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INTRODUCTION

ABSTRACT

Background: Malaria remains a major cause of under-five morbidity and mortality in Nigeria,
and prompt diagnosis occupies a strategic position in its management. Malaria rapid diagnostic
test (RDT), a nontechnical, easy to perform test promises to meet this need. It is important
to locally document the usefulness of the use of RDT in making prompt malaria diagnosis
in children. Objective: To determine the prevalence of malaria and evaluate the diagnostic
performance of malaria RDT kit in febrile under-five children presenting to a Tertiary Health
Facility in Gusau, North-Western Nigeria. Materials and Methods: A cross-sectional study
of children aged 6-59 months, evaluated for malaria in a tertiary health facility from August
2012 to January 2013. Information was obtained from care providers of all subjects with fever
and a presumptive diagnosis of malaria. All subjects were investigated using Giemsa stain
microscopy and Carestart™ malaria RDT. Results: The prevalence of malaria in 250 febrile
under-five children was 54%. Three-quarter (79%) of the children received inappropriate
nonrecommended antimalaria prior to their presentation, including 20% who received
chloroquine. The overall sensitivity of RDT was 40.3%. The specificity, positive and negative
predictive values were 89.6%, 81.8%, and 56.5%, respectively. Conclusion: Use of RDT should
be encouraged for screening and diagnosis using a protocol such that febrile children with
positive RDT results are confirmed as having malaria while those with negative results are
further evaluated using microscopy.
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in most primary health care settings. In these settings,
therefore, RDT provides a parasite based rapid, early and

Malaria is associated with high morbidity and mortality,*?
with over 90% of Nigerians at risk* In 2010, 42% of
children under the age of 5 years had malaria diagnosed
by microscopy.* Geopolitical zonal variation exists in
prevalence of malaria with 48% in the North-West.*¢ The
Nigerian malarial control policy on malaria recommends
universal diagnostic testing by microscopy or rapid
diagnostic test (RDT) in all suspected cases and the
use of artemisinin-based combination therapy (ACT)
for treatment of malaria.”” Microscopy requires a
laboratory set up and a trained microscopist, which
limits its applicability as both requirements are lacking

Access this article online

Quick Response Code:

Website:

www.nigeriamed;j.com

DOL:
10.4103/0300-1652.169744

accurate diagnosis of malaria.’®'? The 2009-2013 national
malaria control strategic plan aims to reduce malaria-
related mortality in Nigeria by 50% and targets 80%
parasitological diagnosis for patients 5 years and above
using RDT by the end of 2013.%3

RDT detects plasmodial antigens in the blood by
immunochromatographic assay with monoclonal
antibodies directed against target antigens impregnated
on a test strip. Histidine-rich protein antigen 2 (HRP-2)
is the most common malarial antigen and is specific for
Plasmodium falciparum.®'®'2 RDT requires only a few
drops of blood, little expertise and takes only 5-15 min
to perform.®1®12 Although most commercially available
RDTs have sensitivity >95% at parasite density count of
200 parasite/ul of blood this, however, declines with low-
level parasite density.’* When in good condition some RDT
products achieve sensitivity, which approximates to that of
microscopy (100 parasite/ul).1*> RDT sensitivity remains
varied. In Lagos Ben — Edet et al.'® have documented low
RDT sensitivity while other researchers'’-* in contrast have
also documented high RDT sensitivity.
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MATERIALS AND METHODS

This prospective study was conducted on 250 children aged
6-59 months who were consecutively evaluated for malaria
over a 6 months period, from August 2012 to January
2013. At the paediatric outpatient department (POPD)
and Emergency Paediatric Unit (EPU) of a Federal Medical
Centre. Consecutive patients who were presented to these
units of the hospital with history of fever and a provisional
diagnosis of malaria were recruited for the study. Consent
was obtained from the care provider of a patient who met
the inclusion criteria of the study after being informed of
the details of the study.

The study inclusion criteria were:

1. Age 6-59 months

2. The presence of fever 237.5°C measured by axillary
temperature recording using mercury glass thermometer.

Information was obtained from the care provider using
a proforma and all subjects were tested using both the
standard Giemsa stain microscopy and malaria RDT.
Biodemographic information obtained include age, gender;
presenting symptoms, duration of fever, other symptoms,
history of treatment received before the presentation,
and all patients were examined, and clinical findings were
documented. Axillary temperature was measured using a
mercury glass thermometer.

The recruited subjects all had investigations both Giemsa
stain microscopy and the RDT conducted by a trained
and experienced Laboratory scientist following standard
methods while the RDT tests were conducted using the
(Access Bio, Inc., NJ, USA) guide. The manufacturer’s
recommendations for maintaining the integrity of the test
kits were strictly followed. Kits were maintained at optimal
temperature T = (1-40°C).

The study was approved by the Ethical and Research
Committee of the Federal Medical Centre.

RESULTS

Atotal of 250 children between the ages of 6 and 59 months
were studied. One hundred and forty-one (56.4 %) of the
children were males whereas the remaining 109 (43.4%)
were females giving a male:female ratio of 1.3:1. There were
187 (74.8%) children who were aged 36 months and below
the other 63 (25.2%) were aged 37-59 months. The major
presenting symptoms for which the children presented
necessitating evaluation for malaria are as depicted in
Table 1. 62.8% of the subjects had temperatures between
38°C and 41°C.

One hundred and forty-two (57%) of the subjects had
received some form of antimalarial treatment before
presentation and of these, 21% have received ACT

[Figure 1], whereas the remaining majority (79%) received
other nonrecommended antimalarials.

The prevalence of malaria in this group of febrile children
with a clinical diagnosis of malaria, using the microscopy
test (Gold standard), was 53.6% where 134 of the 250
subjects were positive. The results of the microscopy
test for 245 (98%) subjects were obtained within 24 h
of requesting for the test. The remaining 5 (2%) malaria
parasite microscopy tests were obtained between 24
and 36 h.

Table 2 shows parasite density in studied children. Sixty-
six (26.4%) of the 250 children who were screened using
the RDT had positive results while the remaining were
negative. Of the 66 subjects with positive RDT 12 did not
have malaria (they had negative microscopy) while on the
other hand 80 subjects who had negative RDT had positive
microscopy test. There were a total of 92 discordant results

chloroquine
(29)20%

sulphadoxine
(1)1%

other medications
(82)58%

Figure 1: Medications received by subjects before presentation to
Federal Medical Centre

Table 1: Frequency table of presenting symptoms
in children with clinical diagnosis of malaria

Symptom Number of children Percentage of children with
symptom (%)

Fever 250 100.0

Depressed appetite 200 80.0

Vomiting 20 8.0

Diarrhoea 121 48.4

Convulsion 20 8.0

Table 2: Malarial parasite microscopy results
(parasite density) and sex of children with
clinical diagnosis of malaria

Sex (%) Microscopy (parasite/ul) Total
Negative 401-800 801-1600 1601-3200 3201-6400

Male 63(25.0) 52(20.8) 18(7.2) 6(2.4) 2(0.8) 141(56.4)

Female 53(21.2) 33(13.2) 11(4.4) 8(3.2) 4(1.6) 109 (43.6)

Total 116 (46.4) 85(34.0) 29(11.6) 14 (5.6) 6(2.4) 250(100.0)
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of which 12 were false positive, whereas 80 were false
negative results. Half (6) of the 12 children with false-
positive results had received antimalarial medications (ACT
in 50% [3] of the children).

The overall sensitivity of RDT was 40.3% while the
sensitivity for the different parasite densities were
100% for 3201-6.400 parasites/ul, 85.7% for 1601-3200
parasites/ul, 62% for 801-1600 parasites/ul, and 27% for
401-800 parasites/ul [Table 3]. The proportions of the 130
children with malaria who had 3201-6400, 1601-3200,
801-1600, 401-800 parasites/ul were 0.04% (6/134),
10.4% (14/134), 21.6% (29/134), and 63.4% (85/134),
respectively, with children with low parasite density (801-
1600 and 401-800) accounting for 85.1% (114/134) of the
children with malaria.

Overall the specificity of the RDT was 89.6% while the
positive and negative predictive values were 81.8% and
56.5%, respectively. The association between the parasite
density and positivity of the RDT test was statistically
significant P = 0.0001 [Table 3]. Age <36 was significant
associated with RDT positivity P = 0.01. The prior use of
antimalarial medications did not significantly influence the
result of RDT P = 0. 402.

Table 3: Microscopy versus RDT in febrile
children with clinical diagnosis of malaria

Microscopy/parasite RDT Total
density (%) Negative Positive

Negative (n) 109.0 (43.6) 7.0 (2.8) 116.0 (46.4)
401-800 parasite/ul (n) 62.0(24.8) 23.0(9.2) 85.0 (34.0)
801-1600 parasite/ul (n) 11.0 (4.4) 18.0 (7.2) 29.0 (11.6)
1601-3200 parasite/ul (n) 2.0(0.8) 12.0 (4.8) 14.0 (5.6)
3201-6400 parasite/ul (n) 0.0(0.0) 6.0 (2.4) 6.0 (2.4)
Total (n) 184.0 (73.6) 66.0(26.4) 250.0(100.0)

Fisher's exact 83.15, P < 0.05. RDT: Rapid diagnostic test

Table 4: RDT compared with age, sex, prior use
of antimalaria and convulsion in febrile children
with clinical diagnosis of malaria

Subjects’ variables RDT Total P
Positive Negative

Age
<36 months 148 39 187 0.001
>37 months 36 27 63

Sex
Male 35 106 141 0.521
Female 31 78 109

Prior use of antimalaria
Yes 13 47 60 0.402
No 53 137 190

Convulsion
Yes 6 14 20 0.792
No 60 170 230

RDT: Rapid diagnostic test

DISCUSSION

The prevalence of malaria in febrile children
presumptively diagnosed to have malaria was 54%
meaning that the chance that a child presenting with fever
has malaria was a little above 0.5. This is instructive and
may support the practice by clinicians to evaluate febrile
under-five children for malaria in our environment where
it is already known to be endemic. The prevalence was
similar to the 56.9% documented by Ikeh and Teclaire®
in Jos, but much higher than the 12% reported from
Tanzania?® and 16.9% reported by Oladosu and Oyibo?!
in Lagos.

About half of the children studied (57%) received
some antimalarial medications for the treatment of
presumed malaria before the presentation and only
21% of these received ACT. This depicts that despite
the publicized national guideline for the treatment of
malaria, majority of community treatment of malaria
continues to be suboptimal, and inappropriate with use
of nonrecommended medications such as chloroquine
with an almost equal the proportion of children
receiving ACT treated with chloroquine (20%) before
presentation.

The sensitivity, specificity, positive predictive value and
negative predictive value were 40.3%, 89.6%, 81.8% and
56.5%, respectively. The low sensitivity obtained in this
study was comparable to that (42.31%) documented in
Enugu'’ and that (69.6%) documented by Ben — Edet
et al.'® in Lagos. This, however, contrasts the finding of
Sani et al.® in Sokoto were they found a sensitivity of
93.0% and 93.1% by Nwuba et al.'® in Ibadan. These
contrasting findings; however, when further analyzed
revalidates the general principle of the functionality of
RDTs, which facts remain inability to detect parasites
at low densities (<200-400/ul depending on the RDT).
This becomes glaring when we look at the varying
sensitivity of the RDT at different parasite densities for
the different studies. In our study, the sensitivities for
parasite densities 0of401-800,801-1600, 1601-3200, and
>3200 parasites/ul were 27%, 62%, 85.7% and 100%,
respectively. The proportion of children with low parasite
densities (401-1600 parasites/ul) in our study, however,
constituted a greater (85.1%) proportion of the children
with malaria. This category of children with low parasite
densities also accounted for a high proportion of those
with negative RDT results and hence low sensitivity
which was contributory to and invariably greatly
influenced the overall sensitivity of the RDT. Conversely
in comparison to the study of Sani et al.® in Sokoto, the
proportion of children with low parasite density was
small (<10 %) while those with high parasite densities
were in the majority (>90%). These facts (degree of
parasitemia and the proportion of children with low
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versus high parasite densities) appear to more than any
other factors influence the sensitivity and by extension
other efficacy determining measures of RDTs and as well
findings of the various authors.

The specificity in this study was high (90%), however,
12 children had discordant results, whence their RDT
was positive, microscopy was negative implying the
children did not have malaria, but tested RDT positive
(false positive). Reasons for false positivity have been
documented to include delayed clearance of antigen
from the circulation up to 2 to 4 weeks even when
treatment was successful; meaning such febrile patients
perhaps had other infection other than malaria. Six of
the children, who had false positive results received
antimalarial medication, though the dose, and interval
between therapy and presentation with fever was not
ascertained, successful treatment and delayed clearance
of Falciparum antigen could be responsible for the false
positive results and therefore means that these children
probably had other infection responsible for their fever.
The 80 children who had false negative results could
have been infected with Plasmodium species other than
Falciparum or caused by other non-HRP II containing
P. falciparum. The prior use of antimalaria did not
influence the result of RDT neither did the sex of the child
nor did convulsion.

CONCLUSION

The prevalence of malaria among febrile under-five
children in Zamfara was 55% with majority (79%)
of the prehospital/community treatment of malaria
still suboptimal with the use of nonrecommended
antimalarials. The overall sensitivity of RDT was low,
but high in children with high Plasmodium parasite
density.

Recommendation

The use of RDT should be highly encouraged both as a
screening and diagnostic tool with protocol such that
febrile children who have positive results are confirmed
as having malaria while those with negative results are
further evaluated with microscopy. Urgent, robust, and
targeted efforts need be directed toward education on
the national guidelines for the treatment of malaria
and its implementation to ensure optimal treatment of
malaria.
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