PDR.
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