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Background: Malaria is a major public health problem in the Central African Republic (CAR). Data on malaria epidemiology are
often derived from confirmed cases of symptomatic malaria using passive detection approaches, with very limited knowledge of the
extent of subclinical and submicroscopic infections.

Methods: A community-based cross-sectional study was conducted in Bangui, the capital of the CAR, to assess the prevalence of
subclinical malaria parasitaemia. Proportions of positive tests for malaria parasites were determined by combining the results of
antigen-based malaria rapid diagnostic test (mRDT), thick blood smear microscopy, and polymerase chain reaction (PCR).

Results: A total of 638 participants (mean age, 26.44 years (range, [1-75] years) with a sex ratio (M/F) of 1.22) were tested for
malaria using all three detection methods. Proportions of positives were 32.45% by PCR, 27.59% by mRDT, and 23.51% by Giemsa-
based thick blood smear microscopy, representing the burden of subclinical malaria. In addition, a 9.56% prevalence of submicro-
scopic infections was observed. Subclinical malaria was more common in individuals aged 1549 years, and microspatial hetero-
geneity in positivity was observed, with the majority of cases occurring in semi-urban areas by mRDT and microscopy, respectively.
Approximately, 80% of microscopy-positive subjects had a low parasite density (<1000 parasites/uL whole blood). Although
P falciparum was the most common species (98.55%), the transmission of P. ovale appears to be well-established in the area,
occurring either as mono-infection (1.45%) or co-infection (1.93%) with P. falciparum.

Conclusion: This study of community malaria in Bangui highlights the high burden of subclinical malaria in the community and
provides essential baseline data to guide future research on malaria parasites in the CAR, particularly regarding the circulating parasite
species. The high prevalence of community malaria demonstrates its persistence as a major public health challenge in the country,
highlighting the need to intensify its ongoing control using new tools such as the upcoming malaria vaccine.

Plain Language Summary: Malaria is widespread in the Central African Republic, with prevalence data based mainly on highly
flawed medical records. Moreover, little is known about the extent of, and factors associated with subclinical Plasmodium infections,
which are essential for guiding ongoing antimalarial interventions in the community. Subclinical infection is defined as an infection
with no noticeable clinical symptoms.

This study demonstrated that one out of three people living in Bangui is carrying malaria parasite without showing any symptoms.
This high prevalence of low-density Plasmodium infections in the Bangui community, especially in 15-49 age group, raises concerns
about the persistence of malaria in the community and the opportunity for its elimination in CAR.
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The current findings underscore the need to intensify community-based interventions, including vaccination, against malaria,
particularly in CAR and Bangui.
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Introduction

Malaria remains a major public health problem, particularly in sub-Saharan Africa, with an estimated 233 million cases
in 2022, accounting for about 94% of cases globally and estimated deaths to 580 000, representing 95% of deaths
globally." Central African Republic (CAR) as one of the 7 high incidence (334.7 for 1000 habitants) in African countries,
despite intensive control efforts.” Malaria transmission remains worrisome in the CAR. Over the past 20 years, a number
of initiatives have been undertaken in CAR, including the introduction in 2005 of artemisinin-based combination
therapies as first-line treatment for confirmed cases, sulfadoxine-pyrimethamine for intermittent preventive treatment
during pregnancy (IPTp-SP), distribution since 2010 of long-lasting insecticide-treated nets (LLINSs), introduction in
2013 of rapid diagnostic tests (RDTs), home-based management of malaria (PECADOM), and introduction of integrated
community case management (iICCM) and community health worker (CHW) programs; however, gaps remain in the fight
against the disease. According to the World Health Organization World Malaria Report 2023, malaria is responsible for
more than 70% of the fever cases from 2019 to 2022 in CAR'. It is the leading cause of morbidity and mortality,
accounting for 50-60% of hospital admissions in the country.’

Malaria prevalence in endemic populations is an important indicator of the effectiveness of control interventions.”
Most published estimates of malaria prevalence are based on cases of symptomatic infections, including fever and flu-
like illnesses, and therefore, involve passive diagnosis.

Nevertheless, infection with malarial parasites can be asymptomatic or, more accurately, subclinical as subtle
symptoms and long-term health effects may occur.” Subclinical infection is defined as an infection with no noticeable
clinical symptoms. Submicroscopic malaria is defined as low-density Plasmodium infection detected using molecular
methods alone. Effective malaria control requires combating both symptomatic and unknown “silent” infections, which
may serve as reservoirs for ongoing transmission, and subclinical infections remain a hurdle in malaria control.® Infected
individuals without symptoms are a source of persistent infection and contribute to the continued transmission of
malaria.” The identification and management of asymptomatic carriers has become a new and increasingly important
challenge for malaria control programs. Prior studies have demonstrated that screening the treatment of asymptomatic
carriers and insecticide spraying is the most cost-effective and important intervention strategy to implement to control
and interrupt the malaria transmission.® Intermittent preventive treatment (IPT), administration of a full course of an
antimalarial treatment for a population at risk of specified time points regardless of the infection status of individuals, has
been suggested as a method of treatment for asymptomatic individuals to reduce transmission of malaria.” Therefore,
asymptomatic individuals have the potential to develop gametocytes that serve of veritable as reservoir of disease
transmission, thus using the drugs that may predominantly inhibit gametocyte development or accelerate its clearance.'’
In addition, there are often submicroscopic infections that are difficult to diagnose using conventional methods (micro-
scopy and/or rapid diagnostic tests), requiring the use of molecular techniques such as polymerase chain reaction (PCR)
for a more accurate diagnosis. Complementary strategies targeting the parasite reservoir could therefore provide
significant help, particularly those focusing on asymptomatic carriers.

Malaria prevalence reports in CAR are often based on symptomatic infections and do not reflect the true prevalence in
the community. Importantly, no study on malaria in the community has been conducted in Bangui that has one of the
highest malaria rates for a major city in the world, with 60% of people with fever testing positive for malaria,” or in other
regions of the CAR. Although women and children are the most vulnerable to malaria, asymptomatic infections in the
general population, particularly in adults due to premunition, constitute a major reservoir associated with persistent
transmission, especially in the context of changing mosquito behaviour.'

It is essential to target both symptomatic and asymptomatic parasitaemic cases in communities and to treat them with
appropriate antimalarial drugs.'? Furthermore, in the context of malaria vaccine introduction, defining malaria profiles at
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the community level would serve as a basis for future studies aimed at distinguishing malaria infections and investigating
premunition levels.

This study aimed to determine the prevalence of subclinical and submicroscopic malaria in the population of Bangui,
and the CAR’s main city and capital has some of the highest malaria rates for a major city in the world with 60% of
people with fever testing positive for malaria.?

Materials and Methods
Study Design, Period and Site

This was a nested study using baseline data from a survey to estimate the cumulative population immunity to COVID-19
conducted from July 12 to August 20, 2021."° The COVID sampling method has no impact on our study, because
population expected prevalence or proportion of 50% (the default value) is used to ensure the largest possible sample
size. In addition, community sampling is not linked to COVID-19 symptom profile or any symptoms. Briefly, the study
was conducted on the general population of Bangui, the capital city of the Central African Republic. Bangui is a city
comprised eight administrative division. A total of 25 districts in Bangui were selected using a probability sampling
method, based on the population size of each district. Eleven households were randomly selected at the district level, and
at least three members from each household were invited to participate in community screening for malaria. Information
regarding each participant’s age, sex, and place of residence was collected using a structured questionnaire. Any record
with incomplete data was excluded from the study. Body temperature and other clinical manifestations were not
examined to identify truly asymptomatic individuals, for, strictly speaking asymptomatic carrier was defined as
a person with no symptoms, with a body temperature <37.5 °C, and who reported no fever during the 2 days before
blood collection.'* In the present study based on detection of parasite carriers within the community, through active
surveillance, the term “subclinical infection or subclinical malaria” is used to define the malaria positive individuals.

For each participant, a 2-milliliter blood sample was collected in an EDTA tube (BD Vacutainer™). The samples were
stored in a cooler at 4 °C and transported the same day to the Laboratory at the Pasteur Institute in Bangui for biological
analysis. Thick blood smears were prepared for laboratory microscopy examination, and filter paper blood dots were
prepared for PCR detection of parasite infection status and species. These Dry Blood Spot (DBS) samples were prepared
on 3MM Whatman® (Brentford, United Kingdom) filter papers cut into strips of approximately 2 cm x 5 cm, to collect
blood from the finger prick, with three blood spots collected per card and two cards per participant.

Malaria Biological Diagnosis

Laboratory Screening for Malaria

ParaHIT® f ver.1.0 (Ref. 55IC104-25, Arkray) rapid test for P. falciparum malaria was performed to screen all the
samples. It is an immunochromatographic test based on the detection of Plasmodium falciparum-specific histidine-rich
protein IT (PfHRP-II) parasite antigen.

Light microscopy-based estimation of malaria parasite density

Thick smears were prepared for all samples, whether positive or negative by RDT and the diagnostic methods to
determine the parasite and density. Giemsa-stained slides were air-dried and viewed under a 100X oil immersion
microscope. Two independent microscopists read the slides and a third microscopist examined the slides for quality
control. The parasite load was calculated using the following formula: number of parasites/numbers of white blood
cells x exact white blood cell counts according to WHO.'> Parasitemia was categorised as low (<1000 parasites/puL
blood), moderate (1000-4999 parasites/uL blood), high (5000-99,999 parasites/uL blood), or hyperparasitemia
(>100,000 parasites/uL blood).'®

Plasmodium species detection by nested PCR

DNA was extracted using the Chelex-100 method on dried blood spot samples.'” The extracted DNA was used to identify
Plasmodium species using the technique described by Singh et al.'® A standard nested-PCR protocol was used for the
evaluation of genus- and species-specific Plasmodium DNA within the highly conserved regions of the small-subunit
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(SSU) rRNA gene according to the protocol described by Snounou et al.'"> Nested-PCR is a technique in molecular
biology that involves performing a second round of amplification using a product obtained from the first round of PCR.
The targeted 18S (SSU) rRNA gene common to all four Plasmodium species was amplified using a specific primer pair
(PCR1). Whenever the genus-specific PCR1 revealed positive results, the species-specific nest primers were used to
determine the Plasmodium species (Table 1).

Data Processing and Statistical Analyses

The data were entered into an Access 2016 database, and statistical analyses were performed using STATA version 14
software (Stata Corp, College Station, TX, USA). Data were analysed using descriptive statistics (means, standard
deviations, and confidence intervals). Proportions of positive tests were determined, and the proportion of malaria cases
was compared for each characteristic using the chi-squared test. P-values <0.05 were considered to indicate statistical
significance.

Results

Demographic Characteristics of the Study Population

During the study period, 638 individuals from 7 districts were included for analysis. The mean age of the participants was
26.44 + 14.69 years, range 1-75 years, and the sex ratio (M/F) was 1.22. Over three-quarters (502/638, 78.68%) of the
participants were aged >15 years (Table 2).

Proportion of Subclinical Infections and Circulating Species

The overall prevalence of Plasmodium spp. was 32.45% (95% CI 31.29 —-33.61%) by PCR, 27.59% (95% CI,
25.75-30.35%) by mRDT, and 23.51% (95% CI, 20.64%—24.82%), respectively. Of the PCR-positive samples,
98.55% (204/207) were Plasmodium falciparum, 3.38% (7/207) were Plasmodium ovale and 1.93% (4/207) were
P. falciparum | P. ovale coinfections. The prevalence of P. ovale in the study population was estimated at 1.1% (7/
638) (Figure 1).

There were no significant differences in PCR results according to sex, age, or location. Using the mRDT, we found
that malaria prevalence was higher in the 1549 age group (30%) (Table 3). Participants under five years of age had
a prevalence of <5% using the mRDT. The 4™ district of Bangui showed the highest prevalence of malaria, with 57.14%
of cases by mRDT compared with the other districts, with prevalence rates ranging between 23 and 28% (Table 3). No
significant differences in sex or age were observed in the microscopic results. Nevertheless, a highly significant
difference was observed according to district, with the 6™ and 8™ districts showing 32.43 and 37.80%, respectively,
whereas the 1st and 2nd district showed prevalence rates of 1.87 and 7.5%, respectively (Figure 2, Table 3). This study
was not conducted in the 3rd district because of the lack of security in the area.

Table | Primer Sequences Used to Identify Plasmodium Species and PCR Product Sizes

PCR Primers Primers Sequences Size of PCR

Names Products

Plasmodium PCRI rPLU5S 5'-cctgttgttgecttaaacttc-3'

genus rPLU6 5'-ttaaaattgttgcagttaaaacg-3'

P. falciparum Nested rFAL-F 5'-cttttgagaggttttgttactttgagtaa-3' 205 bp
rFAL-R 5'-tattccatgctgtagtattcaaacaaaa-3’

P. ovale rOVA-F 5'-ttttgaagaatacattaggatacaattaatg-3’ 800 bp
rOVA-R 5'-catcgttcctctaagaagetttacect-3'

P. vivax rVIV-F 5'-acgcttctagcttaatccacataact-3' 120 pb
rVIV-R 5'-atttactcaaagtaacaaggacttccaagce-3'

P. malariae rMAL-F 5’-ataacatagttgtacgttaagaataaccgc-3’ 144 bp
rMAL-R 5’-aaaattcccatgcataaaaaattatacaaa-3’
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Table 2
Characteristics of the Study

Baseline

Population, ~ Bangui, Central
African Republic 2021
Variables Frequency
Number %
Sex
M 287 45
F 351 55
Age group (year)
<5 years 21 3.029
5-14 years 115 18.03
15-49 years 444 69.59
250 years 58 9.09
District
Ist 107 16.77
2nd 40 6.27
4th 28 439
5th 139 21.79
6th 74 1.6
7th 123 19.28
8th 127 19.91

Proportion of Submicroscopic Infections, and Parasite Density

Around, 9.56% of the participants had submicroscopic infection. However, 79% of submicroscopic infections occurred in

the 15-49 age group. The parasite density among the study participants ranged from 80 to 18,706 parasites/uL. The mean

Inclusion
(n=638)
v
PCR mRDT
207/638 176/638
(32.45 %) (27.59 %)
Pf Po
204/207 7/207
(98.55%) (3.38%)
P.o/Pf P.o only
4/207 3/207
(1.93%) (1.45%) %)

Microscopy
150/638
(23.51%)

Figure | Outcomes of malaria in the study population in the study population. Prevalence using PCR, RDT and microscopy technical, Bangui, Central African Republic 2021.
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Table 3 Characteristics of Study Population in Association With Malaria Diagnostic Tests, Bangui, Central African Republic 2021

Variables | N PCR P-value mRDT P-value Microscopy P-value
Positives Negatives Positives Negatives Positives Negatives
n (%) n (%) n (%) n (%) n (%) n (%)
Sex 0.053 0.62 0.4
M 287 | 105(36.59) 182(63.41) 82(28.57) 205(71.43) 63(21.95) 224(78.05)
F 351 102(29.10) 249(70.90) 94(26.78) 257(73.22) 87(24.79) 264(75.21)
Age group 0.27 0.039 0.23
(years)
<5 21 3(14.29) 18(85.71) 1(4.76) 20(95.24) 1(4.76) 20(95.24)
5-14 115 35(30.44) 80(69.56) 28(24.35) 87(75.65) 29(25.22) 86(74.78)
15-49 444 | 151(34.01) 293(65.99) 134(30.2) 310(69.80) 106(23.87) 338(76.13)
250 58 18(31.03) 40(68.97) 13(22.41) 45(77.59) 14(24.14) 44(75.86)
Districts 0.16 0.033 0.00001
Ist 107 | 40(37.38) 67(62.62) 29(27.10) 78(72.90) 2(1.87) 105(98.13)
2nd 40 10(25) 30(75) 11(27.5) 29(72.5) 3(7.5) 37(92.5)
4th 28 10(35.7) 18(64.3) 16(57.14) 12(42.86) 5(17.86) 23(82.14)
5Sth 139 | 39(28.09) 100(71.91) 33(23.74) 106(76.26) 37(26.62) 102(73.38)
6th 74 27(36.49) 47(63.51) 18(24.32) 56(75.68) 24(32.43) 50(67.57)
7th 123 31(25.20) 92(74.80) 33(26.83) 90(73.17) 31(25.20) 92(74.8)
8th 127 | 50(39.37) 77(60.63) 36(28.35) 91(71.65) 48(37.80) 79(62.2)

Notes: Bold values represent the highest proportions with a statistically significant result.

of parasite densities was 909 parasites per pL (with a geometric mean of 357 parasites/uL; 95% CI 323-394).
Approximately 80% of subjects who tested positive by microscopy had low parasite density, 12.67% had moderate
parasite density, and 7.33% had high parasite density.

Discussion
This study is the first investigation of malaria prevalence in urban and semi-urban populations in the CAR. The results

indicated a high prevalence of asymptomatic/subclinical malaria in CAR, with one in three individuals carrying the

Legend

m Positive rate in miscroscopy
[]19-99

[ ]99-179
B 179-259
B 259-339

0 2.5 S km
L S—

Figure 2 Mapping of the study area and malaria prevalence according to different districts with the microscopy results, Bangui, Central African Republic 2021.
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disease and one in ten of those with high parasitaemia. Despite local efforts to reduce malaria transmission, it remains the
most serious threat to public health in the Central African Republic (CAR). This is highlighted by the prevalence of
malaria using microscopic techniques, which shows the existence of a human reservoir and the active circulation of the
parasite in the population, particularly in Bangui. The prevalence of malarial parasitaemia in Bangui, as determined by
light microscopy and RDT in our study, was slightly lower than that estimated at the national level. The PCR-positive
proportion in our study is similar to that of previous findings in the country, estimated at 334.7 per 1000 inhabitants in the
CAR.? In our previous studies, as in many others, malaria transmission intensities varied according to epidemiological
facies, with prevalence often higher in rural than peri-urban and urban areas.”® Given that our study area, Bangui, is an
urban area and that 3/4 of the CAR population lives in rural areas, the burden of malaria in rural communities would
therefore be higher. The WHO has indicated that the actual number of malaria cases in the CAR is grossly under-
estimated and may even be several times higher than reports suggest.”'

The malaria proportion positive tests found in our study were higher than that of a community-based study carried out
in several rural districts in other countries, including Tanzania, with 9%, 9%, and 29% malaria prevalence for micro-
scopy, mRDT, and PCR, respectively.”* Several factors may explain the higher value of PCR compared to microscopy
and mRDT, such as low parasitacmia undetectable by microscopy and mRDT because of the higher sensitivity of PCR
(2-5 parasites/mL),> persistence of Plasmodium DNA which requires careful interpretation, and correlation with
microscopy and clinical presentation.”* The mRDT value can also be influenced by the persistence of PFHRP2 antigen
from previous infections.?® Factors such as transport and storage conditions and the inability of the parasite to express the
hrp?2 target antigen can affect TDR performance.”® Furthermore, a meta-analysis study of the risk ratio between RDT:
PCR or RDT:microscopy prevalence, has shown that, on average, RDT detected 41% of PCR-positive infections and
microscopy captured 87% of RDT-positive infections.” However, data for the comparison of RDT to PCR detection at
high transmission intensity and in adults were sparse.>’

A similar study carried out in western Cameroon, a country bordering the CAR, showed a prevalence of 21% and 26% by
mRDT and microscopy, respectively.”® Another study carried out in Butajira, in the south-central region of Ethiopia, revealed
a malaria prevalence of 21% using microscopy, which is similar to our findings.*’ In addition, a community-based study in
rural areas in Nigeria showed higher prevalence rates of mRDT (56.8%) and 38.6% with microscopy.*

Our study also revealed a significant proportion of submicroscopic infections (9.56%), which is comparable to that in
a study carried out in three villages in Senegal, with values ranging from 2.89% to 12.5%.>' However, this was lower
than that reported in a study conducted in Tanzania (18%).%* Parasite density being controlled by acquired immunity in
infected host populations in high-transmission areas is more likely to have submicroscopic infections which are not
detectable by microscopy and rRDT.

Plasmodium falciparum infection was found in 98.55% and P. ovale in 3.38% only, and in coinfection, consistent
with existing data showing that P. falciparum is responsible for 82—100% of all malaria cases.*” This result confirms the
predominant circulation of P. falciparum in CAR and the low circulation of P. ovale, which is becoming endemic, as
recent studies have shown that this species circulates, although at a rate of approximately 2%.**

This study was conducted during the COVID-19 pandemic, which may have influenced our results. Empirical
treatment with repurposed drugs such as chloroquine (CQ), hydroxychloroquine, ACT, and azithromycin, all anti-
malarial drugs, was ongoing. Additionally, self-medication and traditional plant remedies are being used, which could
have impacted the malaria prevalence at the time of our study.

Furthermore, the limited access to malaria diagnosis, treatment, and prevention during the global COVID-19
pandemic may have contributed to the increase in the prevalence of malaria in the community.**

The burden of subclinical malaria was higher in age groups between 15 and 49 years (30%) than in other age groups
in the current study, which is consistent with several studies on malaria at the community level, where adults appear to be
more affected than the paediatric population.?’ This could be explained by the fact that paediatric malaria is often
symptomatic and is, therefore, rapidly referred to health facilities. In addition, targeted malaria control interventions
focusing on children under five years and pregnant women with free diagnosis and treatment could also explain the low
number of children enrolled in our study and the low prevalence of malaria.

Research and Reports in Tropical Medicine 2025:16 https: 7



Nzoumbou-Boko et al

Overall, our results highlight the microspatial heterogeneity of malaria in the Bangui. Malaria prevalence was found
to be higher in semi-urban boroughs (6, 7™, and 8"™) than in urban areas (1%, 2", 4™ and 5™) which is consistent with
a recent study on malaria conducted on a network of sentinel sites set up for influenza surveillance in CAR, including
Bangui, where it showed a relatively high prevalence in semi-urban areas compared with urban areas.®* Several other
African studies have indicated that urban areas have a lower prevalence of malaria prevalence.'®

Community-level malaria is an important indicator of the outcome of control programs. The identification of individuals with
asymptomatic malaria via active surveillance using mRDT or PCR is an important component of malaria elimination efforts.*
The information obtained from this study can be used to improve control and community-centred strategies. Asymptomatic,
subclinical and submicroscopical infections behave like the submerged base of icebergs and are a hidden threat that hinders
efforts aimed at control malaria.>® Without treatment, they will continue to serve as a source of malaria reservoir and enhance
transmission by transmitting the malaria parasites to a large number of mosquitoes, contributing to the persistence of malaria
transmission within local populations and infecting children and pregnant women who are more vulnerable and may die of
malaria.®” Subclinical infections are important within a community as unknowing (asymptomatic) carriers of pathogens do not
change their behaviour to prevent the spread of disease.>® The treatment of the infective parasite reservoir of asymptomatic
individuals/subclinical infection may be an important intervention strategy to interrupt the transmission. Future efforts to reduce
malaria further will require moving beyond the treatment of clinical infections to targeting malaria transmission more broadly in
the community.>’

Although the study was carried out during August and September, including the rainy season (May—October), this
would not have had a significant impact on the results, as it has been shown that malaria transmission is perennial and
therefore holoendemic in CAR.*?

This study had several limitations. To improve the findings, it would have been beneficial to include body temperature
values for the participants, allowing for a more precise definition of the prevalence of asymptomatic parasitaemia in the
area. Additionally, information on the community’s perception of malaria and the use of preventive measures, such as
MILDA and ITNs, could have been useful in determining factors associated with malaria parasite carriage in the area. It
is worth noting that the mRDT Ag P.f/Pan could have provided more information on the current episode of malaria than
the one we used (P.f), which also detects past infection.*®

Conclusion

Despite considerable efforts to mitigate malaria transmission in Bangui, our findings highlight that malaria remains
a major public health challenge in this region. We identified a substantial human reservoir facilitating the active spread of
the parasite, with one in every three residents affected, and a significant proportion suffering from high parasitaemia. Our
findings also show that older children and adults are more likely to harbor subclinical malaria, contributing to the silent
yet widespread burden of asymptomatic parasitaemia.

This study underscores the urgent need for sustained, targeted, and community-centred malaria control strategies in the
CAR. In light of the promising development of the new malaria vaccine, integrating vaccination campaigns with strength-
ened community-based approaches is critical to amplify the impact. Special emphasis should be placed on improving
household hygiene practices to reduce malaria reservoirs, particularly through education and community engagement
initiatives. These combined efforts can address the human and environmental factors sustaining malaria transmission.

Our findings provide an essential baseline for future studies and interventions aimed at curtailing the pervasive impact
of malaria on the CAR, paving the way for more effective and sustainable malaria control programs.
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