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Abstract

Malaria is a leading cause of mortality and morbidity globally.
Land Use and Land Cover (LULC) change have been found to
affect the transmission of malaria in other regions, but no study
has examined such relationships in Nepal. Therefore, this study
has three aims: first, to analyze the spatial and temporal trend of
Malaria Incidence Rate (MIR) between 1999 and 2015, second to
assess LULC change between 2000 and 2010, and finally to
understand the relationship between LULC and malaria in Nepal.
The land cover types examined are forest, water bodies, agricul-
ture, grassland, shrubland, barren areas, built-up areas, and rice
paddies. The temporal trend of MIR and the relationship between
MIR and LULC were evaluated using Poisson and negative bino-
mial regression. Forest, water bodies, and built-up area increased
in Nepal by 0.8%, 8.2%, and 28.4% respectively, while other
LULC variables decreased between 2000 and 2010. MIR
decreased significantly in 21 districts; however, four districts,
namely Pyuthan, Kaski, Rupandehi, and Siraha, had a significant-
ly increasing MIR trend between 1999 and 2015. MIR was posi-
tively related to water bodies and rice paddies during 2001, 2002,
and 2003 but negatively related to grassland during 2010.
However, there was no relationship between LULC and MIR dur-
ing 2000, 2011, 2012 and 2013. This information will be helpful
for public health officials to increase control efforts in those dis-
tricts and in areas near water bodies and rice paddies to aid in their
effort to eliminate malaria from Nepal.
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Introduction

Malaria is one of the most significant public health prob-
lems worldwide (CDC, 2017). In 2018, 228 million cases of
malaria occurred globally, resulting in 405,000 deaths (WHO,
2019). Sub-Saharan Africa carries the highest share of the malaria
burden with 93% of the cases in 2018, followed by the South-East
Asia region with 3.4% of the total cases in 2018 (WHO, 2019).

Malaria, caused by the parasite Plasmodium and transmitted
by the infected female mosquito of the Anopheles species, is a
vector-borne disease that occurs in warm and humid environ-
ments. The initial symptoms of the disease, which include chills,
fever, and headache, may not be easily identified as malaria. It is
a preventable and curable disease; however, it can be life-threat-
ening if not treated in time (WHO, 2019).

The malaria transmission cycle is dependent on environmental
factors related to the parasite, the vector, and the human host
(WHO, 2018). Land Use and Land Cover (LULC) change are one
of the important environmental factors known to influence malaria
incidence and transmission (e.g. Lindblade et al., 2000; [jumba
and Lindsay, 2001; Yasuoka and Levins, 2007). Land use change
affects the distribution and abundance of vectors through habitat
modification and can even influence interactions between human
and mosquitoes (Vanwambeke et al., 2007). LULC variables such
as forests, water bodies, and agricultural practices such as rice cul-
tivation have been associated with malaria in several studies.

Forests and forests fringes are associated with malaria in
Southeast Asia and thus the term forest malaria is commonly used
in this region (Prothero, 1999; Bharati and Ganguly, 2013; Dhimal
et al., 2014b; Dhimal et al., 2014c, Ghimire, 2016). Water bodies
have a positive relationship with malaria transmission as they pro-
vide breeding habitats for mosquitoes and typically result in a high
mosquito density. Construction of dams in the Ethiopian high-
lands, Cameroon, the Uasin Gishu Highlands in Kenya, and other
areas have resulted in increased malaria transmission due to the
formation of large reservoirs behind the dam (Ripert and Raccurt,
1987; Khaemba et al., 1994; Ghebreyesus et al., 1999; ljumba and
Lindsay, 2001). Similarly, agriculture has influenced malaria
transmission in different countries. For example, the construction
of canal systems for irrigation caused an unprecedented malaria
epidemic in 1992 in several villages in the Thar Desert of north-
west India (Tyagi and Yadav, 1996 as mentioned in Sarkar ef al.,
2012). Within agriculture types, rice cultivation is often related to
malaria incidence and transmission because rice paddies are
flooded with water for a long time and thus provide suitable breed-
ing sites for mosquitoes that transmit malaria. In the rural parts of
central Cote d’Ivoire, the density of the principal malarial vector
was several-fold higher in irrigated rice paddies than in areas with
traditional crop cultivation, including vegetable cultivation
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(Koudou et al., 2005). Similarly, another study in the state of
Karnataka in India found that the rice cultivation was associated
with increased malaria incidence (Sarkar et al., 2012).

Nepal is also endemic for malaria. Malaria was a significant
cause of morbidity and mortality in Nepal throughout much of the
20th century (UCSF, 2015). To prioritize the vector control inter-
ventions, Nepal classified its 75 districts into four categories based
on Annual Parasite Index (API) in 2010 (DoHS, 2010; DoHS,
2011; Dhimal et al., 2014c). API is the total confirmed malaria
cases per 1000 population at risk (DoHS, 2009). Based on this
classification, there are 13 high-risk districts (API >1), 18 moder-
ate-risk districts (API 0.5-1), 34 low-risk districts (<0.5), and 10
no-risk districts (API=0), (EDCD, 2011; Dhimal et al., 2014c). The
two major vector control interventions used in Nepal are Long-
Lasting Insecticidal Nets (LLIN) and Indoor Residual Spraying
(IRS). LLINSs are distributed in high-risk areas through mass distri-
bution and in high-risk and moderate-risk areas through pregnant
women during their antenatal care visit to health care institutes
(DoHS, 2010). While, IRS is sprayed in selected areas including
epidemic outbreak, new settlements and development projects in
high-risk malarial areas, epidemic-prone situations, high preva-
lence of P, falciparum cases, and areas with drug-resistant malaria
(DoHS, 2010). With the vector control interventions, malaria has
been decreasing in Nepal significantly (Dhimal et al., 2014b;
Dhimal et al., 2014c) from 42,321 in 1985 (Dhimal ef al., 2014c)
to 991 in 2015 (DoHS, 2015). However, despite the declining
trends, malaria has expanded into new areas which were previous-
ly considered non-endemic (Badu, 2013; Bhandari, 2013; Dhimal
et al., 2014a; Dhimal ef al., 2014b; Ghimire, 2016). Besides, there
have been considerable changes in LULC in Nepal over the past
few decades (Uddin et al., 2014; Paudel et al., 2016), which can
affect the distribution of malaria. However, no study has attempted
to understand the association between malaria and LULC in Nepal,
and this research intends to fill this research gap. Thus, this study
aims to explore whether the Spatio-temporal distribution of malar-
ia in Nepal can be related to LULC variables. The understanding
of the links between LULC and incidence of malaria is of critical

importance to initiate effective policies for disease control. The
results of this study will inform government and public health offi-
cials about the association of these environmental variables with
malaria and will aid in the planning of control efforts. Such infor-
mation is vital for Nepal as it is aiming to be malaria-free by 2026
(DoHS, 2015).

Materials and methods

Study area

Nepal is a small mountainous country in the central Himalayas
with an area of 147,181 km? and a population of 26,494,504 in
2011 (CBS, 2014). It is a landlocked country bordering China in
the north and India on the other sides (Figure 1). It extends up to
800 km in length while breadth varies from 90-200 km. Within this
relatively short distance, the elevation varies greatly from about 60
meters above sea level in the south to 8848.86 m (at the summit of
Mt. Everest) in the north. Based on the elevation variation, Nepal
is broadly divided into three ecological regions: Tarai, Hill, and
Mountain.

The Tarai region that lies in the southernmost part of the coun-
try, ranges between 70 meters to 1000 meters. The land use types
of the region mostly consist of cultivated land, forests, swamps,
and urban areas (Ghimire, 2016). The climate is subtropical or
tropical, making malaria-endemic because the climate is suitable
for mosquito survival and reproduction. The Hill region ranges
between 500 meters to 3000 meters. The major land use types of
the region are forest, cultivated area, shrublands, and urban areas
(Ghimire, 2016). The Hill region has a temperate climate that sup-
ports year-round mosquito survival and reproduction (Ghimire,
2016). Finally, the Mountain region lies in the northernmost part of
the country. The elevation ranges between 3000 meters to 8848.86
meters. The land cover types of the area are grazing lands, rocks,
rocky outcrop, forest and permanent snow and ice (Ghimire,
2016). The Mountain region, having an alpine to sub-alpine cli-
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Figure 1. Major ecological and administrative division of Nepal.
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mate, is generally less hospitable for mosquito survival. For
administrative purpose, Nepal was divided into five develop-
ment regions, 14 zones, 75 districts, 130 municipalities, and
3,833 Village Development Committees (VDCs), (CBS, 2014;
Aksha et al., 2018). With the commencement of a new constitu-
tion in 2015, Nepal is now divided into seven provinces, and 753
various local bodies (including six metropolitan cities, 11 sub-
metropolitan cities, 276 municipalities, and 460 rural municipal-
ities), (Aksha and Emrich, 2020). This study is based on previ-
ous administrative units: the districts because the malaria data
was available for districts.

Data

Three datasets were used for the study: malaria cases, popu-
lation data, and land use and land cover (LULC) data. The avail-
able online record of annual indigenous malaria cases from 1999
to 2015 were obtained from the annual reports of the Department
of Health Services of the Government of Nepal (DoHS, 1999-
2013). The data included cases caused by both Plasmodium
vivax and Plasmodium falciparum. Out of 75 districts, only 58
districts were included in the study because 11 districts, mostly
located in the Mountain region, did not have any indigenous
malaria cases and six districts had five years or fewer with
malaria cases during the study period of 1999 to 2015. The dis-
tricts with no indigenous malaria cases are Solukhumbu,
Myagdi, Manang, Mustang, Humla, Rasuwa, Nuwakot,
Kathmandu, Bhaktapur, Dolakha and Jajarkot. The six districts
with malaria cases for less than five years are Rolpa, Baglung,
Khotang, Dolpa, Mugu and Darchula.

Population data for census years 2001 and 2011 were
obtained for each district from the Central Bureau of Statistics
(CBS), Nepal (CBS, 2014). The population for non-census years
between 2001 and 2011 was extrapolated based on the popula-
tion growth rate of the census years.

The raster layers of land use and land cover data prepared
using public domain Landsat TM were downloaded from the
International Centre for Integrated Mountain Development (ICI-
MOD) geoportal for the years 2000 and 2010. This dataset has a
spatial resolution of 30m and has been classified into eight class-
es: forest, shrubland, grassland, agriculture, barren area, water
bodies, snow/glacier cover, and built-up area. Classification cat-
egories are the same for both years. Additionally, the area of rice
paddies for all districts was obtained from the publications of
Ministry of Agricultural Development (MoAD), Government of
Nepal for 2000 and 2010 (MoAD, 2013). In addition to the agri-
culture land cover category, we also used rice paddies as an
additional LULC variable to understand its relationship with
malaria in Nepal. Many studies have shown that rice cultivation
is associated with increased malaria transmission (Sharma et al.,
1994; [jumba and Lindsay, 2001; Koudou et al., 2005; Jarju et
al., 2009). This is because rice paddies are flooded with water
for a long duration which provides elongated period of suitable
breeding habitats for mosquitoes.

Data preparation

Malaria incidence rate

For the data analysis, MIR was used instead of malaria case
data because MIR uses the total population of the district and
thus considers district wise differences in population across time
and space. MIR was calculated by dividing the malaria case data
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by population for each district in each year. The formula used for
calculating MIR was:

CPress

MR Malaria case of a district
"~ Population of that district

* 10,000

LULC data

The percentage of each of the seven classes of LULC from
ICIMOD data (forest, shrubland, grassland, agriculture, barren
area, water bodies, and built-up area) was calculated for all dis-
tricts for the years 2000 and 2010 using zonal statistics as table in
ArcGIS 10.4.1 (ESRI, Redland, CA). Area of rice paddies for all
districts obtained from MoAD reports were converted into percent-
ages. The change in percentage of each LULC variable between
2000 and 2010 was calculated for all districts. The change in
LULC for all of Nepal was then calculated by taking a sum of the
changes in all districts.

Poisson regression and negative binomial regression

The temporal trend of MIR from 1999 to 2015 and the relation-
ship between MIR and LULC variables were quantified using
Poisson regression and negative binomial regression because they
are most appropriate for count data (Evans and Adenomon, 2014).
Poisson regression and negative binomial regression models are
two different sub-types of Generalized Linear Models (GLM).
They are used for data that have probability distributions different
from a normal distribution (Kakchapati and Ardkaew, 2011; Evans
and Adenomon, 2014; Jumi, 2017). A Poisson regression model is
commonly used for modelling the number of cases of a disease in
a specific population within a certain time (Kakchapati and
Ardkaew, 2011; Jumi, 2017). In Poisson regression, the response
variable follows a Poisson distribution (Jumi, 2017), meaning its
variance is equal to its mean (Kakchapati and Ardkaew, 2011).
When the variance is greater than the mean, the data is over-dis-
persed, and the Poisson model is not appropriate for that data
(Kakchapati and Ardkaew, 2011). Disease count data are often
over-dispersed because of clustering (Kakchapati and Ardkaew,
2011; Jumi, 2017). In such case, negative binomial regression is
more appropriate because it contains an extra parameter that
allows the variance of the data to exceed its mean, i.e. it allows for
the over-dispersion (Kakchapati and Ardkaew, 2011; Jumi, 2017).
Several studies have used Poisson and negative binomial regres-
sion to understand malaria trends. For example, Kakchapati and
Ardkaew (2011) used negative binomial regression to model
malaria incidence rates from 1998 to 2009 in Nepal. They found a
decreasing MIR trend in Nepal between 1998 and 2004, then a
moderately increasing trend until 2008, and then again, a decreas-
ing trend after 2008. Jumi (2017) studied the trend of malaria inci-
dence in Jubek state, South Sudan using Poisson and negative
binomial regression and found that malaria incidence increased by
0.3% per week between January 2011 and October 2015. Similarly,
studied the trend of malaria prevalence in Minna, Niger state using
Poisson and negative binomial regression. They found that malaria
prevalence increased by approximately 6% every month from
2008 to 2012.

Poisson regression was used first when there was no over dis-
persion of the data, and if the result showed the over-dispersion of
the data, then negative binomial regression was used. Statistical
analyses were performed in JMP Pro 13 (SAS Institute, Cary, NC).
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Temporal trend analysis was performed for all districts individ-
ually using Poisson and negative binomial regression to determine
if MIR was increasing or decreasing with time. In this analysis, the
response variable was the MIR, and the explanatory variable was
the time in years (1999-2015) coded from 0 to 16.

The relationship between MIR and LULC variables was also
analyzed using Poisson regression and negative binomial regres-
sion. In this analysis, MIR was the response variable, and the dif-
ferent LULC variables were the explanatory variables. This analy-
sis was done based on two LULC maps of 2000 and 2010. For the
2000 LULC map, we evaluated its relationship with 2000, 2001,
2002, and 2003 MIR rates individually i.e. the relationship of 2000
MIR rate with 2000 LULC map; 2001 MIR rate with 2000 LULC
map; 2002 MIR rate with 2000 LULC map and so on. For the 2010
LULC map, we evaluated its relationship with 2010, 2011, 2012,
and 2013 MIR rates (Table 1). We included multiple MIR years for
each LULC map because we assumed that the LULC condition
may have impacts on mosquito reproduction and survival for both
current and the next two-three years. Moreover, we also assumed
that comparing the MIR and LULC only in 2000 and 2010 would
not be enough to understand the relationship.

Results

Trend of malaria incidence rate

Indigenous MIR decreased significantly from 206.2 in 1999 to
10.45 in 2015 in Nepal (Figure 2). However, to understand if this
was true for all districts, we carried out a trend analysis of MIR for
all 58 districts individually. Among 58 districts, 25 had statistically
significant trends of MIR, indicating that MIR was either increas-
ing or decreasing with time. Among the 25 districts, Poisson
regression gave statistically significant trends for 20 districts, and
negative binomial regression gave statistically significant trends
for five districts. For the rest of the districts, neither method result-
ed in statistically significant trends. The results (Figure 3, Table 2)
showed that 21 districts experienced a statistically significant (p <
0.05) decreasing trend of MIR between 1999 and 2015. However,
four districts, namely Kaski, Pyuthan, Rupandehi, and Siraha,
experienced a statistically significant (P<0.05) increasing trend of
MIR during the study period.

Land use and land cover and malaria incidence rate

Significant LULC change occurred in Nepal between 2000 and
2010 (Table 3). Among the LULC variables, built-up areas

increased by 28.4% over ten years. Other LULC variables, like the
forest, increased by 0.82% while grassland decreased by 8.04%.
Agriculture land decreased by 1.61%, rice paddies decreased by
1.51%, and water bodies increased by 8.17%.
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Figure 2. Annual malaria cases and malaria incidence rate in

Nepal from 1999 to 2015; Data source: DoHS (1999-2015).

Malaria Incidence

B significantly Increasing (p<0.05)
B significantly Decreasing (p<0.05)
[ | Insignificant (p=0.05)

Figure 3. Districts with significantly increasing and decreasing

trends of MIR.

Table 1. Regression model for relationship between LULC and MIR.

2000 MIR 2000 LULC 2000 Poisson/Negative Binomial
MIR 2001 LULC 2000 Poisson/Negative Binomial
MIR 2002 LULC 2000 Poisson/Negative Binomial
MIR 2003 LULC 2000 Poisson/Negative Binomial
2010 MIR 2010 LULC 2010 Poisson/Negative Binomial
MIR 2011 LULC 2010 Poisson/Negative Binomial
MIR 2012 LULC 2010 Poisson/Negative Binomial
MIR 2013 LULC 2010 Poisson/Negative Binomial
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MIR of 2000 had no significant relationship with any LULC
variables while MIR of 2001, 2002 and 2003 had a significant pos-
itive relationship with water bodies and rice paddies. During 2010,
the relationship changed and only grassland was significant LULC
variable for MIR. The relationship again changed during 2011,
2012 and 2013 when MIR of these three years had no significant
relationship with any LULC variables (Table 4). So, the relation-
ship between LULC and MIR have changed over time.

To understand if there are differences in LULC conditions in
districts that had statistically significant increasing MIR (increas-
ing districts hereafter) and districts that had statistically significant
decreasing MIR (decreasing districts hereafter), we compared the
average LULC percentage in four districts with increasing MIR
and 21 districts with decreasing MIR. The results showed that rice
paddies are greater in increasing districts as compared to decreas-
ing districts (Table 5). The grasslands are about double the percent-
age in decreasing districts than in increasing districts. However,
the percentage of water bodies was slightly higher in decreasing
districts than the increasing.

Besides rice paddies, grassland, and water bodies, the differ-
ence between forests and agricultural land were also distinct
between increasing and decreasing districts. Agricultural lands
were higher in percentage in increasing districts than in decreasing
districts. Similarly, forests were higher in percentage in decreasing
districts than in increasing ones.

Discussion

In this study, we assessed LULC change between 2000 and
2010, analyzed the spatial and temporal trend of MIR between
1999 and 2015, and examined the relationship between LULC and
malaria in Nepal. Our results showed that significant LULC
change occurred in Nepal between 2000 and 2010. Over the ten

e Risk Districts
,@, Mo Risk
* U Low Risk
I Moderaie Risk

I i Rk

Figure 4. Classification of districts with different risk of malaria
by DoHS (DoHS, 2011).

Table 2. Districts with statistically significant increasing/decreasing trends of MIR.

Bardiya 1748 23.05 (2001) 0.31 Decreasing Poisson -0.25 <.01
Bhojpur 8.6 8.6 (1999) 0 Decreasing Poisson -0.45 <.01
Chitwan 0.95 1.02 (2001) 0.09 Decreasing Poisson -0.18 <.01
Dang 222 5.58 (2001) 0.12 Decreasing Poisson -0.23 <.01
Dhanusa 17.23 17.23 (1999) 0.10 Decreasing Negative Binomial -0.21 <01
Jhapa 4.06 18.07 (2005) 0.29 Decreasing Negative Binomial -0.11 <.01
Jumla 0.69 1.14 (2000) 0 Decreasing Poisson -0.29 <.01
Kanchanpur 20.17 59.81 (2003) 0.35 Decreasing Negative Binomial -0.25 <.01
Parsa 0.43 0.43 (1999) 0 Decreasing Poisson -0.63 <.01
Saptari 2.05 1.9 (2000) 0.12 Decreasing Poisson -0.139 <.01
Terhathum 2.16 2.74 (2004) 0 Decreasing Poisson -0.28 <.01
Dhankuta 9.43 9.43 (1999) 0 Decreasing Negative Binomial -0.29 <.01
Sindhupalchok 0.85 2.45 (2003) 0 Decreasing Poisson -0.23 <.01
Dadeldhura 4.37 1142 0.54 Decreasing Poisson -0.11 <01
Surkhet 12.77 12.77 (1999) 0.82 Decreasing Poisson -0.11 <.01
Salyan 1.79 1.79 (1999) 0 Decreasing Poisson -0.54 <.01
Palpa 1.07 1.07 (1999) 0.12 Decreasing Poisson -0.1 <.01
Tanahu 0.13 0.13 (1999) 0 Decreasing Poisson -0.25 <01
Kavre 734 73.4 (1999) 0 Decreasing Poisson -0.61 <.01
Lalitpur 1.13 1.49 (2002) 0 Decreasing Poisson -0.35 <.01
Sindhuli 7.04 8.09 (2000) 0.63 Decreasing Poisson -0.19 <.01
Kaski 0.14 0.41 (2013) 0.04 Increasing Poisson 0.16 02
Pyuthan 0 0.55 (2006) 0.26 Increasing Poisson 0.285 <.01
Rupandehi 0 1.36 (2010) 0.66 Increasing Poisson 0.132 <.01
Siraha 0.04 0.99 (2006) 0.32 Increasing Poisson 0.115 01
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years, built-up areas increased by 28.4%; agriculture land
decreased by 1.61%; rice paddies have decreased by 1.51% while
water bodies have increased by 8.17%. The trend analysis showed
that 21 districts had a significantly decreasing MIR while four dis-
tricts had a significantly increasing trend of MIR between 1999
and 2015. The study further found that the MIR of 2001, 2002 and
2003 had a significant positive relationship with water bodies and
rice paddies, and the MIR of 2010 had a significant negative rela-
tionship with grassland. However, the MIR of 2000, 2011, 2012
and 2013 had no significant relationship with any LULC variables.
So, the LULC variables associated with MIR have changed over

CPpress

Table 3. Change in LULC between 2000 and 2010.

Forest 61481.99 62038.62 0.82
Shrubland 3466.23 3430.49 111
Grassland 16745.72 15412.77 -8.04
Agriculture 41007.28 40379.93 -1.61
Barren Area 14054.05 12596.15 -10.45
Water bodies 725.24 785.18 8.17
Built-up Area 423.01 543.6 284
Rice Paddy 14449.55 14231.65 -1.51

Table 4. Relationship between LULC variables and MIR.

time. Our result of the trend analysis that most of the districts had
a significantly decreasing MIR are consistent with the general
trend of decreasing malaria across the country as a whole (Dhimal
et al., 2014c). The declining trend is a very encouraging result for
the malaria control program as Nepal is preparing for malaria elim-
ination. However, our results showed that four districts, namely
Kaski, Pyuthan, Rupandehi and Siraha, had a significantly increas-
ing trend of MIR during the study period. This result differs from
the study done by Kakchapati and Ardkaew (2011) in which they
found that MIR was higher than average in Kailali, Kanchanpur,
Bardiya, Jhapa and Kavre districts. The difference might be due to
more longitudinal datasets (1999 - 2015) used in our study than by
Kakchapati and Ardkaew (2011), (1998 —2009).

The malaria control efforts are mainly concentrated in high-
risk districts, followed by moderate-risk districts, with the remain-
ing districts receiving less or no attention (DoHS, 2011; DoHS,
2017). Among these four districts with an increasing MIR trend,
Rupandehi and Siraha are located within the Tarai region while
Kaski and Pyuthan are in the Hill region. The four districts do not
fall into the category of high-risk malaria districts, according to the
Department of Health Services (DoHS) in Nepal (Figure 4),
(DoHS, 2013). Kaski and Pyuthan fall into low-risk districts while
Rupandehi and Siraha fall into moderate-risk districts. Thus, this
result is very important and should be considered in program and
policy formulation process as some moderate-risk and low-risk
districts, which get less malaria control interventions, are showing
a statistically significantly increasing MIR trend.

Our study also found that the relationship between LULC vari-

2000 2000 Not significant Not significant - - -
2001 Negative Binomial Positive Water bodies 1.59 <0.01
Rice paddies 0.08 0.03
2002 Negative Binomial Positive Water bodies 1.57 <0.01
Rice paddies 0.1 0.01
2003 Negative Binomial Positive Water bodies 1.08 <0.01
Rice paddies 0.11 <0.01
2010 2010 Poisson Negative Grassland -0.78 0.03
2011 Not significant Not significant - - =
2012 Not significant Not significant - - -
2013 Not significant Not significant - - -
Table 5. Average LULC percentage in MIR increasing and decreasing districts.
Agriculture 5291 51.87 38.81 38.60
Barren area 2.73 3.19 2.86 2.58
Built-up area 0.54 0.61 0.59 0.77
Forest 33.74 34.43 50.94 51.27
Grassland 241 2.65 4.38 4.03
Shrubland 1.61 1.74 1.19 1.17
Water body 0.58 0.46 0.73 0.83
Rice paddy 31.07 26.70 16.99 16.24
OPEN 8ACC ESS [Geospatial Health 2020; 15:855] [page 361]



ables and MIR have changed over time. None of the LULC vari-
ables were associated with MIR of 2000. MIR of 2001, 2002 and
2003 had a significant positive relationship with water bodies and
rice paddies. Water bodies and rice paddies provide favourable
breeding sites for mosquitoes, which may explain this positive
relationship. These findings are similar to other research that found
a positive relationship between malaria and water bodies and rice
cultivation (Ripert and Raccurt, 1987; Khaemba er al., 1994;
Ghebreyesus et al., 1999; [jumba and Lindsay, 2001; Koudou et
al., 2005; Sarkar et al., 2012). The MIR of 2010 had significant
negative relationship with grassland. The negative relationship
between MIR and grassland may indicate that grassland is not a
suitable habit for mosquitoes. The relationship again changed dur-
ing 2011, 2012 and 2013 as there was no significant relationship of
MIR of 2011, 2012 and 2013 with any LULC variables. The lack
of relationship between MIR and LULC variables during 2011,
2012 and 2013 may be because the MIR is decreasing overall, and
thus the influence of LULC variables is also decreasing. Our find-
ings are similar to what researchers have found in countries like
Tanzania and Gambia in Africa. According to these studies, in
endemic areas, the introduction of crop irrigation had little or no
impact on malaria transmission (Ijumba and Lindsay, 2001;
Koudou et al., 2005). In fact, in some sites, malaria transmission
was lower in irrigated communities than in surrounding areas, even
though there were more mosquitoes ([jumba and Lindsay, 2001).
The lower malaria transmission was due to two reasons: a) the
increased use of anti-malarial drugs and carefully planned malaria
control activities in the endemic regions; b) the economic growth
brought about by the production and sale of rice which improved
the standard of living of the people, who could then afford bed nets
and other control measures to protect themselves from mosquitoes
(Ijumba and Lindsay, 2001). Another study in Sri Lanka also found
that irrigated rice cultivation areas had a lower incidence of malar-
ia than non-irrigated areas possibly because of the differences in
the socio-economic status of those areas (Klinkenberg et al.,
2004). This explanation can potentially apply to Nepal as well. As
malaria control efforts have been scaled up in recent decades,
mainly in high-risk districts, the MIR is decreasing drastically in
those areas. Thus, the LULC variables now have less influence on
malaria incidence or transmission. However, as there are fewer
malaria control efforts in moderate and low-risk districts, some of
them are showing a statistically significant MIR increase, which
might be related to LULC. To understand if there are differences in
LULC conditions in increasing and decreasing districts, we com-
pared the LULC percentage in four MIR increasing and 21 MIR
decreasing districts. Rice paddies have been decreased by 1.51%
in the whole country. Similarly, they have decreased by about 4%
in increasing districts, and by about a percentage in decreasing dis-
tricts. Rice paddies are much higher in percentage in increasing
districts as compared to decreasing districts. It might be the reason
behind increasing MIR in four districts as compared to other 21
districts. Similarly, the finding that grasslands are about double the
percentage in decreasing districts than in increasing districts also
are consistent with the negative relationship between grassland and
MIR in our previous result. However, water bodies were slightly
higher in percentage in decreasing districts than in increasing dis-
tricts, thus contradicting our result of the positive relationship
between water bodies and MIR. However, this comparison is based
on average values of LULC variables in increasing and decreasing
districts, and thus the relationship can be different spatially in each
district. Unexpected findings from the study include the lack of
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relationship of MIR with forests. The high incidence or presence of
malaria near the forest belts in Nepal has been mentioned in sever-
al previous studies (WHO, 2011; DoHS, 2014; Sherchand ef al.,
1996 as mentioned in Ghimire, 2016). However, we did not find
any significant relationship between forests and MIR.

Several limitations were present in this study. Analyses were
conducted using the annual district-wise MIR that was available
online. The malaria data from lower administrative units like
municipalities and Village Development Committees (VDCs)
reported weekly and monthly could provide an improved under-
standing of the spatial and temporal malaria trend as well as its
relationship between LULC variables. A second limitation of the
study is that we have compared the total MIR of the district with
the total percentage of each category of LULC in that district as we
did not have the spatial location of individual malaria cases. The
analysis including fine-scale locations of both LULC and MIR
might give a different result. Furthermore, future studies can also
utilize high resolution remote sensing to classify land cover at a
finer scale to identify mosquito breeding habitats including rice
fields and pools of water. Then interventions can be targeted in
such breeding habitats to control malaria. An additional limitation
of this research is that it has only used LULC variables as explana-
tory variables for the malaria incidence. Additional factors that can
affect malaria include climate change, impacts of control efforts,
changes in socio-economic conditions of the people, distance to
health facilities, migration, and others. Thus, further research
should incorporate these factors into a more holistic study.

CPress

Conclusions

This study has important findings that improve our understand-
ing of the changing relationship between LULC and malaria in
Nepal. The findings show that there was a significant positive rela-
tionship of MIR with water bodies and rice paddies in 2001, 2002
and 2003; a significant negative relationship with grassland in
2010; and no relationship with any LULC variable in 2000, 2011,
2012 and 2013. The study also found a significant change in LULC
in Nepal between 2000 and 2010. Moreover, the study also found
that, contrary to the general trend of decreasing MIR in the coun-
try, four districts, namely Pyuthan, Kaski, Rupandehi and Siraha,
had a statistically significant (P<0.05) increasing trend of MIR
between 1999 and 2015.

The information regarding LULC features with a positive rela-
tionship with MIR and the four districts with an increasing MIR
trend will be important for public health officials. It will help them
to increase control efforts in those districts and in areas near water
bodies and rice paddies to aid in their effort to eliminate malaria
from Nepal. LULC change influence mosquito populations and
disease transmission risk, but transmission can be prevented
through control efforts and increased awareness among the people.
Vanwambeke et al. (2007) also suggested that control efforts and
education campaigns can reduce effects caused by LULC change.
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