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Abstract

Objective: In this study, we aimed to assess the epidemiological profile and associated risk

factors of malaria in Boset District using clinical records from the Boset District Health Office

Central Surveillance Unit, East Shawa Zone, Oromia, Ethiopia.

Methods: This health facility-based retrospective cross-sectional study included clinical malaria

data for 5 years (2016–2020) recorded at all public and private health facilities in the district.

Results: The present study revealed an overall malaria slide positivity rate of 12.4% (21,059/

169,986), ranging from 23.3% to 5.3% during 2016–2020 in Boset District. Malaria cases were

recorded in all age groups, but individuals aged 15 years and above accounted for a higher (56.2%)

average proportion of malaria cases. Concerning the relative proportion of malaria parasite

species, Plasmodium falciparum was slightly predominant (58%) over P. vivax (42%).

Conclusion: The present study revealed a declining trend in malaria cases over the 5-year study

period in Boset District. Scaling up the available malaria prevention strategies and control

measures is recommended to achieve malaria pre-elimination.
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Introduction

Malaria is a life-threatening infectious dis-

ease caused by the protozoan parasite

Plasmodium. Despite the significant reduc-

tion in malaria cases achieved by 2020, over

241 million cases of malaria and 627,000
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malaria-attributable deaths occurred world-
wide in the same year, among which 95% of
cases and 96% of deaths occurred in
Africa.1 Although there has been a consid-
erable decline in malaria incidence since the
year 2000, the disease remains a public
health threat in areas where malaria is
endemic, especially in Sub-Saharan
African countries, which experienced an
expansion of malaria in 2019 in comparison
with 1990.2

Plasmodium falciparum and Plasmodium
vivax are among the five Plasmodium spe-
cies known to infect humans, with a high
prevalence and wide distribution in
Ethiopia. It has been reported that 60%
and 40% of all reported malaria cases are
caused by P. falciparum and P. vivax,
respectively.3 Studies have found that
malaria is among the 10 leading causes of
morbidity and mortality in children under
age 5 years in Ethiopia.4

Malaria transmission is very heteroge-
neous, seasonal, and unstable across
Ethiopia,5,6 and transmission intensity
varies according to landscape and climate.
Transmission peaks bi-annually from
September to December and from April to
May, coinciding with the main harvest sea-
sons.5 Studies have reported that certain
variables are strongly associated with the
transmission of malaria elsewhere in the
world. Human-induced risk factors, such
as water resource developments and the pres-
ence of dams, have been reported to intensify
malaria transmission in lowland and midland
ecological settings of Ethiopia.7 Accordingly,
studies have revealed that the mean monthly
malaria incidence is generally higher in vil-
lages near dams than in those further from
a dam.8 Similarly, studies in the Tigray
Region of northern Ethiopia report that the
overall incidence of malaria in villages close
to a dam is higher than that in communities
far from a dam.9

Recent studies report that Ethiopia has
achieved the target 50% reduction in

malaria incidence, which is among the
Millennium Development Goals.10 The
country is on track for a further 40% reduc-
tion in malaria incidence (along with
Rwanda, Zambia, and Zimbabwe) and
malaria mortality rates (together with
Zambia) by 2020.11

Despite the substantial reduction in malar-
ia morbidity and mortality in Ethiopia since
2001, the case incidence remains high,12 and
malaria remains the main cause of morbidity
in the country, with 3,331,599 confirmed
cases and 59,370 hospital admissions in
2012 to 2013.13 Although its prevalence is rel-
atively low compared with other African
nations, the disease remains the leading
cause of outpatient morbidity and is among
the leading causes of inpatient morbidity.
Recent studies have shown that malaria
results in considerable adverse effects on the
health and socioeconomic development of
Ethiopia.14 Despite the country’s commit-
ment to its control program, malaria remains
a huge challenge to the public health and eco-
nomic sectors. The prevailing, conducive
weather conditions coupled with tremendous
socioenvironmental changes are believed to
contribute to the surge in malaria throughout
most areas of the country. Most importantly,
irrigation schemes and water harvesting proj-
ects in malaria-endemic areas of Ethiopia rep-
resent serious challenges not only in terms of
the establishment of year-round transmission
but also for the occurrence of sudden out-
breaks of disease.

Most areas in the East Shawa Zone,
including Boset District, are among major
centers with year-round irrigation farming
of vegetables and fruits. Surface irrigation
creates an environment conducive to mos-
quito breeding and proliferation, leading to
stable transmission of malaria infection
throughout the year.15 Despite the favor-
able weather conditions and presence of
irrigation farming, both risk factors for
stable malaria transmission, there are limit-
ed reports with regard to the malaria
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prevalence and associated risk factors in

Boset District, East Shawa Zone. Therefore,

in this study, we aimed to assess trends in the

malaria prevalence in Boset District.

Methods

Description of the study area

This study was carried out in Boset District,

East Shawa Zone, Oromia Regional State,

Ethiopia. Olanchiti is the main town in the

district, with latitude and longitude 8�400N
39�260E and an elevation of 1436 meters

above sea level. Olanchiti is located 25 km

from Adama Town, in the middle of the

Great Ethiopian Rift Valley, along the

road from Addis Ababa to Dire Dawa

(Figure 1). According to population projec-

tion data of the Central Statistical Agency,

the total population of Boset District was

estimated to be 189,795, with a 22.5% and

77.5% urban and rural population, respec-

tively, in the year 2017.16 The district
receives between 621mm and 1012.7mm

of annual rainfall and has an annual tem-

perature of 14.3�C to 31.8�C, with heavy
rains during the months of June to

September and short rains in April and

May. Boset District is a malarious area in
this region. Malaria is a leading cause of

morbidity and mortality, being among the

10 leading diseases reported in local health

facilities. According to the Health Office of
the district, there are currently 33 public

health posts, 7 health centers, and 1 prima-

ry hospital (Olanchiti Hospital) in this area.
The outpatient department of the hospital

provides six main types of services: those

for children under age 5 years and age 5

to 14 years (one program for each age
group), services for patients aged �15

years, emergency services, and chronic dis-

ease evaluation and treatment. Inpatient

Figure 1. Map of study area, Boset District and Olanchiti Town (developed using Arc-GIS Desktop version
10.3.1; Esri, Redlands, CA, USA).
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department services include pediatrics,
gynecology and maternity, internal medi-
cine, and surgery. In addition to public
health facilities, there are eight private
health posts and clinics.

Study design and data collection

We conducted a retrospective study to ana-
lyze the malaria trends in Boset District,
East Shawa Zone, using malaria data over
5 years (2016–2020) recorded in the surveil-
lance database of the district. The data
source was malaria cases confirmed micro-
scopically and/or via rapid diagnostic test
(RDT) in public and private health facilities
as per the national guidelines for parasito-
logical diagnosis of malaria. The extracted
data were part of a report compiled by the
zonal Health Office Central Surveillance
Unit via district health offices, organized
and managed using a health management
information system. The present study fol-
lowed the Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) recommendations for reporting
observational studies.17

Ethical approval

The data for this research were accessed
after ethical approval was received from
the Adama Science and Technology
University (Certificate Ref. No. RECSo
ANS/BIO/04/2020. September 2020).
Informed consent was not needed as there
was no direct interaction with study partic-
ipants. Only the data of treatment seekers
was accessed.

Data analysis

Data collection was followed by proper
data organization, analysis, and interpreta-
tion. Retrospective data were qualitatively
and quantitatively analyzed to check the
frequency and strength of the associations
among variables using IBM SPSS version

20 (IBM Corp., Armonk, NY, USA).
Results were considered statistically signifi-
cant with p< 0.05.

Results

Among an overall 169,986 examined slides
and/or RDTs, 21,059 (12.4%) malaria-
positive cases were recorded during 2016
to 2020 in all public and private health facil-
ities of Boset District. Among positive
cases, 12,025 (57.1%) and 9034 (42.9%)
were among male and female individuals,
respectively. The data for mixed infection
were incomplete and inconsistent between
public and private health facilities; there-
fore, these data were excluded. The malaria
trend in the district over the 5-year study
period revealed a sharp decline in the slide
positivity rate (SPR) from 23.3% (9728/
41,815) in 2016 to 5.3% (1657/30,989) in
2020 (Figures 2 and 3).

As shown in Table 1, a higher SPR
(14.0%) was observed in public facilities
than in private health facilities (13.9%)
and Olanchiti Hospital (7.5%).

As shown in Figure 4, the malaria SPR
by sex and age showed a considerable
decrease over the 5-year period. With
regard to age profile, the SPR was signifi-
cantly higher for the age group �15 years
(56.2%) than for other age groups
(p< 0.01), as shown in Figure 5.

As for the relative proportion of malaria
parasite species among positive cases in
Boset District, P. falciparum showed a
slight predominance (58%) over P. vivax
(42%) (p< 0.04), with an SPR of 7.2%
and 5.2%, respectively. Both species
showed a declining trend in the SPR
during 2016–2020 (Figure 6).

Discussion

The current study revealed that the overall
malaria SPR in Boset District was 12.4%
(21,059/169,986), implying a relatively
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average malaria morbidity in this area. The

positivity rate from public health facilities

in the district was higher than the SPR in

Olanchiti Hospital and in private health

facilities (Table 1). This is perhaps owing

to ease of accessibility of public health facil-

ities for most treatment seekers. The present

study showed a lower malaria SPR com-

pared with previous studies in Hadiya

Zone, Ethiopia among febrile cases with

Figure 3. Malaria suspected cases versus the slide/rapid diagnostic test positivity rate by parasite species in
Boset District, Central Ethiopia, 2016 to 2020.

Figure 2. Yearly trends of suspected and positive malaria cases in Boset District, Central Ethiopia, 2016 to
2020.
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an overall SPR of 25.8%,18 and in Batu

Town with an SPR of 17.13%.19 Despite

the numerous studies conducted in

Ethiopia at national and regional levels on

expanding malaria interventions, malaria

remains a leading communicable disease,

causing considerable morbidity. There was

a clear decline in the malaria incidence rate

and malaria death rate in Ethiopia from

2001 to 2016; however, the malaria case

number and incidence remained high, with

19.8 cases per 1000 people reported in 2016,

exceeding the World Health Organization

standard for pre-elimination.

Regarding the trend in malaria cases

across the study period, a sharp decline

from 23.3% to 5.3% during 2016 to 2020

was observed (Figure 2). Despite well-

documented seasonal variation in the

malaria prevalence and incidence in

Ethiopia, 20–24 meteorological variables

(mainly rainfall) are strongly associated

with the incidence of both P. falciparum

and P. vivax malaria,25 according to data

records used in the present study

(Supplementary Figure 1).
Regarding the types of Plasmodium spe-

cies associated with infection, P. falciparum

Table 1. Distribution of malaria cases in Boset District, Central Ethiopia, 2016 to 2020.

Year

Data from Olanchiti Hospital Data from public health facilities* Data from private health facilities

Total no.

of slides

examined P. falciparum P. vivax

Total no. of

slides/RDTs

examined P. falciparum P. vivax

Total no. of

slides/RDTs

examined P. falciparum P. vivax

2016 7928 438 301 24,978 3423 2757 8909 1596 1213

2017 7802 253 334 18,048 1427 868 8788 827 659

2018 7077 330 283 15,321 1147 654 9420 772 405

2019 8503 285 224 14,154 603 375 7926 143 85

2020 9844 295 328 13,857 559 291 7431 125 59

Total 41,154 1601 1470 86,358 7159 4945 42,474 3463 2421

*Public health facilities refers to all public health centers and public health posts.

P., Plasmodium; RDT, rapid diagnostic test.
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Figure 4. Percentage distribution of malaria-positive cases by sex and age in Boset District, Central
Ethiopia, 2016 to 2020.
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showed a slight predominance (58%) over

P. vivax (42%) among malaria-positive

cases. This finding is in line with the previ-

ously reported Plasmodium composition in

Ethiopia, where P. falciparum and P. vivax

account for 60% and 40% of Plasmodium

species in this country, respectively.3 The

present study findings are also in agreement

with previous reports in Ethiopia in which

P. falciparum and P. vivax account for

Figure 5. Distribution of malaria slide positivity rate (SPR) by age in Boset District, Central Ethiopia, 2016
to 2020.

Figure 6. Five-year trend of malaria cases in Boset District, Central Ethiopia, 2016 to 2020.
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71.8% and 23.9% in Wolaita Zone and
75.2% and 24.5% in Benishangul-Gumuz
Regional State, respectively.26,27 However,
our findings are in contrast to reports that
P. vivax is the predominant species in
Jimma Town, Hadiya Zone, the highland
fringes of Butajira, Adama Town, and
Batu Town, Ethiopia, with proportions of
71.4%, 86.5%, 71.7%, 61%, and 50.5%,
respectively.18,19,23,28,29 Despite differences
in proportions, nearly all studies concur in
reporting that P. vivax is co-endemic with
P. falciparum in Ethiopia, one of the few
African countries in which this situation
exists. Despite earlier studies showing that
P. falciparum and P. vivax account for 60%
and 40% of all malaria cases, respectively,3

recent studies report that these two species
have equal case incidence rates, 30 although
some studies report that P. vivax is the main
causative agent of malaria in Oromia
Regional State in Ethiopia.31,32

In the present retrospective data analy-
sis, more malaria cases were recorded
among male individuals than their female
counterparts. This result is in line with pre-
vious local studies.33,34 This might be asso-
ciated with the traditional work culture in
Ethiopia where male individuals are more
engaged in outdoor activities like agricul-
ture than female Ethiopians. The age distri-
butions showed that individuals aged 15
years and above accounted for a higher pro-
portion of malaria cases. This finding is in
agreement with previous studies elsewhere
in the country;21,23,27,35 this age group also
accounts for the most hospital admissions
among all age groups.

There are several study limitations that
should be noted. Data for mixed infections
were excluded because of incomplete and
inconsistent reports between public and pri-
vate health facilities. Inclusion of these data
could have enriched the study results. In
addition, limitations associated with the
recording and handling of data might
affect the reliability of the findings.

Conclusion

In the present study, we found a malaria

SPR of 12.4% among public and private

health facilities in Boset District from

2016 to 2020, with a sharp decline from

23.3% in 2016 to 5.3% in 2020. Regarding

the distribution of Plasmodium species

among malaria-positive cases, P. falciparum

(58%) was more prevalent than P. vivax

(42%). The declining trend in malaria

cases over the 5-year study period may

reflect the results of expanded malaria inter-

ventions at national and regional levels in

Ethiopia. To maintain this reduction in

malaria cases across the area and for even-

tual elimination of the disease, scaling up

the available malaria prevention strategies

and control measures is necessary.
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