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ABSTRACT

Introduction: Accurate rapid diagnosis is one of the most important steps in the effort to reduce
morbidity and mortality of malaria. Blood-specific malaria rapid diagnostic tests (RDTs) are
currently in use but reports on their sensitivity and specificity and comparison with the established
blood film microscopy methods are dearth. The aim of the present study was to evaluate the
performance characteristics of Nova and SD bioline RTDs and compare with microscopic method
as a reference standard to detect the presence of malaria parasites in the blood.

Methods: A total of 100 subjects were conveniently selected from consented subjects attending
out-patient Department of Rivers State University Teaching Hospital, Port Harcourt, and the
samples were analyzed using blood film examined with Giemsa staining technique and Nova and
SD bioline kits.

Results: Of the 100 samples examined, 57(57%) were positive for malaria parasite by light
microscopy, 37(37%) were positive by Nova and 22 (22%) were positive by SD bioline. The
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sensitivity of the two RDTs used were found to be 54% for Nova and 30% for SD bioline, the
specificity were 86% for Nova and 88% for SD bioline, the PPV for Nova was 83% and 77% for SD
bioline while the NPV for Nova was 59% and 49% for SD bioline. Percentage positivity of 50.9%
and 49.1% for males and females respectively means that both sexes are equally susceptible to
malaria parasites. There was a slight increase in parasitaemia in females (1931£2801) than males
(1139+2415) but these results were not statistically significant (P >.27).

Conclusion: The SD bioline showed a very poor sensitivity in contrast to Nova and light
microscopy. Inspite of the relative advantages of RDTs, microscopy remains the best method of
detecting malaria parasite and Nova should be preferred to other RDTs.

Keywords: Malaria; parasites; sensitivity; specificity; microscopy; blood film.

1. INTRODUCTION

Malaria is one of the most widespread human
parasitic diseases ranking first in terms of its
socioeconomic and public health importance in
tropical and sub tropical region of the world,
especially in sub-Saharan African and South east
Asian countries [1-3]. Various estimates have
been made to measure the global burden of
malaria. In 2010, the World Health Organization
estimates more than 216 million cases of malaria
and 655.000 deaths occur every year worldwide,
with 106 countries at risk of malaria infection,
among which 91% of deaths occurred in sub-
Saharan Africa, 6% in South east Asia, and 3%
in Eastern Mediterranean Region [1,4]. Reports
show that Nigeria and Republic of Congo are two
major African Countries that contributes to the
high malaria burden, as 36% of the malaria
cases worldwide occurred in these two countries

[5].

Malaria is also a major public health problem and
obstacle to socioeconomic development and also
remain the leading cause of death in Nigeria with
approximately 227,645 deaths in 1990 and
192,284 deaths recorded in 2015 [6]. Malaria is a
major public health problem in Nigeria where it
accounts for more cases and deaths than any
other country in the world. Malaria is a major risk
for Nigeria’s population because 97% of
Nigerians live in malaria prone areas while the
remaining 3% of the population live in the malaria
free highlands. The estimated cases of malaria in
Nigeria is about 100 million with over 300,000
deaths per year in Nigeria [7]. This data is
comparable with 215,000 deaths per year in
Nigeria that results from HIV/AIDS. Malaria also
contributes to an estimated 11% of maternal
mortality. In Nigeria 60% of outpatient visits are
attributable to malaria alone and 30% of
hospitalization cases in most hospitals
nationwide among children under five years of
age in Nigeria are reportedly due to malaria.
Malaria has the greatest prevalence, close to

50%, in children age 6-59 months in the South
West, North Central, and North West regions.
Malaria has the least prevalence, 27.6 percent, in
children age 6 to 59 months in the South East
region. However, there is dearth of data on
malaria prevalence in children in the South South
region of Nigeria [7]. The two major African
Countries contributing to the high malaria burden
are Nigeria and Republic of Congo as 36% of
malaria cases malaria cases worldwide occurred
in these two countries [5].

It has been reported that in malaria endemic
areas where there is increasing population of
malaria infected individuals, rapid and efficient
diagnostic methods are needed for rational
therapy especially when it is realised that several
tropical infectious diseases have many signs and
symptoms that are similar to malaria [8].
Although examination of a thick blood smear
after Giemsa staining remains the preferred
standard method for malaria diagnosis, it is
labour-intensive and time consuming. Moreover,
as reliable as this technique is, it is possible to
miss some few cases. Rapid diagnostic test is a
device that detects malaria antigen in a small
amount of blood, usually 5-15 pL, by immune
chromatographic assay with  monoclonal
antibodies directed against the target parasite
antigen and impregnated on a test strip [8]. The

low capital involvement, non-requirement of
electricity, easy operaton and result
interpretation are its advantages over

microscopy. Despite these advantages of RTDs,
blood slide microscopy makes it possible to
count the number of parasites and is more useful
than rapid diagnostic tests for monitoring the
effectiveness of malaria treatment [9]. The
adoption of RDT by community health workers
could facilitate diagnosis in local malaria-
endemic areas with limited health personnel and
facilities [10]. However, the accuracy of a clinical
diagnosis is dependent on the disease
endemicity level, malaria season and the age
group under consideration [11,12], thus the
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discrepancies observed in RDT sensitivities in
several observational studies [13-15].

Microscopy has low sensitivity when performed
by poorly trained personnel in endemic areas,
especially in primary and secondary healthcare
facilities. This may result to the over- or under-
diagnosis of malaria, with excessive use of anti-
malarial drugs or negligent treatment, which
invariably contributes to malaria morbidity and
the development of resistance [16]. Therefore, in
the absence of well-prepared technicians for
microscopic diagnosis in many areas of sub-
Saharan Africa, the WHO recommends RDTs as
a good alternative method for malaria diagnosis
[16,17]. In remote parts of sub-Saharan Africa,
RDTs have become the primary tool for the
parasitological diagnosis or confirmation of
malaria [18].

Continuous influx of imported RDT kits into the
Nigerian market with little or no regulation is a
cause for concern and has the subtle tendency to
compromise malaria management and control.
Similarly, the implementation of RDTs is also
faced with many difficulties such as logistics,
transport and continuous supply, limited shelf life
and need for proper storage rooms. RDTs are
quickly affected by humidity and extreme
temperature. Comparative investigation on RTDs
used in Port Harcourt Metropolis and microscopy
is lacking in literature. This study was therefore
aimed at undertaking a comparative performance
of two popular brands of RDT kits found in Port
Harcourt markets alongside standard
microscopy.

2. MATERIALS AND METHODS
2.1 Study Design and Study Area

The study was a random cross sectional and
comparative study.The study was carried out in
Braithwaite Memorial specialist Hospital (BMSH)
Port Harcourt, also known as Rivers State
University Teaching Hospital (RSUTH) Port
Harcourt. Port Harcourt is the capital city of
Rivers State, Nigeria. It lies along the Bonny
Rivers (an Eastern distributary of the Niger
Rivers) 41miles (66 km upstream from the Gulf of
Guinea. It has a land mass of 360 Km? (140
sqm).

2.2 Study Subjects

A total of 100 subjects within the ages of 1-65
years attending the outpatient department of
Rivers State University Teaching Hospital

(RSUTH) Port Harcourt, were selected using
convenience method of sampling and blood
samples were collected from them and analyzed
at the Medical Laboratory Department, RSUTH.

2.3 Ethical Approval

Oral informed consent was obtained from the
patients. Ethical approval was obtained from the
Rivers State Ministry of Health Research Ethics
Committee. Subjects were informed about their
right to voluntary participation and assured of
confidentiality of their test results. They were also
allowed to withdraw at any time without
hesitation as stipulated by the principle of
Helsinki Declaration [19].

2.4 Eligibility Criteria

Subjects who were not within this age bracket
were not eligible and those who took antimalaria
drug recently were also not eligible.

2.5 Sample Collection

Three (3) mis of venous blood was collected
aseptically into Ethylene diamine tetra Acetic
acid (EDTA) bottles and well mixed to prevent
clothing.

2.6 Laboratory Procedures
2.6.1 Microscopy

2.6.1.1 Preparation of blood films

Thin and think films were made on the same
slide and Stained with Giemsa staining
techniques. Giemsa is a type of Romanowsky
stain containing methylene blue (a basic dye),
eosin (an acidic dye) and polychrome methylene
azure. The methylene blue stains the acidic part
of the cell, and thus appearing bluish purple
colour while the eosin stains the basic part of the
cell and thus appearing pinkish red colour. The
chromatin of the parasite appears dark red.
Cytoplasm of parasite appear blue, red cells
appears grey to pale mauve, while the
reticulocytes appears grey blue [20].

2.6.2 Rapid diagnostic test (RDT)

Blood samples collected from the subjects were
also tested for malaria parasite using carestat
and SD bioline RDTs. RDTs immune
chromatographic test based on migration and
separation of immune molecules in a wet
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medium that detects specific parasite antigens in
the blood, mainly histidine rich protein 2 (HRP2)
or Plasmodium lactate dehydrogenase (PLDH).
In this study, the RDTs used were based on
HRP-2 and detects only P. falciparium malaria. It
involves the capture of dye labelled antibodies to
produce a visible band on a strip of nitro-
cellulose. The dye labelled-antibody binds to a
corresponding parasite antigen and a resultant
antigen-labelled antibody complex is formed and
shown on the strip by the presence of a visible
line [20].

2.7 Interpretation of the Result

The presence of two (2) colour bands, as control
band and test band indicates a positive result.
The presence of only one colour band indicate a
negative result while if no colour band appears,
the result is invalid.

2.8 Calculations

The sensitivity, specificity and predictive values
(positive and negative) of each test method were
calculated by comparing a composite reference
gold standard generated from the two methods.
The composite Reference method was defined
by Okita and Amuta (2017) as a method that is
positive for malaria parasites by the two methods
(microscopy and RDTs) and also negative for
malaria parasites by the two methods [21]. This
gives the method 100% hypothetical sensitivity,
specificity and positive and negative predictive
values (PPV and NPV). The sensitivity,
specificity, and predictive values of each of the
methods were then calculated using the following
the methods of Okita and Amuta [21].

2.9 Parasite Density Estimation

A portion of the thick film where white cells were
evenly distributed and parasites well stained was
selected for examination. 200 White blood cells
(WBCs) were systematically counted. Asexual
forms of the parasites in the field covered were

estimated concurrently. The number of parasites
per ul of blood was calculated using the WHO
formula [22]:

Number of parasites counted
x 8000 white cells/pL

No. of white cells counted

Parasites / plL
blood =

A slide was declared negative when there was
no parasite detected/counted within 200 WBCs.
Two  laboratory  scientists  independently
examined the slides; the third reading of
discordant results by another scientist was taken
as final. Sensitivity was defined as the probability
that a truly infected individual will test positive
and specificity as the probability that a truly
uninfected individual will test negative [23].

2.10 Statistical Analysis

The results obtained from the blood samples
were analyzed using GraphPad Prism Software
Version 6.0, produced by GraphPad Software
Inc, U.S.A. Data are presented as means and
standard deviation and as percentages.
Comparison between two means was done using
the students’ t-test analysis.

3. RESULTS

The relative malaria positivity by rapid diagnostic
test kits used and microscopy using Giemsa thick
film is shown in Table 1. The result shows that
the Giemsa thick film had 57 (57%) positive
results and 43 (43%) negative result, while Nova
had 37(37%) positive results and 63 (63%)
negative results and SD Bioline had 22 (22%)
positive results and 78 (78%) negative result.

The comparisons of the sensitivity, specificity,
positive predictive value and negative predictive
value of the rapid diagnostics test kits used is
shown in Table 2. The result showed that Nova
had sensitivity of 54%, specificity of 86%,
positive predictive value of 83% andnegative

Table 1. Relative malaria positivity and negativity by RDT kits and microscopy

Giemsa thick film N (%) RDTs
Nova N (%) SD Bioline N (%)
Positive 57 (57) 37 (37) 22 (22)
Negative 43 (43) 63 (63) 78 (78)
Total 100 (100) 100 (100) 100 (100)

N = Number of positive and negative cases, RTD = Rapid Diagnostic Test, number in parenthesis indicates
percentages
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predictive value of 59% whereas SD Bioline had
sensitivity of 30%, specificity of 88%, positive
predictive value of 77% and negative predictive
value of 49%.

Table 2. Diagnostic performance of rapid
diagnostic tests used

RDTs
Nova (%) SD bioline
(%)

Sensitivity 54 (54) 30 (30)
Specificity 86 (86) 86 (86)
Positive 83 (83) 77 (77)
predictive value

(PPV)

Negative 59 (59) 49 (49)
predictive value

(NPV)

RDT= Rapid Diagnostic Tests

Malaria positivity and mean = SD parasite
density according to gender (sex) is shown in
Table 3. The total number of subjects were 100
of which 54 subjects were males and 46 were
females. Twenty nine (29) males were positive
and 28 females were positive for malaria while
25 males and 18 females were negative. When
compared the percentage positivity of males and
females were 29% and 28% respectively, while
the percentage negativity for male and female
subjects were 25% and 18% respectively. The
mean = SD parasitaemia of the male subjects
was 1139+2415 per uL of blood while that of the
females was 1931+280 per pyL of blood. No
significant difference (p=0.2651) was seen in

malaria parasitaemia between the male and
female subjects.

The comparison of age group with malaria
infection is shown in Table 4. In this study, age
group 16-30 years had the highest malaria
infection, a total number of subjects examined
within this age bracket were 39 (39%), and 23
(23%) were positive and 16 (16) were negative,
this was closely followed by age 1-15 years,
where 30 (30%) subjects were examined, 22
(22%) were positive and 8 (8%) were negative,
followed by age 3145 with 17 (17%) subjects
examined, 9 (9%) were positive, and 8 (8%) were
negative and age > 46 years with the lowest
malaria infection, 14 subjects were examined, 3
(3%) were positive and 11 (11%) were negative.

4. DISCUSSION

There are four principal methods for diagnosing
malaria. These are symptomatic, microscopy,
antigen test and molecular methods.
Symptomatic  diagnosis, also known as
presumptive diagnosis is the most common in
Nigeria especially in the rural communities where
majority of the people are poor although it is
known that many other diseases present similar
symptoms to malaria, thus, malaria diagnosis by
symptoms can be misleading and dangerous
[24]. Presumptive diagnosis of malaria is based
on nonspecific signs and symptoms like
headaches, fever, weakness, dizziness,
vomiting, abdominal pains, myalgia, chills, and
pruritus [25]. The World Health Organization [5]
reiterated that early diagnosis and treatment

Table 3. Malaria positivity and negativity and parasite density (mean * SD) according to gender

Gender Total Number positive = Number negative Mean*SD parasitaemia
(%) (%) (uL) of blood

Male 54 29 (29) 25 (25) 1139 + 2415

Female 46 28 (28) 18 (18) 1931 + 2701

Total 100 57 (57) 43 (43)

P- value 27

Table 4. Comparison of age with malaria infection

Age (years) No. of subjects

Positive (%) Negative (%)

1-15 30 22 (22) 8 (8)
16-30 39 23 (23) 16 (16)
31-45 17 9(9) 8 (8)
>45 14 3(3) 11(11)
Total 100 57 (57) 43 (43)
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of malaria, especially in rural areas or at primary
health care facilities level is important to fighting
the disease in endemic region. This study,
therefore, compares the diagnostic performance
of two different rapid diagnostic test (RDT) kits
namely Nova and SD Bioline with Giemsa stain
microscopy as the reference standard. When
malaria positivity for 100 subjects were examined
using two different rapid diagnostic test kits along
side with microscopy method, microscopy was
able to detect the highest number of positive
malaria cases 57 (67%). The best of the RDT kits
(Nova) had a malaria positivity of 37 (37%) of the
total samples diagnosed whereas SD bioline had
malaria positivity 22 (22%) of the total sample
diagnosed. Result obtained from this study
confirmed that microscopy remains the reference
standard and a better diagnostic tool for malaria
parasite detection than the RDTs [26]. The use of
microscopy in diagnosis of malarial infection in
adult population that could comprise pregnant
women is very challenging because of placental
sequestration of parasites thus reducing the
sensitivity of microscopy. However, the detection
of peripheral blood HRP-2 genes (the principle
through which the RDT works) is possible with
malaria parasites RDT therefore, making RDT
very useful in such condition despite its low
percentage positivity when compared with
microscopy [27]. Furthermore, the ability to
detect placental infection by antigen detection
when microscopy does not identify parasitaemia
could have a significant impact on maternal and
fetal health care [28]. This option makes RDT a
utilizable alternative in community-base malaria
care, however, it is difficult to sustain due to
problems of low cost effectiveness and
availability. In line with this argument, it was a
major limitation in this study that we could not
obtain and compare data on malarial RDT
diagnostic performance in pregnant women in
the present study.

In the study, Nova had sensitivity of 54%,
specificity of 86%, positive predictive value of
83% and negative predictive value of 59% while
SD bioline had sensitivity of 30%, specificity of
88%, positive predictive value of 77% and
negative predictive value of 49%. By definition,
sensitivity in this study is the probability that the
test result will be positive when malaria is
present and specificity is the probability that the
test result will be negative when malaria is not
present. Thus, the high specificity of 86% and
88% for Nova and SD bioline and the high
positive predictive value of 83% and 77% for
Nova and SD bioline respectively means that
subjects stand the chance of being correctly

diagnosed as positive for malaria. The moderate
negative predictive value of 59% and 49% for
Nova and SD bioline respectively also means
that the RDTs were not strongly reliable in ruling
out the chance of malaria. This result is similar to
the findings of Xiaodong et al. [29]. However,
similar study in a rural community in Zaria,
Northern Nigeria showed that some RDTs are
capable of showing higher performance in
sensitivity and specificity that the result obtained
in this study [30].

Malaria positivity and mean parasite density +SD
among gender was not statistically significant (P
> .27). Malaria parasitaemia is slightly higher in
females than males going by both RDTs and
microscopy findings are similar to results
presented by Kalu et al. [31]. The higher infection
rates recorded among females may be due to
physiological differences between females and
males (ovulation, pregnancy and childbirth)
which tend to lower the female immunity, hence
making them vulnerable to malaria infection and
other diseases [21].

In the current study, out of the 100 subjects that
participated in the study, 63 subjects were
captured by Nova RDT as negative and 78
subjects were negative using SD Bioline. Of
these confirmed negatives by the RDTs, field
microscopy detected only 43 negative subjects
(25 males and 18 females). The recorded
parasitic density of 21000 parasites/uL was seen
for both the male and female subjects. Studies
have reported that patients with high levels of
parasitaemia that give false negative RDT results
are due to the deletion of Pfhrp2 antigens or
genetic variability in the Pfhrp2 gene in certain
Plasmodium falciparum parasites [32,33].

The result shows high prevalence of malaria
(23% and 22%) among age group 16 —30 years
and 1-15 years respectively, and 3% among age
group 46 years and above. The result is similar
to reports by other researchers [20]. The high
prevalence among these individuals may be due
to lack of protection against mosquito bites or
lack of knowledge of malaria transmission or
both [21]. It was also observed from the study
that the intensity of the colour produces by the
RDTs is proportional to the degree of
parasitaemia.

5. CONCLUSION

Accurate diagnosis of Plasmodium species is
important not only for establishing the correct
treatment regimen, but also for applying effective
malaria control strategies in endemic regions.
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Giemsa staining technique has been reconfirmed
in this study to be a better reference routine
method for malaria diagnosis. We also
demonstrated that Nova RDT kit shows higher
sensitivity, specificity, positive and negative
predictive value than SD Bioline. This makes it
valuable where facilities for microscopy are not
available. Although Nova has shown a proven
performance in the detection of malaria parasites
in this study, it should serve as preliminary
adjunct to microscopy especially since it is an
antigen-based method. We thus recommend that
only the antigen based method RDTs should be
imported in Nigeria and perhaps other parts of
the tropics within malaria endemicity.
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