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Malaria burden and associated risk factors @@

among malaria suspected patients attending
health facilities in Kaffa zone, Southwest
Ethiopia
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Abstract

Background Ethiopia has been progressing very well in controlling malaria in the past few years. However, shortly
after the COVID-19 pandemic, an unpredictable malaria resurgence was observed in almost all malaria-endemic areas
of the country, although the exact cause of which has not yet been identified. Therefore, this study aimed to investi-
gate malaria burden and associated risk factors in one of the endemic zones of Ethiopia.

Methods A health facility-based retrospective and cross-sectional study design was conducted in the Kaffa zone,
southwest of Ethiopia. Hence, a seven-year retrospective data on malaria positivity rate, interventional activities
undertaken in the area, and climatic variables were collected from the patient’s medical records, district health
bureau, and meteorological institute, respectively. For the cross-sectional study, all malaria-suspected patients seeking
medication at the health facilities in the Kaffa Zone administrative centre, Bonga town, during the study period (Janu-
ary—June 2024), were recruited in the study. Data on the patient’s socio-demographic, socio-economic, behavioural,
health facilities and environmental factors were collected using a structured face-to-face interview questionnaire.
Data was analysed using Statistical Package for Social Science software (SPSS) (version 26) and the statistical tools
used were descriptive statistics and logistic regression models. A significant level was considered at p <0.05.

Results The study findings revealed a significant increment in malaria positivity trend (39.43%, n=188,201/477,276,

p <0.0001) between July 2018 and June 2024. Also, the malaria positivity rate documented in the cross-sectional
study was 50.72% (n=315/621). Plasmodium falciparum was the dominant malaria parasite. The study identified weak-
ened control measures (p=0.006), limited awareness of the population (p <001), and socio-demographic factors such
as education (p=0.037), age (p=0.008), housing condition (p <0.0001), low-income level (p <001), and travel history
to malaria-endemic areas (p=0.001)] as risk factors associated with high malaria positivity rate. In addition, indoor
residual spraying (IRS) and mean maximum temperature activity increased by 1 unit, and the malaria positivity rate
decreased by 28 times (p <0.0001) and 1.3 (p=0.003), respectively. The months of July and September were strongly
and positively associated with higher malaria positivity in the area (p < 0.05).

Conclusion Even though Ethiopia was able to achieve a remarkable malaria burden reduction in the past few years,
the recent interrupted malaria control activities, seasonal variability, and patient and health facility-associated factors
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have contributed to the current high malaria positivity rate documented in Kaffa zone, Southwest Ethiopia. This urges
the need for immediate community sensitization activities to enhance the awareness of malaria, besides designing
integrated vector control interventional strategies to tackle the current alarming situation in the zone.

Keywords Malaria, Resurgence, Bonga, Kaffa zone, IRS, ITNs, Plasmodium, Ethiopia

Background

Malaria continues to be a significant public health issue
worldwide. In 2022, approximately 249 million cases
and 608,000 deaths from malaria were reported globally
[1]. As evidence in various studies revealed, there was a
significant decline in malaria mortality and morbidity
from 2000 to 2015 [2]. From 2019 to 2021, an increase
in cases and deaths of malaria was recorded. Infants,
children under 5 years, pregnant women, travellers and
people with HIV or AIDS are at higher risk of malaria
[1-3]. The fundamental malaria prevention measures
use long-lasting insecticidal nets (LLINs) and indoor
residual spraying (IRS), alongside improved treatment
regimens and expanded testing programmes; these
measures have significantly decreased the population of
malaria vectors in many areas of Africa [4]. However,
malaria prevalence could vary due to different factors,
such as changes in weather conditions, environmental
factors, human behaviour and socioeconomic condi-
tions and healthcare infrastructures [5, 6].

The public health authorities of Ethiopia worked
hard to achieve the malaria eradication goal set by
the World Health Organization (WHO) by 2030.
Accordingly, substantial malaria burden reduction
was observed in many endemic areas of the country
in the past few years [2, 3, 7]. However, in the recent
few years, the scenario has changed, and an unex-
pected sudden malaria burden increment was observed
in almost all malaria-endemic areas of the country |8,
9]. The cause for the observed malaria burden incre-
ment could be multifactorial. Some of the identified
risk factors are the presence of mosquito breeding sites,
poor bed net utilization, poor environmental manage-
ment, lack of awareness of malaria transmission and
socio-demographic and socio-economic variables [10—
12]. Although the current situation in most malaria-
endemic regions showed high malaria resurgence, the
current magnitude of malaria burden in Kaffa zone, one
of the malaria-endemic areas in Ethiopia, has not been
assessed. Therefore, the current study was designed
to determine the magnitude of the malaria burden in
the zone and its associated risk factors to synthesize
information that could assist national policymakers in
evidence-based decisions on malaria prevention and
control strategies in the region.

Methods

Description of the study area

The study was conducted in Kaffa Zone, located 449 km
southwest of Addis Ababa (Ethiopia’s capital city). The
study site was selected due to its historically high malaria
burden and substantially affected by the current malaria
resurgence in the country. According to recent infor-
mation from the National Statistical Agency (CSA) of
Ethiopia, the total population of the zone was 2,151,716,
of which males were 1,411,778, and females were
739,938 [13]. In the zone, the altitude ranges from 500
to 3000 m. This zone is geographically found between
6°24’ and 8°13’ north latitude and 35°30" to 36°46’ east
longitude. The zone has diverse topography consisting
of highland, midland, and lowland. The major source of
economy in this area was agriculture and trade. It has a
warm and humid climatic condition with moderate tem-
perature. The average annual temperature in the zone lies
between 10.1 and 27.5 °C and the annual average precipi-
tate varies between 1001 and 2200 mm. The Kaffa zone
consists of many woredas (districts) namely Bita, Bonga,
Chena, Cheta, Dacha, Awurada, Gesha, Gewate, Gimbo,
Adiyo, Sayilem, Wacha, Telo, Daka, Awurada Town,
Shishinda Town, Shishonde and Goba.

Study population and design

A health facility-based cross-sectional and retrospective
study design was employed. The study population for
the retrospective study was all individuals diagnosed and
received treatment for malaria infection at all the dis-
tricts and town administrations found in the Kaffa zone
from January 2018 to June 2024. Similarly, for the cross-
sectional study the study population were malaria-sus-
pected patients who visited three public health facilities
in the central town of Kaffa zone, Bonga, from January to
June 2024.

Sample size determination and sampling techniques

Data of all malaria suspected patients diagnosed and
treated at all health facilities found in the Kaffa zone
were considered in the retrospective study. In the cross-
sectional study, a sample size was determined by using
a single population proportion formula. In this calcula-
tion, Za/2=1.96 for the 95% level of confidence inter-
val (CI),+5% level of precision, and 50% prevalence was
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considered. Accordingly, the final sample size obtained
was 384. Considering a maximum of 40% non-response
rate, the final adjusted sample size was 621. The patients
were selected purposively, based on the availability of the
symptomatic malaria suspected patients during the study
period.

Data collection and processing

For the retrospective study, data collection involved doc-
ument analysis to obtain socio-demographic information
and information about malaria infection details from
the medical records, laboratory reports, and diagnostic
records found in the town health bureauxs. In addition,
information related to the malaria intervention, such
as the distribution of insecticide-treated bed nets and
indoor residual spraying, was collected from the district
health department. Then a survey on the contemporary
malaria positivity rate, interventional activities, and other
risk factors were collected through microscopic examina-
tion of blood samples collected from malaria-suspected
patients (patients with malaria symptoms such as fever,
shivering, headache, fatigue, vomiting, diarrhoea, pros-
tration, and others) attending the health facility during
the study period. Briefly, from a lancet-pricked finger, a
single drop of blood sample was collected on a clean glass
slide for the preparation of thin and thick blood films.
After an air-dried thin smear was fixed using methanol,
the two blood films were stained by Giemsa (10%) and
then observed under a light microscope (100x). The slides
found positive were re-checked by laboratory technicians
blinded to the test result. Those patients found positive
for malaria infection were identified, and data collection
was started using a predesigned data collection format
and structured face-to-face interview questionnaire. The
data was collected by the principal investigator with the
help of health professionals working in the hospital and
research assistants. In addition, key informant interviews
were conducted with key informants such as healthcare
providers and program managers at Bonga Gebiretsadik
Showa General Hospital, the Health Centre, five clinics,
and the head of the district health bureaux.

Data analysis

The collected data was thoroughly reviewed and checked
for completeness, accuracy, and consistency. Duplicate or
irrelevant records were removed, and any missing data
or inconsistencies were resolved by referring back to the
original sources. To minimize errors, the accuracy of data
entry was verified through a double-checking process.
Data was analysed using Statistical Package for Social
Sciences (SPSS) software version 26. Statistical tools
such as descriptive statistics (percentage, proportions,
and mean), bivariate correlation analysis, and logistic
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regression models were used. The bivariate analysis was
conducted to identify risk factors associated with malaria
positivity rate using odds ratios (ORs) and their 95%
confidence intervals (CI). The multiple linear regression
model used to analyse the effect of independent variables
(risk factors) on the dependent variables (malaria posi-
tivity rate) was computed using the following formula: Y
(malaria positivity rate) =0+ p1X1+ p2X2 +3X3 + p4X
4+ B5X5+p6X6+——— PnXn, where Y was the depend-
ent variable, X1, X2,..., Xn were the independent vari-
ables, and PO was the Y-intercept, which represented the
value of Y.

Results

Malaria positivity trend

Between 2018 and 2024, the pooled malaria positivity
rate recorded among clinically suspected malaria patients
was 39.43% (n=188,201/477,276). This figure was sig-
nificantly higher (p<0.0001, 95% CI 39.29, 39.57%). The
trend showed an increasing pattern as it goes from July
2018 and June, 2024. In the past few years (2022-2024)
the malaria positivity rate has almost doubled. In terms
of Plasmodium species proportion, Plasmodium falci-
parum is the dominant parasite (71.71% total infection,
from which 48.71% was due to P, falciparum mono-infec-
tion). In this study setting there was a significant number
of P, falciparum and Plasmodium vivax mixed infections
(23%, 95%CI 22.9, 23.12%, p<0.0001). Malaria positiv-
ity rates among patients of different ages and sexes were
evenly distributed. The mean temperature (minimum
and maximum) and rainfall in these years were consist-
ent with the overall value of 19.82 °C average temperature
and 5.59 mm rainfall (Table 1).

The highest rate of malaria positivity was noted
between August and December in the years 2018 to
2021, even though the rate varied from year to year. After
2022, though, the pattern shifted, with an unexpectedly
high rate of malaria positive observed all year long with
a somewhat unpredictable decline across months. Since
November 2021, there has been a noticeable increase that
has been fairly large and abrupt (more than 50% of the
positivity rate has been confirmed in certain districts)
(Fig. 1).

From October to March, the maximum temperature
consistently rises. However, between 2018 and 2021, a
decline was observed in June and September. This trend
from June 2022 to June 2024, as irregular fluctuations
were noted in a few months. Despite these variations, the
patterns of minimum temperature and rainfall patterns
remained relatively stable over the years (Fig. 2).

Districts within the Kaffa zone have shown diverse
levels of malaria burden. However, the rate of malaria
positivity has been steadily rising in all districts in recent
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Fig. 1 Trend of malaria positivity rate in Kaffa zone, southwest of Ethiopia from 2018 to 2024

years. In many districts in the past, such as Saylem and
Gesha, the prevalence of malaria was quite low for a few
years in a row. Conversely, some districts, such as Chena,
Bonga, Decha, and Gimbo, have seen a high malaria bur-
den in recent years (Table 2).

Impact of some variables on the malaria positivity rate

The effect of socio-demographic variables such as sea-
son, interventional activities, and climate factors on the
malaria positivity rate from retrospective data showed
that patients aged above 14 years (p=0.158, p=0.008),
and male sex ($=0.442, p=0.018) were positively asso-
ciated with increased malaria positivity rate. Also, the
analysis has shown that, a significant effect of the time
change (year) on the malaria positivity rate, indicating as
the year increased by 1 unit, the malaria positivity rate
increased by 5.46 (p<0.001). Likewise, some months
such as September ($=9.82, p=0.04), and July (=13.7,
p=0.005), were significantly and positively associated
with increased malaria positivity rate in the zone.

A statistically significant negative association was
observed between intervention activities and the malaria
positivity rate. As the indoor residual spraying (IRS)
activity increased, the malaria positivity rate decreased
by 28 times (p <0.001). However, there was no significant

effect were found concerning different Plasmodium spe-
cies and overall malaria prevalence. Among the climatic
variables analysed, maximum temperature was negatively
associated with the malaria positivity rate. For every
1-unit increase in maximum temperature, the malaria
positivity rate decreased by 1.3 (p=0.003), while rain-
fall and minimum temperature do not affect the malaria
burden. Among the districts or administrative towns
included in the analysis, Bita (3=19.65, p=0.0002) and
Decha (p=11.71, p=0.02) exhibited significantly high
positivity rate (Table 3).

Socio-demographic characteristics of the study
participants

In the cross-sectional study, a total of 621 (315 were
males and 306 were females) clinically malaria-suspected
patients were included, among which 315 (50.72%) were
microscopically confirmed malaria-positive. Also, in
terms of age, 25.4% were under 5 years old, 84 (13.5%)
were 5—14 years old, and 379 (61%) were above 14 years
old. The percentage of males and females tested malaria-
positive was 30.11% (n=187) and 20.61% (n=128),
respectively. The travel history data indicated that indi-
viduals with no travel history were 94.36% (n=>586),
among which 48.15% (n=299) were found negative,
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Fig. 2 Pattern of climatic variables (minimum, maximum and average temperatures, and rainfall) in Kaffa zone, from 2018 to 2024

while 46.225 (n=287) were tested positive for malaria
infection. The low-income category had a higher posi-
tivity rate (24.3%) compared to the medium (16.26%)
and high (0.87%) categories. Those with travel history
had 5.64% cases, with 1.13% negative and 4.51% posi-
tive cases. The dominant Plasmodium species in the
study area was P, falciparum (79%), while P. vivax mono-
infection showed lesser distribution (3.5%). Regarding
age, the dominant age group with high malaria positivity
was those>14 years (31.9%), followed by younger chil-
dren<5 years (11.1%). Malaria positivity rate was higher
among patients with>5 family size (56.68%) and mer-
chant occupation (35.91%), followed by farmer (30.59%)
and illiterate educational background (33.01%). Malaria
positivity in pregnant women was 6.44% (Table 4).

Patients’ awareness about malaria interventional activities
Most of the study participants had a history of malaria
episodes (78.74%, n=489). Most of the patients were
treated with artesunate (58.41%, n=184), a treatment
option recommended for severe malaria infection, fol-
lowed by AL (31.75%, n=100) for their past malaria
infection. The patient’s adherence to the infections seems
poor, as most of them replied they had no adherence
(73.1%, n=454) to the full dose of anti-malarial drugs.

The number of patients whose family members sleep
under ITNs was only 8% and none of the participants had
outdoor activities. In the most recent years, 2023/2024,
there are no ITNs distributed, or IRS services provided
in the study area. Many participants strongly disagree
(71.82%, n=446) with the sufficiency of previously dis-
tributed ITNs and most of them don’t properly use what
they have (74.07%, n=460).

Regarding the patient’s knowledge of common malaria
symptoms, and health education provided in the study
area, although only a few participants said there was
health education provided to them (32%, n=198), most
of them (56%, n=347) had a better understanding about
malaria symptoms. On the other hand, participants knew
about malaria prevention and control activities, only
very few were aware of the larva source management
(3.06%), and the use of traditional medicinal plants for
malaria prevention (4.7%). None of the study participants
knew about biological control agents and participated in
malaria interventional activities in the locality (Table 5).

According to the regression analysis, certain socio-
demographic variables such as males had shown a sig-
nificantly (0.492 times) higher risk of getting malaria
infection compared to females (AOR=0.492, 95% CI
0.36-0.68, p<0.001). The children found in the age
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Table 3 Effect of some risk factors on the malaria positivity rate
Kaffa zone, Southwest Ethiopia from 2018 to 2024

Variables Estimate Std. Error tvalue Pr(>[t])
Intercept —0.0001 118 -93 <2e—16***
Year 5.46 0.58 9.32 <2e—16***
Pf —0.0008 0.007 -0.122 0.90302
Pv 0014 0011 1.334 0.18247
Mixed —-0.04 0.123 —0.358 0.72015
<5 Ref. Ref. Ref. Ref.
5-14 —0.140 0.103 —-1.36 0177
>14 0.158 0.154 1.92 0.008**
Female Ref. Ref. Ref. Ref.
Male 0442 0.185 2.39 0.018*
TN 4.52 297 152 0.13

IRS - 28 5.05 —554 3.85e—08***
Min. Temp 0.84 0.77 1.08 0.28
Max. Temp -13 045 -29 0.003**
Rainfall 05 03 1.7 0.09
Awurada — 1257 022 -06 0.57

Bita 19.65 527 37 0.0002%**
Bonga Town -6.27 5.14 -12 0.22
Chena 0.196 5.09 0.04 0.97
Cheta 0.133 544 0.02 0.98
Decha 1171 517 227 0.02*
Deke 2.03 5.08 04 0.69
Gawata 554 5.09 1.09 0.28
Gesh -5.03 511 —-0.98 032
Gimbo 8.85 5.09 1.74 0.08
Goba —5.63 5.09 -1.1 0.27
Shis 561 5.08 1.1 027
Shis T —549 5.28 -1.04 0.29
Wach - 256 5.09 -05 0.61
Adiyo Ref. Ref. Ref. Ref.
January —-0.99 4813 -02 0.84
February 0431 4.821 0.09 093
March -0.15 4815 -0.03 0.97
April Ref. Ref. Ref. Ref.

May 1.58 4813 0.32 0.75
June 4.28 4817 09 0.38
July 13.7 4819 2.8 0.005**
August 3.96 4815 0.81 042
September 9.82 4817 2.01 0.04*
October (AN 4.828 0.02 0.98
November -392 4.825 -038 042
December 1.05 4816 0.2 0.83

* = p<0.05, ** = p<0.01, *** =p<0.001

Std. Error standard error, Min. temp Minimum temperature, Max. Temp Maximum
temperature, Min.temp. Minimum temperature, Pf P. falciparum, P.v P. vivax, Mixed
P. falciparum and P. P. vivax infection
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group between 5 and 14 had 33 times higher less chance
of getting malaria infection than those acknowledged
as biologically risk group, under 5 years of age chil-
dren (AOR=- 33, 95% CI 1.93-554.4 p=0.016). Also,
patients aged more than 14 years had a 92 times higher
risk of malaria infection compared to those under
5 years of age children (AOR=92, 95% CI 1.74—4846.53,
p=0.025). Similarly, those patients with a travel history
to malaria-endemic areas in the nation had a 4.17 times
higher risk of malaria infection than those without a
travel history (AOR=4.17, 95% CI 1.79-9.7, p=0.001).
Contrarily, malaria patients living in good housing con-
ditions (0.09 times), with good awareness about malaria
(transmission, common symptoms and prevention meth-
ods) (0.066 times), availability of malaria control activi-
ties (0.59 times), and educated patients had (0.075 times)
have lower chance of getting malaria infection than their
counterpart (Table 6).

Response of key informants on malaria and challenges
Findings from the key informant interview with the
healthcare providers and health authorities in the district
showed that there was a shortage of healthcare workers
in the health facilities, insufficient medication or drugs
for the treatment of malaria, insufficient healthcare infra-
structures, such as reagents for diagnosis, and inadequate
hospital beds for inpatient service, which could suggest
the presence of a weakened healthcare system struggling
to handle the current vast malaria burden in the dis-
trict. Due to the shortage of healthcare workers (doctors,
nurses and others), there was tremendous overburdening
of the existing staff, which hinders effective case manage-
ment, robust surveillance and monitoring treatment, in
place. The lack of robust surveillance and monitoring sys-
tems in place and limited access to rapid diagnostic tests
(RDTs) or lack of other diagnosis options to improve
a prompt malaria diagnosis was also raised by the key
informants as a grave concern.

Regarding the population’s knowledge and practice
toward malaria interventional activities, the key inform-
ants stated that there was limited knowledge of the major
prevention and control measures inadequate under-
standing of malaria as a life-threatening disease, and
negligence in the proper utilization of the tools (misuse
of insecticide-treated bed nets (ITNs), unwillingness of
communities to remove household items during indoor
residual spraying, lack of attention and prioritization of
malaria control efforts, poverty, inattentive practices
among key stakeholders such as health extension work-
ers and other health care workers fail to educate the
population on malaria issues, and professionals seeking
personal benefits instead of supporting the community,
were challenges encountered during the implementing
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Table 4 Socio-demographic and behavioural characteristics of the study participants in Bonga town, Kaffa zone, Southwest Ethiopia,

January to May 2024
Variables Parameters Malaria test Total (%)
Negative (%) Positive (%)
Age <5 89 (14.33) 69 (11.11) 158 (25.44)
5-14 36 (5.80) 48 (7.73) 84 (13.53)
>14 181 (29.15) 198 (31.88) 379( 03)
Sex Male 128 (20.61) 187 (30.11) (50 72)
Female 178 (28.66) 128 (20 61) 306 (49.28)
Family size <5 138 (22.22) 31(21.10) 269 (43.32)
>5 168 (27.05) 184 (29.63) 352 (56.68)
Plasmodium species P, falciparum 248 (39.94) 248 (79)
P vivax 11(1.77) ( 5)
Mixed 56 (9.02) 6(17.5)
Occupation Farmer 99(1 5.94) 91(14.65) (30 59)
Merchant 08 (17.39) 115(18.52) 223 (35.91)
Student 61(9.82) 70(11.27) 131 (21.10)
Employed 28 (4.51) 29 (4.67) 57(9.18)
Unemployed 0(1.61) 10(1.61) 0(3.22)
Household income level® Low 151(2 3) 248 (39.9) 399(64 25)
Medium 101(1626) 61(9.82) 162( 17)
High 54(0.87) 6 (O 966) (9 66)
Travel history to malaria endemic areas  Yes 7(1.13) 8(4.51) 5(5.64)
No 299 (48.15) 287 (46.22) 586 (94 36)
Education level |lliterate 07 (17.23) 98 (15.78) 205 (33.01)
Primary school 87 (14.01) 99 (15.94) 186 (29.95)
Secondary school (1 3.04) (1 272) 160 (25.76)
Higher educated 1(4.99) 9 (6.28) 70 (11.27)
Type of house Thatch roof (1 45) 303 (48.79) 2 (50. 24)
Corrugate sheet roof 297 (47.83) 2(1.93) 309 (49.76)
Pregnant women Yes 44 (7.09) 40 (6.44) 84(13.53)
No 262 (42.19) 275 (44.28) 537 (86.47)

2 Refers to daily income < 50 birr per person=

of intervention activities. In addition, the availabil-
ity of many mosquito breeding sites in the locality was
reported as the main challenge to ensuring the preven-
tion and control of malaria in the study area.

Discussion

The malaria positivity rate observed in the retrospective
study (39.43%) was too far from the finding of a simi-
lar study from central Ethiopia (17.4%) in 2022/23, and
Southwest Ethiopia (13.6%) [8, 9]. The difference could
be due to differences in geographical location, altitude,
data collection methods, and the study population. Also,
there was a sharp and rapid malaria burden increment
detected in the cross-sectional study conducted in 2024
(50.72%) among clinically malaria-suspected patients
who attended the health facilities during the study
period. The malaria burden detected in this study was

low, daily income 50-200 birr per person = medium, daily income >200 birr per person=high

too far from the earlier reports from Dembiya district,
north-western Ethiopia (22.4%) in 2018 [14], and Mizan-
Aman town, southwest Ethiopia, (21.1%) in 2021 [8]. This
implies the recent malaria situation in the Kaffa zone has
been worsening in recent years, with the disease becom-
ing more widespread in the population.

This study also identified significant seasonal fluctua-
tion in malaria prevalence, with higher rates observed
from July to September [15]. This seasonal variation
of malaria prevalence might be due to the existence of
favourable environmental conditions and increased mos-
quito breeding sites during the post-rainy months, which
leads to higher malaria transmission [16]. Understand-
ing this seasonal pattern of malaria prevalence is crucial
for proper planning and execution of malaria control
interventions, as it can help trace the target resources
during the high-transmission seasons so that malaria
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Table 5 Health Care System and KAP of the patients about malaria in Bonga town, Kaffa zone, Southwest Ethiopia from (January to

May 2024)
Variables Parameters Malaria test Total (%)
Negative (%) Positive (%)
Previous malaria episodes Yes 239 (38.56) 250 (40.26) 489 (78.74)
No 67(10.89) 65 (10.56) 132 (21.26)
Drug received for the previous malaria infection AL alone 00 (31.75) 100 (31.75)
AL plus PQ 26 (8. 25) 26 (8. 25)
Artesunate 84 (5841) 184 (5841)
CQplus PQ 5(1.59) 5(1.59)
Practice of adherence to full dose of antimalarial drugs No 226 (36.39) 228 (36.71) 454 (73.11)
Yes 80(12.88) 87 (14.01) 167 (26. 89)
All family members sleep under bed net Yes 42 (6.76) 7(1.13) 49 (8)
No 264 (42.51) 308 (49.59) 572 (92.11)
Insecticide treated bed nets (ITNs) distributed?® No 306 (49.28) 315 (50.72) 621(1 OO)
House sprayed (IRS)? No 306 (49.28) 315(50.72) 621 (100)
Qutdoor activities No 306 (49.28) 315 (50.72) 621 (100)
Sufficiency of ITN distributed per household in the past Neutral 8(6.12) 45 (7.25) 83(13.37)
Disagree 2(8.37) 40 (6.44) 92 (14.81)
Strongly disagree 216 (34.78) 230 (37.04) 446 (71.82)
Proper utilization and maintenance of bed nets No 225(36.23) 235(37.84) 460 (74. 07)
Yes 81(13.04) 80(12.88) 161 (25.93)
Health education ever received on malaria® No 207 (33.33) 216 (34.78) 423 (68.12)
Yes 99 (15.94) (1 5.94) 198 (32)
Patients’awareness on the common malaria symptoms No 140 (22.54) 4 (21.58) 274 (44.12)
Yes 166 (26.73) (29 15) 347 (56)
Knowledge on larval source management No 296 (47.67) 306 (49.28) 602 (96.94)
Yes 0(1.61) 9(1.45) 9(3.06)
Knowledge on traditional medicinal plants used for prevention No 292 (47.02) 300 (48.31) 592 (95 3)
of malaria Yes 4(225) 5(242) 9(47)
Knowledge on the use of biological control agents No 306 (49.28) 315(50.72) 621 (100)
Participation on any intervention activities No 306 (49.28) 315 (50.72) 621 (100)

2 Refers to education ever received on malaria transmission, prevention and control methods, and the need for early malaria diagnosis and treatment

b Refers to ITNs distributed, or IRS service provided in 2023/2024, LSM = larval source management, AL = Artemether lumefantrine, CQ =chloroquine

interventional activities will be successfully addressed.
The main human malaria parasite in the study areas was
P falciparum (as mono-infection and mixed infection
with P, vivax). The dominant presence of this deadly par-
asite in the study area should alert the concerned health
authorities to undertake prompt interventional measures,
as there is a possibility of increased risk of severe life-
threatening malaria pathologies [17], thereby the num-
ber of deaths due to this parasite could be minimized and
malaria-associated public, economic, and social impacts
could be controlled [18].

Some socio-demographic and behavioral characteris-
tics, such as being male, being uneducated, having low
income, having poor living conditions, and having inade-
quate knowledge/awareness of the population on malaria

(transmission, prevention, and control), were substan-
tially associated with increased malaria burden. This
finding agreed with a report from sub-Saharan Africa,
where low quality of knowledge, and living conditions
significantly impacted malaria transmission dynamics
[19], although occupation was not found to be signifi-
cantly associated with malaria burden in this study. The
gender disparity observed could be attributed to the dif-
ferences in outdoor activities and occupational expo-
sures, which may increase the risk of mosquito bites for
male patients than females. Patients’ age above 14 years
was also associated with higher vulnerability. The sex
and age-related patterns observed in this study were sup-
ported by studies from Metehara in Central Ethiopia [8],
where males were more affected than females, and the
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Table 6 Association between some variables and the malaria positivity rate in Bonga town, Kaffa zone, Southwest Ethiopia, January to

May 2024
Variables Alternatives Negative (%) Positive (%) COR AOR (95% C.I) P-value
Constant 5.58 265.262 0.033
Age <5 89 (14.33) 69 (11.1) Ref. Ref. Ref.
5-14 36 (5.80) 48 (7.7) - 349 —33(1.93-5544) 0.016
>14 81(29.15) 198 (31.9) —4.52 92 (1.74-4846.53) 0.025
Sex Male 128 (20.61) 187 (30.1) -0.71 0492 (0.36-0.68) 0.000
Female 178 (28.66) 128 (20.6) Ref. Ref. Ref.
Occupation Merchant 108 (17.39) 115 (18.5) -0.85 1.08 (0.7-1.66) 0.734
Student 61(9.82) 70(11.3) -173 0.97 (0.54-1.74) 0.926
Employed 28 (4.51) 29 (4.7) -18.14 0.94 (0.38-2.35) 0.893
Unemployed (1.61) 10(1.61) 142 0.86 (0.59-1.27) 0457
Farmer 99( 5.94) 91(14.7) Ref. Ref. Ref.
Level of household income Medium 101 (16.26) 61(9.8) - 269 —0.068 (0.03— 0.16) .000
High 54 (8.70) 6(0.97) —269 —0.068 (0.03— 0.16)  .000
Low 51(24.32) 248 (39.9) Ref Ref Ref.
Education level Educated 87 (14.01) 99 (15.9) - 259 —0.075 (0.007-0.85) 0.037
llliterate 07 (17.23) 98 (15.8) Ref. Ref. Ref.
Housing condition Corrugated sheet roof 297 (47.83) 12(1.9) - 862 —0.09 (0.002-0.33) 0.000
Thatch roof 9(1.45) 303 (48.8) Ref. Ref. Ref.
Travel history to malaria endemic areas Yes 7(1.13) 28 (4.5) 143 417 (1.79-9.7) 0.001
No 299 (48.15) 287 (46.2) Ref. Ref. Ref.
Awareness about malaria transmission Yes 64 (10. 31) 160 (25.8) —-272 —0.07 (0.03-0.13) 0.000
No 241 (38.81) 155 (25) Ref. Ref. Ref.
Knowledge on malaria control measures ~ Good 75(12.08) 5182 -053 —0.59(041-0.86) 0.006
Poor 231 (37.20) 264 (42.5) Ref. Ref. Ref.

COR crude odd ratio, AOR adjusted odd ratio, Ref represents reference category
Mixed refers to infection by both P. falciparum and P. vivax

Afar region of Ethiopia, where a higher burden of malaria
was reported to older age groups [10]. Also, the type of
house was identified as a risk factor for malaria infec-
tion, which was supported by another study [20]. Accord-
ing to Ayele et al. [21], the construction material of the
walls, roof and floor of a house and toilet facilities and
the availability of electricity were the risk factors identi-
fied with malaria infection. Although evidence is limited,
housing condition is an important risk factor for malaria
risk. The presence of a ceiling possibly provides a protec-
tive effect [22]. Screening doors and windows can aid in
directly blocking vector entry, while modern wall and
roof materials may encompass fewer gaps, change the
attractiveness of the inner environment to mosquitoes or
offer fewer resting sites for mosquitoes than traditional
materials [22]. Patients’ travel history was another signifi-
cant factor associated with an increased risk of malaria
infection, as there is a potential exposure risk in endemic
regions of the same country [11].

The most widespread and universally accepted inter-
ventional methods of malaria transmission prevention

and control are the use of insecticide-treated bed nets
and the application of indoor residual spraying [23]. The
ITN was recognized as a higher preventive measure [24].
It works by killing or repelling the vectors that try to feed
on humans while sleeping. Similarly, IRS involves spray-
ing the indoor walls and eaves of homes with a residual
insecticide, which creates a long-lasting insecticidal
effect that kills mosquitoes that land on the treated sur-
faces [1]. In the past few decades, because of the broader
application of these interventional strategies, the malaria
burden has significantly reduced and has nearly reached
eradication [7]. However, the inadequacy of execution
and cut of the ITNs distribution in recent years could be
one of the pivotal factors for the current malaria resur-
gence in the study area, although a significant impact was
not observed. Similarly, the participants have reported
that none of them have received ITN or got IRS service
in the past three years. Those old ITNs were even used
by only a few members of the family, although they could
lose their potency, and the torn ITNs might not be pro-
tective against the mosquitoes anymore [25, 26].
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Findings from the key informants revealed some key
challenges delaying the malaria control efforts and con-
tributing to the malaria resurgence were inadequate
awareness of the population towards malaria prevention
and control, misconceptions and poor knowledge of the
interventional approaches (poor adherence to the drugs),
and a limited number of health care providers. Moreo-
ver, there was a weak healthcare system in the study area
(lack of robust surveillance and monitoring systems and
healthcare facility infrastructure). These findings were
similar to the findings from Ethiopia and elsewhere [12,
27]. It will hinder the early detection of outbreaks and
limit the ability to implement targeted control meas-
ures [28]. Thus, addressing these gaps through targeted
education and awareness creation campaigns should
be planned and taken as a priority agenda for local and
regional health authorities. In addition, limited access to
RDTs or other rapid diagnostic options in the context of
high malaria burden could lead to delayed diagnoses and
treatment of malaria patients and allow the parasite to
replicate in the human body for longer, increasing trans-
mission risk and potentially contributing to the emer-
gence of drug-resistant strains [29].

Furthermore, in this study, seasonal variability (maxi-
mum temperature) was identified as one of the key risk
factors associated with the high malaria burden in the
study area. There is a fact on the influence of seasonal
change on the mosquito population, which in turn affects
malaria transmission rates [30], high rainfall is associated
with a rise in malaria cases due to increased mosquito
populations as vector breeding sites increase [31], and a
positive association between increased malaria burden
and temperature rise [32] is expected as temperature
controls the growth and development of vectors, and reg-
ulates the survival of vectors and parasite development in
the vector body. In the current study, maximum tempera-
ture was found to suppress malaria positivity rate, which
implies the vector and parasite development in the vec-
tor body require optimum temperature, which is 16 °C to
18°C [33].

Limitation of the study

This study included primary and secondary data from
patients’ medical records, meteorological agencies in
the country, and the zonal health offices. Hence, large
size of data using large sample size was collected in the
study. However, its triangulation against the primary data
and drawing solid conclusion was difficult. Because data
obtained from secondary sources contain limited infor-
mation on some variables such as socio-demographic,
socio-economic, behavioural characteristics, knowledge,
attitude, and practice of the study participants. In addi-
tion, as the current malaria burden is varying from place
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to place and season to season in the same country, due
to diverse ecological zones, generalizing this finding to
other settings might be difficult.

Conclusion

The study findings revealed the presence of a high malaria
burden in the study area. The socio-demographic and
socio-economic characteristics of the patients, level of
community awareness on the malaria transmission, pre-
vention, and control, travel history to malaria-endemic
areas, climatic variability, a weakened healthcare sys-
tem, a shortage of staff, and interrupted implementation
of interventional activities (e.g., IRS) were among the
main risk factors associated with the documented high
malaria burden in Kaffa zone. These findings could serve
as an input for the national health authorities at different
levels, as well as other concerned bodies, to understand
the major risk factors for the malaria resurgence in the
study area, and to improve the healthcare system through
boosting the available resources (human and material),
besides raising the community’s awareness and engage-
ment, supplying adequate infrastructure to the health
facilities, and along with interventional tools essential to
addressing the present challenging situation.
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