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Abstract: Malaria remains a public health problem in over 90 countries worldwide, especially in Africa where it is the cause of
morbidity and mortality. The aim of the study is to compare the sensitivity of two rapid diagnostic test kits in the diagnosis of
malaria among patients attending Yobe State Specialist Hospital Damaturu. Patients were screened for malaria using blood
samples collected in an EDTA container. Patients were tested with one Histidine rich protein-2(HRP-2) RDT (SD-Bioline) and a
combination of Histidine rich protein-2(HRP-2) and Parasite lactose dehydrogenase enzyme (pLDH) RDT (CareStart).
Microscopy was used as a gold standard. Out of 200 participants enrolled and screened for malaria, 200 (100%) tested positive by
Microscopy, 159 (79.5%), tested positive by SD-Bioline (HRP 2 RDT) while 139 (69.5%), tested positive with the CareStart
(pLDH RDT). Upon detection of the sensitivity by serially diluting the positive samples in other to decrease the parasite density;
SD-Bioline was reactive at 1:4 dilution while CareStart was weekly reactive at this dilution. Although SD-Bioline showed to have
a higher sensitivity than CareStart, both could be a suitable alternative to microscopy to screen endemic malaria in Nigeria.
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1. Introduction
Malaria remains a public health problem in over 90
countries worldwide, especially in Africa where it is the
cause of mortality mostly in children under 5 years. It
accounts for 40% of Public Health expenditure, 30-50% inpatients admissions and up to 50% of out-patients visits [1].
Malaria is a disease caused by various species of
plasmodium (P. falciparum, P. ovale, P. vivax, P. malariae
and P. knowlesi) transmitted through the bite of female
anopheles mosquito. The most serious and sometimes fatal
type of malaria is caused by plasmodium falciparum (WHO,
2010). Malaria is a serious and sometimes life threatening
tropical disease that spreads through parasites. Patients with
severe falciparum malaria may develop liver and kidney
failure, convulsions and coma. Although occasionally sever

infection with P. vivax and P. ovale generally cause less
severe illness, but the parasite can remain dormant in the
liver for many months, causing the reoccurrence of the
symptoms for many months or even years later [2].
Detection of sub-microscopic infections is crucial not only
to effect prompt treatment of asymptomatic cases, but also to
identify and clear potential reservoirs of transmission and to
reduce malaria related morbidity and mortality [3].
Presumptive treatment of malaria based on clinical diagnosis
is relatively cheap but it is unreliable due to overlapping
symptoms with non-malarial infections caused by viruses or
bacteria and could lead to multiple diagnosis as well [4].
Wrong diagnoses leads to wrong medication and hence many
patients may leave the health facility without the right treatment.
Rational prescription of anti-malarial drug is not only important
in saving on the cost of expensive drugs but it also prevents drug
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overuse that might result in the development of resistance [5].
Malaria presents a diagnostic challenge to Medical
Laboratory Personals in most malaria endemic countries [6].
The World Health Organization has opened a dialogue with
Scientists, Clinicians and manufacturers on the realistic
possibilities for developing accurate, sensitive, and cost effective
rapid diagnostic test for malaria [7]. New technology has to be
compared with accepted world health organization (WHO)
standards that make comparisons of sensitivities between
different methods. Majority of malaria cases are found in
countries where cost effectiveness is an important factor and
case of performance and training is a major consideration [8].
However the constitutive symptoms of malaria include fever,
headache, weakness, myalgia, chills, dizziness, abdominal pain,
diarrhea, nausea, vomiting, anorexia and pruritus [9].
Accuracy of a clinical diagnosis varies with the level of
endemicity, season and age group. Malaria transmission,
morbidity and mortality can be reduced if prompt diagnosis
and adequate treatment is available [10]. Rapid diagnostic tests
(RDTs) offer the potential to provide accurate and timely
diagnosis to everyone at risk, reaching those previously unable
to access good quality and qualitative microscopic services
[11]. In malaria-endemic regions, the use of RDTs is very
helpful for the effective use of antimalarial drugs as treatment
is based on parasite diagnosis and not just fever alone in these
region, a considerable proportion of these drugs have been
wasted on patients with no malarial disease due to lack of
prompt and accurate diagnosis [12].
Since 2010, WHO recommends that all suspected cases of
malaria should be confirmed parasitological by microscopy
or RDTs before treatments, irrespective of endemicity, season
and age group [13]. Current interest in rapid diagnosis of
malaria is focused primarily on detection of hisdtidine-rich
protein-2 from Plasmodium falciparum and parasite specific
lactate dehydrogenase for all species of plasmodium [14]. Its
advantages lie in its ability to give rapid and similar result to
non-specialized microscopist as well as the reduced
requirement for specialized equipment and high man power
training for its performance. It is the only current option in
some areas for blood based diagnosis [15].
Microscopy was reported to detect about 75% of malaria
infections in endemic areas, whereas in non-endemic areas this
method has been reported to miss up to 88% of infections [16].
Furthermore, the level of expertise of technicians, quality
of the equipment, and workload may lead to inaccurate
estimates of parasite density and species differentiation [17].

2. Materials and Methods
2.1. Study Area
The study was carried out in Yobe State Specialist Hospital,
which is located KM 3 along Gujba road, Damaturu. It is a state
located in the North-Eastern Nigeria. It is the capital of Yobe
State. The state was created on August 27, 1991. It is one of the
36 states in Nigeria which has 17 local government areas and a
total land area of 3,366km2 with total population of 88,014 as

the last census data [18].
2.2. Sample Size
A convenient sample size of 200 was used.
2.2.1. Study Population
The study population include all patients with malaria
attending Yobe State Specialist Hospital, Damaturu.
2.2.2. Inclusion Criteria
The criteria for inclusion are as follows;
i. Symptomatic patients.
ii. Patients within age group 1-60 years.
iii. Patients tested positive microscopically
2.3. Exclusion Criteria
Asymptomatic patients.
2.4. Sample Collection, Processing and Preservation
Blood samples were collected from patients suspected to
have malaria by venipuncture into vacuum containers
containing EDTA. After mixing, the blood samples were used
to determine the plasmodia from the preparation of thick film
for microscopy and for the RDTs assay.
2.5. Preparation of Blood Films for Microscopy
2.5.1. Making of Thick Blood Film
A small drop of blood was placed at the center of a grease
free glass slide and spread with the edge of another slide in a
repeated coil shape to a diameter approximately 2cm. The
slide was labeled and left horizontally allowing it to air dry,
protecting them from dust and flies [19].
2.5.2. Staining of Thick Blood Film by Field’s Stain
An appropriate dilution of the stock Giemsa stain (about
10%) was prepared using tap water (pH of 7.1). The stain
was poured on the slide and allowed for 45 minutes. The
stain was washed slowly under tap to remove excess stain.
Undersurface of the slide was wiped with cotton wool and
allowed to air-dry in a vertical position [20].
2.5.3. Examination of Stained Blood Films for Parasite
The search for malaria parasite on blood film was carried
out under × 100 oil immersion objective lens of a microscope
after using one to two drops of immersion oil [21].
Positive result:
The presence of single malaria parasite qualified the
sample as positive and progressed to parasite count.
Negative result:
No parasite found after examination of hundred high
power fields [22].
2.5.4. Test Procedure for RDT (Following Manufacturer’s
Instructions)
Test device, buffer and specimen were allowed to
equilibrate at room temperature (10°C – 30°C) prior to
testing. The test cassette was removed from the foil pouch by
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tearing at the notch and then placed on level surface.
1. 5µl of whole blood was slowly added into the sample
well (A)
2. Then 3 drops of clearing buffer was added to the buffer
well (B)
3. As the test begins to work, a purple color moving across
the result window in the center of the test device.
4. A result was read after 25 minutes. (Hopkins et al., 2008).
2.5.5. Interpretation of Result
Positive (+) Result:
Rose pink bands are visible in both the control region and
the test region.
Negative (-) Result
A rose pink is visible in the control region and no color
bands appear in the test region.
Invalid Result:
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No visible band at all or there may be a visible band only
in the test region but not in the control region.
2.5.6. Detection and Estimation of Parasitemia Values
Thick film was prepared from each of samples and stained
using Giemsa stain. The films were examined
microscopically for parasites, using parasite count method.
Samples that show presence of parasites were quantified
accordingly. The parasite numbers/µL of blood was estimated
by counting parasites against white blood cells. A part of the
thick film where the white cells were evenly distributed and
the parasites were well stained. Using the oil immersion
objective, systematically 200 white blood cells (WBC) were
counted and at the same time the numbers of parasites
(asexual) were counted in each field covered. The number of
parasites per µL of blood were estimated as follows:
! "

Number of parasites/Μl =

#$$ %&'×

’ %&' '

#$$ %&'

Patient’s WBC count = 8000µL (taken as average WBC
count) (WHO, 2016). The mean values of detectable
parasites will be determined and expressed as parasites per
microliter of the original sample [23].
2.5.7. Comparison of RDT Kits
Two sets of doubling dilution of blood samples with
parasitemia were made in serological tubes using
physiological saline. Up to two doubling dilutions were
prepared in each set to obtain a dilution range between 1:2
and 1:4. Two different kits of malarial were used for the
titration of the two dilution sets in accordance with the
manufacturer’s instructions. Titer values were determined
and expressed as the reciprocal of the highest dilution that
shows positive result in the tubes.
A film was made by each of the respective dilutions.
Parasite density was calculated at each of the dilution in other
to detect the density at which each RDT kit can detect
malaria. Known positive and negative control blood samples
were treated with each of the kits.

2.6. Statistical Analysis
The data generated was analyzed and presented in form of
tables and chart. Significant difference between the two
methods employed during the study was checked using prism.
Level of significance was set at 95% confidence limit (Pvalue of 0.05 level of significance).

3. Results
A total of 200 participants were enrolled in the study. Table
1 is the summary of the participants’ demographic data. 113
(56.5%) of them were males while 87 (43.5%) were females.
In this study, microscopy was used as the ‘Gold Standard’.
The study participants were categorized among the following
age groups, 1-10 years (2), 11-20 years (28), 21-30 years
(114) and 31-40 years (47), 41-50 years (4) and 51-60 years
(5). A greater percentage 114 (57%) belonged to the age
group 21-30 years.

Table 1. Demographic Data Showing the Performance Of the three Diagnostic techniques.
Characteristics
Gender
Male
Female
Total
Age Ranges (years)
0-10
11-20
21-30
31-40
41-50
51-60
Total

Participants
Frequency (%)

Microscopy
Positives (%)

SD-Bioline
Positives (%)

Negatives (%)

Care Start
Positives (%)

Negatives (%)

113 (56.5)
87 (43.5)
200 (100)

113 (56.5)
87 (43.5)
200 (100)

86 (43.0)
73 (36.5)
159 (79.5)

27 (13.5)
14 (7.0)
41 (20.5)

71 (35.5)
68 (34.0)
139 (69.5)

42 (21.0)
19 (9.5)
61 (30.5)

2 (1.0)
28 (14.0)
114 (57.0)
47 (23.5)
4 (2.0)
5 (2.5)
200 (100)

2 (1.0)
28 (14.0)
114 (57.0)
47 (23.5)
4 (2)
5 (2.5)
200 (100)

2 (1.0)
19 (9.5)
88 (44.0)
42 (21)
4 (0,0)
4 (2.0)
159 (79.5)

0 (0.0)
9 (4.5)
26 (13.0)
5 (2.5)
0 (0.0)
1 (0.5)
41 (20.5)

1 (0.5)
15 (7.5)
78 (39.0)
13 (6.5)
4 (2.0)
2 (1.0)
113 (56.5)

1 (0.5)
13 (6,5)
36 (18.0)
34 (17.0)
0 (0.0)
3 (1.5)
87 (43.5)

Table 2 Depicts the effectiveness of performance of the
RDT kids compared to microscopy, it is worthy to note that
only subjects tested positive by microscopy were employed

in the study, hence all the 200 (100%) subjects are positive
for malaria through the microscopic examination while SDBioline and CareStart showed positive results of 159 (79.5%)
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and 113 (56.5%) respectively.
It also shows the comparison of the two RDTs with results
of microscopy. There are 159 (79.5%) of the subjects who
were found to be malaria positive while 49 (20.5%) of them

were negative with SD-Bioline RDT. The number of subjects
found to be malaria positive were 113 (56.5%) and those
negative were 87 (43.5%) with care start RDT

Table 2. Effectiveness of Performance of RDT Kids Compared to Microscopy.
Diagnostic Tool
Microscopy
SD-Bioline
Care start

No. of Samples Tested (%)
200 (100)
200 (100)
200 (100)

Table 3 Show the effectiveness of performance of the RDT
kids compared to Microscopy 200 participants were
subjected to the study with microscopy having 100% of the

No. of positive Samples (%)
200 (100)
159 (79.5)
113 (56.5)

No. of negative Samples (%)
0 (0.0)
41 (20.5)
87 (43.5)

samples tested positive, SD-Bioline 79.5% tested positive
and 20.5% tested negative, Care Start 56.5% tested positive
and 43.5% tested negative.

Table 3. Performance of RDT kids (for neat sample) compared to microscopy.
Characteristics
Microscopy
SD-Bioline (neat sample)
Care Start (neat sample)

No of positive (%)
200 (100)
159 (79.5)
139 (69.5)

No of negative (%)
0 (0)
41 (20.5)
61 (30.5)

Table 4 Show the effectiveness of performance of the RDT
kits for the 1 in 2 dilution (first dilution) compared to
Microscopy, at this concentration of the sample 51.5% were

Total (%)
200 (100)
200 (100)
200 (100)

P value
<0.0001

tested and found them positive with SD-Bioline while 39.5%
tested negative and 38.0% were tested positive while 62.0%
tested negative with Care Start.

Table 4. Performance of RDT kids (for 1st diluted sample) compared to microscopy.
Characteristics
Microscopy
SD-Bioline (1st dilution)
CareStart (1st dilution)

No of positive (%)
200 (100)
103 (51.5)
76 (38.0)

No. of negative (%)
0 (0)
97 (39.5)
124 (62.0)

Table 5 Show the effectiveness of performance of the RDT
kits for the 1 in 4 dilution compared to microscopy where all
the 200 (100%) participants in the study were tested positive.
There were 159 (79.5%) of the subjects who were found to

Total (%)
200 (100)
200 (100)
200 (100)

P value
<0.0001

be malaria positive while 49 (20.5%) of them were negative
with SD-Bioline RDT. The number of subjects found to be
malaria positive were 113 (56.5%) and those negative were
87 (43.5%) with care start RDT.

Table 5. Performance of RDT kids (for 2nd diluted sample) compared to microscopy.
Characteristics
Microscopy
SD-Bioline (2nd dilution)
CareStart (2nd dilution)

No of positive (%)
200 (100)
41 (20.5)
22 (11.0)

No of negative (%)
0 (0)
159 (79.5)
178 (89)

Total (%)
200 (100)
200 (100)
200 (100)

P value
<0.0001

Figure 1. Depicts the correlation between the three diagnostic tools with the degree of performance on vertical axis and Diagnostic technique on the
horizontal axis.
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Figure 2. Depicts the correlation between the two RDTs at different concentration with the degree of performance on vertical axis and serial dilution on the
horizontal axis.

4. Discussion
Malaria diagnosis is focused on detection of malaria
parasite in the stained blood smears using microscopy or
detection of parasite antigen using RDTs. One of the major
disadvantages of RDTs is their inability to quantify parasite
density [24].
This study has compared the performance of two RDTs
using one histidine rich protein (SD-Bioline) and a
combination of histidine rich protein and parasite lactose
dehydrogenase enzyme (pLDH) RDT (CareStart).
As the results of the experiments illustrates, out of the 200
participants enrolled in the study, following gender as a
variable, the male participants tend to have higher percentage
with 113 (56.5%), 86 (43%) and 71 (35.5%) tested positive
by microscopy, SD-Bioline and Care Start respectively than
females with 87 (43.5%), 73 (36.5%) and 68 (34%) tested
positive by microscopy. This could be due to the fact that
males are more prone to mosquito bites in sitting areas. The
age group with greater percentage is 21-30 years with 114
(56%), 88 (44%) and 39 (19.5%) tested positive by
microscopy, SD-Bioline and CareStart respectively. This
could be due to the fact that they are mostly expose to
mosquito bites in reading places in the case of student and in
business locations in case of business men. This is in
consonant which another study [25].
The sensitivity of HRP-2 RDTs meets the WHO
recommendation of ≥ 95% and is consistent with previous
reports using Pf only RDTs in eastern Tanzania [26] and in
Uganda (Murray et al., 2008). However, the results of HRP-2
kits are at variance with other studies which showed lower
sensitivities. Studies conducted in Enugu Nigeria and in
Ethiopia found a sensitivity of 69.7% for Global device RDT
[27].
These have been ascribed to decreasing sensitivity with
reduction in parasite density and thus patients with low
density malaria parasites are missed, these could also be
caused by failure of the parasite to express the antigen due to

detection of the gene HRP-2 [28]. The detection of the two
RDTs as negative with SD-Bioline (HRP-2) and CareStart
(HRP-2/pLDH), whereas the corresponding microscopy was
positive was encountered. This test has also been encountered
in other studies as [29]. This could be as a result of low level
of parasitaemia detetion of HRP-2 genes and the activity of
the immune system of individual, which combats the
antigens of the parasite in the peripheral blood, this makes
the antigens to be absent, while present and seen in a stained
film at microscopic examination.
Methodology of parasite density and diagnosing the blood
samples at various dilutions enables the detection of the
sensitivity of the kid to be measured [30]. SD-Bioline was
more reactive at an average parasitaemia level (1:4 dilution)
while Care Start was only weakly reactive at this same
parasitaemia level. This shows that SD-Bioline has a more
detection ability than CareStart. This result is in consonant
with a study done previously in which SD-Bioline was
reported to be reactive at an average parasitaemia level while
care start was weakly reactive at the same parasitemia level
[31].
The Study results revealed that the two RDTs showed an
appreciable effectiveness though the SD-Bioline (HRP-2
RDT) showed a higher ability to detect malaria. The
Underlying reason is that HRP-2 is a very stable antigen and
has superior heat stability than pLDH which degrades easily
[32]. The performance of the SD Bioline HRP-2 observed in
the present study was agreed with previous studies with other
HRP-2 based commercial RDTs such as Para check PfTM
(Orchid Biomedical system) Binax Now MalariaTM (Binax,
Inc, Inverness Medical Professional Diagnostic, USA).

5. Conclusion
There was a slight difference in sensitivity and specificity
of SD-Bioline (HRP-2) and CareStart (HRP-2/pLDH) RDTs,
also there was a significant mean difference paired for both
and the microscopy standard and the RDTs which means

104

Muktari Isa Shago et al.: Evaluation of the Sensitivity of Rapid Diagnostic Test (RDT) of Malaria in Different
Age and Sex Groups Using Microscopy as a Gold Standard

their performances are not relatively the same. However, SDbioline can be used in the absence of microscopy because the
study showed that it is more sensitive than care start in terms
of detecting malaria antigen. The detection is slightly higher
in SD-Bioline (HRP-2) RDT than in CareStart (HRP2/pLDH) but overall differences between the two RDTs was
not very significant and performance was not comparable to
microscopy, of which low parasite density is a great
drawback to the diagnostic quality of both RDTs. This study
Jhas found that both RDTs involved in the study to be a
reliable diagnostic tool in malaria patients N with high
parasitaemia values. Microscopy remains the gold standard in
diagnosis and detection of parasites burden in malaria
patients.
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