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Background: Refugees are vulnerable populations especially in malaria endemic
areas where the disease claims many lives and constitutes an emerging challenge
for humanitarian response. This study assessed how the influx and settlement of
Central African Republic (CAR) refugees influences malaria burden in the Gado-
Badzere refugee camp, Eastern Cameroon.

Methods: A cross-sectional malariometric survey was conducted between
November 2022 and October 2023 in 324 households comprising 1,304
individuals aged 1 month and above. Malaria parasite burden was determined
using rapid diagnostic tests (RDTs) and Giemsa-stained microscopy.
Demographic characteristics, malaria risk factors, treatment-seeking behaviors
and costs to cure malaria were assessed using semi-structured questionnaires.

Results: Of the 1,304 participants, 525 (40.3%) were malaria parasite positive with
moderate geometric mean parasite density (GMPD) of 1100 parasites/ul of blood.
Plasmodium falciparum was the main species (99.8%), with mixed P. vivax
infections (0.2%). Insecticide treated net (ITN) ownership was 53.7%, but its
utilization was significantly low (22.4%) (P < 0.001). Reason for no ITN
ownership was net damaged (74.7%). Net insufficiency (77.8%) accounted for
non-frequent ITN use. Mean expenditure to treat malaria in the hospital was
higher (USD 13.64 + 8.67) than auto-medication (USD 1.13 + 1.18). Significantly,
malaria parasite prevalence and risk were higher for 0-5 years age (43.7%, OR = 1;
P = 0.02), residents of sector 8 (49.2%, OR = 2.53; P < 0.001) of the camp, non-
frequent ITN users (41.7%, OR = 2.08; P < 0.001), people living around stagnant
water (44.4%, OR = 1.55; P < 0.001) and during the rainy season (43.5%, OR = 1.31;
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P =0.02). The GMPD/ul was significantly higher in the 0-5 years age group (1456,
P <0.0001), inhabitants of sector 9 (1626, P = 0.04) and participants living around
stagnant water (2097, P = 0.01).

Conclusion: The malaria burden in CAR refugees may represent the reservoir for
malaria transmission, especially with the circulation of P. vivax. The improper use
of ITNs could be ameliorated through sensitization. Seasonal chemoprevention
mainly during the rainy season and Indoor Residual Spraying (IRS) might be
implemented for effective malaria control in refugee settings.

malaria, risk factors, ITN, CAR refugees, Gado-Badzere, Cameroon

1 Background

Eradicating human malaria has been a major global and public
health objective, particularly in tropical countries, with sub-Saharan
Africa bearing the highest burden (1). Since the early 2000s,
extensive malaria interventions have been implemented, including
artemisinin-based combination therapies (ACTs), large-scale
distribution of insecticide treated nets (ITNs) and indoor residual
spraying (IRS). These measures have significantly reduced malaria
incidence and prevalence in many regions, including Cameroon (2).
However, despite these efforts, residual malaria transmission
remains a challenge in many high-incidence areas (3-5).
Transmission is influenced by both biotic and abiotic factors,
such as vector species’ biting patterns and infectiousness, as well
as human behaviors and activities (6-8).

One critical human activity impacting malaria transmission is
armed conflict, which causes population displacements, destroys
infrastructures, collapses healthcare systems, and increases malaria
risk in refugee-hosting areas (9-12). The United Nations High
Commissioner for Refugees (UNHCR) guidance note on malaria
programmes in refugee operations highlights the poor living
conditions of refugees, including fragile household economics,
inadequate shelter, poor nutrition, environmental exposure, and
limited healthcare access, which exacerbate malaria risks (13).
Cameroon has a long history of providing refuge to asylum
seekers and refugees in the central African region and the country
continues to be impacted by three complex humanitarian crises: the
Lake Chad basin conflict, the North-west and South-west crisis and
the Central African Republic (CAR) crisis. With over 480,000
refugees and asylum seekers, including about 349,000 from CAR,
Cameroon remains significantly impacted (14).

The civil conflicts in CAR, driven by rebel groups, have led to
massive population migrations, especially to Cameroon’s East Region,
a high malaria prevalence area (2) The UNHCR notes that displaced
populations in malaria-endemic regions pose substantial health risks
and present new challenges for humanitarian response (13). Initially,
malaria control programmes in refugee camps included the
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distribution of ITNs as the only form of physical protection against
malaria, alongside free malaria testing and treatment for all age groups
till 2020. However, since 2021, malaria testing and treatment has been
restricted to children from 0-5 years, pregnant women and persons
with special needs. Pregnant women and children, who are relatively
immune-naive against malaria, account for most cases and deaths
(13). Consequently, the exemption of other age groups or categories
from the free-of-charge health care services for malaria may impede
malaria elimination or control in such vulnerable populations, which
could constitute a reservoir for malaria dissemination in the country.
These declarations makes malaria among refugees a disquieting issue
in Cameroon where the entire country is exposed to the risk of
transmission (15). Unfortunately, data on how the influx and
settlement of people influences malaria prevalence and risk factors
in Cameroon’s refugees is extremely limited.

This study aims to investigate the factors that lead to persistent
malaria parasite infections in Cameroon’s second largest refugee camp,
despite the prevention, control and treatment efforts by UN aid agencies.
Specifically, it seeks to address the population’s attitudes and practices
towards malaria prevention tools, shelter and environmental conditions,
and treatment seeking behaviors and costs during malaria episodes.

2 Methods
2.1 Study area

The study was conducted in the Gado-Badzere refugee camp which
was created after several years of civil conflicts in Central African
Republic. The conflicts have triggered the displacement of over 329,000
refugees into Cameroon’s Adamawa, East and North Regions (14). The
camp is the second largest in the country in terms of size and
population. As of December 2023, the camp counts 23,544 refugees
occupying 8,818 households, divided into 12 sectors, extending over a
surface area of 55 hectares (16). The UNHCR in partnership with other
aid agencies are present on the field to provide various support to
the refugees.
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Geographically, the camp is situated in the Garoua-Boulai Sub-
division, Lom and Djerem Division, East Region of Cameroon
(Figure 1). It is about 35km away from CAR border and is located
between latitude 5°45’15.9114”N and longitude 14°26’0.6”E
(UNHCR, 2024). The region is characterized by a wet equatorial
climate with a mean temperature of 24°C on average and found
between 500 and 1000m above sea level. The climate comprises four
seasons, two dry seasons (mid-November to mid-March and mid-
June to mid-August) and two rainy seasons (mid-March to mid-
June and mid-August to mid-November) with mean annual rainfall
varying between 1500 to 4000 mm/year. The East Region belongs to
a holoendemic stratum with high and perennial malaria
transmission (2, 17).

Most refugees live in huts constructed with mud or tarpaulin
walls and grass-thatched or tarpaulin roofs (Figure 2). Majority are
Muslims (93%) and the main ethnic group is the Fulani (85.5%).
Many are house wives, livestock producers, manual workers, traders
and farmers (16). Gado-Badzere has an Integrated Health Centre
for medical assistance to both the local population and refugees.

2.2 Study design and population

This was a cross-sectional study on CAR refugees of all ages and
both sexes, living in the Gado-Badzere refugee camp, between

10.3389/fitd.2024.1508750

November 2022 and October 2023. Prior to data collection, the
chief of each sector was informed by a community relay (translator)
about the study protocol and the potential benefits of participation
to the community. After obtaining a written informed consent/
assent from the parents/care givers, we proceeded with the
collection of samples at the different sectors of the site.

2.3 Sample size

The sample size (N) was estimated using the Lorentz formula
for single proportion; N = Z’pq/d*. Z= 1.96 is the standard normal
deviate (for a 95% confidence interval, CI), p = 46.4% is the
prevalence of malaria recorded among a community in the East
Region of Cameroon (18), q = 1-p is the contrary event and d = is
the allowable error (5%). The minimum sample size was therefore
estimated at N = 382 persons.

2.4 Assessment of refugee attitudes and
practices regarding malaria transmission

A structured questionnaire was pretested and used for this
survey. The questionnaire had four components: the first captured
the socio-demographic characteristics of participants (gender, age,
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FIGURE 1
Map of study area representing all the sectors of the camp.
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FIGURE 2

Typical hut types in the study area. (A) a rectangular hut with grass-thatch roofing and tarpaulin walls. (B) a rectangular hut with grass thatch roofing
and mud walls. (C, D) a round and rectangular hut respectively with tarpaulin roofing and walls.

education level, marital status, occupation and religion); the second
assessed the hut characteristics (good with closed eave spaces and
poor with opened eave spaces) and environmental variables
(seasonality, presence of vegetation and stagnant water around
huts); the third examined the preventive measures of malaria
(ITN ownership and use, sources of ITN acquisition, reason for
non-ITN ownership, frequent ITN use and reasons for non-
frequent ITN use); and the fourth addressed the treatment-
seeking behaviors (hospital consultations, traditional
pharmacopoeia and auto-medication) and costs during suspected
cases of malaria.

The questionnaire was administered by a trained personnel
alongside a translator to consenting household heads, their spouses
or children from 18 years old in 324 randomly selected households
in the camp. Before administration, the questionnaire was
translated into “Fulfulde” or “Sango”, which are the common
languages spoken by CAR citizens across the camp.

2.5 Sample collection and
malaria diagnosis

Following consent/ascent, malaria diagnosis was performed on all
individuals present in each household ensuing interview. Blood samples
were obtained from individuals without a travel history and who had
not received malaria treatment 2 weeks prior to the examination.
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Approximately 3-4 mL of venous blood sample were collected
from volunteer participants using sterile disposable 5ml syringes. Rapid
diagnostic test (RDT) was performed on the field using a differential
diagnosis between Plasmodium vivax (P. v) and P. falciparum (P. f)
(Bioline"™" Malaria Ag P/P.v test kit) by Abbott Diagnostics, Korea
Inc. (LOT-number: 05DDG022A and REF number: 05FK80)
according to the manufacturer’s instructions. Individuals positive for
malaria were treated the same day with artemisinin-based combination
therapy according to the WHO recommendations.

Thick blood smears were performed on the spot by dispensing
about 6 pl of blood on clean grease-free slides. It was transported in a
slide box to the laboratory of the Gado-Badzere Health Centre to
identify malaria parasites and estimate parasite density on samples. The
films were Giemsa stained and examined in the laboratory following
standard procedures (19). All slides examined by a malaria research
scientist were independently examined by two microscopists of the
Gado-Badzere Integrated Health Centre. Parasite density was
determined based on the number of parasites per 200 leukocytes
count on a thick film, assuming a total white blood cell count of
8,000 cells/mL of whole blood. Specifically, parasite density was scored
against 200 leukocytes after counting > 100 parasites; and scored
against 500 leukocytes after counting < 99 parasites (20); otherwise,
slides were declared negative if no parasites were detected after a count
of 500 leukocytes. Malaria parasitemia was categorized as low (< 1000
parasites/ul blood), moderate (1000-4999 parasites/pl blood) and high
(5000-99,999 parasites/ul blood) (21).
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2.6 Data analysis

Data were coded and entered into spread sheets using Microsoft
Excel 2016. After data cleaning, analysis was performed using the
Statistical Package for the Social Sciences (SPSS) version 20 (IBM-
SPSS, Inc, Chicago, IL, USA) and MedCalc version 15.8 software.
Data was summarized into means and standard deviations (SD), and
percentages were used in the evaluation of the descriptive statistics.
Independent Chi-square ()2) and Fisher’s exact tests were used to
compare proportions between categorical variables (gender, age
groups, and sectors). Malaria parasite counts were log transformed
before analysis. The geometric mean parasite density (GMPD) was
used to compare the intensity of infection and differences were
compared using Mann-Whitney U test and Kruskal-Wallis test
where appropriate. Univariate and multivariate logistic regression
models were used to determine the potential risk factors of malaria
prevalence. The statistical level of significance was set at P <0.05.

3 Results

3.1 Socio-demographic characteristics, hut
construction materials and
environmental indices

Among the 324 households surveyed, female participants were
more represented than males (78.7% vs. 21.3%). Participants’ ages
ranged from 18 to 78 years, with a median age of 35.21 + 12.18
years. Household sizes varied from 1 to 14 individuals per hut
(median = 5.52 * 2.09). The majority of participants were Muslims
(91%), housewives (54.6%) with no formal education (71.9%). The
main income-generating activities were small-scale business
(15.1%) and farming (13.6%) as seen in Table 1.

Most huts had mud walls (91%) and grass-thatched roofs
(93.2%). No corrugated iron sheet roofing was observed in the
camp. Ceilings were absent in most huts (97.2%) and eave spaces
were mostly opened (79.6%). Many huts were surrounded by
bushes (55.6%) and stagnant water (62.1%) (Table 1).

3.2 Net ownership and use by respondents

ITN ownership (defined as the proportion or percentage of
households owning at least one bed net) was 53.7% with an average
of 1.36 £ 0.61 nets per household (range = 1-3 nets). Most nets were
acquired through donations from the government/United Nation
aid agencies (62.6%) and antenatal visits (29.3%). Participants who
did not own bed nets (46.3%) mainly reported that theirs were
already damaged or torn (74.7%). Frequent ITN usage, calculated as
the percentage of people sleeping under the bed nets every day was
low (22.4%) and was mostly attributed to net insufficiency (77.8%)
as seen in Table 2.

Frontiers in Tropical Diseases

10.3389/fitd.2024.1508750

TABLE 1 Socio-demographic characteristics, physical characteristics of
huts and environmental variables.

Category Variable \| %
Gender Male 69 21.3
Female 255 78.7
Age group (in years) 18-35 193 59.6
36-50 97 29.9
51-65 22 6.8
>65 12 3.7
Religion Muslim 295 91.0
Christian 29 9.0
Marital status Married 255 78.7
Single 18 1.4
Divorced 21 6.5
Widow/widower 30 9.3
Education level Secondary 23 7.1
Primary 68 21.0
No formal education 233 719
Occupation House wife 177 54.6
Small scale business 49 15.1
Farming 44 13.6
Tailoring 23 7.1
Manual workers 22 6.8
Unemployed 9 2.8
Hut
construction material Mud 295 91.0
Brick 5 1.5
Tarpaulin 23 7.1
Grass-thatched 1 0.3
Roof type Grass-thatched 302 93.2
Tarpaulin 22 6.8
Ceiling Present 9 2.8
Absent 315 97.2
Eave space Opened 258 79.6
Closed 66 204
Stagnant water
around huts Present 201 62.1
Absent 123 379
Vegetation around huts Absent 144 444
Present 180 55.6
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3.3 Malaria treatment-seeking behaviors
and expenditures

During suspected malaria cases, respondents opted for auto-
medication, hospital treatment, or traditional pharmacopoeia.
Auto-medication was significantly (P < 0.001) the most common
(43.8%). Expenditures were significantly (P < 0.001) higher for
hospital treatments (USD 13.64 + 8.67) compared to auto-
medication (USD 1.13 + 1.18). Hospital consultation costs ranged
from USD 4.96 to 49.58, and auto-medication costs ranged from
USD 0.08 to 4.96 (Table 3).

3.4 Malaria prevalence and parasitemia by
RDT and microscopy

Of the 1,304 participants, 523 (40.1%) tested positive for
malaria by RDT. Microscopy identified two additional cases,
making the total 525 positives (40.3%). P. falciparum was the
dominant species (99.8%), with a small proportion of mixed
infections (0.2%) with P. vivax. Parasitemia levels varied
significantly (P < 0.001). The prevalence of low parasitemia was
57.9% (95% CI: 53.7%-62.1%), followed by moderate parasitemia
26.3% (95% CI: 22.5%-30.1%) and lastly high parasitemia 15.8%
(95% CI: 12.7%-18.9%) (Figure 3).

3.5 Socio-demographic factors, malaria
parasite and risk

Participants examined for malaria parasite were 1 month to 78

years old with a mean (SD) of 14.86 (15.43) years. The malaria rate per
household (defined as the number of households with at least one

TABLE 2 Attitudes and practices of CAR refugees towards the use of ITNs.

Variable Response \| %
ITN ownership Yes 174 53.7
No 150 46.3
Source of ITNs Donations 109 62.6
Antenatal 51 29.3
Purchase 14 8.0
Reasons for no ITN Damaged 112 74.7
Did not receive 32 21.3
Stolen 6 4.0
Frequent ITN use Yes 39 224
No 135 77.6
Reasons for no frequent ITN use | Net insufficiency 105 77.8
Net inconvenience 18 13.3
Net not hung 12 8.9

10.3389/fitd.2024.1508750

infected individual) was 77.8% (252/324). The overall prevalence of
malaria parasite in the study population was 40.3% (525/1,304) with a
geometric mean parasite density (GMPD) of 1100 parasites/pl of blood.

Malaria parasite prevalence and density were comparable
between males (42.5%, 1086 parasites/ul of blood) and females
(38.6%, 1111 parasites/pl of blood). A significant difference was
observed with age. Lower malaria parasite prevalence and risk was
found in the 16-35 years (33.3%, OR = 0.64; P = 0.02) and >35 years
(23.5%, OR = 0.39; P < 0.001) age groups, compared with the 0-5
years (47.3%) and 6-15 years age groups (48.5%). Of statistical
significance (P < 0.001), the 0-5 years age group had the highest
GMPD/pl of blood (1456) compared to their elder 6-15 years (971),
16-35 years (716) and >35 (904) counterparts. Although, not
statistically significant (OR = 0.88, P = 0.10), participants living in
huts with a family size of more than 5 members had lower GMPD/
ul blood (1005) than households with less than 5 members (1227).

Several sectors of the camp were significantly associated with
higher malaria parasite prevalence and risk namely; sector 8 (49.2%,
OR =2.53; P < 0.001), sector 5 (49.1%, OR = 2.52; P < 0.001), sector 3
(47.4%, OR = 2.35; P < 0.001), sector 4 (43.9%, OR = 2.04; P = 0.01)
and sector 6 (41.2%, OR = 1.83; P = 0.03). Similarly, participants of
some sectors were significantly (P = 0.04) associated with higher
GMPD/ul of blood [sector 9 (1626), sector 6 (1511), sector 4 (1254),
sector 5 (1110) and sector 3 (1099)] than others [sector 1 (1081),
sector 11 (1074), sector 7 (994), sector 12 (977), sector 8 (932), sector
2 (900) and sector 10 (894)], as seen in Table 4.

3.6 ITN ownership, treatment options, hut
constructions, environmental factors and
malaria indices

Malaria parasite prevalence among non-frequent ITN users was
significantly higher (41.7%) with 2.08 times odds of being infected
by Plasmodium than ITN users (25.5%, OR = 2.08; P < 0.001).
However, there was no significant difference between their GMPD/
ul of blood. Participants who practiced traditional pharmacopoeia
had higher malaria parasite prevalence (43.2%) and density (1399
parasites/ul) although not significant when compared with those
who preferred hospital consultation or auto-medication (Table 5).

TABLE 3 Management options and treatment expenses for malaria by
CAR refugees.

P-
Item Characteristic N (%) value
Treatment seeking behavior | Auto-medication 142 (43.8) <0.001%%*
Hospital 117 (36.1)
Traditional
pharmacopoeia 65 (20.1)
Mean expenses for malaria 1.13 £ 1.18 <0.001*
treatment in USD (Range) Auto-medication (0.08-4.96)
13.64 + 8.67
Hospital (4.96-49.58)

N, Number of individuals.

Frontiers in Tropical Diseases

**Statistically significant at P < 0.001 N= Number of individuals.
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FIGURE 3
Parasitemia levels of Plasmodium infected CAR refugees.

Living in poorly constructed huts was not significantly associated
with high malaria risk (OR = 0.83, P = 0.18). According to the
environmental features, the presence of stagnant water around
habitations (44.4%, OR = 1.55; P < 0.001) and the rainy seasons
(43.5, OR = 1.31; P = 0.02) were significantly associated with higher
malaria risk and prevalence. The nearness of huts to vegetation was
not a risk factor for malaria parasite infection (OR = 0.97, P = 0.79).
Participants living around stagnant waters had a significantly higher
GMPD/l of blood (2097, P = 0.01) compared to those who lived far
(1093). However, the GMPD/ul of people dwelling near vegetation
(1078) or far (1129) from it did not show a significant association

10.3389/fitd.2024.1508750

with the participant’s GMPD/ul. With regards to seasonality,
participant’s GMPD/ul of blood were comparable between the
rainy seasons (1053) and the dry seasons (1157).

The results from both the univariate and multivariate binary
logistic regression analyses showed that age groups, camp sectors,
ITN usage, mosquito breeding sites around huts, and seasonality
were each significantly associated with malaria parasite burden. The
consistency of findings across both models highlights the robustness
of these associations, suggesting that the identified factors are
independently linked to malaria burden, even when adjusted for
potential confounders. This alignment between the two analytical
approaches strengthens the validity of the observed relationships
and indicates that each factor plays a significant and independent
role in influencing malaria risk within this population.

4 Discussion

The collaborative efforts of the local government, non-
governmental organizations (NGOs) and aid agencies, are crucial
in providing supplies, services and malaria prevention measures
such as insecticide-treated bed nets (ITNs) and prophylaxis to
refugees. This study highlights how socio-demographic and
environmental factors, alongside the use of mosquito prevention
methods, influence malaria infection rates among CAR refugees in
the Gado-Badzere refugee camp.

ITNs were the primary preventive measure used by the camp’s
residents. Despite the universal distribution of bed nets which
occurred 6 months prior to the beginning of this study, individual
coverage was only 53.7%. This rate is comparable to an Internally
Displaced Person (IDP) camp in Uganda (57%) and the China-

TABLE 4 Malaria prevalence and parasite density with respect to socio-demographic characteristics of CAR refugees.

naOR
(95% ClI)

Prevalence

Parameter N (%) (n)

P-value

aOR
(95% Cl)

P-value P-value

Parasite density

Gender

Male 551 (42.3) 42.5 (234) 1 1 1086 128-19,200 0.59

Female 753 (57.7) 38.6 (291) 1.17 (0.93 -1.46) 0.16 1.07 (0.77-1.19) 0.70 1111 32-12,800

Age group (years)

0-5 494 (37.9) 43.7 (216) 1 1 1456 64-19,200 <0.001***

6-15 404 (30.9) 48.5 (196) 1.21 (0.93-1.58) 0.15 1.06 (0.73-1.56) | 0.76 971 128-10,880

16-35 199 (15.3) 32.2 (64) 0.64 (0.45-0.92) 0.02* 0.50 (0.31-1.25) 0.004** 716 32-10,880

>35 207 (15.9) 23.7 (49) 0.39 (0.28-0.56) <0.001*** 0.42 (0.24-0.77) 0.003** 904 128-10,240

Household size

1-5 562 (43.1) 42.0 (236) 1 1 1227 80-19,200 0.10

>5 742 (56.9) 38.9 (289) 0.88 (0.70-1.10) 0.26 0.72 (0.50-1.02) 0.08 1005 32-10,880

(Continued)

Frontiers in Tropical Diseases 07 frontiersin.org


https://doi.org/10.3389/fitd.2024.1508750
https://www.frontiersin.org/journals/tropical-diseases
https://www.frontiersin.org

Nematchoua Weyou et al.

TABLE 4 Continued

naOR
(95% ClI)

Prevalence

Parameter N (%) (n)

Camp sector

10.3389/fitd.2024.1508750

aOR
(95% Cl)

P-value P-value

Parasite density

GMPD/
ul Range

Sector 1 112 (8.6) 27.7 (31) 1 1 1081 128-19,200 0.04*
Sector 2 114 (8.7) 36.8 (42) 1.52 (0.87-2.67) 0.14 1.58 (1.12-2.75) | 0.27 900 192-5120
Sector 3 114 (8.7) 474 (54) 235 (1.35-4.09) <0.001* | 270 (1.14-3.04) | 0.02* 1099 224-10,000
Sector 4 114 (8.7) 439 (50) 2.04 (1.17-3.55) 0.01** 2.10 (1.38-3.97) | 0.04* 1254 288-7880
Sector 5 114 (8.7) 49.1 (56) 252 (1.45-4.39) <0.001%* | 2.88 (1.32-4.89) | 0.008** 1110 80-12,800
Sector 6 119 (9.1) 412 (45) 1.83 (1.05-3.18) 0.03* 222 (1.02-3.56) | 0.04* 1511 288-10,880
Sector 7 108 (8.3) 38.0 (41) 1.60 (0.91-2.82) 0.11 1.75 (0.76-2.15) | 0.26 994 208-10,880
Sector 8 124 (9.5) 492 (61) 253 (1.47-4.36) <0.001%* | 274 (1.24-503) | 0.01* 932 208-10,240
Sector 9 94 (7.2) 36.2 (34) 1.48 (0.82-2.67) 0.19 1.61 (1.19-3.08) | 0.25 1626 32-12,800
Sector 10 96 (7.4) 37.5 (36) 1.57 (0.87-2.81) 0.13 1.69 (1.05-2.97) | 0.39 894 208-7160
Sector 11 97 (7.4) 340 (33) 1.35 (0.75-2.43) 032 1.32 (0.53-2.86) | 0.54 1074 256-7680
Sector 12 98 (7.5) 38.8 (38) 1.65 (0.93-2.95) 0.08 1.82 (0.98-2.54) | 0.29 977 128-10,880

*Statistically significant at P < 0.05; **Statistically significant at P < 0.01; ***Statistically significant at P < 0.001; OR (95% CI), Odd ratio with a 95% confidence interval; n, number of positive

cases; N, Total number of participants; naOR, non-adjusted OR; aOR, adjusted OR.

Myanmar border (76.4%) following mass ITN distribution (22, 23).
However, this result contradicts what has been seen in an IDP camp
in the Eastern Democratic Republic of Congo (DRC) where despite
a high free distribution of bed nets, only 29% of IDP households
owned a bed net (11). Up to 74.7% of people declared that their nets
were already damaged or torn. This is probably due to the quality of
the nets and the frequent washing due to the mud floors which soils
the nets (11). This is in accordance with several authors who
deplored a poor utilization of this tool by household members (7,
24). The non-ITN ownership could also be because people were
absent during the distribution or their nets were stolen when dried
outside as reported by (23). Interestingly, in another study majority
of displaced persons reported selling their nets or exchanging them
to meet immediate needs such as food (11). ITN ownership does not
equate to frequent use. Bed net utilization was low, with net
insufficiency cited as a significant barrier. Overcrowded
households often lead to people sleeping on the floor without net
coverage, increasing exposure to malaria transmission. ITN
shortage in households were also reported by other authors
(7, 11, 25). The frequent disuse of bed nets was due to net
inconvenience (unpleasant chemical smell, needs frequent
washing) (11). Some people deliberately refused to hang the net
because it is cumbersome (confers more heat, difficulties in net
installation) within their small huts and the lack of beds or
matresses to fit in the nets have been well documented by some
authors (7, 11). Disuse of nets due to inconvenience and the use of
nets for other purposes, like fencing domestic animals and farms
were common. This indicates a need for further sensitization on the
importance of ITNs. These poor practices toward ITN use were also
reported by several authors in different epidemiological settings (7,
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25-27). In view of these findings, it is obvious that refugees are
reluctant to use the bed nets. In such cases, additional or alternative
control methods, such as Indoor Residual Spraying (IRS), should be
evaluated and considered as complementary strategies.

Most refugees practiced self-medication during malaria
episodes. Initially, aid agencies provided free healthcare services
for malaria to all refugees, but later on only some age groups and
categories were targeted. This might have favored auto-medication
practices coupled with the high cost of hospital treatment compared
to auto-medication observed in this study.

The overall malaria parasite prevalence in CAR refugees was
40.3% by microscopy and 40.1% by RDT. This confirms the
concurrence of RDT in malaria diagnosis in endemic settings as
reported by (28). This prevalence is higher compared to that
published by National Malaria Control Programme (2) in the
general population of the East region (34.2%), implying that these
refugees may serve as the reservoir for malaria dissemination
thereby increasing the risk of transmission to the host or nearby
communities. The main species was P. falciparum, with mixed
infections of P. falciparum and P. vivax in children aged 12,9 and 6
years old. Similarly, other authors found 3 cases of mixed P.
falciparum and P. vivax infections conducted by nested
polymerase Chain reaction (PCR) on symptomatic refugees in a
war-torn area in Pakistan where P. vivax was instead the common
species (29). In that study, half of the vivax malaria patients were
children and they attributed this situation to their poor yet-to-
develop immunity against the parasites. Although P. vivax was
uncommon in sub-Saharan Africa, several studies have documented
its gradual emergence in many sub-Saharan African countries,
including Cameroon. It is now obvious that P. vivax is gaining
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TABLE 5

naOR
(95% Cl)

Prevalence

Parameter N (%) (n)

ITN ownership

P-value

10.3389/fitd.2024.1508750

ITN ownership and use, treatment options, hut construction, environmental factors and malaria indices.

aOR
(95% ClI)

Parasite density

P-value P-value

GMPD/
ul Range

Yes 705 (54.1) 38.6 (272) 1 1 1133 64-12,800 0.34
No 599 (45.9) 422 (253) 1.16 (0.93-1.45) 0.18 1.02 (0.55-1.59) | 0.95 1065 32-19,200
Frequent ITN use

Yes 137 (19.4) 25.5 (35) 1 1 1264 64-12,800 0.60
No 568 (80.6) 41.7 (237) 2.08 (1.37-3.17) <0.001*** 2,54 (1.60-3.49) | <0.001** 1114 80-10,440
Treatment options

Hospital 1

consultation 487 (37.3) 37.6 (183) 1 1057 32-10,000 0.08
Auto 0.22 1.30 (0.89-1.69)

medication 553 (42.4) 41.2 (228) 1.16 (0.91-1.49) 0.17 1007 80-12,800
Traditional 0.13 1.17 (0.72-2.15)

pharmacopoeia | 264 (20.2) 43.2 (114) 1.26 (0.93-1.71) 0.52 1399 64-19,200

Type of house

Good 262 (20.1) 43.9 (115) 1 1 1074 32-10,880 0.62
Poor 1042 (79.9) 39.3 (410) 0.83 (0.63-1.09) 0.18 0.85 (0.51-1.25) | 0.47 1107 64-19,200
Stagnant waters

Absent 518 (39.7) 33.9 (176) 1 1 1093 32-10,880 0.01*
Present 786 (60.3) 44.4 (349) 1.55 (1.23-1.95) <0.001***  1.84 (0.51-2.83) | 0.001** 2097 80-19,200
Vegetation

Far 563 (43.2) 40.7 (229) 1 1 1129 80-19,200 0.31
Near 741 (56.8) 39.9 (296) 0.97 (0.78-1.21) 0.79 1.04 (0.66-1.92) | 0.87 1078 32-12,800
Seasonality

Dry seasons 653 (50.1) 37.1 (242) 1 1 1157 32-19,200 0.27
Rainy seasons 651 (49.9) 43.5 (283) 1.31 (1.05-1.63) 0.02* 1.59 (1.10-1.85) | 0.03* 1053 80-10,440

*Statistically signifcant at P < 0.05; **Statistically significant at P < 0.01; ***Statistically significant at P < 0.001; OR (95% CI), Odd ratio with a 95% confidence interval; n, number of positive cases;

N, Total number of participants; naOR, non-adjusted OR; aOR, adjusted OR.

ground in Cameroon and has been reported in previous studies
(30-34). There is a need to address P. vivax species in Cameroon’s
refugee camps due to its dormant stages (hypnozoites) which are
resistant to antimalarial drugs and are responsible for malaria
relapses several months to years after the first infection (35).
Moreover, its interaction with other Plasmodium species can
regulate malaria severity (34). The high malaria prevalence can be
attributed to the refugees’ residence in a high transmission region,
where malaria thrives year-round (2, 17). Low and moderate
parasitemia levels suggest that many participants were healthy
carriers of the Plasmodium parasite, representing a significant
reservoir for transmission if left untreated. Besides, refugee sites
often promote mosquito breeding due to their marginal locations
(13). The prevalence obtained in this study is comparable to that
obtained by Gangueu et al. (18) who had a higher prevalence of
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46.4% in asymptomatic pygmy people living in Cameroon’s East
region. Indeed, the region has a favorable climate for the
proliferation of the main malaria vectors Anopheles gambiae s.I in
the country (36-39). Several studies also documented high malaria
morbidity in displaced camps in Uganda, Sudan, Pakistan and the
DRC (11, 23, 29, 40, 41).

Parasite prevalence and density were age-dependent with the 16-
30 and >30 years old being less infected, probably due to their high
protective immunity against malaria compared to the younger age
groups (0-5 years) who are still immune naive or inefficiently using
the bed net as reported elsewhere (12, 22, 36, 41, 42). This finding
reaffirms that malaria remains a major cause of morbidity and
mortality among refugee children (13, 43) and this situation calls
for an immediate humanitarian response. In order to provide a
sustainable solution to improve the well-being of this vulnerable age
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group, aid agencies have been providing free malaria diagnosis and
treatment services in the camp. However, to strengthen protection
and reduce malaria incidence in children under 5, the addition of
seasonal malaria chemoprevention (SMC) especially in peak
transmission seasons could be suggested as a valuable complement
to existing interventions. Gender did not have a significant
association with Plasmodium infection and risk, though males were
more infected than females. This might be because men are mostly
involved in outdoor activities more than females (29, 41, 44).

Malaria parasite infection rates varied by camp sector, with the
most densely populated sectors showing higher prevalence and risk.
Crowded living conditions increase exposure to mosquito bites,
promoting malaria transmission as also indicated by certain authors
(45-47). In addition, some authors reported that mosquitoes only
bite people when they overlap in space and in time (48, 49).

The level of infection between frequent ITNs users and non-
frequent users was assessed; non-frequent ITN users had a higher
malaria prevalence and were 2 times more exposed to Plasmodium
infection than frequent ITNs users. This increased malaria risk in
non-frequent users of bed net was also reported by several studies in
sub-Saharan Africa (36, 50-53). Modifications to bed net design,
such as promoting round ITNs over rectangular ones, may make
refugees more user-friendly in their cramped shelters. Additionally,
continuous sensitization campaigns are essential to promote ITN
use among displaced populations.

Initially, malaria consultations, diagnoses, and treatments were
free for refugees of all age groups, which encouraged many to seek
medical help during suspected malaria episodes. However, this free
healthcare was later restricted to children aged 0-5 years, pregnant
women, and individuals with special needs by aid agencies. In this
study it was found that the parasite burden was highest in refugees
who practiced traditional pharmacopoeia followed by auto-
medication. This restriction might have led the exempted groups
to resort to self-medication and traditional pharmacopoeia due to
financial constraints and the significantly high costs of hospital
treatments for malaria observed in this study. These treatment
practices associated to high parasite burden could be explained in
terms of delayed, poor or incomplete treatment.

As a result, the efficacy, dose and toxicity of the plant species
used during traditional pharmacopeia remains questionable. Also,
during auto-medication one maybe administered incorrect doses
since drugs are at times sold depending on the amount of money the
patient has. Self-medication practice with antimalarial and/or
traditional drugs has also been reported by Foko et al. (34) in
asymptomatic infection cases in different malaria epidemiological
facets in Cameroon. Self-medication practices may lead to frequent
malaria relapses, drug related side effects and even cause the
emergence and spread of ACT resistance in P. falciparum
parasites especially when used as first line treatments (34, 54).

In complex emergencies, adequate shelters are crucial to avoid
malaria, yet the hut characteristics have shown not to be a risk
factor for malaria in CAR refugees. This contradicts other studies
that reported housing design significantly influence malaria
transmission (51, 55-58). Among the environmental factors, the
presence of stagnant water around huts and the rainy season were
important malaria risk factors. This may suggests that during the
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rainy seasons, mosquito breeding sites (shallow pools of water and
puddles) multiply and enable the easy and rapid proliferation of the
different malaria vectors (59, 60).

The investigation of the malaria parasite burden and the
variability of risk factors among CAR refugees are the strengths of
this study. Despite the insights gained, it is essential to acknowledge
the study’s inherent limitations. The diagnostic confirmation of
Plasmodium species relied solely on RDTs and microscopy rather
than PCR, which is known for its higher sensitivity and specificity in
identifying malaria species. While RDTs and microscopy are widely
used due to their practicality and cost-effectiveness in field settings,
their lower sensitivity may have missed very low parasitemia levels,
potentially leading to false negatives or missed cases. Furthermore,
RDTs can yield false positives due to cross-reactivity with other
infections, contributing to an underestimation of the true prevalence
of malaria parasites in the study population. That notwithstanding, the
low occurrence of P. vivax in this population calls for further
investigation into the burden of sub-microscopic infections of P. vivax.

5 Conclusion

Findings of this study revealed that, malaria parasite burden was
high among CAR refugees. The infrequent use of ITNs, age groups
difference, mosquito breeding sites around huts, seasonality and
living in particular sectors of the camp led to greater exposure to
infection, high parasite prevalence and load. These provides vital
information on the risk factors of Plasmodium infection to
governments and NGOs operating in complex humanitarian crises
zones. There is need for greater sensitization on the importance of the
frequent use of ITNs in the camp during malaria-related
communication. Complementary interventions such as the
management of mosquito breeding habitats, IRS and seasonal
malaria chemoprevention, especially during the rainy seasons
should be considered when updating control interventions. The
high cost to cure malaria in the hospital and the preference to self-
medication in refugee settings could be averted by provision of free
malaria diagnosis and treatment to all age groups and categories. In
spite of this high falciparum malaria prevalence, the management of
non-falciparum species is worth addressing in refugee camps.
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