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Abstract

Background

Ethiopia is among sub-Saharan African countries with a high number of malaria cases each
year, with most of the landmass favoring the breeding of the vectors. There have been
extensive efforts to control and prevent the transmission of malaria, which is part of the
country’s prevention-based health policy.

Objective

This study aimed to determine malaria prevalence and associated risk factors among
patients visiting Mizan-Tepi University Teaching Hospital (MTUTH).

Materials and methods

A cross-sectional study was conducted from September to December 2021 among patients
visiting MTUTH, Southwest Ethiopia. A pretested structured questionnaire was used to col-
lect sociodemographic data, and a capillary blood sample was collected after obtaining writ-
ten informed consent from the study participants. The data were entered into Epi-data
manager (v4.0.2.101) and analyzed with SPSS version 25.0, with a P-value of < 0.05 set as
a significance.

Results

A total of 439 patients participated, of which 20.7% (91) were positive for malaria parasites,
with a higher prevalence observed among the age group interval of 25-34 years (5.5%).
Inadequate access to insecticide-treated bed net (ITN) 23.9% (105) and a low level of ITN
usage 20.5% (90) were recorded. Patients living in areas of stagnant water were more likely
to get infected with the malaria parasite (AOR = 16.191, 95% CI: 9.137, 28.692) compared
to those who live away from stagnant water, and individuals living in houses not sprayed
with insecticides were more susceptible to malaria infection (AOR = 0.215, 95% CI: 0.128,
0.360).
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Conclusion

The overall malaria prevalence in this study was 20.7% (91), which proves that malaria
remains a major threat to the communities in the study area, with Plasmodium falciparum
contributing to most of the cases. Improving the habits of ITN usage and indoor residual
spray through health education may help to reduce the impact of malaria in the study area.

Introduction

Malaria is a major public health problem that still results in illness and death. Globally, malaria
cases increased from 227 million cases in 2019 to 241 million in 2020, reported 85 malaria-
endemic countries [1]. In the last two years, global malaria case numbers have risen by 14 mil-
lion cases and deaths by 47,000 due to disruptions during the coronavirus pandemic [2].
Malaria is one of the major diseases affecting people of low socioeconomic status in developing
countries. The majority of the global malaria burden is in sub-Saharan Africa, with the highest
global cases and deaths that can be observed from these regions, which accounted for the
majority (95%) of these cases. Nigeria (27%), the Democratic Republic of the Congo (12%),
Uganda (5%), Mozambique (4%), and Niger (3%) accounted for about 51% of all cases globally
[3]. It hurts people’s health as well as the economic development of many developing coun-
tries, particularly in sub-Saharan Africa [1,4,5].

The most common causes of human malaria are four species, namely, Plasmodium vivax,
Plasmodium falciparum, Plasmodium malariae, Plasmodium ovale, and sometimes a fifth spe-
cies, Plasmodium knowlesi, which is zoonotic [6]. The most prevalent and pathogenic malaria
parasite, most commonly associated with severe illness and death, accounting for 99.7% of
malaria cases in the WHO African region, 70.9% from Central America, 20.8% from South
America, and 4.8% from Asia, is P. falciparum [7]. Plasmodium falciparum is responsible for
most human infections, but Plasmodium vivax has the largest geographic reach [8]. Ethiopia,
as one of those countries, suffers from this disease, which is posing a problem to the health and
economy of the country. The distribution of malaria in Ethiopia varies depending on climate,
rainfall patterns, and altitude [9]. A 2021 systematic review showed that the highest malaria
prevalence in the Southern Nations, Nationalities, and Peoples’ Region (SNNPR) (16.17%), fol-
lowed by Oromia Regional State (13.11%), and Amhara Regional State (12.41%) [10].

Ethiopia is among the few African countries where both Plasmodium falciparum and Plas-
modium vivax species are co-endemic in substantial proportions [11].

The Anopheles mosquito serves as the primary vector for malaria transmission in Ethiopia.
Anopheles arabiensis is the main vector, followed by Anopheles phronesis, Anopheles funestus,
and Anopheles nili, which play a role as secondary vectors [12]. The risk of infection is deter-
mined by the number and species of mosquitoes present in a given area and the climate and
geography [13].

Ethiopia has three climatic zones, namely "Kola", "Woina Dega", and "Dega", the first two
having favorable characteristics (i.e., warmer and humid climate conditions) for malaria
endemicity [14]. The ‘Kola,” or hot zone with an altitude below 1500 meters, has seasonal
malaria transmission with moderate to high endemicity (46% of the territory), whereas the
"Woina Dega," or temperate zone, has unstable malaria transmission characterized by sporadic
outbreaks caused by sudden climatic changes such as heavy rain or clouds. The "Dega," or cold
zone (8% of the territory), is a climatic area 2500 above sea level where malaria transmission is
not common [14]. Nearly 75% of the country’s landmass is conducive to malaria transmission,
putting 68% of the population at risk of contracting the disease [15,16].
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In Ethiopia, malaria transmission varies from one season to another due to variation in the
altitude of areas with a relatively longer duration of transmission in lowland areas, river basins,
and valleys [17]. There are two malaria transmission seasons during which the vectors are
abundant: from September to December and the early rainy season of April to May, which
overlaps with the major harvesting seasons [17]. Malaria outbreaks are common in some of
Ethiopia’s highland or highland fringe areas, mainly 1,000 to 2,000 meters above sea level [18].
Climate changes contributing to malaria transmission dynamics include alternations in one or
more climate variables, including temperature, precipitation, wind, and sunshine [16,19]. Esti-
mates from 2016 indicate there were 2.9 million cases and 4,782 related mortalities, and have
been reported per year, and morbidity and mortality rates dramatically increase during epi-
demics [15]. Despite key achievements and progress in reducing the burden of the disease,
malaria remains a major health problem for the public. It is among the 10 top leading causes of
illness and death in large segments of the population, including children under the age of five
and adults [20]. Ethiopia is still one of the countries with a high malaria burden, and this was
evidenced by the deaths of people in the study area, including children and pregnant women,
which resulted in reduced working capacity and other day-to-day activities of the community.
This study quantifies the malaria burden and therefore could serve as baseline data for the con-
cerned bodies to boost preventative and control methods to reduce and, in the long run, elimi-
nate the disease’s health impact.

Materials and methods
Ethical statement

Ethical approval was obtained from the research committee of the college of health sciences
and medicine of Mizan-Tepi University before the commencement of the study. Written
informed consent was obtained from all participants except for infants, children, and minors,
whose consent was obtained through their parents/guardians after explaining the study’s pur-
pose, possible risks, and benefits. Moreover, participants were assured that participation is
entirely voluntary and can be withdrawn at any time during the data collection process.

Study area and period

The study was conducted between September and December 2021 at Mizan-Tepi University
Teaching Hospital in Mizan-Aman town, Benchi-Sheko zone, SNNPR region, Southwest Ethi-
opia, which is located 565 kilometers from Addis Ababa, the capital of the country. The
research site is located in a region of the country known for its warm and humid climate, with
coordinates of 7°0'N 35°35'E and an elevation of 1451 meters. Based on the 2012 census con-
ducted by the central statistical agency, the total population of Mizan-Aman town was 63,193,
of whom 32,596 were male and 30,596 were female. Mizan-Aman town is the administrative
town of the Benchi-Sheko zone, one of 13 zones of SNNPR, and has 12 woredas (districts).

Study design and population

An institutional-based cross-sectional study was employed.

All patients who visited MTUTH during the study period were the source population, while
all malaria-suspected patients who were sent to the laboratory of the hospital for blood film
examination were taken as a study population.

Those willing to participate and provide blood samples were recruited as the study subjects.
Anyone who took antimalarial drugs and antibiotics in the last month was not included in the
study.
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Sample size and sampling technique

The sample size was calculated using a single population proportion formula, with a 95% con-
fidence interval and an estimated malaria prevalence rate of 11% (based on a study from
Jimma zone, Southwest Ethiopia) [14]. Based on these considerations, the sample size was cal-
culated using the following formula:

(Z/2)’p(1 — P)
d2

=(1.96)2 0.11(1-0.11)/0.032 = 417.880~418
After adding a 10% buffer for possible non-response,
the final sample size became 418 + 418(0.1) = 459.8~460
Where n = minimum sample size
P = estimated malaria prevalence rate of 11% (study from the Jimma Zone, Southwest
Ethiopia)
d = error margin (3%)
(Za/2)) 2 = the standard normal variable.
The study participants were recruited by a systematic random sampling technique, consid-
ering the case flow in the hospital from September to December of the previous year.

Data collection instruments and procedures

Structured questionnaires adapted from related literature [21] that contain both socio-demo-
graphic and risk factor variables were used to collect the data. Before blood sample collec-
tion, the finger was cleaned with 70% alcohol-moistened cotton. A drop of blood,
approximately 50 uL (capillary blood from fingertip) by finger prick, was collected from each
study subject, and both thick and thin films were made according to the standard operating
procedure.

Data collection process and management

Before the start of the data collection process, two-day training on the objective of the study
was given to the data collectors (interview and blood sample). Written informed consent was
obtained from the study participants (adults); and for infants, children, and minors, consent
was obtained by communicating with their guardian/caregiver, or parents. Three medical lab-
oratory technicians were recruited for data collection, along with two supervisors to facilitate
the data collection processes. The blood films (thick and thin) were stained using a 10%
Giemsa working solution and examined microscopically using a 100X oil immersion objective
to detect malaria parasites.

Data quality assurance

The data collection procedures, tools used, and how to handle ethical issues were discussed
with the data collectors. A pretest was conducted on 5% of the sample size before the com-
mencement of the main study in Tepi general hospital, which is located 50 kilometers away
from the study area. The questionnaire was translated into the respondent’s language during
data collection. Regular supervision by the supervisors and the principal investigators was con-
ducted to ensure that all the necessary data was properly collected.
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Statistical analysis

Epi-data manager (v4.0.2.101) was used to enter data, and SPSS version 25.0 was used for anal-
ysis. Descriptive statistics and both bivariate and multivariable logistic regression were per-
formed to assess the existence of an association between the outcome variable and the risk
factors.

Results
Socio-demographic characteristics of the study subjects

Of the total 439 patients who participated in this study, a significant number of participants
(91) were infected with malaria parasites. This study included 208 males and 231 females.
Malaria was reported in all age groups [Table 1] but the infection rate was highest in the 25-34
age group (5.5%). Almost half of the study participants were illiterate. Of the different occupa-
tions included in the study, the most cases were among housewives (35) and students (22)
[Table 1].

Malaria prevalence

A total of 460 study participants were recruited for this study, of which only 439 participated
in the interview and provided blood samples (a non-response rate of 4.6%). Of those tested
20.7% (91) were found to be infected with malaria parasites, of which 12.1% (53), 7.5% (33),
and 1.1% (5) were Plasmodium falciparum, Plasmodium vivax, and mixed infection, respec-
tively [Fig 1].

Table 1. Malaria prevalence by sex, age, educational level, and occupation among patients undergoing blood film examination at MTUTH in 2021 (n = 439).

Socio-demographic variables Malaria
Positive N (%) Negative N (%) Total N (%)
Sex Male 43(9.8) 165(37.6) 208(47.4)
Female 48(10.9) 183(41.7) 231(52.6)
Age in year/s 0-4 6(1.4) 49(11.2) 55(12.5)
5-14 11(2.5) 63(14.4) 74(16.9)
15-24 15(3.4) 76(17.3) 91(20.7)
25-34 24(5.5) 86(19.6) 110(25.1)
35-44 20(4.6) 49(11.2) 69(15.7)
45-55 13(3) 23(5.2) 36(8.2)
>55 2(0.5) 2(0.5) 4(0.9)
Educational status Illiterate 53(12.1) 166(37.8) 219(49.9)
Literate 38(8.6) 182(41.5) 220(50.1)
Occupational status Farmer 10(2.3) 41(9.3) 51(11.6)
Merchant 0(0) 15(3.4) 15(3.4)
Government Employee 7(1.6) 29(6.6) 36(8.2)
Student 22(5) 113(25.7) 135(30.8)
Housewife 35(8) 89(20.3) 124(28.2)
Daily worker 15(3.4) 45(10.3) 60(13.7)
Other 2(0.5) 16(3.6) 18(4.1)
Total 91(20.7) 348(79.3) 439(100)

https://doi.org/10.1371/journal.pone.0271771.t001
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Types of Plasmodium species and their distribution

= Plasmodium falciparum

= Plasmodium vivax

Mixed (Pf + P.v)

Fig 1. Plasmodium species and their distribution.

https://doi.org/10.1371/journal.pone.0271771.9001

Malaria prevalence concerning climate conditions

Of the total study participants, 349 (79.5%), 68 (15.5%), and 22 (5.0%) were from warmer
"Kolla" conditions, while medium "Woina Dega" and colder "Dega" conditions had a respective
malaria prevalence of 17.8%, 2.3%, and 0.7%, respectively.

Possible risk factors for malaria infection

Data was collected from 439 study participants to investigate the contributions of possible
risk factors to the prevalence of malaria. The presence of stagnant water near the residence, a
house sprayed with insecticide, a history of anti-malarial treatment, residence type, and last
night’s ITN usage were among the possible risk factors assessed. Accordingly, more than
three-fourths of respondents did not have access to it, and more than two-thirds of the par-
ticipants reported that their houses did not undergo IRS. This finding indicates lack of access
to ITNs and inadequate insecticide spray contributed to the malaria prevalence observed in
this study. This study showed not only inadequate access to I'TNs 23.9% (105) but also a low
level of ITN usage at 20.5% (90). Some risk factors were associated with malaria infection,
presence of stagnant water near residential (AOR =16.191, 95% CI: 9.137, 28.692), houses
sprayed with insecticide (AOR = 1.799, 95% CI: 1.054, 3.073), history of anti-malarial treat-
ment (AOR = 0.215, 95% CI: 0.128, 0.360), and residence respectively (AOR = 1.971, 95% CI:
1.034, 3.756), , , and [Table 2].

Discussion

This study included 208 males and 231 female participants with a mean age of 24.16

(SD + 14.931) and a median age of 24.00 years. Malaria parasite infection was recorded in
20.7% (91) of them, with the highest prevalence due to Plasmodium falciparum 12.1%, fol-
lowed by Plasmodium vivax 7.5%. A study from Butajira, south-central Ethiopia, found a simi-
lar prevalence of Plasmodium falciparum (12.4%) [22]. The findings from this study revealed
that the prevalence of malaria was higher among females (10.9%) than males (9.8%), which is
in line with a previous study conducted in Ghana [23]. In this study, the prevalence of malaria
was found to be higher in the 25-34 age group (5.5%) compared to other age groups, which is
in line with a previous study conducted in Ghana that reported the prevalence of malaria to be
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Table 2. Bivariate and multivariable analysis of factors associated with malaria infection concerning ITN availability, ITN usage, presence of stagnant water, indoor
residual spray, history of malaria treatment, and residence at MTUTH, 2021 (n = 439).

Variables Malaria OR (95% CI)
Positive N (%) Negative N (%) Total N (%) COR AOR
ITN Availability Yes 15(3.4) 90(20.5) 105(23.9) 1.00 1.00
No 76(17.3) 258(58.8) 334(76.1) 0.566(0.309,1.035) 1.949(0.972,3.907)
Last night’s ITN usage Yes 17(3.8) 73(16.6) 90(20.5) 1.00 1.00
No 74(16.9) 275(62.7) 349(79.5) 0.865(0.481,1.556) 0.821(0.415,1.622)
Presence of Stagnant water Yes 72(16.4) 66(15) 138(31.4) 0.062(0.035,0.109) * 16.191(9.13,28.692) *
No 19(4.3) 282(64.2) 301(68.6) 1.00 1.00
House sprayed with insecticide Yes 21(4.8) 122(27.8) 143(32.6) 1.00 1.00
No 70(15.9) 226(51.5) 296(67.4) 0.556(0.325,0.949) * 1.799(1.054,3.073) *
History of anti-malarial treatment Yes 43(9.8) 55(12.5) 98(22.3) 1.00 1.00
No 48(10.9) 293(66.7) 341(77.7) 4.772(2.888,7.887) * 0.215(0.128,0.360) *
Residence Urban 30(6.8) 193(44.0) 223(50.8) 1.00 1.00
Rural | 61(13.9) 155(35.3) 216(49.2) 0.395(0.243, 0.642) * 1.971(1.034,3.756) *
Total 91(20.7) 348(79.3) 439(100)

Abbreviations: AOR, adjusted odds ratio; COR, crude odds ratio; OR, odds ratio,
(*) indicates significance at p<0.05,

"1.00 represents" reference category during analysis.

https://doi.org/10.1371/journal.pone.0271771.t1002

higher in similar age groups [23]. The prevalence of malaria among illiterate was higher at
12.1% compared to literate (8.6%). The reason for these variations may be due to differences in
the level of understanding of the preventive and control methods among the study partici-
pants. Patients with different occupations participated in the study, the highest prevalence of
malaria was found among (8%) housewives and students (5%). Out of the positive cases, 226
(51.5%) study participants responded that their house was not sprayed with insecticide/chemi-
cal compared to those whose house was sprayed (4.8%), which may explain the relatively high
malaria prevalence (15.9%) in this study. Malaria prevalence was found to be higher in rural
residents (13.9%) as compared to urban residents (6.8%). This could be due to low exposure to
health education and accessibility of the media for communication in rural communities.
Although the study participants agreed that "the usage of it is a powerful vector control tool for
the prevention of malaria transmission and hence reduces the prevalence of the disease else-
where in the country where malaria is endemic," only 23.9% of them had ITNs in their houses,
and ITN ownership by itself is not a guarantee of its usage. This is demonstrated by three-
fourths (79.5%) of the study participants not using their bed nets [Table 2]. ITN use in this
study was similar to what was found in a study in Kenya: approximately 92.11% of mosquito
bed net usage, and malaria prevalence was observed to be lower among households that used
ITNs (8.05%) compared to those that did not use them (23.11%) [24]. In our study, the use of
ITNs appears to be one of the most effective malaria prevention methods. The prevalence of
malaria among those who were not using ITNs 16.9% (74) was higher as compared to those
who used them 3.8%(17). More than half of the study participants responded that they had no
ITN in their houses, which is evidenced by the high malaria infection observed among those
ITN non-users. Seventy-two (16.4%) patients whose blood film examination revealed the pres-
ence of malaria parasites responded that there was stagnant water near their homes. The
malaria prevalence found in this study 20.7% (91/439) was lower compared to studies con-
ducted in different parts of the world, including various areas of Nigeria (35.7%, 419/1173)
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[25], India (36.6%) [26], Malaysia (33.6%, 410/1222) [27], and Kenya (28%, 325/1158) [28]. It
is also comparable to findings from Rwanda (22.8%, 175/769) [29], East Shewa Ethiopia
(20.5%, 170/830) [30], Arba Minch South Ethiopia (22.1%, 60/271) [31], and much higher
compared to studies from North-West Ethiopia (7.3%, 296/4077), (3.5%, 26/735) [32,33].
These variations may be due to the differences in the geographical location and climate condi-
tions of the study areas. The result of this study showed that malaria is still a serious public
health concern in different locations of the country, so the information obtained from this par-
ticular study can be used to devise means (control and prevention strategies) to prevent further
suffering of people from this disease.

Limitations

The findings of this study could have been better if testing had been done using advanced
molecular techniques like polymerase chain reaction (PCR) and loop-mediated isothermal
amplification (LAMP), which have higher detection abilities compared to light microscopy.

Conclusions

The overall malaria prevalence in the study was 20.7% (91), which proves that malaria remains
a major health problem in the area with Plasmodium falciparum as the predominant species in
the study area. Improving the habits of ITN usage in the community through health informa-
tion dissemination may help to prevent transmission.
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