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Introduction

School-aged children in malaria-endemic regions often harbour asymptomatic and
low-density infections, constituting a hidden reservoir that complicates malaria control
efforts. Although rapid diagnostic tests (RDTs) provide a practical screening tool, data
on their diagnostic accuracy in this population remain limited.

Purpose

This study aimed to assess the diagnostic accuracy of the SD Bioline Malaria Ag Pf®
RDT among school-aged children and to generate evidence to support malaria
surveillance and control strategies in Mbujimayi.

Methods

A cross-sectional survey was conducted in February 2023 among 494 students aged 5-
12 years from two primary schools in Mbujimayi, Democratic Republic of the Congo.
Capillary blood samples were collected for thick and thin blood smears and SD Bioline
Malaria Ag Pf® testing. Sensitivity, specificity, positive and negative predictive values
(PPV and NPV), Cohen’s kappa coefficient, and receiver operating characteristic (ROC)
curve analysis were used to evaluate RDT performance relative to microscopy.

Results

The median age of the children was 10 years (range: 4-15 years). The prevalence of
malaria was 27.3% (95% CI: 23.5-31.4) by both thick blood smear microscopy and the
SD Bioline Malaria Ag Pf® RDT. Plasmodium falciparum accounted for 97.0% of
infections. Agreement between the two diagnostic methods was fair (x = 0.38; p =
0.001). The RDT demonstrated a sensitivity of 57.3% and a specificity of 87.1%, with a
PPV of 47.2% and an NPV of 91.1%. The area under the ROC curve was 0.715 (95% CI:
0.663-0.767). The optimal parasite density threshold for detection was 202
parasites/uL, corresponding to a sensitivity of 52% and a specificity of 91%.
Conclusion

Among school-aged children, the SD Bioline Malaria Ag Pf® RDT demonstrated
moderate diagnostic performance, reliably detecting moderate-to-high parasitaemia
but missing a substantial proportion of low-density infections. Complementary
diagnostic approaches may therefore be required to accurately identify malaria
infections in this age group.

https://dx.doi.org/10.4314/orapj.v7il.9
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INTRODUCTION

Malaria remains a major public health challenge in the
Democratic Republic of the Congo (DRC), which ranks as
the second most affected country worldwide (World
Health Organization [WHO], 2024). Transmission is
intense and stable across most provinces, sustaining a high
burden of disease throughout the year (WHO, 2023).
Although malaria control efforts have historically focused
on children under five years of age, recent surveys indicate
that school-aged children experience the highest infection
rates, reaching up to 62% (Nankabirwa et al., 2014;

National Malaria Control Programme [PNLP], 2022;
Sarpong et al., 2015).
In highly endemic settings, school-aged children

frequently harbour asymptomatic and low-density
Plasmodium spp. infections due to partially acquired
immunity (Snow & Marsh, 2002). These infections are
associated with chronic anaemia, impaired cognitive
development, poor school performance, and increased
absenteeism (Nankabirwa et al, 2013), while also
sustaining malaria transmission by acting as a community
reservoir (Walldorf et al, 2015). Targeted malaria
screening among school-aged children is therefore critical
for effective malaria control (Staedke & Maiteki-Sebuguzi,
2023).

In the DRC, malaria diagnosis relies primarily on light
microscopy, the reference method capable of identifying
Plasmodium species and quantifying parasitaemia, with a
detection threshold of approximately 5-20 parasites/pL
(Ohrt et al., 2002). However, its use is limited in many
settings by logistical constraints, the need for skilled
personnel, and laboratory infrastructure requirements
(Mukadi et al., 2016). Consequently, rapid diagnostic tests
(RDTs) are now widely used in routine clinical practice
nationwide (Moody, 2014).

Among these, the SD Bioline Malaria Ag Pf® RDT, which
detects the histidine-rich protein 2 (HRP2) antigen of
Plasmodium falciparum, is extensively deployed under the
recommendations of the National Malaria Control
Programme (PNLP). This test provides a practical option
for malaria screening in settings such as schools, where
microscopy is not readily available (Berzosa et al., 2018;
Kavanaugh et al, 2021). However, its diagnostic
performance among school-aged children remains
insufficiently assessed. This gap is particularly important
given the predominance of asymptomatic and low-density
infections in this population, which may reduce RDT

sensitivity and lead to underdiagnosis (Nundu et al., 2022).

Assessing the accuracy of this RDT in primary school
settings is therefore essential to determine its suitability for

school-based screening strategies in high-transmission
areas.

Accordingly, the present study aimed to evaluate the
performance of the SD Bioline Malaria Ag Pf® test for
malaria screening among school-aged children in
Mbujimayi. Specifically, it assessed malaria burden and
the diagnostic accuracy of this RDT relative to standard
microscopy, with the goal of generating locally relevant
evidence to inform malaria surveillance and school-based
control interventions.

METHODS

Study setting

This study was conducted from 20 to 28 February 2023 in
Mbujimayi, the main city of Kasai-Oriental Province, one
of the provinces recording the highest prevalence of
malaria in the DRC (PNLP, 2023). The study was carried
out in two primary schools: Kankolongo wa Bondo
Institute, located in the Muya health district, and Sainte-
Trinité School Complex, located in the Lukelenge health
district.

Together, the two schools enrolled 1,112 students in 2023
(534 at Kankolongo wa Bondo and 578 at Sainte-Trinité),
mostly aged 5-12 years and originating from low- to
middle-income families. The region bears a high burden of
infectious diseases, including malaria, acute respiratory
infections, diarrhoeal diseases, and intestinal parasitic
infections (Toma, 2018).

Study design

This was a cross-sectional study conducted among school-
aged children from two primary schools in Mbujimayi,
Democratic Republic of the Congo.

Study population

The study population comprised students enrolled in the
selected schools. Eligible participants were students whose
parents or legal guardians provided written informed
consent and who assented to blood sampling. Students
who were absent during the survey period were excluded.

Sample size determination

The sample size was calculated to estimate malaria
prevalence and assess the diagnostic performance
(sensitivity and specificity) of the SD Bioline Malaria Ag
Pf® test. The Cochran formula, adjusted for finite
populations, was applied using an expected prevalence of
50%, a margin of error of 5%, and a 95% confidence level.
This yielded adjusted sample sizes of 225 and 232 students
for the two schools. A 10% increase was applied to account
for non-response, resulting in target sample sizes of 236
and 244 students, respectively, for a total of 480
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participants. Ultimately, 494 students were included,
allowing for precise estimation of malaria prevalence and
diagnostic parameters in each school.

Sampling technique

The two schools were selected based on accessibility.
Within each school, a comprehensive sampling approach
was applied to maximise representativeness, with all
enrolled students considered using class registration lists
as the sampling frame.

Data collection tools

Twelve final-year medical students from the University of
Mbujimayi, fluent in the local language and familiar with
the urban context, were trained in participant selection,
interviewing, RDT performance and interpretation,
administration of weight-based artemether-lumefantrine,
blood sample collection, and appropriate handling of
sampling equipment. Following administrative approvals
and parental consent, classroom information sessions were
conducted prior to interviews, clinical assessments, RDTs,
and blood sampling.

Data were collected using Android devices through a web-
based form developed with KoboToolbox. The form
captured sociodemographic variables (age, sex, grade,
academic performance), clinical data (body temperature
and antimalarial use within the preceding three days), and
laboratory results (RDT and microscopy findings). Data
entries were continuously supervised, verified, and
corrected to ensure quality. Children with positive RDT
results were treated with weight-based artemether-
lumefantrine in accordance with national malaria
treatment guidelines. Capillary blood samples were used
for both RDTs and preparation of thick and thin blood
smears for microscopy.

Laboratory methods

Rapid diagnostic test for malaria

Malaria screening was performed on site using the SD
Bioline® Malaria Ag Pf HRP2 test (Standard Diagnostics,
South Korea), which targets the P. falciparum-specific
HRP2 antigen. This WHO-prequalified test was supplied
free of charge by the PNLP in line with WHO quality
assurance standards (Srivastava et al., 2023). Testing was
conducted according to the manufacturer’s instructions,
with results read after 15 minutes. Two investigators
independently interpreted the results, and a high-
resolution photograph of each test was taken for quality
control. Tests were considered positive when both control
and test bands appeared, negative when only the control
band was visible, and invalid when the control band was

absent, necessitating immediate repetition. Discrepancies
between readers were resolved by a third reader.

Microscopic examination for malaria

For each participant, both thick and thin blood smears
were prepared from fresh capillary blood following
standard  procedures (WHO, 2014). Microscopic
examination was conducted by two independent, qualified
microscopists who were blinded to the RDT results.
Parasite density was expressed as parasites per microlitre
(parasites/pL), calculated based on the parasite-to-
leukocyte ratio per 200 leukocytes, assuming a standard
leukocyte count of 8,000/pL, in accordance with WHO
recommendations (WHO, 2014).

Statistical analysis

Data were entered into Microsoft Excel (Microsoft Office
365) and analysed using R software (version 4.5.1; R
Foundation for Statistical Computing, Vienna, Austria).
Categorical variables were summarised as frequencies and
percentages, while continuous variables were described
using medians and interquartile ranges (IQR).

SD Bioline Malaria Ag Pf® results were compared with
microscopy, the reference standard. Diagnostic
performance measures, including sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV), were calculated. Agreement between
diagnostic methods was assessed using Cohen’s kappa (x)
coefficient and interpreted as follows: no agreement (x < 0),
poor (x = 0.01-0.20), fair (x = 0.21-0.40), moderate (x =
0.41-0.60), substantial (x = 0.61-0.80), and almost perfect (x
=0.81-1.00) (McHugh, 2012).

Receiver operating characteristic (ROC) curve analysis was
used to determine the optimal parasite density threshold
for detection by the SD Bioline Malaria Ag Pf® test and to
assess overall diagnostic accuracy based on the area under
the curve (AUC) (Corbacioglu & Aksel, 2023).

Associations between categorical variables were examined
using Pearson’s chi-square test or Fisher’s exact test, as
appropriate (Kim, 2017). The Shapiro-Wilk and Levene’s
tests were applied to assess normality and homogeneity of
variances, respectively. Given non-parametric
distributions, median comparisons between two groups
were conducted using the Mann-Whitney U test (Ledolter
et al., 2020). Statistical significance was set at p < .05, with
analyses conducted at a 95% confidence level.

Operational definition
Symptomatic malaria was defined as a positive RDT
and/or microscopy result in a student who experienced
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fever or related symptoms on the day of the survey or
within the preceding three days.

Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki and national ethical guidelines for
research involving human participants in the Democratic
Republic of the Congo. Ethical approval was obtained
from the Institutional Ethics Committee of the University
of Mbujimayi (Approval No. 03/CEI/UM/ESU/2022),
and administrative authorisation was granted by the
Provincial Health Division of Kasai-Oriental. Written
informed consent was obtained from parents or legal
guardians, and assent was obtained from each participant
prior to enrolment.

RESULTS

Participant characteristics

The median age of the participants was 10 years (range: 4-
15 years), and 57.5% were male. Only 3.8% of the children
presented with fever at the time of the survey, while 6.1%
reported having received antimalarial treatment within the
three days preceding data collection (Table 1).

Table 1:
Sociodemographic and clinical characteristics of school-aged children (n = 494)

Characteristic n %

Primary school

Kankolongo wa Bondo Institute 267 54.0
Sainte-Trinité School Complex 227 46.0
Age (years)

> 8 years 401 81.8
< 8 years 93 18.2
Sex

Female 210 425
Male 284 57.5
School grade

Beginner (1st-2nd) 89 18.0
Intermediate (3rd-4th) 205 41.5
Final (5th-6th) 200 40.5
Body temperature

Normal (36.0-37.4 °C) 475 96.2
Fever (237.5 °C) 19 3.8
Antimalarial treatment within 3 days prior to survey

No 464 93.9
Yes 30 6.1

Note. Median age (minimum-maximum) = 10 (4-15) years.

Malaria prevalence and Plasmodium species involved

The overall malaria prevalence was 27.3% (95% CI: 23.5-
31.4). Prevalence was 20.2% (95% CI: 17.0-24.0) by thick
blood smear microscopy and 17.0% (95% CI: 13.5-20.1) by
the SD Bioline Malaria Ag Pf® RDT. Symptomatic malaria

was observed in 7.1% (95% CI: 5.1-9.7) of children (Figure
1).

Figure 1:
Malaria prevalence among school-aged children by diagnostic method
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Malaria diagnosis was determined using SD Bioline
Malaria Ag Pf® RDT, thick blood smear microscopy, and
combined prevalence (at least one positive test). Clinical
malaria was defined by the presence of symptoms (fever,
chills, body pain, or headache) within three days
preceding data collection.

Thin blood smear analysis identified Plasmodium falciparum
in 97.0% of microscopy-confirmed infections and
Plasmodium malariae in 3.0%, with no mixed infections
detected (Table 2).

Table 2:
Comparison of thin smear species identification with thick smear microscopy
results (n = 99)

Plasmodium species Thick smear positive Thick smear negative Total

n (%) n (%) n (%)
P. falciparum 92 (100.0) 4 (57.1) 96 (97.0)
P. malariae 0(0.0) 3 (42.9) 3 (3.0
Total 92 (100.0) 7 (100.0) 99 (100.0)

The mean parasite density was significantly higher among
RDT-positive children (1,023.3 parasites/pL) than among
RDT-negative children (250.3 parasites/pL; p < .001)
(Figure 2A). The proportion of positive RDT results
increased with increasing parasite density (Figure 2B).
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Figure 2: Table 3:
Distribution of SD Bioline Malaria Ag Pf® RDT results by parasite density Agreement between SD Bioline Malaria Ag Pf® RDT and microscopy (n = 494)
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rate was 43.7% (95% CI: 39.4-48.6) (Figure 3).
RDT results

(A) Comparison of mean parasite density between RDT-positive and RDT-negative
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visual comparison.
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(B) Frequency of RDT-positive and RDT-negative results across parasite density

categories.

Diagnostic performance of the RDT

Comparison between SD Bioline Malaria Ag Pf® RDT and

microscopy showed fair but statistically significant

agreement (k = 0.38, p = .001) (Table 3).

Figure 3:
Key diagnostic performance parameters of the SD Bioline Malaria Ag Pf® RDT
100

Proportion (%)
3 o

N
w
1

Se Sp PPV NPV FPR
Performance Parameters

FNR

Se = sensitivity; Sp = specificity; PPV = positive predictive value; NPV = negative
predictive value; FPR = false-positive rate; FNR = false-negative rate.

Receiver operating characteristic (ROC) curve analysis
yielded an area under the curve (AUC) of 0.72, indicating
moderate diagnostic accuracy. The optimal parasite
density threshold for RDT detection was approximately
202 parasites/pL, corresponding to a sensitivity of 52%
and a specificity of 91% (Figure 4).
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Figure 4:
ROC curve of the SD Bioline Malaria Ag Pf® RDT
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The ROC curve plots sensitivity against specificity relative
to microscopy and illustrates overall diagnostic accuracy,
as reflected by the AUC and optimal detection threshold.

DISCUSSION

This study assessed malaria prevalence and the diagnostic
performance of the SD Bioline Malaria Ag Pf® rapid
diagnostic test (RDT) compared with microscopy among
school-aged children in Mbujimayi, a high-transmission
setting in the Democratic Republic of the Congo (DRC).
Three key findings emerged: (i) a high prevalence of
malaria in this population; (ii) a strong dependence of
RDT performance on parasite density; and (iii) moderate
agreement between the RDT and microscopy.

The high malaria prevalence (27%) observed in this study
confirms that school-aged children are heavily infected
despite being largely asymptomatic and constitute a
significant reservoir for malaria transmission and
persistence in the study area. This finding is consistent
with reports from other malaria-endemic African settings,
where prevalence among school-aged children may reach
50% or higher (Igbawua et al., 2024; Kambou et al., 2024;
Sagna et al., 2024). Variations in prevalence across regions
likely reflect ecological, seasonal, and methodological
differences. Several studies have reported higher malaria
incidence during the rainy season (Acquah et al., 2021;
Moussa et al., 2023; Yimam et al., 2022), whereas the
present survey was conducted at the end of the short dry
season, a period that may be associated with relatively
lower transmission in Mbujimayi.

In line with the epidemiology of malaria in the DRC,
microscopy identified Plasmodium falciparum as the
dominant species (97%), with Plasmodium malariae
accounting for only 3% of infections. This contrasts with a
previous PCR-based study among adults in the same
region, which reported 53% P. falciparum and 24% P.
malarige infections (Kayiba et al., 2024). Although
differences in study populations limit direct comparison,
this discrepancy highlights the limitations of microscopy
in species identification, particularly due to morphological
overlap among Plasmodium species.

RDT performance was strongly associated with parasite
density, with a marked increase in positivity above 200
parasites/uL. This indicates that the SD Bioline Malaria
Ag Pf® RDT reliably detects moderate-to-high
parasitaemia but is likely to miss many low-density
infections. This finding is consistent with previous reports
demonstrating a sharp decline in RDT sensitivity below
100 parasites/ul, a threshold well above the detection
limit of PCR (5-10 parasites/pL) (Joste et al., 2021).
Consequently, asymptomatic children with low-density
infections may remain undetected, thereby sustaining
malaria transmission within the community. These results
underscore the tendency of RDTs to underestimate true
malaria prevalence and highlight the mneed for
complementary diagnostic approaches, such as PCR,
particularly  in  elimination-oriented  school-based
programmes.

Notably, even at high parasite densities, some infections
were not detected by the SD Bioline Malaria Ag Pf® RDT.
This may be explained by the prozone effect, whereby
excess antigen interferes with test reactivity (Gillet et al.,
2009). Other possible explanations include pfhrp2 gene
deletions or mutations and infections with non-falciparum
species, which are not targeted by this RDT (Martinez-
Vendrell et al., 2022; Parr et al., 2017).

The observed moderate agreement between the SD Bioline
Malaria Ag Pf® RDT and microscopy likely reflects the
combined effects of low parasite densities in asymptomatic
children and the RDT’s specificity for P. falciparum, despite
the circulation of non-falciparum species in Mbujimayi
(Kayiba et al., 2024). Similar levels of agreement (x = 0.39)
have been reported in Uganda (Kabbale et al., 2025),
supporting the complementary use of microscopy and
RDTs in settings characterised by low-density
parasitaemia.

Furthermore, the RDT demonstrated moderate sensitivity
and positive predictive value, falling below the 95%
sensitivity threshold recommended by the World Health
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Organization (WHO, 2020) and the 71-96% range reported
in studies from Burkina Faso, Gabon, and Cameroon (Joste
et al, 2021; Sayang et al., 2009; Sorgho et al.,, 2015). In
addition to low parasitaemia, reduced sensitivity may
have resulted from factors such as heat-related
degradation of test kits during transportation or storage
(Yimam et al., 2022). In contrast, specificity and negative
predictive value were high, indicating strong performance
of the SD Bioline Malaria Ag Pf® RDT for ruling out
malaria in children who tested negative. These findings
are consistent with reports from Djibouti and Nigeria
(Moussa et al., 2023; Orimadegun et al., 2023), although
slightly lower than values reported in Uganda and
Mauritania (Ba et al., 2017; Kabbale et al., 2025).

False-positive RDT results (13.9%) may be attributable to
persistence of HRP2 antigen in the bloodstream following
recent antimalarial treatment (Igbal et al., 2004). Cross-
reactivity with other infections, including hepatitis
Cleishmaniasis, toxoplasmosis, schistosomiasis, dengue,
and human African trypanosomiasis, may also contribute
to false positivity (Haberichter et al., 2017, WHO, 2017).

Receiver  operating characteristic ~ curve analysis
demonstrated moderate overall diagnostic accuracy of the
SD Bioline Malaria Ag Pf® RDT. These results are
consistent with findings from Cameroon, where sensitivity
ranged from 45% to 52% alongside high specificity
(Ngalame et al., 2025). In contrast, studies conducted in
Ethiopia and the Central African Republic reported
sensitivities exceeding 85% at higher parasite densities
(>500 parasites/uL) (Djallé et al., 2014; Tinto et al., 2015).
Such variations likely reflect differences in parasite density
distributions, reference standards, and contextual factors
influencing test performance.

Overall, this study provides valuable evidence on the
performance of the SD Bioline Malaria Ag Pf® RDT among
school-aged children and supports the integration of
targeted school-based interventions to strengthen malaria
control efforts in endemic settings.

Limitations

This study has several limitations. First, microscopy was
used as the reference standard and may have missed low-
density infections detectable by PCR, potentially leading
to underestimation of true malaria prevalence. Second,
hrp2/hrp3 gene deletions were not assessed, limiting
interpretation of false-negative RDT results. Third, the
study was conducted in a single city and included only
two schools, which may limit generalisability to other
regions or school-aged populations. Finally, seasonal
variation in malaria transmission was not captured due to
the cross-sectional design and the timing of data collection.

CONCLUSION

This study confirms that malaria remains highly prevalent
among school-aged children in Mbujimayi, with a
substantial burden of asymptomatic and low-density
infections. The SD Bioline Malaria Ag Pf® RDT
demonstrated moderate diagnostic accuracy, reliably
detecting moderate-to-high parasitaemia but likely
missing many low-density infections. These findings
highlight the need for complementary diagnostic
approaches, such as PCR, to support targeted school-based
interventions aimed at reducing malaria transmission in
endemic settings.
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