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ABSTRACT

Background: Malaria is one of the leading causes of death in the tropics and sub-tropics. The study
aimed at validating the performance of rapid diagnostic tests (RDTs) kits and using the microscopy as
the standard.

Methods: Blood samples were collected from 390 patients suspected of having malaria across five
health facilities. Samples were tested with SD Bioline HRP-2 and CareStart' " pLDH/HRP-2 test kits,
with microscopy as the gold standard. Data analysis was done using STATA versionl4 software,
where descriptive statistics and chi-square test, were calculated, with p<0.05.

Results: Overall malaria prevalence was 278 (71.3%) for microscopy, 239 (61.3%) for CareStart™,
189 (48.5%) for SD Bioline HRP-2, and 134 (34.4%) for clinical methods. More males were infected
than females with malaria parasites by clinical method 72 (39.8%) and CareStart™ 121 (66.9%). Age-
related prevalence showed that 55.8% and 67.5% were positive for SD Bioline and CareStart™, re-
spectively. The sensitivity of pLDH/HRP-2 (67.4%) was higher than that of SD Bioline HRP-2
(57.6%), while the specificity of CareStart™ (58.9%) was lower than that of HRP-2 (74.1%). The pos-
itive predictive value (PPV) of 84.7% was recorded for HRP-2 test, while negative predictive value
(NPV) of 43.7% was recorded for CareStart™ test.

Conclusion: CareStart™ possessed advantages over the SD Bioline HRP-2 RDT, such as improved
positive predictive value, making it more effective in accurately diagnosing positive malaria cases.
The study highlights the need for reliable diagnostic methods to improve malaria management and
reduce its burden.
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1.0 INTRODUCTION

Malaria ranks among the world's leading causes of death,
along with HIV/AIDS, COVID-19, and tuberculosis [1,
2]. This illness, which affects individuals of all ages and
causes symptoms including fever, headaches, and exhaus-
tion, substantially negatively influences public health [3].
Malaria has plagued humanity for centuries, exhibiting
different circadian rhythms among various Plasmodium
species across populations. It is believed that malaria co-
evolved with human development, leading to genetic ad-
aptations in both humans and the parasite. This co-
evolution has resulted in mutations on the parasite's sur-
face coat [2, 3]. The selective nature of these mutations,
combined with geo-environmental factors, means the im-
pact and virulence of the malaria parasite vary across dif-
ferent regions. Consequently, the prevalence of malaria is
often higher in some continents than in others. Research
consistently shows that malaria parasitemia is more prev-
alent in African countries compared to European coun-
tries [6-8]. This disparity underscores the need for target-
ed malaria control strategies considering regional parasite
virulence and prevalence differences.

Red blood cells become infected with malaria parasites,
spread by female Anopheles mosquitoes borne by proto-
zoan parasites of the Plasmodium genus. Of the approxi-
mately 400 Anopheles species found worldwide, only 25
to 30 can spread Plasmodium to humans [9, 10]. The pri-
mary Plasmodium species causing malaria in humans are
P. falciparum, P. malariae, P. ovale, P. vivax, and P.
knowlesi, with P. falciparum being the most virulent,
closely followed by P. vivax [11, 12].

A number of characteristics, such as mosquito biting
rates, vector effectiveness, longevity, and density, influ-
ence the global distribution and transmission of malaria
[13]. The severity of P. falciparum infections in humans
is primarily due to the parasite's ability to evade the host
immune system. The development of surface coats and
adherence to the endothelium of blood vessels in vital
organs facilitates this evasion [14, 15].

Although the worldwide strategy for eradicating malaria
has significantly progressed, more work is still required
to achieve total eradication. In 2020, there were 241 mil-
lion malaria cases, which rose to 249 million in 2022 in
malaria-endemic countries. Six countries account for
about 55% of all malaria cases worldwide: Nigeria
(27%), the Democratic Republic of Congo (12%), Ugan-
da (5%), Mozambique (4%), Angola (3.4%), and Burkina
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Faso (3.4%) [16].

Malaria prevalence in Nigeria continues to pose signifi-
cant public health challenges, constituting 40% of all re-
ported diseases in healthcare facilities. Annually, it is
responsible for 30% of child mortality and 11% of mor-
tality among women seeking healthcare services. These
figures reflect only reported cases, suggesting that the
actual incidence could be higher [17].

In Nigeria, due to the challenges associated with micro-
scopic malaria diagnosis, there has been a shift towards
using Rapid Diagnostic Tests (RDTs), which are faster
and require less expertise. However, instances of false-
negative results have been reported [17]. Histidine-rich
Protein 2 (HRP-2), produced by the malaria parasite
Plasmodium falciparum, serves as a biomarker in RDTs,
facilitating the detection of P. falciparum infections.
While HRP-2 presence in the blood indicates an active
infection or due to past infection, some RDTs fail to de-
tect it when deletions of HRP-2 protein occur. High rates
of false negatives can undermine malaria elimination ef-
forts. The World Health Organization has advised that
countries with significant false-negative rates should
withdraw the affected RDTs and introduce alternatives
[16]. Given the reports of false negatives in Nigeria, in-
troducing different RDT types or combining RDTs could
improve diagnosis accuracy. This study compares the
validity of various RDT brands used in Akwa Ibom State.

2.0 METHODOLOGY
2.1 Study Area

The study was conducted in four healthcare facilities in
Akwa-Ibom, south-south Nigeria (Figure 1). The study
area is estimated to cover about 1,200 sqgkm with a resi-
dent population of approximately 1,136,000. The settle-
ments are similar in many ways, sharing the same lati-
tudes and longitudes, having Ibibios and other ethnic
groups as residents, and having two distinct seasons: the
dry season from November to May and the rainy season
from April to October. The relative humidity ranges from
57% to 86%, and the average annual rainfall is between
1,500 and 2,800 mm. Rain forests in the vicinity encour-
age the survival of mosquitoes that transmit malaria.

2.2 Study Design

The study's design was cross-sectional, and it ran from
January 1 to May 30, 2023, in some health facilities in
Akwa-Ibom State, where malaria is known to be endem-
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Figure 1. Map of study areas

ic. Febrile participants underwent malaria testing, includ-
ing blood smears and rapid diagnostic test (RDT) kits. An
alcohol swab and disposable blood lancets were used by
trained personnel to draw blood samples aseptically for
screening with the RDTs. Likewise, thin and thick films
were instantly made for microscopic examination. The
RDT devices and blood slides were given an identical
code for further comparison of results.

2.3 Rapid Diagnostic Testing for Malaria

Plasmodium species were identified in participant sam-
ples using PfHRP2 CareStart™ (produced by Access
BIO, Inc., Monmouth Junction, New Jersey, USA). It is
used to identify P. falciparum and P. vivax antigens quali-
tatively. The RDT was based on lateral flow immuno-
chromatography in cassette format, which can identify the
histidine-rich protein 2 (HRP 2) and Plasmodium falcipa-
rum-specific protein. These antigens are lactate dehydro-
genase (LDH) and the histidine-rich protein 2 (PfHRP-2).
CareStart™ RDTs are individually packaged with an al-
cohol swab, lancet, capillary tube, buffer, and test device.
The manufacturer's instructions were followed when us-
ing the RDT kit. A 5 pl of blood sample was added to the
test device's well using a capillary supplied with the RDT
kit. Next, two drops of assay buffer were added to the
buffer well. The results of RDT were ready within 20
minutes. The RDT result was recorded beside a registry
book using the participant code.

Data entry and cleaning were done using Excel Spread-
sheet and exported to STATA version 14. The infor-
mation includes the participant's demographics, parasite
type, and RDT results. The sensitivity, specificity, posi-
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tive predictive values (PPVs), and negative predictive
values (NPVs) in relation to microscopy were calculated
with a 95% confidence interval (CI). The agreement be-
tween the outcomes of microscopy and the diagnostic test
kit was assessed using the kappa value [18]. The test's
performance was assessed based on RDTs' requirements -
95% sensitivity and > 90% specificity to be effective di-
agnostic tools (WHO, 2000). The prevalence of malaria
was analyzed based on age, sex, and year. The mean data
from the recorded document were organized in tables.
The significance of the results was assessed using the
Pearson Chi-square test. Statistical significance was de-
fined as a p-value of 0.05.

3.0 RESULTS

Overall, three hundred and ninety were recruited for this
study across studied areas in Akwa-Ibom State, South-
south Nigeria. The ratio of total malaria-positive cases
was 134/390, 189/390, 239/390, and 278/390 by clinical,
HRP-2, pLDH/HRP-2, and microscopy methods, respec-
tively. The prevalence of malaria infection across all age
groups of respondents was less than half by clinical meth-
od, while the prevalence was more than half across all
ages by pLDH/HRP-2 and microscopy methods (Table 1).
There was a significant difference between age groups
and malaria prevalence by clinical method (3= 10.092,
df=4, p = 0.039), but it does not differ significantly with
HRP-2, pLDH/HRP-2, and microscopy. More males were
infected than females with malaria parasite by clinical
method 72 (39.8%), pLDH/HRP-2 121 (66.9%), There
was no significant difference in gender with HRP-2



Nnanna et al., Pan African Journal of Life Sciences (2024): 8(3): 222-230

(x*=1.153., df=1, p = 0.283) and microscopy (x*= 1.249,
df=1, p = 0.264) methods but a significant difference oc-
curred between gender and pLDH/HRP-2 (= 4.414,
df=1, p = 0.036) and clinical method (y*= 4.399, df=1, p
=0.036) (Table 1).

Table 1. Overall Prevalence of Malaria Parasites Infection

cupational related malaria prevalence and microscopy
method was statistically significant (y* = 11.775., df=4, p
= 0.019). the prevalence of malaria in relation to last
time of treating malaria by the respondents is represented
in Table 1. The overall prevalence of malaria among par-
ticipants who tested positive to malaria infection by all

Presence of fever SD Bioline CareStart'™ Microscopy
Age (yr) No. Ex- Positive 7 Positive 7 Positive 7 Positive 7
amined (%) (p- (%) - (%) - (p-value)
value) value) value)
1-15 77 38 (49.4) 43 52 (67.5) 55(71.4)
10.092 (55.8) 3.407 2.568 (0.632)
16-30 105 30 (28.6) (0.039) 47 2.775 62 (59.0) (0.492) 71(67.6)
(44.8) (0.596)
31-45 143 46 (32.2) 66 88 (61.5) 101 (70.6)
(46.2)
46-60 54 16 (29.6) 27 29 (53.7) 43 (79.6)
(50.0)
> 60 11 4 (36.4) 6 (54.5) 8(72.7) 8(72.7)
Gender
Male 181 109 (60.2) 4.399 88 1.153 60 (33.1) 4.414 47 (26.0) 1.249 (0.264)
(0.036) (48.6) (0.283) (0.036)
Female 209 147 (70.3) 113 91 (43.5) 65 (31.1)
(54.1)
Occupation
Trader 55 21(38.2) 26 2.223 33 (60.0) 36 (65.5)
8.838 (47.3) (0.695) 3.170 11.775
Civil servant 147 38 (25.9) (0.065) 66 83 (56.5) (0.530) 105(71.4) (0.019)
(44.9)
Artisan 47 16 (34.0) 23 32 (68.1) 37 (78.7)
(48.9)
Student 107 46 (43.0) 58 70 (65.4) 83 (77.6)
(54.2)
Others 34 13 (38.2) 16 21 (61.8) 17 (50.0)
(47.1)
Last time of treat-
ing malaria
1-3 months 117 37 (31.6) 22 45 (38.5) 46985  80(68.4)
11.618 (18.8) 65.778 (0.001) 16.844
4-6 months 83 38 (46.3) (0.009) 46 (0.009) 49 (59.8) 66 (80.5) (0.001)
(56.1)
7-9 months 132 34 (25.8) 76 94 (71.2) 81 (61.4)
(57.6)
>9 month 59 25 (42.4) 45 51 (86.4) 51 (86.4)
(76.3)

The overall data showed that across all occupation malar-
ia infection was below average by clinical symptoms,
occupational related malaria related prevalence was be-
low average among by HRP-2 except among students
with 58 (54.2%), while malaria diagnosis by pLDH/HRP
-2 and microscopy had more than half prevalence across
all occupational categories during the study (Table 1).
The difference between the overall malaria prevalence by
occupation and the prevalence determined by clinical,
HRP-2, and pLDH/HRP-2 diagnostic methods was not
statistically significant but the differences in overall oc-

the four methods of malaria diagnosis is represented in
Table 1. Majority of malaria prevalence by microscopy
irrespective of the last time of treating malaria with
chemotherapy was high among the respondents. There
was no significant difference in last time of treating ma-
laria with the four malaria diagnosis methods.

3.1 Performance of HRP-2 and pLDH/HRP-2 Rapid
Diagnostic Tests

The overall performance of HRP-2 and pLDH/HRP-2
test when compared with the microscopy diagnostic
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Table 2. Performance of RDT brands using microscopy as the standard

RDT Positive Nega- Sensitivi-  Specificity PPV (95% NPV Positive Likeli- Negative Like-  Accuracy (95%
(%) tive ty (95% 95% CI) CI) (95% CI)  hood Ratio (95% lihood Ratio CI)
CI) CI) (95% CI)
(%)
HRP-2 189 201 57.6 74.1 (65.0-  84.7(78.7- 413344 22(1.6-3.1) 0.6 (0.5-0.7) 62.3 (57.3-67.1)
(51.5- 81.9) 89.5) -48.4)
63.4)
pLDH/HRP-2 239 151 67.4 58.9(49.2- 80.8(75.2- 43.7(35.7 1.7(1.3-2.1) 0.5 (0.4-0.7) 66.4 (61.5-71.1)
(63.6- 68.1) 85.6) -52.0)
74.8)

method is presented in Tables 2. The sensitivity of pLD-
H/HRP-2 (67.4%) is higher than of pLDH/HRP-2
(58.9%) test. On the other hand, the Positive Predictive
Value (PPV) of 84.7%% was recorded for HRP-2 test
while Negative Predictive Value (NPV) of 43.7% was
recorded for pLDH/HRP-2 test. The highest Positive
Likelihood Ratio (PLR) of 2.2 (95% CI: 1.6-3.1) was
recorded by HRP-2. The accuracy of pLDH/HRP-2 test
(66.4%) was higher than that of HRP-2 (62.3%) during
this study.

4.0 DISCUSSION

Malaria diagnosis primarily involves detecting the para-
site in stained blood smears using microscopy or identi-
fying parasite antigens with rapid diagnostic tests
(RDTs). One of the main limitations of RDTs is their
inability to determine parasite density [19]. With the in-
creasing prevalence of drug-resistant malaria, therapeutic
monitoring and early detection of treatment failure are
essential for effective malaria management. This is par-
ticularly crucial in endemic regions where drug-resistant
P. falciparum has been reported [20].

HRP-2, produced by P. falciparum, persists in the blood
and complicates early identification of treatment failure.
An increase in HRP-2 band intensity during follow-up
visits warrants further examination to confirm treatment
failure [21]. However, definitive conclusions on therapy
failure require continuous monitoring of HRP-2 band
intensity. Since HRP-2 is specific to P. falciparum, it
does not detect infections caused by other malaria spe-
cies. For broader detection, the pan pLDH antigen test
can identify treatment failures with parasite counts ex-
ceeding 50/microL, covering both P. falciparum and non
-P. falciparum infections. However, the pan pLDH test
cannot distinguish between these species. Persistent posi-
tive pLDH results, coupled with the presence of sexual
stage parasites during follow-ups, can further complicate
early identification of treatment failures.

This study compares four commonly used malaria diag-
nostic techniques—clinical method, HRP-2 RDT, pLDH/
HRP-2 RDTs, and microscopy—in order to identify ma-
laria infections in key areas of Akwa Ibom State, south-
ern Nigeria. The objective was to evaluate the perfor-
mance of brands of RDTs by collecting fresh samples
from patients suspected of having malaria and comparing
the results with the gold standard, microscopy.

Malaria infection was detected in all five health facilities
using clinical methods, HRP-2 RDTs, pLDH/HRP-2
RDTs, and microscopy. Among the study population,
malaria prevalence was highest when using microscopy
(71.3%), followed by pLDH/HRP-2 RDTs (61.3%), HRP
-2 RDTs (48.5%), and clinical methods (34.4%).

This study's overall prevalence rate of 71.3% using mi-
croscopy aligns closely with previous research conducted
at the Federal University of Technology health center in
Akure, Southwestern Nigeria, which reported a 71.0%
prevalence [22]. However, this rate is significantly higher
than the 16.98% and 16.83% prevalences found in Oye
and lkole LGAs of Ekiti State, respectively [23], and the
5.5% prevalence in Enugu, Eastern Nigeria [24]. It is
also higher than the 40.0% in Port Harcourt [25].

The clinical method's 34.4% prevalence in this study sur-
passes the 20.1% reported in a tertiary institution in Riv-
ers State [26], 9.51% in twenty villages in Western Cam-
bodia [27], and 2.5% in Northeastern Uganda [28]. High
percentages of malaria over-diagnosis by clinical meth-
ods have also been noted in the Philippines [29], Kenya
[30], and Chad [31].

The HRP-2 RDT method detected malaria in 48.5% of
cases, higher than the 36.9% found in Northeastern
Uganda [28] and 35.3% in Iwo, Osun State [32] but low-
er than the 90.0% reported in Onitsha, Southeastern Ni-
geria [33]. The HRP-2 test's limitations in detecting low
parasite concentrations near the detection threshold may
explain some false negatives, posing a risk of untreated
infections with serious consequences [34].
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The pLDH/HRP-2 combo method showed a 61.3% prev-
alence, lower than the 57.9% among symptomatic pa-
tients in Tanzania [35], 10.2% in Ethiopia [36], and
13.4% in Northwestern Tigray [37].

These findings, conducted during a high malaria trans-
mission period, underscore malaria as a significant public
health issue in Akwa Ibom, Nigeria. The prevalence rates
highlight the need for further research to understand bet-
ter the risk factors and to improve malaria prevention and
treatment strategies in the region.

Considering gender as a variable, male participants had
higher malaria prevalence: 72 (39.8%) tested positive by
clinical methods, 93 (51.4%) by HRP-2, 121 (66.9%) by
pLDH/HRP-2, and 134 (74.0%) by microscopy. In com-
parison, females had 62 (29.7%) positive by clinical
methods, 96 (45.9%) by HRP-2, 118 (56.5%) by pLDH/
HRP-2, and 144 (68.9%) by microscopy. This disparity
could be attributed to males being more exposed to mos-
quito bites in certain environments [38].

Among all diagnostic methods, children aged 1-15 had
the highest malaria infection rates. This contrasts with a
study in central India where the highest prevalence
(23.3%) was among 31-40-year-olds [39]. The high in-
fection rate among children in this study might be due to
their inadequate immunity and continuous exposure to
mosquito vectors [40].

The study also examined the relationship between malar-
ia burden and employment status. Students showed a
higher prevalence of malaria, with 46 (43.0%) testing
positive by clinical methods, 58 (54.2%) by HRP-2, and
70 (65.4%) by pLDH/HRP-2. This contrasts with a study
showing a higher risk of malaria among traders [41] and
another indicating farmers had the highest infection rates
[42]. The absence of farmers in this study, conducted in
urban settings, likely explains this discrepancy.

The high false positivity rate with mRDTs in this study is
consistent with findings from Ethiopia and Zanzibar,
where malaria transmission follows a similar pattern [43,
44]. The persistence of P. falciparum HRP-2 antigen in
the blood post-treatment hinders mRDTs' ability to dis-
tinguish between active and past infections [45]. Studies
noted that after treatment, false positives persisted in
98.2%, 94.6%, 92.0%, and 73.5% of children on days 14,
21, 28, and 35, respectively [46]. In contrast, pLDH
clears from the blood concurrently with parasites, mak-
ing it a more reliable indicator of treatment failure [47].

Frequent false-positive results can lead to unnecessary

treatment, misdiagnosis, and overuse of antimalarial
drugs. On the other hand, false-negative can cause pa-
tients to reappear with the same symptoms, leading clini-
cians to mistakenly declare drug resistance. This under-
mines confidence in first-line antimalarials and prompts
unnecessary use of second-line drugs, increasing treat-
ment costs and delaying proper care [48].

In Akwa Ibom, south-south Nigeria, this study evaluated
the accuracy of the CareStart'™ pLDH/HRP-2 combo
RDT for malaria detection. The RDT sometimes yielded
more positive results than microscopy, indicating low
sensitivity, specificity, and a reduced negative predictive
value (NPV). Despite the lower NPV, the positive pre-
dictive value (PPV) was relatively high for both HRP-2
and CareStart'™ pLDH/HRP-2 combo RDTs.

The study acknowledges some limitations. While light
microscopy is prone to inconsistencies in specimen prep-
aration and slide reading, especially depending on the
microscopist's experience, it was used to compare the
performance of HRP-2 and CareStart'™ pLDH/HRP-2
RDTs. Polymerase Chain Reaction (PCR) might be a
better gold standard for evaluating RDTs [29]. Nonethe-
less, the study's advantages outweigh its limitations,
providing valuable insights for improving malaria control
and future research.

The observed low sensitivity of the CareStart'™ pLDH/
HRP-2 RDT aligns with findings from Belgium (88.8%)
among international travelers [49]. However, its sensitiv-
ity in health facilities was 90.0%, slightly lower than the
94.2% and 94.4% reported in North-western Ethiopia and
Tigray [36, 37]. The specificity (58.9%) observed in this
study was also low compared to other studies. This speci-
ficity was lower than findings in North-West Ethiopia
and Southeastern Iran [36, 50] and febrile malaria partici-
pants in Ghana [51], but similar to reports from South-
eastern Iran [52].

The high PPV (80.8%) in this study is consistent with
findings from North-Western Tigray [37]. However, the
NPV was below 50%, differing significantly from [37],
who reported 99%. The highest NPV was recorded by
CareStart ™ pLDH/HRP. The varying performance of the
CareStart™ pLDH/HRP-2 RDT across different
healthcare facilities is consistent with similar findings
from South-central Ethiopia [53].

In conclusion, malaria remains a significant health chal-
lenge in Akwa Ibom, Nigeria. The study highlights the
need for reliable diagnostic methods to improve malaria
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management and reduce its burden. Enhance malaria di-
agnosis and treatment by providing healthcare workers
with effective diagnostic tools and training, regularly
evaluate the performance of RDT brands to ensure accu-
racy and reliability, implement public health strategies to
reduce malaria transmission, particularly in high-
prevalence areas are some of our recommendations.
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