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ABSTRACT

Background: Active malaria parasite detection is essential for effective malaria control and elimination in endemic settings.
Asymptomatic malaria is often not detected and serves as a parasite reservoir for continuous malaria transmission. This study
evaluated the comparative performance of four RDT kit brands, microscopy, and PCR to detect asymptomatic infection among
children from the Ilishan-Remo community in Ogun state, southwest Nigeria.

Methods: A cross-sectional study design was carried out to actively detect asymptomatic parasitaemia in children aged 3
months to 10 years during the dry season (November and December, 2022). Finger prick blood samples were collected for
rapid diagnostic tests using SD-BiolineTM, Micro-pointTM, CarestartTM, and First-ResponseTM. Thick blood smears were
prepared for microscopy, and dried blood spots for PCR analysis. The performance of the diagnostic methods was compared.

Results: Of the 163 samples analysed, parasite positive rate as detected by PCR was 34 (20.9%), microscopy 38 (23.3%), SD-
Bioline™ 19 (11.7%), Micro-point™ 20 (12.3%), CareStart™ 25 (15.3%), and First-Response™ 23 (14.1%) respectively. The
Sensitivity was 45.5%, 50.0%, 56.2%, 51.5%, and 70.0% for SD-Bioline™, Micro-point™, CareStart™, First-Response™,
and microscopy (p = 0.000), while specificity was 96.9%, 97.7%, 94.4%, 95.2% and 91.9% (p = 0.116) respectively. There
was a significant statistical difference in the PPV (p = 0.037), while the NPV, accuracy, and kappa (k) were statistically not
significant.

Conclusion: Microscopy has shown a higher sensitivity and positive predictive value than rapid RDTs in detecting asympto-
matic parasitaemia compared with PCR. This underscores the need for developing ultra-sensitive, cost-effective, and point-of-
care diagnostic tools. Such tools could significantly enhance the control and elimination of malaria by actively detecting
asymptomatic infection and reducing the parasite reservoir and malaria burden in Nigeria.
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1.0 INTRODUCTION

Malaria remains a major public health concern, particu-
larly in sub—Saharan Africa, where over 90% of the glob-
al malaria burden occurs [1]. According to the 2022
World Malaria Report, Nigeria contributed the highest
burden of global malaria, accounting for about 27% mor-
bidity and 31% mortality rates [2]. In the WHO Africa
region, epidemiology statistics also indicated that Nigeria
contributes about 55% of malaria cases in West Africa
[1]. Malaria transmission is all year-round in Nigeria,
with seasonal variation between the southern and north-
ern regions [3, 4]. Plasmodium falciparum is the predom-
inant species, accounting for over 90% of all cases in Ni-
geria [5].

To scale up malaria intervention programs, the National
Malaria Elimination Program (NMEP) initiated the High
Burden High Impact (HBHI) approach to reduce the ma-
laria burden in Nigeria to less than 50 deaths per 1,000 by
2025 [6]. However, progress towards achieving this pro-
jection is challenging with the burden of asymptomatic
malaria and other associated factors, including weak
health systems, the spread of drug-resistant parasites, and
high levels of illiteracy [7-9]. Furthermore, asymptomat-
ic malaria constitutes a hidden parasite reservoir, thus
contributing to persistent malaria transmission in areas
with high asymptomatic malaria burden [10, 11].

Malaria control and elimination programs require highly
sensitive and cost-effective point-of-care tools [12, 13].
However, parasite-based diagnosis of malaria, particular-
ly among asymptomatic carriers, poses a significant chal-
lenge due to low parasite density and limit of detection
[14, 15]. Active parasite detection reduces the asympto-
matic parasite reservoir [16]. Prompt and accurate para-
site detection is important in all settings, as misdiagnosis
may result in significant morbidity and disease progres-
sion to fatality [17]. WHO recommends parasite-based
treatment of suspected malaria cases with microscopy or
rapid diagnostic test [18]. Malaria RDTs are cost-
effective, user-friendly, and field-applicable, ensuring
parasite-based treatment of malaria, especially in re-
source-limited settings [19].

Microscopy is an essential tool and remains the gold
standard for malaria diagnosis [20]. It can effectively dis-
tinguish Plasmodium species when handled by an expert
microscopist. In addition, microscopy is used to quantify
parasite density and monitor treatment outcomes during
therapeutic efficacy clinical trials [21]. However, its diag-
nostic performance is limited by subjective parasite iden-
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tification, erratic power supply in low resource settings,
substandard reagents, and poor infrastructure [20].

The introduction and deployment of rapid diagnostic tests
and its adoption in Nigeria has significantly reduced pre-
sumptive malaria treatment and disease burden [19, 22,
23]. In resource-limited settings, RDTs have become the
primary tool for the parasitological-based diagnosis of
malaria [24]. RDTs can provide quicker results (~ 15-20
min), are easy to perform, require little or no training, and
have no infrastructural requirements compared to micros-
copy [25-27]. Thus, RDT serves as an alternative to mi-
croscopy in poor resource settings [28, 29]. Nevertheless,
RDTs are challenged with the occurrence of false positive
results due to persistence antigeneamia of histidine-rich
protein-2 (HRP-2) antigens even after the clearance of
asexual parasites and false negative results due to hrp-2
gene deletion [30, 31].

Polymerase chain reaction (PCR) is the most sensitive
diagnostic method and can detect parasitaemia as low as
2-5 parasites/uL [32]. However, its field applicability is
often limited due to high operational cost, complex
methodology, and the need for expertise [32, 33].

There are several WHO pre-qualified RDT kits in the
Nigerian markets with variable sensitivity and specificity
[34, 35]. However, reports on the diagnostic performance
of some of the most utilized RDTs in asymptomatic ma-
laria detection are limited in the study location. There-
fore, the study evaluated the performance of four brands
of RDT kits (SD-BiolineTM, Micro—pointTM, Carestat™,
and First-Response™™), microscopy against PCR among
asymptomatic children from Southwest Nigeria.

2.0 METHODOLOGY
2.1 Study area

The study was conducted at two selected Primary Health
Centres (Ilishan Primary Health Center and Ago-Ilara
Primary Health Center). Both facilities are in Ilishan-
Remo, a town in Irepodun district in Ikenne Local Gov-
ernment Area (LGA) of Ogun State, Southwestern Nige-
ria. The coordinates of the study location comprise lati-
tude 6° 53’ 42” N, and Longitude 3° 42’ 51’ E. Ikenne
LGA is located along the transitional forest zone of
southern Nigeria. About 47% of the inhabitants live in
rural areas, and 67% are involved in agriculture. The
mean annual rainfall ranges between 855mm and
1500 mm, with a daily warm to hot temperature at about
28°C.
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2.2 Study design

This was a cross-sectional community-based study con-
ducted between November and December 2022. Sample
collection was conducted every Thursday between 9 a.m.
and 3 p.m. Malaria mass screening was conducted on
children whose parents/guardians consented to partici-
pate.

2.3 Sample size calculation

The sample size was determined using a prevalence (p) of
46.8% for malaria in Southwest Nigeria; the maximum
tolerable difference between the true population and sam-
ple incidence (d) of 5% is (Z1-a) equals 1.96 (at 95%
confidence interval) [19]. Therefore, a minimum of 383
sample size was required for the study.

2.4 Study procedures

A well-structured questionnaire was administered to par-
ticipants in layman’s terms to capture socio-demographic
and clinical information. Afterward, finger-prick blood
was collected aseptically from the index finger and was
used to perform rapid diagnostic tests. Thick blood
smears were prepared on grease-free glass slides for mi-
croscopy examination and blotted on Whatmann™
(3MM) filter paper to make dried blood spots (DBS) for
PCR analysis.

2.5 Laboratory investigation
2.5.1 Rapid diagnostic testing

Rapid diagnostic tests for the four RDT brands were car-
ried out simultaneously according to manufacturers’ in-
structions. Thick blood smears were prepared from pe-
ripheral blood after collection on a clean, grease-free mi-
croscope slide and allowed to air dry. The smears were
stained with a 10% Giemsa stain for 10 minutes and al-
lowed to dry at room temperature before an expert mi-
croscopist examined an oil immersion objective lens. A
slide was declared negative only after observing 200 high
-power fields. Two independent microscopists examined
the slides, and each slide examined was taken as positive
when there were concordant results from the two micros-
copists. When there was a discrepancy, a third microsco-
pist assessed the slide. The microscopists were blinded to
the RDT results.

2.5.2 PCR Amplification of P. falciparum

In a nested PCR protocol, the 18S ribosomal RNA
(rRNA) gene of Plasmodium was amplified in the prima-
ry reaction using Plasmodium-specific primers (Plu-5 for-
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ward: 5-CCTGTTGTTGCCTTAAACTTC-3" and Plu-6
reverse: 5-TTAAAATTGTTGCAGTTAAAACG-3') as
previously described [8, 36]. Briefly, a PCR mix was
prepared, and 5SpuL of genomic DNA from each sample
was used as a template into a PCR tube containing SuL
universal PCR master mix (5X FIREPol® Master Mix,
Solis Biodyne, Estonia), 0.5uL each of primers and 9 pL
nuclease-free PCR-grade water. The PCR thermal cycling
conditions were as follows: Initial denaturation at 950C
for 5 min, followed by 30 cycles of 940C for 1 min
(denaturation), 580C for 2 min (annealing), and 720C for
2 min (extension), and final extension at 72°C for 5 min.
The nested Plasmodium falciparum species—specific am-
plification was carried out with a second set of forward
and reverse primers (Fal-1: 5'-
TTAAACTGGTTTGGGAAAACCAAATATATT-3' and Fal-
2: 5'-ACACAATGAACTCAATCATGACTACCCGTC-3).
Two microlitres (2puL) of the primary PCR product were
used as a template in a PCR mix as described in the pri-
mary reaction and under the same thermal cycling condi-
tions. The final PCR products were loaded on a 1.5% pre-
stained (EZ-vision blue dye) agarose gel and were al-
lowed to run for 40 min at 100V on an electrophoretic
tank. A molecular ladder of 100bp was used as a marker
for fragment size determination. The final products were
viewed under a UV-transilluminator and photographed
and documented for analysis. The expected base pair size
for P. falciparum is 205bp.

2.6 Ethical Consideration

The approval to conduct this study was obtained from
Babcock University Health Research and Ethics Commit-
tee (BUHREC), with reference number BUHREC702/22.
Participants were given a consent letter signed by their
parents or guardians. The entire research was carried out
following acceptable laboratory and clinical procedures.
Patients who declined to participate were not denied ac-
cess to the available healthcare services.

2.7 Statistical Analysis

Data was independently entered into a Microsoft Excel
spreadsheet and IBM SPSS (version 23) for statistical
analysis. The performance of the four malaria RDTs and
microscopy was calculated against PCR, and the sensitivi-
ty, specificity, positive and negative predictive values,
and accuracy were evaluated. The kappa (k) statistics was
used to evaluate the level of diagnostic agreement with
the reference standard. Kappa’s value of 0.21 — 0.40 was
considered fair agreement, 0.41 to 0.60 was moderate
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agreement while 0.61 - 0.80 was substantial perfect, and
0.81 — 0.99 perfect agreement [5]. The level of statistical
significance was considered at p < 0.05

3.0 RESULTS

3.1 Socio-demographic characteristics of the study
population

One hundred and sixty-three of 383 participants (42.6%)
enrolled in the study had complete and matched RDTs,
microscopy, and PCR results. Of the 163 participants, 78
(47.8%) were from Ilishan Primary Health Centre (PHC)
and 85 (52.2%) from Ago-Ilara Primary Health Centre
(PHC). Participants’ ages ranged between 3 months to
10 years. The majority of the participants were within the
age 1-5 years, accounting for 77 (47.2%), followed by
the age group greater > 5 years, representing 69 (42.3%),
and

the age group < 1 year with 17 (10.4%). Male partici-
pants were 73 (44.8%) while female participants ac-
counted for 90 (55.2%) respectively. The majority of
the participants were asymptomatic, accounting for 156
(95.7%), while 7 (4.3%) of the participants were sympto-
matic (Table 1).

Table 1. Demographics and Clinical Characteristics

Variable Participants
N =163

Age (Years)

<1 17

1-5 77

>5 69

Gender

Male 73

Female 90

Temperature (° C)

<375 156

>375 7

Weight (kg)

<15 59

15-24 61

>24 43

Table 2. Comparative Performance of mRDTs, Microscopy Versus
PCR

Variable SD- Micro- Care First Micros-
Bioline Point Start Response copy

True Positive 15 17 18 17 28

False Positive 4 3 7 6 10

False Negative 18 17 14 16 12

True Negative 125 126 117 118 113

N= 163, Invalid: SD-Bioline = 1, Carestat = 7, First Response = 6

3.2 Performance of RDTs and Microscopy against
PCR

Of the 163 analysed results, the malaria-positive rate as
detected by PCR was 34 (20.9%), microscopy, 38
(23.3%); SD-Bioline™, 19 (11.7%); Micro-point™, 20
(12.3%); CareStart™, 25 (15.3%); and First-Response™,
23 (14.1%) respectively. Out of the 34 PCR-confirmed
(reference standard), the true positive detected by RDTs
were: SD-Bioline™, 15 (9.2%); Micro-point™, 17
(10.4%); CareStart™, 18 (11.04%); and First-
ResponseTM, 17 (10.4%) respectively. Microscopy de-
tected 28 (17.2%) true positives. Similar false positive
rates were recorded in the four RDTs (SD-Bioline™,
Micro-point™, CareStart™, and FirstResponse™) as
follows: 4 (2.4%), 3(1.8%), 7(4.3%), 6 (3.7%) and mi-
croscopy, 10 (6.1%). The positive predictive and nega-
tive predictive values were similar among the diagnostic
methods. Although SD-Bioline™, CareStart™, and First-
ResponseTM recorded 1, 7, and 6 invalid results, respec-
tively (Table 2).

The prevalence of asymptomatic parasitaemia was simi-
lar for the four RDT brands and microscopy (p = 0.888).
However, microscopy's sensitivity was statistically sig-
nificant (p= 0.000) over the four RDTs, while the speci-
ficity was similar (p = 0.116). There was a statistically
significant difference between microscopy and RDTs for
positive predictive value (0.037), while negative predic-
tive value, accuracy, and level of agreement (kappa)
were similar (Table 3).

Table 3: Performance of the four mRDTs, Microscopy against PCR

Variable SD- Bioline (%) Micro-Point (%) Carestat (%) First-Response (%) Microscopy (%) p-value
Prevalence 20.4 20.9 20.5 21.0 24.5 0.888
Sensitivity 455 50.0 56.2 51.5 70.0 0.000*
Specificity 96.9 97.7 94.4 95.2 91.9 0.116
PPV 79.0 85.0 72.0 73.9 73.9 0.037*
NPV 874 88.1 89.3 88.1 90.4 0.922
Accuracy 86.4 87.7 86.5 86.0 86.5 0.994
Kappa (k) 0.50 0.56 0.48 0.46 0.50 1.000
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3.3 Malaria-positive rate according to age group and
parasite density

Eighty-one (49.7%) participants were under five years
old. As detected by PCR and microscopy, the malaria-
positive rate for this age group was 15 (18.5%) and 21
(25.9%), while the positive rate for the four RDTs was
similar. However, children older than five years had a
higher asymptomatic positive rate in all diagnostic meth-
ods. Most participants harbour parasite density less than
200 parasites/uL. with a more positive rate than partici-
pants with parasite density greater than 200 parasites/uL
(Table 4).

tivity of RDTs and sub-microscopic parasitaemia [37—
39]. This underscores the need to develop cost-effective,
ultra-sensitive, point-of-care diagnostic tools for actively
detecting asymptomatic parasitacmia in peripheral set-
tings where microscopy is not attainable.

Asymptomatic parasite reservoir plays a significant role
in malaria transmission. Thus, a high population of
asymptomatic individuals will hamper global malaria
elimination efforts. Therefore, deliberate efforts and re-
source allocation are required to actively detect, treat,
and reduce the reservoir of asymptomatic parasitacmia in
endemic settings. Collaborative efforts to conduct inter-

Table 4. Malaria-positive rate according to age group and parasite density

Variable SD-Bioline Micro-Point CareStat First-Response Microscopy PCR
n=19, (%) n=20 (%) n=25 (%) n=23 (%) n= 38 (%) n= 34 (%)

Age (Years):

<5Mm=281) 8(9.9) 9 (11.1) 10 (12.3) 10 (12.3) 21 (25.9) 15 (18.5)

>5 (M =069) 11 (15.9) 11 (15.9) 15 (21.7) 13 (18.8) 17 (24.6) 19 (27.5)

PD (p/uL):

<200 (n=146) 14(9.6) 16 (11.0) 19 (13.0) 17 (11.6) 23 (15.8) 27 (18.5)

>200 (n=19) 5(26.3) 4(21.1) 6(31.6) 6 (31.6) 15 (78.9) 7 (36.8)

PD = Parasite density

The expected base pair size of the amplified Plasmodium
falciparum gene after gel electrophoresis and documenta-
tion was 205bp (Figure 1).

PC S1 S2 S3 sS4 S5 S6 S7 S8

NC L

L—» 500bp
» 205bp

» 500bp
205bp

Figure 1. Gel electrophoresis of P. falciparum (205bp)
PC (Positive Control), S1 — S8 (Samples), NC (Negative Control) & L
(100bp Molecular ladder)

4.0 DISCUSSION

The present study evaluated the comparative perfor-
mance of four RDT kits and microscopy against PCR as
the reference standard. Findings from the study show sub
-optimal sensitivity of the four RDT kits compared to
microscopy and PCR. This was unsurprising because of
the low parasite density often associated with asympto-
matic malaria. Several studies have reported low sensi-

mittent mass screening and drug administration in malar-
ia-endemic and high-risk populations are essential. A
collaboration of the National Malaria Elimination Pro-
grams (NMEP) with state ministries of health, local au-
thorities, and community leaders will be of immense val-
ue and impact to reducing asymptomatic malaria and the
overall burden of malaria and its transmission.

In this study, the RDT's false positive rate was lower
than that of microscopy, while microscopy had a higher
true positive rate than RDTs. Malaria RDTs false posi-
tive is common in areas of high transmission, compro-
mising its sensitivity. RDTs false positive is due to per-
sistence antigenemia among other factors (including par-
asite, host, and storage) [40]. Several authors have re-
ported persistence antigenemia from recently treated in-
fections, which may persist in blood between 30 and 40
days post-treatment and clearance of asexual parasites |5,
41]. Another reason for the reduced performance of
RDTs is low parasite density or biomass. Studies have
shown that RDTs perform sub-optimally at low parasite
densities (<200 parasites/uL) [42], thus missing chronic
latent infections in asymptomatic populations, particular-
ly during the dry season where transmission is low with
higher asymptomatic carriage [43, 44]. This study was
conducted during the dry season (between November and
December) among the asymptomatic population. Thus,
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this study's low sensitivity of the evaluated RDTs was
unsurprising. Although, RDTs targeting HRP-2 antigen
are reported to have higher sensitivity compared to en-
zyme-based RDTs (those targeting Plasmodium-specific
lactate dehydrogenase and aldolase) in symptomatic ma-
laria diagnosis [45, 46]. In contrast, HRP2-only RDTs
are reported to have lower sensitivity compared to the
combination of HRP-2-based plus pan-specific RDTs in
asymptomatic malaria detection [47]. The evaluated HRP
-2-based RDTs in the study could not achieve 95% sensi-
tivity as recommended [48]. However, RDT sensitivity is
dependent on parasite density. Thus, RDTs are expected
to have low sensitivity at low parasite densities, which
may be attributable to low expression of the target anti-
gen (HRP-2) in asymptomatic parasitaemia. However,
both RDTs and microscopy demonstrated fair agreement
with the reference standard (kappa = ~0.5) and were
comparable with earlier reports [49].

The performance of malaria rapid diagnostic test kits and
microscopy was comparable, demonstrating good agree-
ment with the reference standard (PCR). However, to
reduce the burden of malaria in endemic regions, ultra-
sensitive point-of-care diagnostic tools for active case
detection of asymptomatic parasitaemia are needed.
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