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Abstract. The diagnostic performance of histidine-rich protein 2 (HRP-2)–based malaria rapid diagnostic test (RDT)
was evaluated in a mesoendemic area for malaria, Kaduna, Nigeria. We compared RDT results with expert microscopy
results of blood samples from 295 febrile children under 5 years. Overall, 11.9% (35/295) tested positive with RDT
compared with 10.5% (31/295) by microscopy: sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) were 100%, 98.5%, 88.6%, and 100%, respectively. The RDT sensitivity was not affected by
transmission season, parasite density, and age. Specificity and positive PV decreased slightly during the high-transmission
season (97.5% and 83.3%). The RDT test positivity rates in the low- and high-transmission seasons were 9.4% and
13.5%, respectively. Overall, the test performance of this RDT was satisfactory. The findings of a low proportion of
RDT false positives, no invalid and no false-negative results should validate the performance of RDTs in this context.

INTRODUCTION

Globally, an estimated 207 million cases of malaria and
627,000 deaths occurred in 2012 with 80% of cases and 90% of
deaths in the African region.1 In Nigeria, there are estimated
1.5 malaria episodes per child per year.2 It is responsible for
30% under-five mortality and 300,000 childhood deaths annu-
ally.3 Plasmodium falciparum is responsible for over 94% of all
parasitologically confirmed malaria parasite infections among
asymptomatic and symptomatic cases of malaria in children
under 5 years.4 In many developing countries, treatment of
malaria is often based on clinical diagnosis instead of parasite-
based diagnosis as now recommended by the World Health
Organization (WHO).5 Therefore, decisions on treatment are
often taken without the benefit of test results because of long
delays due to other significant workload and inadequate man-
power.6 This practice has resulted in overprescription of anti-
malarial medicines, which may lead to drug resistance.7,8

Rapid diagnostic tests (RDTs) are now recommended by
WHO for timely diagnosis for malaria case management in
all age groups, including children.5 RDTs can expand malaria
diagnostics to areas where good quality microscopy cannot be
maintained. It requires a short training period and provides an
opportunity for improved fever case management at lower
levels of the health system.9–11

Malaria diagnosis based onmicroscopy depends on the avail-
ability of adequate reagents and equipment and, most impor-
tantly, well-trained and well-supervised technicians. These
conditions are not met at peripheral levels of the health care
system limiting accessibility to malaria diagnosis.
Until recently, the national policy exempted children under

5 years from parasite-based diagnosis for malaria treatment.9

The use of malaria RDT is growing, and its access is currently
being expanded in primary health care facilities where routine
microscopy is not available and in secondary and tertiary facil-
ities to complement microscopy for rapid parasitological con-
firmation of all suspected malaria cases in line with the WHO

and National recommendations.5,9,12 At the outset, procured
RDTs were rolled out at a ratio of 7:2:1 at primary, secondary
(general hospitals), and tertiary facilities, respectively.12

However, the performance of RDTs in test-based therapy
is a matter of concern for many health professionals because
of lack of access to readily available indigenous data on diag-
nostic performance of malaria RDTs. The risk of missing a
true malaria case can lead to low compliance with negative
RDT test results.13,14 There is a need to grade the body of
evidence on the diagnostic performance of the HRP-2-based
malaria RDT in children less than 5 years in the light of the
revised case management policy of universal confirmation for
all suspected malaria cases.15,16 We evaluated the diagnostic
performance of Standard Diagnostic (SD) Bioline malaria
Plasmodium falciparum RDT (Pf RDT) in febrile children
under the age of 5 years in Kaduna state, Nigeria, a mesoen-
demic malaria transmission area (an area with season-dependent
intense transmission), and determined parasite-specific (spe-
cies and density) and seasonal factors that could influence the
test performance against expert microscopy as a gold standard
or reference test.

MATERIALS AND METHODS

Study area. The study was conducted across rainy and dry
seasons at Makarfi General Hospital, a 51-bed hospital situated
in Makarfi, a rural and semi-urban local government area in
Kaduna state, Nigeria, with an average monthly patient load of
about 50 children aged less than 5 years. The high-transmission
season for malaria is between June and October, whereas low
transmission is between November and May. Kaduna state is
within the North West geopolitical zone with a reported
malaria prevalence of 48% by microscopy in a population sur-
vey of children aged less than 5 years.4,9

Patients. Overall, 295 febrile children aged 6–59 months,
who presented with an axillary body temperature of ³ 37.5°C
or history of febrile illness, whose parents consented to
participate in the study, were selected consecutively and
enrolled. We excluded patients with signs and symptoms
of severe malaria and those with a history of any form of
bleeding disorder.
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Sample size. A minimum sample size of 175 was calculated
using a standard formula17

N =
1:96 + 1:28ð Þ2 +P 1� Pð Þ

P� P0ð Þ2=Px

with a malaria prevalence (Px) of 48%,3 an estimated sensi-
tivity (P) of 85% for SD Bioline malaria RDT specific for
HRP-2, and WHO-recommended minimum sensitivity (P0)
of ³ 95% at ³ 100 parasites/mL and a 5% precision.18

Data and sample collection. A designated study team
trained on the use of the questionnaire and collection of blood
sample was assigned to this study. Standardized structured
and pre-tested questionnaires were interviewer administered
to caregivers of febrile children under five years at the Medi-
cal Outpatient Department and enrolled in line with the eligi-
bility criteria. The questionnaire was translated into the local
“Hausa” language—the predominant spoken language— and
back-translated into English to avoid any ambiguity. Clinical/
pre-treatment history data were obtained for each patient.
Finger-prick blood samples were collected under aseptic con-
ditions from eligible patients for the performance of the
malaria RDT and for the preparation of thick and thin smears
for microscopy. Laboratory data were recorded on a case
report form.
Rapid diagnostic test. The malaria RDT evaluated was

the HRP-2-based SD Bioline malaria Pf RDT (Standard
Diagnostics, Kyonggi-do, South Korea), which is one of the
malaria RDTs that had considerably high performance in the
World Health Organization-Foundation for Innovative New
Diagnostics (WHO-FIND) annual RDT evaluation program
and approved for public sector procurement by the National
Malaria Control Program.19 The SD Bioline malaria Pf RDT
is an immunochromatographic test, which has one test band
and one control band, and detects HRP-2 antigen that is spe-
cific for P. falciparum. The RDT tests were performed and
the results examined independently by the same person, a
trained laboratory scientist with over 5 years’ experience,
who did not participate in smear microscopy. The malaria
RDT kits were stored at room temperature and in a non-
humid condition devoid of direct sunlight throughout the
study period to ensure compliance with the manufacturer’s
storage condition. Each RDT pack was examined for expira-
tion, its desiccant was examined for color change, and pres-
ence of control line on test band was ensured for validity of
each test result. The tests were conducted according to manu-
facturer’s instructions and standardized RDT job aid. Used
RDT cassettes, blood transfer devices, and other non-sharp
wastes were discarded in a waste bin, and lancets in sharps
container. Malaria RDT post-shipment lot testing before
study commencement and post-distribution lot testing during
the study were carried out at the College of Medicine,
University of Lagos, Nigeria—a facility that is part of the
WHO-FIND laboratory network for malaria RDT quality
assurance. The quality control (QC) check of the RDT was
done with highly characterized positive (dilutions at 200 and
2000 parasites/mL of blood) and negative (zero parasitemia
confirmed by polymerase chain reaction [PCR]) QC samples
prepared using WHO/TDR/FIND standard protocols. All
positive QC dilutions were positive (100%) and the negative
controls were negative for the SD Bioline HRP-2-based RDT
that was used in the study. Furthermore, long-term testing

was conducted at 3-month intervals using the highly charac-
terized QC panels.
Microscopic diagnosis.Microscopic examination of Giemsa-

stained thin and thick blood films was carried out at the
Ahmadu Bello University Teaching Hospital, Zaria, Nigeria,
by two trained, independent expert malaria microscopists
(with over 10 years’ experience and are national trainers for
National Malaria Control Programs on malaria microscopy)
and a third QC microscopist who served as a tiebreaker.
Smears were read within 24 hours. The parasite density of
each patient was determined by counting the number of asex-
ual parasites against 200–500 leukocytes in a positive thick
film, and parasite counts were computed and reported in par-
asites/mL blood using the standard 8,000 leukocytes.20–22 A
blood slide was considered negative when the examination of
100 high-power fields did not show the presence of asexual
forms of P. falciparum. Essentially, the malaria microscopists
were blinded from the RDT results as well as the parasite
counts of the individual microscopists. The microscopy
reading was coordinated by a slide coordinator who took
both readings and computed the mean parasitemia for each
patient. The discordance level for the acceptance of the para-
site counts of both microscopists was set at 20%, whereas
discordant parasite counts above 20% were rejected and sent
for a re-reading by both microscopists and a final third
microscopist (the tiebreaker).
Quality assurance.After pre-testing, errors in data collection

tools were corrected and ambiguous questions were refined
appropriately. The principal investigator carried out regular
supervision and spot checks on data collectors. The study was
conducted in the context of routine public health care.
Patient management. All patients with positive RDT

test results were treated with artemether–lumefantrine or
artesunate–amodiaquine according to the national guidelines
immediately after the RDT test. Patients with negative results
received further assessment, and an appropriate treatment
was given by the attending clinician.9

Data processing and analysis. Double data entry, use of
check codes, and data cleaning and analysis were conducted
using Epi-info version 3.5.3 and OpenEpi version 2.3. Five
patients were excluded because of incomplete data. The sen-
sitivity, specificity, negative predictive value (NPV), positive
predictive value (PPV), likelihood ratio for a positive test, and
likelihood ratio for a negative test of SD Bioline Pf RDT were
calculated as recommended by WHO.17 The results were
described with proportions and their 95% confidence intervals
(CI). c2 and two sample t tests were used to compare means.
We used the following formula: sensitivity = true positives/
(true positives + false negatives), specificity = true negatives/
(true negatives + false positives), NPV = true negatives/(true
negatives + false negatives), PPV = true positives/(true posi-
tives + false positives), likelihood ratio for a positive test =
sensitivity/(1 − specificity), and likelihood ratio for a negative
test = (1 − sensitivity)/specificity.
Ethical consideration. The study was approved by the Eth-

ical Committee of the Ahmadu Bello University Teaching
Hospital, Zaria, Nigeria; Kaduna state Ministry of Health;
and the National Health Research Ethics Committee
(Approval Number NHREC/01/01/2007-31/12/2010). Informed
consent was sought from caregivers and confidentiality of
information given was maintained. The perceived benefit of
the study to the caregivers of under-5-year-old children was
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an instant diagnosis of malaria with RDT at no cost, and
immediate treatment of those with positive RDT results.

RESULTS

Data were collected from 300 eligible febrile children aged
under 5 years enrolled from December 2010 to August 2011.
Two-hundred and ninety-five results of blood smear examina-
tion and malaria rapid tests were considered for data analysis
and interpretation; the remaining results were incomplete and
thus excluded (Figure 1). The participants’ median age was
24 months (inter-quartile range: 14–47), and 55% was males
(Table 1).
P. falciparum was detected by microscopy in 10.5% (31/295)

compared with 11.9% (35/295) by RDT (Table 2).P. falciparum
was detected by microscopy in 11.2% (20/178) in high-
transmission season (June–August) compared with 9.4%

(11/117) in low-transmission season (December–May). P.

falciparum was detected by RDT in 13.5% (24/178) in high-
transmission season compared with 9.4% (11/117) in low-
transmission season. Only P. falciparum was detected in all
the slides examined. The overall mean parasite density was
8,723 (standard deviation [SD]: 13,655 parasites)/mL blood.
Children enrolled during high- and low-transmission seasons
had mean parasitemia of 11,171 (SD: 14,645), and 4, 273
(SD: 10,870) parasites/mL blood, respectively (P > 0.05). Para-
site density was ³ 159 parasites/mL blood in all smear-positive
cases, and these cases were also tested positive by RDT. The
RDT false-positive rate was 1.4% (4/295), and these were not
among the 24 children that had been earlier treated with anti-
malarials before testing at presentation (Table 1). There were
no invalid RDT results.
The sensitivity and NPV of SD Bioline malaria Pf RDT

were constant (100%), irrespective of the parasite density
and seasons (Table 3). The specificity dropped from 100%
during low transmission to 97.6% (95% CI: 93.6–99.2) during
high transmission (P > 0.05), and the PPV went from 100% to
83.3% (95% CI: 61.8–94.5) during low- to high-transmission
seasons (P > 0.05) (Table 3).

DISCUSSION

In febrile children less than 5 years of age, the sensitivity
and specificity of HRP-2-based rapid diagnostic test for
P. falciparum used in a clinical setting in Nigeria met the
WHO recommendation of ³ 95% and ³ 90%, respectively,
when compared with expert microscopy. Specificity decreased
slightly (97.5%) during the high-transmission season but
remained well above 90%. Peripheral blood film microscopy
showed only P. falciparum. The test positivity rates of 9.4%
(low-transmission season) and 13.5% (high-transmission

Figure 1. Flow chart showing total patients recruited, rapid diagnostic test (RDT), and blood smear results.

Table 1

Demographic characteristics and pretreatment history of febrile
children presenting at Makarfi General Hospital, Kaduna State,
Nigeria, December 2010–August 2011

Characteristics (N = 295) Frequency Percent

Age (months)
6–11 58 19.7
12–23 62 21.0
24–35 55 18.6
36–47 46 15.6
48–59 74 25.1

Child’s sex
Male 163 55.3

Pre-treatment history
No pre-treatment 95 32.2
Antimalarials 24 8.1
Other treatments 176 59.7
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season) were less than expected in an area of northern Nigeria
classified as mesoendemic.
The sensitivity of 100% assessed in our study was not influ-

enced by the transmission season and parasite density. It was
comparable to the sensitivity found in a mesoendemic area in
Uganda (91% for HRP-2 RDT).23 The sensitivity recorded in
this study could be explained by the consistently high parasite
density of > 100 parasites/mL.24

The overall specificity of the RDT was consistent with the
WHO recommendations and higher than reported by the stud-
ies in areas with a moderate malaria transmission in Nigeria
(62.9%) and Uganda (65%).23,25 The specificity of the RDT
decreased during the high-transmission season. The false-
positive RDT results that led to lower specificity during high
transmission are consistent with the Nigeria National Malaria
Indicator Survey and could be attributed to persistence of
HRP-2 antigens because of delayed clearance of HRP-2 after
treatment.16,23,24,26,27 HRP-2 antigens can remain in blood for
over 30 days after clearance of the parasites, and persistence
of HRP-2 has been shown to depend on the presence of the
antigen in erythrocytes and parasite density at the initiation of
treatment.23 In this study, none of the false positives was
among the 24 children that were treated with an antimalarial
prior to presenting with fever (Table 1). A lower specificity
and PPV of the HRP-2 RDT was reported in a mesoendemic
area and higher values for both measures in a holoendemic
area during a study conducted during the high-transmission
seasons in Senegal.28 However, Bisoffi et al.14 in their study
reported a higher PPV during the high-transmission season.
Rapid diagnostic tests have high variability in performance that
is likely due to inadequate quality of manufacturing, incorrect
storage and handling, and sometimes poor study methods,
analysis, and reporting.24,25,29–34 In addition, there are possi-
bilities of variation in human users and human errors.35

In Nigeria, “the influence of the epidemiological situation
(i.e., the proportion of P. falciparum and other Plasmodium

species) in febrile children less than 5 years on the diagnostic
accuracy of rapid test result is not known.”20,25 Previous eval-
uations of diagnostic accuracy of RDT for parasitological
diagnosis of malaria carried out in clinical settings in areas
of varying endemicity in Nigeria have shown variable
results.20,25,33 Moreover, field studies are needed to assess the
sensitivity and specificity of RDT in relevant populations to
make an informed procurement decision.34

Expert microscopy detected only P. falciparum, which is
different from the findings of the National Malaria Indicator
Survey among children less than 5 years that reported a
national prevalence of 95% for P. falciparum, 6% for Plas-
modium ovale, 10% for Plasmodium malariae, and 10% for
mixed infections.4 This has implications for the choice of anti-
gen-based RDT for mass deployment to health facilities in the
country.4,5,36,37 Evidently in the study area, P. falciparum

infection rate implies that HRP-2 RDT is likely to be appro-
priate for accurate diagnosis, in line with the national policy
on diagnosis and treatment of malaria.9

Using the positivity rate of RDT and slide positivity rate
of microscopy as a proxy for malaria prevalence, these are
lower compared with previous findings of 76.3% and 76.4%
(mesoendemic areas) and of 84.7% (holoendemic area) in the
same age group surveyed across the seasons by microscopy in
Nigeria.20,25,38 A possible explanation could be a decreasing
prevalence of malaria given the increased utilization of long-
lasting insecticidal nets and increased access to artemisinin-
based combination therapies (ACTs) in children less than
5 years in Kaduna state.4,39 This finding may mean malaria is
not as common as earlier presumed; if these findings are
reproduced, there may be no place for presumptive antima-
larial treatment.13 The absence of false negatives implies that
the risk of missing a true malaria case is very low, and with-
holding ACTs in RDT negative cases, provided the RDT is
quality assured, will improve management of fever cases and
help to ensure rational antimalarial use.40

Table 2

Diagnostic accuracy of Standard Diagnostic Bioline malaria rapid diagnostic in febrile children at Makarfi General Hospital, Kaduna State,
Nigeria, December 2010–August 2011

Measure of diagnostic accuracy Point estimate (95% CI)

Sensitivity :
TP +100
TP + FN

31/(31 + 0) + 100 100.0% (86.3–100.0)

Specificity :
TN +100
TN + FP

260/(4 + 260) + 100 98.5% (95.9–99.5)

PPV :
TP +100
TP + FP

31/(31 + 4) + 100 88.6% (72.3–96.3)

NPV :
TN +100
TN + FN

260/(0 + 260) + 100 100.0% (98.2–100.0)

Likelihood ratio of positive test 31/(31 + 0)/4/(4 + 260) 66
Likelihood ratio of negative test 0/(31 + 0)/260/(4 + 260) 0

TP = true positives; TN = true negatives; FP = false positives, FN = false negatives.

Table 3

Diagnostic accuracy of Standard Diagnostic Bioline malaria rapid diagnostic test by transmission season, Makarfi General Hospital, Kaduna
State, Nigeria, December 2010–August 2011

Variable (season)

Parameters for measures of diagnostic accuracy of malaria
RDT (n) Diagnostic accuracy of malaria RDT (%) Microscopy

TP FN FP TN SN SP PPV NPV Mean parasite density (SD)/mL

Low transmission (December–May) 11 0 0 106 100.0 100.0 100.0 100.0 4,077 (10,926)
High transmission (June–August) 20 0 4 154 100.0 97.5 83.3 100.0 10,647 (14,967)

SN = sensitivity; SP = specificity; SD = standard deviation.
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Other factors influencing diagnostic accuracy such as stor-
age related (humidity, temperature) and user performance
were not evaluated in this study. The use of PCR as a second
gold standard could have helped to re-classify discordant
cases (positive RDT result/negative microscopy) accurately
with possible influence on measures of diagnostic perfor-
mance of the RDT.35,41

CONCLUSIONS

This RDT demonstrated a good diagnostic performance in
a clinical setting in a mesoendemic area in northern Nigeria.
The results provided additional information on the local con-
ditions of malaria transmission as suggested by the WHO for
procurement decisions on RDT.9,34 The good diagnostic per-
formance may encourage health workers to trust RDT results,
and probably look for other causes of febrile illness when
RDT results are negative, and thus reduce dispensing and
wastage of ACTs. This has an implication for proposed use of
RDT in diagnosing all malaria fevers at the community level
irrespective of the season.9 HRP-2 RDT is recommended for
malaria diagnosis in Nigeria.
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