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Abstract

Background: Land use change has increasingly been expanding throughout the world in the past decades. It can
have profound effects on the spatial and temporal distribution of vector borne diseases like malaria through ecologi-
cal and habitat change. Understanding malaria disease occurrence and the impact of prevention interventions under
this intense environmental modification is important for effective and efficient malaria control strategy.

Methods: A descriptive ecological study was conducted by reviewing health service records at Abobo district health
office. The records were reviewed to extract data on malaria morbidity, mortality, and prevention and control meth-
ods. Moreover, Meteorological data were obtained from Gambella region Meteorology Service Center and National
Meteorology Authority head office. Univariate, bivariate and multivariate analysis techniques were used to analyze the
data.

Results: For the twelve-year time period, the mean annual total malaria case count in the district was 7369.58. The
peak monthly malaria incidence was about 57 cases per 1000 people. Only in 2009 and 2015 that zero death due to
malaria was recorded over the past 12 years. Fluctuating pattern of impatient malaria cases occurrence was seen over
the past twelve years with an average number of 225.5 inpatient cases. The data showed that there is a high burden
of malaria in the district. Plasmodium falciparum (Pf) was a predominant parasite species in the district with the maxi-
mum percentage of about 90. There was no statistically significant association between season and total malaria case
number (F3: 1.982, P:0.195). However, the inter-annual total case count difference was statistically significant (F, 11328
36.305, p<0001). Total malaria case count had shown two months lagged carry on effect. Moreover, 3 months lagged
humidity had significant positive effect on total malaria cases. Malaria prevention interventions and meteorological
factors showed statistically significant association with total malaria cases.

Conclusion: Malaria was and will remain to be a major public health problem in the area. The social and economic
impact of the disease on the local community is clearly pronounced as it is the leading cause of health facility visit
and admission including the mortality associated with it. Scale up of effective interventions is quite important. Con-
tinuous monitoring of the performance of the vector control tools needs to be done.
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Background

Malaria is one of the most serious and complex public
health problems in the tropical and sub-tropical parts
of the world. Globally, about half of the world popula-
tion (3.3 billion people) were at risk of malaria infection
and around 300 to 500 million cases occurred annually,
leading to approximately 1.24 million deaths each year
before 2010 [1-3]. Reported malaria cases by the WHO
in 34 malaria-eliminating countries decreased by 85 per-
cent from 1.5 million in 2000 to 232,000 cases in 2010 [3].
From 2004 to 2010 deaths due to malaria decreased from
1.82million to 1.24 million [4]. Globally an estimated 219
million cases of malaria occurred in 2017, compared with
239 million cases in 2010 and 217 million cases in 2016.
The reduction in malaria morbidity for the period 2015-
2017 did not show significant progress though there were
an estimated 20 million fewer malaria cases in 2017 com-
pared to the number of cases in 2010[5]. In 2018, there
were an estimated 228 million cases and 405,000 deaths
due to malaria worldwide [6]. An estimated 229 million
malaria cases occurred in 87 malaria endemic countries
in 2019 with 9 million malaria case reduction compared
to the number of malaria cases in 2000 [7].

Today malaria accounts for 2.6% of the total global dis-
ease burden. Africa remains the continent that has the
greatest burden of malaria cases and deaths in the world.
In Africa malaria is responsible for 10% of the overall dis-
ease burden [2]. In 2018, the continent accounted for 93%
of malaria cases and 94% of malaria deaths [8]. Over 60%
of the global cases and 90% of the global deaths occurred
in sub-Saharan Africa [2]. Pregnant women and young
children in Africa continue to suffer from the scourge
of malaria [9]. It is also a leading cause of death among
African children, causing approximately 20% of all child
deaths under five years old [10].

Malaria is also a major public health problem in Ethio-
pia with an estimated 68% (52 million people) of the pop-
ulation living in malarious areas which covers 75% of the
land of the country [10]. However, significant progress
has been made in reducing malaria over the last two dec-
ades [11] which could be due to scale up of high impact
interventions [12, 13]. In Ethiopia, the prevention and
control of malaria involves early diagnosis and prompt
treatment, selective vector control using indoor resid-
ual spraying (IRS), insecticide treated nets (ITNs) and
environmental management [14]. Although the current
malaria vector control strategies are effective in decreas-
ing patient morbidity and mortality, malaria is still
among the major public health problems in Ethiopia. It
is the most frequent cause of out-patient (10—40%) and
in-patient admission (13—26%) nationwide with corre-
sponding mortality rates of 13-35% [1, 15]. It is also one
of the leading causes of morbidity and mortality among
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adult populations [16, 17]. P falciparum is the major
(60%) cause of malaria disease occurrence followed by P
vivax with a percentage of 40 [1, 15]. In recent years, the
number of P. vivax cases is increasing [18, 19].

Therefore understanding the spatial and temporal
heterogeneity in malaria incidence is important to con-
solidate malaria control planning and monitoring effort
through cost effective allocation of intervention resources
[20]. Moreover, there are efforts to use rainfall data for
malaria prediction in various parts of the world including
Ethiopia since climatic conditions play an important role
in malaria prediction [21].

Land use change has increasingly been expanding
throughout the world in the past decades due to the
need to satisfy the increasing human demand for food,
fiber, water, and shelter. It has significantly altered a great
portion of the earth’s surface [22]. It can have profound
effects on the spatial and temporal distribution of vector
borne diseases like malaria through ecological and habi-
tat change [23-26]. In the past decade, sub-Saharan Afri-
can countries have experienced a new era of large dam
constructions and expansion of irrigated agricultural
farms. Likewise severe droughts that have plagued Ethio-
pia for many years led the country to extensive diversion
of water bodies for development. The purpose of this
water resource development has been for initiation of
rural irrigation schemes for agriculture and construction
of dams for electricity to improve the socio-economic sit-
uation in the country. This greatly helped the fight against
poverty there by reducing vulnerability to drought which
is due to dependency on rain-fed agriculture. The Ethi-
opian agriculture led economic approach has primar-
ily focused on expanding irrigation in the last decade in
the effort to promote economic growth. In line with this
major investments have been made in water resource
development particularly in Gambella where this study
was conducted. The construction of dams and irrigation
has boosted rice farming in the area, but has led to envi-
ronmental changes.

These environmental changes may have unforeseen
ecologic consequences that adversely affect human health
by aggravating malaria transmission [27]. Moreover, the
water resource development activities may also increase
the transmission of malaria [28]. Therefore, there is a
need to assess the local malaria disease burden under this
intense environmental modification. Trends in malaria
disease occurrence need to be investigated so that exam-
ining the pattern before and after the land use change can
easily be done. This would help assessment of the possi-
bility of hypothesizing effects of the land use change on
malaria disease occurrence in the study area. Besides,
assessing the performance of local malaria control tools
and the effect of climate will be of paramount importance
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to design effective strategies. Hence the current study
was designed to assess the patterns in the occurrence of
malaria and impact of local malaria prevention and con-
trol tools as well as climate in an area where there is land
use change.

Methods

Study site

The study was conducted in Abobo district of Gambella
region in Western Ethiopia. It is located 811km west of
the capital Addis Ababa and 42 km from the capital of
Gambella region. The study area is found at latitude 7.94
and longitude 34.03472 at an elevation ranging from 400-
600 m above sea level. Major water bodies in this district
include Lake Alwero. 20% of the district is covered by
forest [29]. The estimated total population of the district
for 2019 was 26,080. The district has a population den-
sity of 5.05 per km2 with 26% living in urban settings.
Abobo experiences average daily temperature of 25 °C to
30 °C with a daily range of about 15.3 °C. The maximum
temperature extends to 41.02 °C during February, March
and April. The minimum average temperature (17.8 °C)
occurs in December and January. The mean relative
humidity is about 82% and drops down to as far as 37.4%.
The total annual rainfall ranges between 827 to 1617 mm.
Long rains occur between May, June, July, August, Sep-
tember, and October and long dry season occurs between
November, December, January, February, March, and
April each year. The hot and humid condition, coupled
with seasonal rainfall, creates favorable environment for
mosquito breeding.

The main socio-economic activities of the community
are farming (cotton, maize, sorghum and fruit (mango,
papaya and banana) plantations) and fishing from the
Alwero dam. Alwero dam is also used for large scale irri-
gation of rice owned by an agricultural company. This
agricultural development project has created job oppor-
tunity for more than 2000 workers. Houses are traditional
type constructed of mud and wood, the majority with
thatched roofs and very few with corrugated iron sheets.
Generally, the district has 19 villages and four health
centers. Moreover, there are 16 health posts staffed by
health extension workers. According to the information
we obtained from the woreda health office, generally in
the study area there are very limited number (only 4) of
private clinics. They are highly spatially skewed in their
distribution being concentrated in Abobo town, the
center of the district. In this town, Abobo Health Center
is located. It is staffed by both Ethiopian and European
health care providers. It serves as a referral health center
in the district as it is better placed to provide compara-
tively better health care. The major ethnic groups in the
area are Anuak, Kambata, Amhara, Oromo, Tigray and
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Gurage. Orthodox, Protestant, Catholic and Muslim are
religions that the people in the area follow. Map of the
study area is shown below in Fig. 1 [29].

Study design

A descriptive ecological study was conducted by review-
ing health service records at local health facilities and
Abobo district health office. The records were reviewed
to extract data on malaria morbidity, mortality, and
prevention and control methods. Moreover, meteoro-
logical data (Tem, Rainfall and humidity) were obtained
from Gambella region Meteorology Service Center and
National Meteorology Authority (NMA) head office.

Data collection

Retrospective malaria data between 2008 and 2019 G.C
were extracted from records kept at health institutions.
The data were collected by trained health professionals
under the supervision of the research team. It was col-
lected from 4 health centers and 16 health posts in the
district.

Hence the study included both clinically diagnosed
malaria patients as well as patients who were diagnosed
by microscope and RDT. Characteristics of presumptive
and confirmed malaria patients were collected. Data on
malaria mortality and prevention and control methods
were also collected. Besides, data on minimum tem-
perature, maximum temperature, mean temperature,
total rainfall and relative humidity of the district were
obtained from Gambella regional Meteorology Service
Center.

Data analysis

Data were checked for completeness and consistency. It
was entered and processed in Microsoft Excel and ana-
lyzed using SPSS version 20(SPSS INC. Chicago, II,
USA). Burden of malaria was calculated as total num-
ber of confirmed malaria cases divided by the total
population at risk multiplied by one thousand. Malaria
positivity was calculated as number of slides/RDT posi-
tive for malaria divided by total number of slides/RDT
performed for malaria multiplied by one hundred. The
percentage of P falciparum (Pf) cases was computed as
number of confirmed Pf malaria cases divided by total
number of confirmed malaria cases multiplied by one
hundred. Trend of malaria cases was presented using line
graphs. Moreover, ANOVA test was performed to assess
the inter-annual case number and meteorological factors
variation. Annual species composition was calculated for
malaria parasites. Seasonality by total malaria cases was
determined. The impact of climate and control meas-
ures on the annual number of malaria cases was assessed
using a Poisson regression model. Model selection was
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Abobo

Fig. 1 Map showing the study site (Abobo District), Gambella, Ethiopia.(The map was created by ourselves using Arc GIS 10.3 and Surfer 8 software)
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done based on Akaike Information criterion (AIC). Since
there might be serial correlation among observations in
the time series, autocorrelation analysis was conducted.
Moreover, cross correlation analysis was also done to
examine correlation between time series variables. Win-
ters’ multiplicative model was applied for forecasting
total malaria cases to be observed in subsequent years.

Results

Trends in malaria morbidity and mortality at Abobo district
The clinical malaria incidence in the last twelve years
showed highly fluctuating patterns. It had sharply
increased in 2013 with a sharp decline in the subsequent
two years (2014 and 2015) followed by a slight increase
over the next year. The peak total malaria incidence was
recorded in 2013 with a monthly malaria incidence of
about 57 cases per 1000 people. However, it had dropped
noticeably over the past four years (Fig. 2). Yet the inci-
dence remained high in the area. The highest malaria
positivity rate was observed in 2013. Since then, it has
been progressively reduced with commensurate improve-
ment in the number of tests done (Fig. 3). Abobo district
malaria related interventions over the years are shown in
Fig. 4 below.

Similarly, the number of deaths due to malaria peaked
in 2013 and 2014, during which six deaths each were
recorded. Only in 2009 and 2015 that zero death due to
malaria was recorded over the past 12 years. An alarm-
ing number of severe malaria cases were detected in 2012
followed by the number of impatient cases observed in
2017. However, noticeable overall reduction in impatient
malaria cases was observed after 2012. Irregular pattern
of impatient malaria cases occurrence was seen over the
past twelve years with an average number of 225.5 inpa-
tient cases.

An overwhelming burden of malaria was observed
in 2013. The data shows that there is a high burden of
malaria in the district. The lowest burden of malaria was
seen in 2011 with 73 cases per 1000 population per year.
Though there was a reduction in the burden of malaria in
the past three years, it was very high (Fig. 5).

Malaria parasite species distribution

P, falciparum was a predominant parasite species in the
district over the 12 year time period with a maximum
percentage of about 90. There was a fluctuating trend in
the proportion of P. falciparum cases. A change in para-
site distribution was clearly pronounced in the past two
years with an increase in the number of P vivax cases
(Fig. 6). The maximum number of P vivax cases was
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Fig. 2 Trends of clinical malaria incidence in Abobo district, Gambella region, Ethiopia from 2008-2019

25000 -

1

20000

1

15000

]

Total number of malaria tests done

10000

m Total number of malaria tests done

=/x=Malaria test positivity rate (%)
- 80.00

- 70.00
- 60.00
- 50.00
- 40.00
- 30.00

- 20.00

Malaria test positivity rate (%)

~ 10.00

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Years
Fig. 3 Test positivity rate in Abobo district, Gambella, Ethiopia from 2008-2019

reported in 2012 which coincides with the booming of
vast agricultural development in the area.

Total malaria case seasonal variation and forecasting

Insignificant effect of season on total malaria case num-
ber was observed (F3g: 1.982, P:0.195). Malaria cases
occurred in the district in every month and season with
slight fluctuation over months (p:0.733). High numbers
of cases were occurred from May to August and from

September to December. Total malaria cases forecast-
ing was done based on the 12 years monthly malaria
data for the next five years. The result showed that the
total malaria case number will remain at (replicate)
its current level (magnitude) over the next five year
time period. The total malaria case count pattern over
the past 12 years period and over the next five years
period is shown in the figure below (Fig. 7). The inter
annual total case count difference was highly significant
(Fy1,139: 36.305, p<0001).
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As shown in Fig. 8, the climatic conditions from April to
November were favorable for total malaria case count

increment. Similarly, malaria case numbers peaked in
December following the major rain falling over May
to October. In the district, monthly mean temperature
ranged from 34.14 °C to 39.9 °C. Moreover, a highly
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fluctuating pattern of rainfall was observed over the years
from 1986 to 2019 (Fig. 9).

The effect of climate and control measures on total malaria
cases

Total malaria case count modeling was done using clima-
tological factors and prevention performance based vari-
ables to evaluate their impact on total malaria cases over
time. Accordingly, number of ITN distributed (P:0.035),
unit structure sprayed (P<0.001), Tmax (P<0.001), Tmin

(P<0.001), Tmean (P<0.001), rainfall (P<0.001) and
humidity (P<0.001) were found to have significant effect
on local malaria case count. Moreover, we also observed
significant positive correlation between 4 months lagged
precipitation and total malaria cases. Similarly, total
malaria case count and rain fall were found to be strongly
contemporaneously correlated. Moreover, 3 months
lagged humidity had significant positive effect on total
malaria cases. Total malaria case count had shown two
months lagged carry on effect. Spray month was found to
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have insignificant effect on total malaria cases (F: 1.316,
df: 5 p:0.36).

Discussion

This study showed that overall there was high bur-
den of malaria in the area, despite the reduction in
recent years. Malaria incidence peaked in 2012 and
2013 following the development of rice production

and irrigation project by an agricultural company. This
was also the time of the beginning of extensive agricul-
tural activities by other private investors. According
to the district health office, it has been observed that
there is extensive change of land use/landcover pat-
tern with extensification of agriculture though no land
use/cover data (spatial and temporal) is collected. This
has converted pasturelands and natural vegetation to
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farm lands. The booming of agricultural development
particularly the irrigation-based cultivation of rice in
the area may result in ecological transformation lead-
ing to the creation of favorable conditions for mos-
quito breeding; thereby igniting the transmission of
malaria. Moreover, these huge agricultural investments
attracted people from the highlands to the district. As
a result, the influx of people from low malaria trans-
mission or malaria free areas had increased the pool of
highly susceptible individuals for the disease as these
are people with low immunity.

The reduction in the burden of malaria during the past
four years may be attributed to the scale-up of effective
interventions at the national and local levels. This is con-
sistent with the national report of reduction of malaria
burden throughout the country in the past few years [30].
36% mean annual positivity rate of malaria was observed
which is similar to the findings reported from Adi Arkay
(36.1%) and Kola Diba (39.6%) [14, 31] but much higher
than the malaria positivity rate reported from Ataye
(8.4%) and Wolkite (8.56%) [32, 33]. The difference
might be due to the variation in health seeking behav-
ior, malaria prevention intervention implementation and
malaria diagnosis practice and skill beside the difference
in eco-epidemiological setting.

Similarly, highest number of deaths was reported in
2012 and 2013. This might be attributed to the highest
number of malaria cases that occurred during the same
time period. It might also be due to inadequate case man-
agement by the local health facilities due to the over-
whelmingly large number of cases and delay in reporting
to local health facilities by the community. The shock
had resulted a high percentage of Pfalciparum cases
in the district which was followed by a large number of
inpatient malaria cases due to severe malaria as high
Pfalciparum cases increases the chance of seeing severe
malaria cases which likely lead to death unless prompt
treatment is in place. It is only in 2009 and 2015 that zero
death was recorded over the past 12 years. This is lower
than the national reported number [30]. The discrep-
ancy might be due to the difference in the scope of the
study between the two studies beside the tendency of not
reporting death due to malaria.

Irregular pattern of in-patient malaria cases was
observed over the past twelve years. There was an over-
all reduction of inpatient case number. This might be
due to the decline in the burden of malaria in the coun-
try as a result of scale up of high impact interventions.
Moreover, the high percentages of P. falciparum malaria
cases may have contributed to the high number of sever
malaria cases that occurred in the district. This showed
that malaria is one of the leading causes of admission to
health facilities in the area.
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Considerable change in parasite distribution was
observed over the past 12 years in the district. There
was an increasing trend of vivax cases. However, P, fal-
ciparum remained as a predominant malaria species
in the area throughout the twelve years. It accounted
for 73-96% of the cases. The change in parasite spe-
cies distribution was seen since 2012. This high con-
tribution of P. falciparum for malaria positivity in the
area may increase admission and death due to malaria
as it is responsible for most of the severe forms of
malaria. This has its implication in resource mobiliza-
tion to control malaria disease in general and prevent
the occurrence of severe form of malaria. The change
in parasite distribution might be due to the migration
of P, vivax cases from other parts of the country to look
for income generating labor as the area is a develop-
ment corridor. The parasite distribution contradicted
with the national parasite distribution [34]. This is
due to the difference in scope between the two stud-
ies. Similar findings were reported from Kola Diba and
Ataye, where 75% and 78.2% of the cases were due to
P, falciparum, respectively[14, 32]. In contrast a similar
study conducted at Wolkite found a high prevalence of
P, vivax cases (69.7%) followed by P. falciparum (29.3%)
[33].

This study showed that malaria transmission in the
district is sub-perennial. Peaks of markedly greater
intensity were observed following the minor and major
rainy seasons. Similar findings were reported by other
studies conducted in Kola Diba, Halaba, Jimma and
Ataye [14, 19, 32, 35]. The forecast for the coming next
five years showed that the disease will continue to put
its impact on the health of local community. It will
maintain its current high level of occurrence unless
the high impact interventions are scaled up by taking
vulnerability into consideration. The inter-annual total
case count fluctuation was found to be very significant.
This might be due to a very significant inter- annual
variations of measured meteorological factors that was
observed in this study. This indicated the need for early
warning system by implementing strong surveillance.

In our modeling analysis we observed the significant
effect of ITN, IRS, maximum temperature, minimum
temperature, mean temperature, precipitation and
humidity. The study also indicated two months lagged
carry on effect of total malaria cases. Similarly, signifi-
cant three months lagged effect of humidity was seen
on the total malaria cases. Since this study utilized sec-
ondary data to describe the malaria situation in a dis-
trict, it might have some limitations peculiar to this
data source.
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Conclusion

Malaria was and will remain to be a major public health
problem in the area. The social and economic impact of
the disease on the local community is clearly pronounced
as it is the leading cause of health facility visit and admis-
sion including the mortality associated with it. This
should draw attention from malaria control program or
policy makers. Scale up of effective interventions is quite
important. Local malaria disease dynamics was strongly
associated with climate factors despite the insignificant
variation over seasons. There was abrupt rise in case
number that immediately followed the development of
rice production and irrigation project by an agricultural
development PLC including other concomitant agricul-
tural investment in the district. Thus, any development
endeavor that may cause environmental modification
should take into consideration the potential detrimen-
tal effect associated with it by applying environmental
impact assessment. The sub-perennial type of transmis-
sion of malaria and high burden of the disease in the
area needs due attention for evidence based strong dis-
ease control strategy and resource mobilization. Since
the disease showed high seasonality, program resource
mobilization should take this into consideration. Fur-
ther analytical studies need to be conducted to have
deep insight on the dynamics of the disease occurrence
with the identification of transmission related biotic and
abiotic factors that can be an input for local as well as
national malaria control program so that the finding can
be transferred to areas with similar eco-epidemiologic
settings. This assists the disease control efforts in similar
eco-epidemiologic settings.
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