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in Northwest Ethiopia: a qualitative study

Tesfaye Tilaye"", Belay Tessema?®?, Kassahun Alemu* and Walelegn W. Yallew”

Abstract

Background Seasonal migrant workers are at increased risk of malaria and can play a substantial role in transmitting
the disease to receptive areas. Assessments conducted among these workers showed a high prevalence of malaria.
This qualitative study aimed to explore the contributing factors and challenges to the high malaria prevalence
among seasonal migrant workers in agricultural farm areas. The study also sought to identify potential solutions.

Methods A descriptive phenomenological approach was employed to investigate the perceived causes, challenges,
and solutions related to malaria prevalence among seasonal migrant workers in the development corridors of south-
west Ethiopia. This approach emphasizes describing experiences as they are, without researcher interpretation. Data
were gathered from 24 individuals purposefully selected for their close involvement with seasonal migrant workers
and their experience with malaria issues in agricultural farm areas. Open-ended questions were used, and interviews
were conducted in safe, quiet settings. Data management was performed using Open Code software version 4.03,
and thematic analysis was applied to the contents.

Results The study findings identified origin from highland areas, low health-seeking behaviour, working at night,
and lack of use of long-lasting insecticidal nets (LLINs) as the perceived causes of high malaria prevalence among sea-
sonal migrant workers by the study participants. Limited collaboration among stakeholders, a lack of migrant-friendly
malaria prevention strategies, and inconsistent support for medical supplies were challenges highlighted by the key
informants. Therefore, seasonal migrant workers were faced with high risk of malaria due to factors such as lack

of immunity, delayed treatment, exposure to mosquitoes, and limited prevention efforts. Addressing these challenges
is crucial for reducing malaria prevalence among this vulnerable population.

Conclusion The study findings highlighted the need for targeted interventions to address the specific factors
contributing to high malaria prevalence among seasonal migrant workers and to overcome the challenges in imple-
menting effective malaria prevention strategies in this vulnerable population. Further study should be conducted

to include the views and positions of seasonal migrant workers, owners of the farm areas, host communities,

and political leaders.
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Background

Malaria remains a major public health problem in sub-
Saharan African countries, including Ethiopia. The epi-
demiological distribution of malaria in the country varies
from geographic area to area, from one community to
another, and from season to season. Moreover, migration
and mobility for political, economic, and social reasons
also significantly contribute to malaria distribution varia-
tion in the country. Thousands of people migrate season-
ally from areas with little or no malaria load to those with
endemic malaria for agricultural activities, increasing
their risk of contracting malaria and its complications [1].

Studies have shown that population movement is
closely linked to malaria spread, resurgence, and out-
breaks [2—4], and countries have found migration to be
a key player in the reintroduction of malaria cases [5].
Migration has also posed challenges to the control and
elimination of malaria [6, 7]. African countries were par-
ticularly affected by unrecognized migrants and were
unable to continue with the malaria elimination pro-
gramme. As a result, following the renewal of the malaria
elimination paradigm in recent times, the population
movement has gained recognition, especially in coun-
tries that eliminated malaria and those that are moving
to eliminate malaria and sustain malaria elimination [7].
In Ethiopia, most of the migration is seasonal or cycli-
cal [8]. Seasonal migration to mechanized farming areas
occurs annually, involving around 500,000 migrant work-
ers. These migrants typically come from highland regions
with low malaria transmission to lowland or malarious
areas during the farming season (June to December) for
site clearing, land preparation, planting, weeding, and
harvesting of cotton, sorghum, and sesame [9]. Seasonal
migrant workers are key players, either as active trans-
mitters or passive acquirers. As active transmitters, they
harbour the parasite due to their low level of immunity to
malaria, are at high risk of malaria infection, and trans-
mit the disease to areas of low or sporadic transmission.
As passive acquirers, they are exposed to malaria through
movement from one environment to another [5, 6, 10].
Moreover, it has been shown that seasonal and short-
term migrant workers are more at risk of malaria infec-
tion and play a central role in malaria transmission due to
travelling to endemic areas with no immunity or partial
immunity [2].

Health facility-based malaria studies conducted in
Ethiopia revealed a high prevalence of malaria parasites
among seasonal migrant workers from malaria-endemic
areas [11, 12]. Therefore, seasonal migrant workers can
reintroduce the parasite and initiate a resurgence and an
outbreak of malaria when they return to their permanent
living place, where it might be malaria-receptive [7]. In
Ethiopia, malaria is one of the main public health and
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economic problems. The distribution varies from place
to place depending on climate, rainfall patterns, and alti-
tude [13-16]. It is a major concern in the country, and it
is one of the leading causes of morbidity and mortality. In
Ethiopia, 75% of the landscape areas below 200 m above
sea level are affected by malaria cases [17]. Ethiopia
has a population of over 100 million, of which approxi-
mately 68% are at risk of the disease [15]. About 2.9 mil-
lion cases of malaria and 4,782,000 related deaths have
been reported annually, and the rate of morbidity and
mortality dramatically increases during epidemics [15].
Ethiopia is one of the countries that have implemented
the revised strategies to control malaria. Among these,
indoor residual spraying (IRS) and long-lasting insecti-
cidal nets (LLINs) are the most important in malaria pre-
vention and control strategies [18, 19]. Additionally, the
introduction of rapid diagnostic tests at the community
level and the adaptation of artemisinin-based combina-
tion therapy (ACT) are also practiced in Ethiopia [20].
Despite the massive efforts to implement these strate-
gies, malaria continues to cause significant morbidities
and mortalities in the endemic areas of Ethiopia. On the
other hand, the developments of insecticide resistance in
IRS and LLINSs in different parts of the country have their
own impact on controlling the main malaria vectors.
In Ethiopia, the development of resistance in different
insecticide groups on Anopheles arabiensis was reported
by Yewhalaw et al. [21], Hadis et al. [22], and Massebo
et al. [23]. Malaria causes much damage to the health and
socioeconomic development of the country [15]. The dis-
ease is more severe in children and pregnant women [24].
Although several malaria prevalence studies in different
parts of Ethiopia have focused on all age groups, only a
few studies have indicated that adult malaria is still one
of the major public health problems in the country. To
date, however, the national estimate of adult malaria in
the country is not known.

In Ethiopia, malaria prevention and control strate-
gies are primarily designed for stable communities, with
limited attention directed towards the specific needs of
migrant workers. Seasonal migrant workers, who are
often more vulnerable to malaria, receive fewer targeted
interventions [25]. The most common practices for
addressing malaria in this population include the tem-
porary deployment of health workers for three to five
months, awareness-raising campaigns, and environmen-
tal management efforts [9]. However, these approaches
may fall short of fully addressing the unique challenges
faced by migrant workers in preventing and control-
ling malaria. The study finding on malaria prevalence
conducted [24] among seasonal migrant workers in the
Metema district has shown high malaria prevalence. The
study revealed that malaria prevalence rates were 13.5%
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at transit, 18.7% at destination, and 17.5% at departure.
The majority of seasonal migrant workers, 75.74% (2582),
originated from rural areas, with a significant proportion
coming from highland regions, accounting for 60.90%
(2077). Among these workers, 44.62% (1521) were daily
labourers, 42.74% (1457) were farmers, and 12.64% (431)
were students [17, 26]. The study findings indicated a sig-
nificant contribution of seasonal migrant workers to the
transmission of malaria in the country.

Following the findings, a qualitative study was con-
ducted to explore contributing factors, challenges, and
the proposed solution for the high malaria prevalence
among seasonal migrant workers in agricultural farm
areas.

Methods

Study design

A descriptive phenomenological approach [27] was
employed to investigate the perceived causes, challenges,
and solutions related to malaria prevalence among sea-
sonal migrant workers in the development corridors of
southwest Ethiopia. This study design enabled to identify
significant statements, cluster themes, and present key
informant quotes as they were expressed.

In this study, owners and managers of farm areas,
health extension workers, malaria focal points at clus-
ter health centres, woreda, zones, regions, EPHI/PHEM,
FMoH, and focal points from zone and regional social
affairs and rural land administration participated. These
study participants were selected based on their knowl-
edge, experience, and involvement in the subject of inter-
est and their closeness with seasonal migrant workers or
having direct experience with malaria-related issues in
agricultural settings. Selection bias and over-representa-
tion of certain views were potential biases in this study.
Thus, the representation of various sectors and grass-
roots-level stakeholders was ensured to minimize biases.
Moreover, triangulation with the study findings being
conducted among seasonal migrant workers was done to
validate the findings and reduce the impact of individual
biases.

Data collection

A total of 24 participants were purposefully selected for
key informant interviews from the various government
sectors in charge of development corridors and malaria
programme administration levels. Inclusion criteria
included individuals with five or more years of experience
in malaria prevention and control activities, including
focal persons at all levels who were included in the study.
This also encompassed farm owners, private clinic opera-
tors serving farm areas, healthcare workers support-
ing these sites, and stakeholders currently or previously
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involved in malaria prevention and control efforts within
farm areas. Additionally, key informants with in-depth
knowledge or experience related to the research topic
who were willing to provide informed consent were
included. Participants who have no direct responsibility
for agricultural farm areas and seasonal migrant workers
were excluded from the study. The principal investigator
facilitated the interview. All the interviews were audio-
recorded, and the confidentiality of the information was
assured. The semi-structured interview guide was used
for the key informant interview. The interview guide
was developed based on previous literature and the high
malaria prevalence result of a study conducted at transit
and destination of seasonal migrant workers during har-
vest season on causes of an increased malaria problem in
development corridors and malaria prevention and con-
trol strategies for migrant workers. The interview guide
was tested and checked before the actual data collection.
Participants approached for the interview from farm
sites, health sectors (health posts, cluster health cen-
tres, Woreda Health Office, Zonal Health Department,
Regional Public Health Institute, Federal Public Health
Institute, Federal Ministry of Health), and other govern-
ment sectors (social affairs and rural land administration
at zonal and regional levels). The interviews were con-
ducted from April to June 2021. The interviews were con-
ducted in a safe and quiet place to prevent disturbances
during discussion. The interviewers were one senior pub-
lic health officer and one senior environmental health
officer. None of the research team members were related
to any of the study participants. An average of 40 min for
each interview was used to collect the data.

The level of saturation was used to determine the
adequacy of the data for each concept and to go to the
next discussion point. The interviewer noted that repeti-
tive patterns emerged, and participants provided no new
information. During the coding process, no new codes
were identified, confirming that all relevant aspects of
the research question had been fully addressed. Thematic
saturation was achieved, ensuring that the study’s major
themes were thoroughly developed and well understood.
In reaching saturation, various criteria were considered,
including sample size, sample diversity, the study’s scope,
the research methodology, and the overall quality of the
data.

Debriefing was conducted after each interview using
field notes to see the presence of new ideas and concepts
and to formulate the next interview. The interview was
conducted at all levels with farm camp owners/manager
and health extension workers, malaria focal persons at
the health centre, woreda malaria and other vector-borne
disease prevention and control officers, zone malaria
and other vector-borne disease prevention and control
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officers, regional and federal malaria team leads, consult-
ants, private clinic owners, and other stakeholders (social
affairs office, rural land administration). Each interview
was conducted by the principal investigator.

Data analysis

Data were gathered in the form of audio recordings and
notes from the key informant interview, and Amharic
recordings were transcribed daily after the fieldwork dis-
cussion by the research team, and the transcription was
verbatim. The text was analysed thematically. Prior to
analysis, all the collected data were translated into Eng-
lish by a senior communication officer who has a BA
degree in Foreign Language and Literature and an MA
degree in Educational Research and Development. The
field notes were checked for accuracy and complete-
ness. The transcribed data were read almost five times to
understand the context. The transcripts were imported
into Open Code 4.03 for analysis. Coding was con-
ducted carefully, reading line by line several times, by two
research investigators. The two researchers have a PhD in
public health and qualitative research experience. A cod-
ing tree was constructed to understand the relationship
between ideas and look for links between themes. The
codes were grouped into categories and then analysed
thematically.

Trustworthiness of the study

To ensure the trustworthiness, this research adopted
Lincoln and Guba’s criteria of credibility, dependabil-
ity, confirmability, transferability, and authenticity [28].
This study established credibility through prolonged
engagement, member checking, and peer debrief-
ing. Participants validated the final codes, and experts
reviewed the coding and analysis process. The research
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presents detailed coding methods and rich descriptions
of participants’ perspectives to establish dependability.
Participants verified the interview-derived codes, and
adjustments as needed to ensure accuracy. Transfer-
ability was achieved by ensuring the participant selection
process, data collection, and analysis aligned with the
objectives of this study. This allowed for the findings to
be applied to similar contexts. Confirmability was rein-
forced by maintaining a clear audit trail of research deci-
sions and processes, ensuring transparency and potential
for replication.

Ethical considerations

Ethical clearance was granted by the University of Gond-
ar’s IRB, and further permission was obtained from the
ARHB’s Ethical Committee. Local administrations were
informed to facilitate the study. Written consent was
obtained from participants, who were told they could
stop the interview if uncomfortable. Interviews were con-
ducted at their workplaces without compensation. Confi-
dentiality was maintained by using code numbers instead
of names for the collected data.

Results

Sociodemographic characteristics

A total of 24 individuals participated in the key inform-
ant interview. The majority, 18 (75%), of the participants
were male and found in the age group of 28-60 years.
Representatives were selected from each sector office
(investment camp, health post, health sector, woreda
health office, zone health office, APHI, EPHI, FMoH,
labour and social affairs, investment sector, and private
clinic) (Table 1).

Table 1 Sociodemographic characteristics of study participants, April to June 2021

Participants Sex Age Occupation No. of
participants
Investment camp M 29-58 Farm manager/"Kobrare” 4
Health Post F 30-35 Health extension workers 4
Health Centre M 28-37 Malaria officers 3
Woreda health office M 36 Malaria and other vector borne diseases 1
Zone health office M 34-47 Malaria and other vector borne diseases 3
Amhara Public Health Institute (APHI) F 31 Malaria case team lead 1
Ethiopian Public Health Institute (EPHI) M 30 Malaria case team lead 1
Federal Ministry of Health (FMoH) M 60 Consultant for malaria elimination 1
Labour & social affair 1F2M 35-53 Focal officers for investment areas 3
Investment sector M 31,37 Health of the investment department 2
Private clinic M 45 Owner of the clinic 1
Total 24
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Themes, subthemes, quotes, and interpretations

During the key informant interviews, participants were
asked to describe the contributing factors to malaria
in the development corridors, the common practices
of malaria prevention and control activities, the chal-
lenges to malaria prevention and control practices, and
the proposed solutions to protect seasonal migrant
workers. The results were presented under four themes
and seventeen subthemes. Participant quotes were
organized by subthemes, and interpretations were pro-
vided for the quotes under each subtheme (Table 2).

Perceived causes for malaria in the development corridors
Migrants’ origin

The geography of migrants’ origin was described by
participants as a risk factor for malaria exposure in the
investment areas. Most of the seasonal migrant work-
ers are from highland areas where the risk of malaria
is zero or very low. So, migrants who are coming from
highland areas to agricultural farm areas have no
immunity to malaria, and their risk of malaria infection
is significant (Table 2).

“Most workers travel to development corridors
from high lands, especially during harvest time.
Their immune system is weak, and their level of
exposure is high” K1 8, 10,15,23

Lack of knowledge

Participants views indicated that lack of knowledge
on the nature of malaria disease among some of the
seasonal migrant workers is another risk factor that
exposes migrants to malaria infection. They also associ-
ated lack of knowledge of the nature of malaria disease
with obstacles to early treatment, facilitated the spread
of malaria among migrants, and increased the risk of
severe malaria (Table 2).

“Some have no knowledge of the nature of the dis-
ease, which exposes them to malaria and causes
them to look for treatment late. They give more
focus to making money, and their health is not
their priority, rather they want to come for treat-
ment when they are severely sick because they
don’t understand that malaria is a fatal disease.”
K112, 14, 22

Agricultural investment areas

All participants discussed agricultural investment
areas as one of the risk factors due to their loca-
tion in malaria-endemic areas. These areas are fertile
and attracting hundreds of agricultural investors and
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seasonal migrant workers. The presence of stagnant
waters due to agricultural activities in the areas cre-
ated ideal breeding grounds for Anopheles mosquitoes.
Seasonal migrant workers, who are sleeping in an open
field or in the jungle and lack mosquito nets, espe-
cially during the harvest season, are highly exposed to
malaria infection (Table 2).

” There are a lot of stagnant waters due to the
numerous investments in the area, and seasonal
migrant workers don’t have many options to pro-
tect themselves, as they sleep outside and are not
provided with mosquito nets. So, seasonal migrant
workers are highly exposed to malaria” KI 3, 4, 5, 14

Harvesting season

Participants described that major commercial farm activ-
ities are carried out during the malaria season. Migrants
are employed in farm activities during land preparation,
plantation, weeding, and harvest seasons in commercial
farm areas. These farm activities are mostly done from
May to December. In these months, malaria cases start
to rise and peak during the harvest season, from Septem-
ber to December. Sleeping outside the shelter, working
at night, nonuse of LLINs, and using torchlight were the
common practices and risk factors for malaria (Table 2).

“As the woreda is an investment site, several sea-
sonal migrant workers come from different places.
Though there are efforts to implement malaria pre-
vention methods, malaria is always present during
land preparation, plantation, weeding, and har-
vesting. So, seasonal migrants are highly exposed to
malaria disease” KI 1,2

“Harvesting takes place in a season when mosquito
breeding is significant and the temperature is hot,
and migrants are working at night when mosqui-
toes are active and bite them easily; they are using
torchlights. Some farm areas don’t have shelter for
migrant workers” KI 10, 12,14,17,23,24

Lack of access to health care facilities

Access to health care facilities is very important to treat
malaria cases coming from seasonal migrant workers and
helps to prevent the risk of severe malaria and its conse-
quences. Poor access to health facilities while they stay at
farm sites. This resulted in a delay in treatment seeking
and self-treatment, which might increase their exposure
to malaria infection. Such risks were discussed by par-
ticipants, particularly those who have participated from
woreda health offices, cluster health centres, and health
posts. Late health care-seeking by migrant workers was



(2025) 24:47 Page 6 of 17

Tilaye et al. Malaria Journal

UOND3JUI BlLIB[RW O} Pas0dXxe

Ajybly a.e ‘uoseas 1sanley ayl buunp Ajjepadss
‘316un( ay1 Ut 1o pay uado ue ul buidas|s ale
OUM SI9X3I0M JuRIDIW ‘B10)219Y] "sooUNnbsow
sojaydouy jo uonelapold syl pue uosess
Autel ay3 buunp ia1em ueubels 1oy punoib
9[11J9) Pa1B3ID SEJE BY) Ul SSIIANDR [einyndube
9y "SI9¥10M JURIBIW [BUOSESS PUP SIOISIAUI
[ednynoLbe Jo spalpuny Buidene ‘9)1us) aie
SPaJP 953U | SBaJR DIUISPUR-BLIE[EW Ul UOIIEIO|
11941 01 3NP SI012RY YSL 9Y1 JO SUO SB Seale JUSW
-1S9AUl [eIn}ndLbe passnosip syuedpiuied |1y

BLIB[EU 2I9ASS JO 3SI DY) 950Ul pUe
‘suelBiw Buowe elejew Jo peasds sy 91e11|10e)
‘JuawieaI] A|Jes 01 $3|9P1SqO YlIM 3SeasIp
eLIR|PW JO 2INJRU 3U1 JO 9bpajmouy JO e
pa1eID0SSe OS[e A3y | "UOII9)ul eliejeW O}
SuRIBIW $950dXa 1Y) J01DR) SU JSY10UR SI
SIDIOM JUBIDIW [PUOSESS SY] JO SUIOS Buowe
95e3SIP BLIR[EU JO SIN1RU 91 UO 26p9

~[MOUD| JO 32B| 1BY1 Pa1edIpul SMaIA siuedidfied

uedyIubIs sI

UOI1D3jul BLIP[EU JO 4SH JISY) PUE ‘BlIB[EW O}
AlUNWWI OU 9ABY Seale Wiey [einjndube o}
seale pue|-ybiy wolj BuiWod ale oym siueibIw
'0S "MO| AJIDA 10 0I3Z S| BLIBJRU JO ¥SI 33 2UDYM
seale pue|-ybIy Woly SJe SI9YIOM JUeIBIW [PUOS
-B3S 31 JO SO\ "SPaIR JUSUIISIAUI DY) Ul NS
-0dxa ellejew 0} J01oe} ysu e se syuedidipied Aq
paguasap sem uIbLIo syueibiw jo Aydeiboab sy

¥1 'Sy M,/ DUDIDW 0] pasodxa Alybiy aip siayiom
JUDIbIW [pUOSDAS ‘0 "S1aU ONUNbsoW Yim papiroid
10U 31D puD 3pIsINO daa|s A3Y1 SD ‘SanjasLaY] 193]
-01d 0] SUOIAO AUDW IADY 3,UOP SIHUOM JUDIbIL
DUOSDAS pUD ‘D3I 3Y) Ul SJUSWISIAUI SNOJaWNU
3Y1 01 anp $Ia1DM JUDUBDIS JO 10| D 2ID 343Y ],

L -
,D3ID3ID SSAUBIDMD 31 BUIMOY(0J 22119Did 3Y3 SO}

-1UOWI O] WISIUDYDIAUI OU S| 313y UOA0ION “SIaHIOM
JUDIbIW BuOWID [013UO PUD UOIIUASIM DLIDIDW
UO $140JJa UOIID2ID-S5aU3IDMD AQ passalppp 21D
M3 D AJuo 1ng “uonDUNISAP Y1 1D UanID Ajjpnsn

SI SSURIDMD 'SDaID ULIDJ 10§ 1Updap A3y) 210J2q
SIOYIOM JUDIDIUI 10f PI]D3ID SSaUIDMD OU §] 313y ],
LT

,/ASDASIP DD} D S| DIDIDUI 1DY] PUDISIPUN 1UOP
A3Y1 25nD22q 215 Kj21135 31D A3Y1 UdYM JUWIDAI]
10 2UI0D 03 JubM A3Y1 Jay1ps “Ailioud Jiayl Jou Si
Y3/pay J1ay1 pup ‘“Aauow bupypw 0] Sn20J /0w
aAIb A3y | "31D] JUWIDaI] JOJ YOO| O] WaYy] SaSND2
PUD DLDIDW O] Way] $3500Xa YDIYM ‘a5D3sIp

ay1 40 2Inibu Y1 Jo abpajmouy ou aADY WO,

[T %L M ,/0I3Z 1SOW|D S| $311Q DLID|DW

YIIM 22U31adX3 11341 pUD $S3] S| 24NSodxa bLIDIDW
2IayM spubjybiy Wl Spalp LD [DI2I3WWOI
asay1 03 bujwiod a1 sUPIbIW 3Y] JO 150U 35NDI3q
Aunwwod 150y ay1 01 paIpdwo SiayIom Jubibiw
|DUOSD3S 10§ 1241y S| UOIID3JU] DIIDIDUI JO XSH 3],
TS0 8, Yby st

2N50aXa3 JO [aA3] 41241 pUD YDIM S| WBISAS duNLUIL]
a1y “awiy 1sanipy burinp Ajjpidadsa ‘spupy ybiy
WO SIOPILIOD JUSWAO[AP O3 [dADI] SIBYIOM 1SOl,

SPJR JUSWISIAUL [RANYNDLIBY

obpajmous| Jo yoe

uibio syueibiy

SI0P1I0D JUSW
-dojaASp 2Y3 Ul BlIRjRWI IO} SISNBD PRAIRIS

suonejasdiaiu)

saj0npd

saway)-qns

saway |

L 20z aunr o3 |udy ‘suoieiaidiaiul pue ‘sa10nb “saulayigns ‘sswiayl Jo Alewiuuns g ajqeL



(2025) 24:47 Page 7 of 17

Tilaye et al. Malaria Journal

SIMIOM JueIBIW [PUOSESS AQ SNITT JO

9SNUOU JO 35N $53| JOJ SUOSPJ UlBW 3L Se pauon
-USW 3J9M S91lIAIDP Bunsaaiey swimybiu pue
SUOIIPUOD JaY1eam 1oy 01 anp 3sn 01 Alljigeuns
MO| PUE 121|3Ys 31| 2IN1DNIISELUI JO 3D.| ‘UOH
-euOJUI JO ¥2e| ‘SN|TT 95ey2ind 01 SW0dUl MO
uonodayul

elie[ew pue sa1Iq JO XSl JI9Y) S9Sealdul pue
ssounbsow ssjsydoue s1oenie 1eyl pue

yB1u 1e S91IADe BulisaAIRY 119U 9181|108} 01
Speaya10) JI9Y3 Uo S3ybijyoiol buixy aie

sjueIBIW 1eY1 1IN0 PR1UIod SIURULIOJUL ASY

seale

wliey 9yl Ul sIodJom Juelbiw buowe adndeld
UOWIWOD B S| $191]9ys Alesodwial Ul Wiej 9yl 1e 10
play ay1 Ul buidas)s pue ‘AlAnRDe yiom awmybiu
UOWIWOD B S| BUlSoAIRH Seale Wiej SY) Ul
9dUapDUl BlLiejeW YBIY 31 01 91ngHIU0D 1ybiw
auli} 1s9AIRY BuLInp sisyiom Jueibiw Ag bul
-da3ajs Joopino pue 1ybiu e sadndeld Buluiieq
p|oy uado sy1 Ul desjs 01 suoseai se

Pa1SI| 9Jam Seale udle) 9yl woly dwed ayy Jo
uoned0| Jej 3y1 pue ‘1ybiu 1e saniAnoe bul
-1S9AIRY ‘SPRJR WJE) 9Y) Ul S2Jn1esadwia) 10H
eLiejewW JOj SI01DB) SI pUe $32110rId UOWIWOD SY1
42401 buisn pue ‘sN|77JO asnuou
ybiu 1e buppiom 193j3ys sy3 apisino buidss|s
‘U0SeaS SIL1 U] 49qWad3( 01 Jaquda1das wiol
'uoseas 1saAleY 3yl buunp yead pue sl 03 1ieis
$395ED BlIB[PW ‘SYIUOW 9591 U] 49qWiad9(Q 0}
Ke|\| Wo1) SUOP AJSOW B4 SSIUAIIDE ULIB) 959y |
'SEaJe WLIR) [BIDISWWIOD Ul SUOSES 1S9AIRY pUE
‘Buipsam ‘uoneiue|d ‘uoneledaid pue| bulnp
S3NIAIDE ULIe) Ul pakojdwa aie SyuelbiA 'Uosess
ellejew a1 Bulinp 1IN0 pallied d1e SaNIAIE Uliey
[PIDJISUWILIO Jofew 1ey) paqLasap siuedidiied

01 '8 Iy ,/Saus [pinynoubp

3Y1 UI YIOM L,US30p DLDIDW [011U02 pUD 1UaASId 0]
A11unod ay1 jo Abarpais ay | 1ybiu 10 auop SI YIoM
3yl SD 3qIspaj 19K 10U 111 ‘S1au 0JInbsow wiayl oAb
aM J| 25N0Y OU S| 2441 JI pasn aq L,ub2 Avids pup
‘Spjay ay3 Ul 1ybiu ay1 puads SIaNIOM ay| “SIaNIoM
UDIbIW [DUOSDAS 10§ 2]QDIINS 10U 21D KU1 ‘SDAID
3y Ul SaiIAD Uonuanaid aib aiayr ybnoyy ,
12781 °SL %1 6 I Apadosd wayy asn

LUOp $15U 01INbsow aADY Op OYM SIUDIBILI M3
UI2IPalL puD S3aU 0JINbSOW Sb y2ns ‘s|pLRIOUI
Papaau 3yl YIM Wayl apIAoid JUop SI0ISaAUl Y[
‘SaAjasUIaY] 122]04d O] Way1 40 3|qIssod 10U S 31 0S
21/24S 40 34N12NJISDAUI OU ] 21341 PUD ‘@10 OS
aIp 03 0b A3y saopjd 3y | 11 asn pub 13U paq b Anq
01 3]QDUN 31D A3Y1 PUD ‘MO) S| WIODUI JIY | “DALLID
11341 01 J0Ld UOIDWLIOJU 123]j02 pUD 3SDASIP

3Y1 WO SaA|25WaY1 122104d 0] UOHDWIOJUI YD)
PUD $S3UIDMD ADY J,UOP SIaYI0M 31 JO 15O},
PCETLL'P1'TL 0L I, /SIaI0M JuDIBIW I0) Ja)jas
3ADY U0 SD2ID Wby 3WOS *S3ybljy2io1 buisn aip
A3Y1 'Ajispa wiayl 231q pup a2 21D s203inbsow
uaym 1ybiu 1o buyiom 21 sjupibiw pup 10y s
ainpiadwial ay1 pup JupdYIUbYS 51 buipaaiq ounb
-SOW UdYM UOSDas b Ul a2D]d sayD1 BUIISIAIDH,
2’1 ¥ ;35DasIp DLID|DW 0] PasOdxa

Alyb1y a1 s)upibiw [puospas ‘oS “bupsaripy pup
‘buipaam ‘uonpiup|d ‘uonpiodaid pupy burnp
uasaud SADM|D s DLIDIDW ‘SpOYIaW UOIUSASId
DLIDIDW JUaW3|dWI 0] S1104J3 210 21341 ybnoy |
'S90D|d JUBIYIP UIOL) WO SINIOM JUDIDIW [DUOS
-D3S [DIGASS “21IS JUSUIISIAUI UD S| DPIIOM Y1 SV,

uoseas bunsanle

suonejasdisiu]

sajond

sawayl-qns

sawsy L

(panunuod) g ajqey



(2025) 24:47 Page 8 of 17

Tilaye et al. Malaria Journal

$95ED BlIR[PW 183} 0}
SaAIRSWaY AQ aupIpaw Buiseydind aie s101saAUl
SUWIOS 1BY) PAUOIIUSU 0S| SeM 1| 'SaUS UIe)
[eanyndube 1e BulAl Apusueullad syuelbiu o)
9pew s UoIINQUISIP IN] ‘SI0ISSAUL IO JUSLIUID
-A0B 23U AQ SI¥I0M 1URIBIW [RUOSEIS 0} SN|TT 4O
SNLLI JO UOISIAOID OU S| 249U | JUSWUOIAUS 1194}
Bujues|d pue |10 pauing bulppe Aq pabeuew

2Je 531Is Bujpa31g 0UNDSOW ‘Seaie Wie) sWos U|

1USW1EaJ] JOJ SI91USD Yi[eay au1 01 Bujwod

2Je OYM S1ueIBIW Buowe ssauaieme Buisies osje
2JB SI91USD YI[eSH 'S9UIS W) 9|qISS9DIe 18 SI9
Sjiom yyjeay pakojdap Ajueiodwal pue siayiom
UOISU1Xa Y1jeay Ag USAID I uonesnps yijesH

seale we}
[PIDJISUILIOD Ul SISXIOM JURIDIW [BUOSESS Buowe
9oua|eAald euejew ybiy sy 03 1016 bunngul
-UOD B SB JUSWIRaI1-J[9S Payusp! Apnis siy |
syuedpdied ayy Jo

150U AQl PRUONUSW SI01DB) YSH 31 Buowe Sem
SIYI0M JueIBIW AQ BUIY93S a1ed Yljesy 21e7
'5150d Y1[B9y pUB ‘SI91USD Y1[eay Ja1sN|D ‘S9dLJo
Yijeay epaiom woly pajedidinied aney oym
asoy Aeinonued ‘syuedipied Ag passnosip
2J9M S3S11 YINS "UONDJUI BLIB[EU 0} 2INSOdXd
J19Y1 95e2.10U1 1YBIW UYDIYM WUSUIIRI-)[9S pUe
BuI93s JusWILall Ul A8|9p B Ul Pa1NSal SIY | 'S9MS
wiiey 1e Ae1s A9yl 9|Iym S111|1Dk) 3[eay O $S9008
1004 'S92UaNbIsSU0D S1I puUe eLIR[EW DI9ASS JO

SU 9y1 1usAa1d 01 sd|ay pue SIadIOM 1ueIBIW
[PUOSESS WIOJ) BUIWOD S3SED BliE|EW 18311 O}

Dej 91eD Y1|Pay 01 SS900Y

v

,/S1910M JUDUbD]S UIDIp pUD UOKDIZbAA buIpaaiq
-03Inbsow JO JUaWUOIIAUS 4131 1D3JD Wyl DU
0SID 3| J23U2D 203y Y1 03 LaY1 DI 9M IS
aW023Q SIYIOM JUDIBIW [DUOSDIS UBY/ "Sa1DID
101201 341 10Y3 pub| JO 12%¥20d 2y1 Ui [10 Ind I,

7'l M, ,uonpdnpa

Y3y Wwiayl dAIb [jim am 423Uad y3[pay 3y 01 a0
A3y1 Uaym 120 uj "bulyIou aUOP SADY M N3]
13]U22 Y1JD3y aY1 1D SI3DLJO DLDIDW SD ‘SIMIYIO
S21IS WD) 3]qISSa22D JUIOS 1D SI2YIOM Y1jD3Y
15D13U02 AQ UAID S UOILINP2 Y)D3Y UdY] pUD
'SI01SaAUI Y)M 193 01 351l 21D SJUDIBIL [DUOSDS,

rzorer i

,/buimoub si umo J1aya uo wayl burypl pup ‘siopuan
bnup pup sa1ulp> 230AUd Wiol) sbnip plpjpw Anq
Aoy ‘Aadoid auiipatu Juawipail DLD|DW D]
LUop SuDIbIW ‘SnoLD|DW S| DaID 341 Ybnoylyy,
€791 Y 21 Aj19/35 24D

A3yl uaym Juawi1pail o) Aij120) Y3|D3Y D 0] JUIOD
011upm Ajuo Aay | ‘qol a1yl 1noqo yuiyl Ajasow
A3Y[ JaJ(1y D SD DLDIDWI 3D] 3,UOP PUD DLID|DUI JO
UOIUA24d 241 INOGD 210D LUOP SIdNIOM JUDIbIYY,
€291 71 DI IS Aj2iands

21D A341 UdYM JUWIID3I] 0] dLIOD 01 JUDM ISnf A3y
‘uonUA2Id DLIDIDW 1NOQD YUlY1 LUOp A3y IS
31D £33 UdYM JUBWIDaI] IO} 31D| 2UIOD pUD aSDISIP
3y1 40 2In1pu Y1 Jo abpajmouy ou aADY WO,

Juswebeuew |elUsWUOIIAUG

UoIeINP3 YljeaH

Soll|158) a1ed Yl|eay 01 SSo20k JO XoeT

Seale Wi [eIDJsUWOD Ul S9llIAIIDe |0J1U0D pue
uonuanald elejew Jo 9211oeid UoWWOD oYL

suonejaisdiaiu|

saj0nD

sawayl-qng

sawdy |

(panunuod) zajqel



(2025) 24:47 Page 9 of 17

Tilaye et al. Malaria Journal

uonejndod

3S1-Yb1y siyy Buowe uoissiWSueRIY ellejew 3oNpal
A|SAI1D3)J3 01 JSPIO Ul SISIOM JURIBIU JO SPI3U
oy12ads a3 SSaIppPe 1eY3 SUOIIUSAISIUI PSZIWO}
-SN> 40y pau ay3 bunodsispun ‘Ad1jod yieay
o1jgnd ur deb uedyiubis e sybiybiy dnoib

SIY1 1oy sa1691e.3s pa1able] JO 9dUSSGR S "SIDIA
-195 24PDY3[BaY 01 $S9228 PalIUlI| pue ‘SUoRIPUOD
BuiAll ‘Aujigow J1sya 01 snp elejew 01 9jqndadsns
2J0W U3)O 218 OYM ‘SISXI0M Juelbiul AQ padey
sabus||eyd pue sailjigeIsulnA anbiun ayy
$00aA0 Yoeoidde siy] “uopendod sjiqow
-uou 3y Joj paubisap sa1ba1ens bunsixs uo Ajai
SM ‘Pe31SU| "SIIOM JuRIBIU JO) palojiel A|jedyid
-ads sauljapinb Jo ‘saidijod ‘sa1631ei3s [013U0d pue
uoUaAId elie[RW OU 348 3J3Y3 ‘AjpUsiind)

padey
Ajaua1ind sabuajjeyd ay3 bunediiw 0 [eRUSSSS S|
uolsiAJadns aA1leIOgR| 0D Ueinbal bulnsus pue
1UsWabebUS JUSWUISA0D Bujusyibuais sIa
-{JOM JUBIBIW [PUOSESS JO SUOIIPUOD A19jBS pUR
41[eay ay3 se yons ‘seale 352yl UIYIM Sanss| [ed
-nud buissaippe pue bunoyiuow ul sdeb 01 pain
-quIU0d aARY 1YDBISIaA0 pue aduasaid pasnpal
SIYJ "UOIIBUIPIOOD AIBSS9D3U BY) S$De| puP
1USNDbaJJUI USSQ SBY JUSWSA|OAUL JIDY) quasaud 1e
'JISASMOH JSUUBW PazIuebio pue JUS1sISUod e Ul
seale e} Jo uolsiAIadns a3 21eulpiood pue
995I9A0 0] Pa109dXa SJe $I01D3S JUSWUISA0D)

[eUIUIW S| 1MSU| YaeaH dljgnd ueidolyig au Jo
JUSWSA|OAUL 9U1 I9AIMOH "SI9YIOM JUeIBIU
[eUOSESS BuOWIe S95BD BLIR[EUI J0) JUSW1EI]

9pIA0Id 01 SYIUOW SAL O} 9311 J0J Ajlleiod sl
SPaJE JUSWISIAUL [RININDLBE 01 S|euoissajoid
yieay Aojdap o1 buneioqge||od aie yijeaH Jo
AISIUIA [PIOPS4 9Yl PUB ‘DIN1ISU| Y1eSH |
-gnd [eUOIBaY BIRYWY DUOZ JEPUOD) ISIAN

£C . uon

-pjndod 31qow-uou ay3 10J paipdaid 210 1oy s31b
210415 bulisixa ay1 buisn 31D a/| *SIa4I0M JUDIbIL
104 paipdaid buiaq sauljapinb 4o ‘saidijod ‘saibaiiis
J042UOD PUD UONUSARID DLIDIDW OU 21D 213,

€7 Y Aj2401 05 bujop 210 A3y
AW SIY1 1NQ JaUUDW PAJDUIPIO0I D U] SDAID WD)
a1 asiMadns 0] pa32adxa 2D $10123S JUSUIUISA0D),

01 Y- ,/S3U0 3]qIS$a22D Y] PaIaA0D

aM puD ‘3|qISsa22D 10U 21D 1Dy Sdwibd wiiby b1q 210
313U "SDID ||D J3A0D 01 YNILYIP S 11 YOAIMOH "SaNS
wiipj 2b1p| 12/02 0] SINIOM YIjD3Y OM] paubjssp
M pUD ‘SD3ID UIID) O] SIaYIOM DLID[bUI Aojdap O}
10bpnq pa1020)jp I NDaING Y1y [puoibal ayf ,
8/ 1M Juswaboubw

35D2 U0 AJUIDW BUIYIOM 31D oM ‘AjJua.Lin) “Syuow
3AL 1N0QD J0J JUaWIID3J) dA16 0] pafojdap pub
P3123/as 24D S|pUOJSsaj0id Y3val Juawaboubu
35D DDLU [DUOSDAS UO YIOM puD 31n11isuj
Y303 21/qNd DIDYLY 343 Y2M 31DI0GDJj0I 3/,

ABa1elis [013uod pue
uonuaAa.d elejew A|puallj-siuelbiw Jo 3oe7

SI9MIOM JuRIDIW [PUOSESS Buoule 3o13deld

UOIIRIOCR[[OD 3BSAA  |0JIUOD pue uonuaaid elejeus 03 sabusjieyd

1UsWdieall osed elieje|n

suonejasdiaiu)

saj0npD

sawayl-qns saway |

(panupud)  3jqey



Page 10 of 17

(2025) 24:47

Tilaye et al. Malaria Journal

siyIom JueIbIw AQ SNITT 4O
95N 31 pue SIaxIOM Yi[eay pakoldap Ajuesodwsn
QUIOD[OM 01 S101S9AUI JO SsaUbBUL||IM 841 2INSUS O}

sda1s 9xe1 pinoys uoneisIuIWpe pue| [einl
101295 3|qIsuodsal e Sy "UONDJUI BLIB[EW JO

YSH 9Y1 WO SI9xIOM JuRIBIW [eUOSESS 109101d 01
9]geIUN0D2E 10 3|qISuU0dsal 3G PINOYS S|9AJ)
PP2JOM PUB ‘|eUOZ ‘[eUOIDaI 1B $3JUJ0 U1|eay pue
UOIIBAISIUIWIPE PUB| [BINY "SBJE Wik} 9Y) Ul SN}
-IAI12B [03U0D pue uoiuaAald elejew 1oddns 01
101095 JUSWUISAOD Buowe uoneloge|jod

SeaJe ULIe) [eIDISWIWIOD Ul
UOI1D3jul BLIR[EU JO ¥SH 39U} WO1) Wayl 103104d 0}
uonn|os Alewd syl ag pjnoys (SNIT7) s1au [epid

-11095ul bunse|-buo| Jo asn ajqisuodsal ayi pue
uonesIpaul elefew Jo asn Jadoid ayi uo uon

-BULIOJUI JUSIDLYNS YHM SIDXIOM JueIBIU [euosess

Bulpiroid 3eyy pasodolid Juewiiojul A% aUQ

SIIOM 33 JO
spaau yijeay ay3 buissaippe ul deb juedyiubis e
BuiAe3| 'seale Wiej Ul BLIB[PW JO [0J3UOD pue
uonuaAaid ayy abeuew 01 JUSWUISACD 3y} UO
K21 peaisul pue sainseaw uodn-paalbe syl
Bunuswa|dwi ur uoneladood 32e| usyo Asy |
qisuodsal iyl buljjyny ul 1sa191ul 9)11| bul
-MOYS ‘SJUSWHWIWIOD 35341 103|63U SI01S9AUL JO
Aylolew ay3 JonamoH suonelado ullej [euos
-eas bunnp Aojdwia A3y3 s19xiom ueibIl 3y} 1o}
2Jedy1|eay se Yons sadiAIs diseq buipiroid
SpN[UI YdIyM ‘Sa11IAIDe Buludie) Joj pue| bul
-1INboe Uaym JUSWUISA0H 3y3 yum apew Asyy
SJUSWaIHe By JOUOY 01 Pa129dXa IR SI01SIAU|

yeam Ajgeieudal si seale ullej o) pakojdap
Ajueiodwial SIS3IOM Y1[esy JO BuLioluow syl
'I9AOSIO|\ Sele W) JO JaquUnu payiwl| e

J9A0D PINOM pue JeaA ydes buiseaidsp Ajipesis
U930 Sy 1UaWuIaA0h [euolbal ayy Aq pakojduis
Aj11e10dwia) SISYIOM Y1esy JO Jaquinu sy ‘seale
ULIB [BIDJ3WWIOD Ul eliejewl JO aouapidul bul

-S1l 91 231dsa "UOID3JUI BLIE[EUI 0) S|GRISUINA
Ss13Jom Auew Buiaea| ‘puellsp Buimolb ayl yim
paubije 10U S| $92IN0S34 JO UOANQLISIP 9yl pue
91enbapeul s s1ax40M JuRIDIW [BUOSESS BUuOWwe
eliejew Juanaid 01 ‘sbrup [elejewiue buipndul
‘saljddns [edipaw 1oy 11oddns JusWUISAOD

[ [),735N [pUOSIad UMO S}y 10} }I S0}

10 ‘Ajapudoiddp s 25N SIayIoM a¥pw 01 ajqoun
S1'SIYI0M Y3|D3Y 1d223D 0] bulf|imM JOU S| 10ISaAUI
2yl 41 pubj ay1 Aomp bupipl JO 1U21X3 Y1 0 SIS
2D} 01 3|gD 2q pINOYS UOHDASIUILIPD pUD] [DINY
" 9)QDIUNOIID PUD 3]qQISUOTSal dUOAIINS oW
0] 23LJ0 YI[Day 3yl pup UOHDIISIUILUPD pub) [DINI
buisudwod 2311w Jujof b aq pinoys a3y,

LA

Juawiaidwi pub UaJsl| pjnoys syupibiw pup ‘uoin
-D2NPa Y1Ipay Wayl 2AID 1SN 103235 3|3y 3y |
Alqisuodsai s3au bLpjow 3sn pup Ajiadoid suo)
-D2IpPaW 3D 0] paau A3 | "DLDIDUI UO UODULIOJU]
Jadoid pup a1pnbapp 16 01 paau sjupibjw 3y,

81 1) ,’SI24I0M JuDIbIUI O] pOOJ puUD J3j3YS apiroid
01 s1 AjIqisuodsai Jjay1 bujuinssp ‘salis buipaaiq
oynbsow Ao.11sap pub ‘pLIDIPW 1NOGD SSIUIDMD
asIp1 ‘siayiom Yijpay Aojdap o1 ‘sbnip [pLpjpLwIUD
buipnjaul ‘saijddns [p21paw [IDAD 0] ‘s3au 03inbsow
21NQUISIP 01 JUaWUIA0D aY) bujidadxa a1p A3y,
€7°S1 Y, SD2ID UlID)

[DIDIBWILIOD a1 Ul AD1S A2Y1 3jYM SIayIOM JuDIbIL
104 S22IMS U3y apIA0id pup ‘sjpuoissajoid
Y313y 341y ‘salijidby Yipay pjing 01 1Uauiaaibp
aY3 231dsap si01saAUI 2y AQ UBAID SI UOIIUSNID O,

€2°07°81 ‘S1 M, Aipiodwal 51 uoin|os

341 puD ‘IpUOSDAS S| JUWIAOIABP J13Y] 'SDIID WD)
3Y1JO M3} D $19A02 pub 103k 01 1DaA buispaIdap S|
JuawuIA0b [puoIbai 3yl Ag pakojdwa Ajupiodwa)
31D OYM SIYIOM Y)ID3aY JO JaqUUNU 343 ‘SDaiD LD}
[DIJBWILLIOD U DD Ul 9SD3I2U] Y1 231dsa(],

v M

W11 0] W] WOy buispaidap si Juauwiuianob ayl Aq
SD2ID WD) O] UaAIb 110ddns 3y | 'Salp UliD) 3y 0}
bujwod supibiw Jo Jaquinu 3yl JapIsuoI JUsaop
puD 31onbapp 10U S| $I9410M UDIBIW [DUOSDIS
buowp puppw 1UaA2.d 0 ‘sbnip [pLBLPWIIUD bul
-pnjoul ‘saiddns [paipatu JO 1oddns JUaWUISA0D),

SI9P|OYXelS buowe uoi1eloge||0d usayibuang

ellejew Uo uoeuiojul Jladoid pue s1enbapy

SJOIS9AUL JO TULSUWINWILWIOD Pl

$92IN0Sal UBWINY pue
sa1jddns [esipaw Jo 1oddns 1ua1sISUODU|

95835|P elejew 0 Pasodxa Bulsg WOl SINIOM
JueIBiw [euosess 103101d 01 sUONN|OS pasodold

suonejaidisiu]

sajond

sawayl-qns

sawRy L

(panunuod) g ajqey



Page 11 of 17

(2025) 24:47

Tilaye et al. Malaria Journal

seale Wiej [ep
-JSWILIOD Y Ul SISXIOM 1UelbIW [euosess buowe
UOI1D3Jul BLIB[RW JO YSII 9Y3 JudAald 01 pasod
-01d sem $31631e11S [0JIUOD puUe UonUIAId
elIP[EW PRIUSLIO-S1ueIBIW JO JuaWdoaAap 3y

eliejew
1uaAa1d 01 uonn|os pasodoid ay1 Os|e sem seale
wlley up Aeis A9y 9jiym syuelbiul 01 SNIT7 40
UOISIAOI{ "BLIB[RUI W) S9A[9SUIRY] 103101d

ued Ayl MOY pue Seale We) 91 Ul elejew JO
S 9Y3 UO sease pue|ybiy woly syuelbiu buowe
UOI1B3ID $SUSIEME JOJ P9U 241 1NO pajulod osje
suuedidiued Apnis ay| syuewuogul A9y Aq pauon
-UsU SeM JUSWSBeURW [PIUSUIUOIIAUS O pUe
'sD1Ul[> Buipn|DUl ‘SaNI|IDe) [IeAR OF 'SN|TT 23ngL1
~SIP 01 JUSWLIWWIOD 5J01SSAUL JO 9dueLIodwl Sy |

Seale WIBJ [BIDISWIWIOD Ul
SIIAIIDE [0JJUOD pUB UOIUSASID elIB[EW JO
uol1eN|eAd pue HulloluoW 1SNQOI 2INSUD pue
1oddns 01 weal Alosiaiadns eiejew e o4

‘'Seale Wwile) oyl Ul uonenilis elyejewd o943 J0jjuow o1

9[21Y2A pue Wea} 3jiow BUoIIS e JO JU3WYS|
-ge1s3 pUe ‘SaDIAIDS U1[eay JO UoIsuRdXa ‘SIadIom
U3[eay 4O Jaquinu a1enbape ue JO UOHezi|Iqo

22 I /S1Uajjadal “b3 'Spoyiaw [043U0D pup Uoj)
-uanaid plD|DUI PaluBLI0-,SIUDIbIW 35N 01153q S11],

¥ ) ,/SD2ID WUy 1D ADIS A2y 3j1ym asn 01

papiroid aq pinoys SNJT7 pUb ‘DLDIDUI LIOL) SaA|SS
-Way1 122104d Upd 341 MOY PUD JUWUOIAUS MU
341 0] W0ISNI2D U A3Y1 MOY JO 2IDMD 3G LWIdY3
19/ 01 pup 01 0b 01 21D A3y s32D)d 241 1NOQD UNID
39 pINoys SsauaIDMD ‘@2U3H ‘Pajiullf 210 DLDIDUI
JO abpajmouy pup 0] ainsodxa 21aym spupjybiy
10 53220)d J3p|02 W01y bujW02 31D SJUDIBIW ISON,

[ [} ,/SbaIp Ulip) 3]

ur (buipaaiq oyinbsow Jjo supawi b buifolisap pup
“1210M JUbUbD]S U [j0 buiuing buiind ‘uop1aban
buiupapd ‘2bouipip) 1UaLIBDUDL [DIUIUIUOIIAUS
3y} 01 UOHUANID aND puD ‘papaau (21ul2 4a1om
U31J3Ys) SalijIa0) Y1 [|D 123W IauubW paziupbio
up Ui SNJT7 241 21nqLisip 01 Ajiqisuodsai oyl

YD1 10/PUD SN|TT 3INQLISIP PINOYS J0ISaAUI 3Y ],

6 1 ,/Sa1A1oD 122f01d 1oy spsodoid

pup 12bpnq ‘asoyd bunuawajduil UMO Jjay1 YIm
195 3q [[Im SUOLUBAIRIU| 32Did D1 pinoys Apnis
1UaWISSassp a3blidoiddp up uay| puby 1o anss 3yl
JO apmiubpuwi 2y 3zijpaJ pub wWajqoid ay1 azjubo
-231 01 J2Y1200] WO p|NOYS SI3P|OYIKDIS |0 ‘ISil ,
9 [y, DIDJDW 1D31) O] JUIDIPALW pUD ‘SN TT DLUDIDW
apinoid ‘sjpuoissajoud yijpay Aojdap 1a1uad yipay
D YS1jqp1sa 03 12Y3260] W02 0} 2A0QD PUD 312D (0§
3ADY OYM SI0ISaAUJ $21IS [DININ2LIBD 1D SUONDN)S
DLDIDW S35IAISANS 1Y 3313IWIWOD YI[D3Y D sl
-qp3sa 01 poob 3q 0s|D pINOM 1 W] ISIAIDY pUD
buipaam bulinp uoipn|pAs pub bulio)uowW sa0p
1DY1 22131LIUI0D JUaUbWIad D 39 pjnoys aiay/ ,

[ 1’8 € '1-1Y ;uolLNDAS pUD bULIO)

-JUOW JSNQOJ 12NPUOD pUD ‘Way] 14oddns 01 Wwpa)
DLDIDW D ULIOJ 'S31S WD) UO SUOIDNIIS DIIDIDUI UO
dn mojjo) puD J0JIUOW 0] 3|2IYaA PUD LID3] 3|IGOW
buouis b ysijgpisa ‘SadlnIas Ylpay pupdxa 1obpng
310nbapp 210200 ‘SIBYIOM Y1]D3Y JO JaqUINU
a1pnbapp up Aojdap pjnoys Lo yyvay ayy ,

SPOYIaW |0J3U0D pue
uonuaAald ellejew pajualio-siuelbiw dojensg

JUSWHWIWIOD SI01SoAUl JO 1JUaWeD10juUs _m@mg

SeaJe WJe) 01 S92IN0S3l
uewiny pue sbnip elejewiiue Jo UONEZI|IGOIN

suoneyasdiayug

saj0np

sawayl-qns

sawsy L

(panunUOd) Z 3jqey



Tilaye et al. Malaria Journal (2025) 24:47

among the risk factors mentioned by most of the partici-
pants (Table 2).

“Some have no knowledge of the nature of the dis-
ease and come late for treatment when they are sick.
They don’t think about malaria prevention; they just
want to come to treatment when they are severely
sick."KI 12, 16, 23

The common practices of malaria prevention and control
activities in commercial farm areas

Health education

Health education is given by health extension work-
ers and temporarily deployed health workers at accessi-
ble farm sites. Health centres are also raising awareness
among migrants who are coming to the health centres for
treatment (Table 2).

” Seasonal migrants are first to meet with inves-
tors, and then health education is given by contract
health workers at some accessible farm sites. Other-
wise, as malaria officers at the health center level,
we have done nothing. In fact, when they come to the
health center, we will give them health education.”
Kl 2

Environmental management

In some farm areas, mosquito breeding sites are man-
aged by adding burned oil and cleaning their environ-
ment. There is no provision of ITNs or LLINs to seasonal
migrant workers by the government or investors, but
distribution is made to migrants permanently living at
agricultural farm sites. It was also mentioned that some
investors are purchasing medicine by themselves to treat
malaria cases (Table 2).

“We put oil in the pocket of land that the tractor cre-
ates. When seasonal migrant workers become sick,
we take them to the health center. We also make
them clear their environment of mosquito-breeding
vegetation and drain stagnant waters.” KI 4

Malaria case treatment

West Gondar Zone, Amhara Regional Public Health
Institute, and the Federal Ministry of Health are col-
laborating to deploy health professionals to agricultural
investment areas temporarily for three to five months
to provide treatment for malaria cases among seasonal
migrant workers. However, the involvement of the Ethio-
pian Public Health Institute is minimal (Table 2).

” We collaborate with the Amhara Public Health
Institute and work on seasonal malaria case man-
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agement. Health professionals are selected and
deployed to give treatment for about five months.
Currently, we are working mainly on case manage-
ment” KI 7, KI 8

Challenges to malaria prevention and control practice
among seasonal migrant workers

Weak collaboration

Government sectors are expected to oversee and coor-
dinate the supervision of farm areas in a consistent and
organized manner. However, at present, their involve-
ment has been infrequent and lacks the necessary coor-
dination. This reduced presence and oversight have
contributed to gaps in monitoring and addressing criti-
cal issues within these areas, such as the health and safety
conditions of seasonal migrant workers. Strengthening
government engagement and ensuring regular, collabora-
tive supervision is essential to mitigating the challenges
currently faced (Table 2).

“Government sectors are expected to supervise the
farm areas in a coordinated manner, but this time
they are doing so rarely.” KI 23

Lack of migrants’-friendly malaria prevention and control
strategy

Currently, there are no malaria prevention and control
strategies, policies, or guidelines specifically tailored for
migrant workers. Instead, this research relies on existing
strategies designed for the non-mobile population. This
approach overlooks the unique vulnerabilities and chal-
lenges faced by migrant workers, who are often more
susceptible to malaria due to their mobility, living con-
ditions, and limited access to healthcare services. The
absence of targeted strategies for this group highlights
a significant gap in public health policy, underscoring
the need for customized interventions that address the
specific needs of migrant workers in order to effectively
reduce malaria transmission among this high-risk popu-
lation (Table 2).

“There are no malaria prevention and control
strategies, policies, or guidelines being prepared for
migrant workers. We are using the existing strategies
that are prepared for the non-mobile population.”
KI23

Inconsistent support of medical supplies and human
resources

Government support for medical supplies, including
anti-malarial drugs, to prevent malaria among seasonal
migrant workers is inadequate, and the distribution
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of resources is not aligned with the growing demand,
leaving many workers vulnerable to malaria infection.
Despite the rising incidence of malaria in commercial
farm areas, the number of health workers temporarily
employed by the regional government has been steadily
decreasing each year and would cover a limited number
of farm areas. Moreover, the monitoring of health work-
ers temporarily deployed to farm areas is remarkably
weak.

“Government support of medical supplies, including
antimalarial drugs, to prevent malaria among sea-
sonal migrant workers is not adequate and doesn’t
consider the number of migrants coming to the farm
areas. The support given to farm areas by the gov-
ernment is decreasing from time to time. KI 24.

Limited commitment of investors

Investors are expected to honor the agreements they
made with the government when acquiring land for
farming activities, which include providing basic services
such as healthcare for the migrant workers they employ
during seasonal farm operations. However, the majority
of investors neglect these commitments, showing little
interest in fulfilling their responsibilities. They often lack
cooperation in implementing the agreed-upon meas-
ures and instead rely on the government to manage the
prevention and control of malaria in farm areas, leaving
a significant gap in addressing the health needs of the
workers. The challenges were illustrated as follows by key
informant interviewees:

“No attention is given by the investors despite the
agreement to build health facilities, hire health pro-
fessionals, and provide health services for migrant
workers while they stay in the commercial farm
areas” KI 15, 23

Proposed solutions to protect seasonal migrant workers
from being exposed to malaria disease

Adequate and proper information on malaria

One key informant proposed that providing seasonal
migrant workers with sufficient information on the
proper use of malaria medication and the responsible use
of long-lasting insecticidal nets (LLINs) should be the
primary solution to protect them from the risk of malaria
infection in commercial farm areas. It is illustrated as:

” The migrants need to get adequate and proper
information on malaria. They need to take medica-
tions properly and use malaria nets responsibly. The
health sector must give them health education, and
migrants should listen and implement it” KI 1.
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Strengthen collaboration among stakeholders
Collaboration among government sectors to support
malaria prevention and control activities in the farm
areas. Rural land administration and health offices at
regional, zonal, and woreda levels should be responsible
or accountable for protecting seasonal migrant workers
from the risk of malaria infection. As a responsible sector,
rural land administration should take steps to ensure the
willingness of investors to welcome temporarily deployed
health workers and the use of LLINs by migrant workers
(Table 2).

” There should be a joint committee comprising rural
land administration and the health office to make
everyone responsible and accountable. .... Rural
land administration should be able to take steps
to the extent of taking away the land if the investor
is not willing to accept health workers, is unable to
make workers use LLINs appropriately, or takes it
for its own personal use” KI 1.

Mobilization of antimalaria drugs and human resources

to farm areas

Mobilization of an adequate number of health work-
ers, expansion of health services, and establishment of a
strong mobile team and vehicle to monitor the malaria
situation in the farm areas. Form a malaria supervisory
team to support and ensure robust monitoring and eval-
uation of malaria prevention and control activities in
commercial farm areas (Table 2).

” The health office should deploy an adequate num-
ber of health workers, allocate adequate budget,
expand health services, establish a strong mobile
team and vehicle to monitor and follow up on
malaria situations on farm sites, form a malaria
team to support them, and conduct robust monitor-
ing and evaluation” Ki-1, 3, 8,11.

” There should be a permanent committee that does
monitoring and evaluation during weeding and har-
vest time. It would also be good to establish a health
committee that supervises malaria situations at
agricultural sites. Investors who have 50 acres and
above to come together to establish a health center,
deploy health professionals, provide malaria LLINS,
and medicine to treat malaria” KI 6.

Legal enforcement of investors’ commitment

The importance of investors’ commitment to distributing
LLINSs, availing facilities, including clinics, and environ-
mental management was mentioned by key informants.
The study participants also pointed out the need for
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awareness creation among migrants from highland areas
on the risk of malaria in the farm areas and how they can
protect themselves from malaria. Provision of LLINs to
migrants while they stay in farm areas was also the pro-
posed solution to prevent malaria (Table 2).

“The investor should distribute LLINs and/or take
the responsibility to distribute the LLINs in an
organized manner, meet all the facilities (shelter,
water, clinic) needed, and give attention to the envi-
ronmental management (drainage, cleaning veg-
etation, putting burning oil in stagnant water, and
destroying all means of mosquito breeding) in the
farm areas” KI 11.

Develop migrants’-oriented malaria prevention

and control methods

The development of migrants’-oriented malaria preven-
tion and control strategies was proposed to prevent the
risk of malaria infection among seasonal migrant workers
in the commercial farm areas (Table 2).

“It is best to use migrants’-oriented malaria preven-
tion and control methods, e.g, repellents.” KI 22.

Discussion

Most seasonal migrant workers in commercial farming
areas come from highland regions and have low immu-
nity to malaria. Their risk of infection is further height-
ened by working in malaria-endemic areas, sleeping in
fields, and often working at night. This finding aligns with
studies conducted in Northwest Ethiopia [17, 26]. Chal-
lenges identified include limited collaboration, a lack of
targeted malaria prevention and control strategies for
migrant workers, inconsistent provision of medical sup-
plies and personnel, and weak commitment from inves-
tors. Similar studies have highlighted these challenges,
attributing them to issues such as limited healthcare
infrastructure, financial constraints, and inadequate sup-
port from investors, consistent with this study findings
[25, 29, 30]. Key informants recommended actions to
address these challenges, including providing compre-
hensive malaria information, strengthening collabora-
tion, improving medical supplies and staffing, ensuring
investor support, and developing targeted malaria pre-
vention and control strategies for migrant workers.

This study identified limited knowledge of malaria as
a key risk factor for malaria infection among seasonal
migrant workers in commercial farming areas. Research
indicates that poor understanding of malaria can hin-
der effective prevention and control practices. Malaria
knowledge strongly influences both the ownership and
use of LLINs [31], including health-seeking behaviour
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[31, 32]. Among seasonal migrant workers, low aware-
ness was linked to delays in seeking treatment, even
when experiencing severe symptoms. However, this find-
ing contrasts with a study in two districts of Northwest
Ethiopia, which reported high levels of malaria knowl-
edge among seasonal migrant workers [33].

Most participants agreed that working at night
increases migrant workers’ exposure to Amnopheles
mosquitoes [34], thereby raising their risk of malaria
infection. Nighttime farming practices during harvest
contribute to the high incidence of malaria in farm areas
[35]. Many migrant workers do not cover their bodies
with long-sleeved clothing or use repellents, leaving them
vulnerable to mosquito bites. Harvesting in commercial
farm areas typically occurs during peak mosquito breed-
ing seasons when mosquito activity is high. A qualitative
study in southern Tanzania similarly found that outdoor
evening activities increase the risk of mosquito bites and
malaria [36, 37]. Key informants near commercial farm
areas noted that migrant workers often use torchlights on
their foreheads to facilitate nighttime harvesting, which
attracts Anopheles mosquitoes, heightening the risk of
bites and malaria. Additional studies have confirmed that
nighttime lighting can draw insect vectors to humans,
increasing the risk of disease transmission, while artificial
light has also been shown to promote nighttime biting
behaviour in Aedes aegypti mosquitoes [38, 39].

Delay in seeking health care was mentioned by study
participants in commercial farm areas by seasonal farm-
workers. Limited knowledge of the nature of the diseases
was identified as a major reason for the delay. This leads
to ignoring the consequences of malaria and looking for
treatment when they are seriously sick, and they prefer
to stay with the problem until they finish their contract.
A study conducted in northwest Ethiopia has shown the
impact of knowledge on the practice of malaria preven-
tion among migrant workers [33]. Moreover, the season-
ality of their work (which pushes them to move from one
farm area to another for better payment) [40] and the
inaccessibility of health care facilities could also cause
delays in seeking health care [29].

This study identified self-treatment as a contributing
factor to the high malaria prevalence among seasonal
migrant workers in commercial farm areas. Improper
use of the prescribed medication (sharing of drugs with
friends and breaking medication when they feel okay)
and self-purchasing of malaria drugs from private clin-
ics or drug vendors were common practices among
seasonal migrant workers, particularly those who have
no access to government health facilities and health
workers who were deployed temporarily at farm sites
by the Regional Health Bureau/Public Health Insti-
tute. These practices might contribute to increased
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malaria prevalence [29]. These findings are consistent
with studies conducted elsewhere indicating elevated
rates of self-medication among legal and illegal migrant
workers. Risks linked to this trend include misdiagno-
ses, medication misuse, higher morbidity rates, and the
potential for drug resistance. To address these issues,
it is recommended to use social networks, enhance
awareness, and improve access to healthcare facilities
to encourage migrant workers to seek timely medical
care [17, 41].

Malaria prevention in agricultural areas is limited and
often incomplete. Health education efforts target acces-
sible seasonal migrant workers [17], but many remain
unreachable. This gap could affect health-seeking behav-
iours and increase malaria risk [42]. While environmen-
tal management practices like oil burning and cleaning
living spaces are common, commercial farms often create
additional breeding sites for malaria-carrying mosquitoes
[43]. Case management, including drug distribution [25],
is a common intervention, but limited staffing and inac-
cessibility leave many cases untreated [44].

The study revealed that the complex malaria situa-
tion in farm areas requires collaboration between vari-
ous stakeholders involved in farming [29]. Initially, joint
supervision by health, land, labour, and social affairs sec-
tors addressed seasonal migrant workers’ needs, includ-
ing health services. However, budget constraints and the
lack of a dedicated lead sector have fragmented these
efforts. Despite these challenges, collaborative partner-
ships remain crucial for improving the health of migrant
workers [45]. Given the complexities of malaria preven-
tion in commercial farm areas, a collaborative approach
among all relevant stakeholders is essential [29, 46].

A Federal Ministry of Health informant revealed that
malaria prevention guidelines are being developed for
commercial farm areas to address the needs of migrant
workers. However, the use of long-lasting insecticidal
nets (LLINs) and indoor residual spraying (IRS) [47] is
less effective due to open shelters and the preference for
outdoor sleeping [17, 48]. Moreover, government sup-
port for anti-malarial drugs and deployment of tempo-
rary health workers remains insufficient, leaving many
migrant workers vulnerable to malaria.

National malaria strategies often neglect migrant work-
ers [49], leaving them vulnerable to malaria in commer-
cial farm areas [29, 33, 49]. This oversight has hindered
prevention efforts and contributed to the spread of
malaria to other regions [26] and it poses a significant
challenge to the country’s malaria elimination goals.
Therefore, the current study underlines the urgent need
for policymakers to integrate migrant workers’ tailored
malaria interventions into national malaria prevention
and control strategies.
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Limitation of the study

This research could not include seasonal migrant work-
ers, who should be the primary source of informa-
tion, due to security concerns and the inaccessibility
of the farm areas. Key informants from the camps of
the agricultural farm areas were included in the study
but might not fully represent seasonal migrant work-
ers. Furthermore, this study also missed owners of the
commercial farms, political leaders, and the host com-
munity, who could provide important information and
recommend valuable strategies to contain migrants’
risk of malaria infection and the risk of further spread
to other areas through them.

Conclusions and recommendations

The interconnected challenges of limited stakeholder
collaboration, a lack of migrant-friendly strategies,
inconsistent medical support, and weak investor com-
mitment significantly undermine malaria control
efforts for seasonal migrant workers. These issues are
further exacerbated by factors such as migrants’ ori-
gin, lack of knowledge, agricultural development,
harvesting seasons, and restricted access to health-
care. Strengthening stakeholder collaboration ensures
more coordinated and effective efforts, while improv-
ing investor commitment helps enhance living condi-
tions and healthcare services. Additionally, ensuring
adequate medical supplies and human resources during
peak periods, such as the harvest season, and develop-
ing migrant-specific prevention strategies address both
knowledge gaps and healthcare needs. Therefore, devel-
oping migrant-specific malaria prevention strategies
and equipping migrants with the tools to protect them-
selves is recommended.
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