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Malaria is a life-threatening parasitic disease. Successful treatment and
management of malaria mainly depend on the proper and effective diagnosis.
Therefore, this paper aimed to evaluate the effectiveness of a Conventional
Rapid Diagnostic Test (cRDT) in comparison to microscopy. Blood samples (2-3
ml) were collected from 200 consented study subjects (Volunteers) and
analyzed using microscopy and cRDT. The result revealed an overall prevalence
of 139 (69.5%) and 126 (63.8%) by microscopy and cRDT, respectively. The
sensitivity of the cRDT was 71.94%, while the specificity value was 57.38%. The
positive and negative predictive values were 79.40% and 47.30%, respectively.
Therefore, cRDT shows high sensitivity and predictive values with moderate
specificity and negative predictive values. Although these results are considered
low compared to the recommendations of the world health organization, cRDT is
recommended especially in rural communities and cities where standard
laboratories are lacking, especially in emergencies.

1. Introduction
Malaria is a fatal parasitic disease that has become a complex and overwhelming public health issue, particularly in
tropical countries where the environment supports the growth of both the parasite and vector [1]. The disease has
been with humanity for over 5,000 years, with the first written evidence appearing in the Chinese medical classic Nei
Chin (the Canon of Medicine) [2]. Over half of the world's population lives in malaria-prone areas [3], and the illness is
caused by the protozoan Plasmodium species falciparum, vivax, malariae, and ovale, with the latter having two
subspecies, curtisi, and wallikeri. Recently, new Plasmodium species have been microscopically identified (i.e. P.
knowlesi, cynomolgi and simium), all zoonosis transmitted, the first two, by macaques in Southeast Asia, while P.
simium by monkeys from the Brazilian Atlantic forest. However, P. falciparum and P. vivax are the most common
species causing the disease, and of these falciparum is the most lethal, as it causes malignant or cerebral malaria,
which can quickly progress to unconsciousness and death due to infected red cell adhesion to the vascular
endothelium (cytoadherence) [4]. It is also common to observe "mixed" infections, with the simultaneous presence of
Plasmodium of different species in endemic areas.
In 2016, an estimated 216 million cases of malaria were reported worldwide, with 445,000 deaths [5], where about
90% of the global malaria cases are recorded among children under five years and pregnant women. Malaria is
endemic throughout Nigeria [6], where it is responsible for about 60% of outpatient visits to health facilities, 30% of
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childhood mortality, 25% of deaths of children under one year, and 11% of maternal mortality. Plasmodium
falciparum accounts for 98% of malaria mortalities in Nigeria [7]

World Health Organization strongly opposes the blind treatment of malaria and highly recommends an evidencebased treatment that demonstrates the presence of parasites or parasite parts/products in the body and their
developmental stages [8][9], which is only achievable through early and effective diagnosis [10]. In fact, antimalarial
drugs are frequently misused because of the lack of a proper diagnosis of the disease before treatment. As a result, the
parasite can develop resistance through drug pressure [3], which has economic implications and can also put the
individual at risk. Therefore, accurate diagnosis is critical in reducing morbidity and mortality and long-term planning
for disease elimination in endemic areas [11]. As recommended by the World Health Organisation, the primary tool
for the control of the disease in many parts of Africa remains early diagnosis and treatment of clinical cases [12],
combined with prompt, effective, and well-tolerated treatment through the use of recommended antimalarial drugs in
disease management [13] and gametocytocidal drug targets therapy, as there is no suitable vaccine treatment for the
disease [14]. As a result, successful malaria prevention, treatment, and control are inextricably linked to an accurate
diagnosis. Diagnostic tools in Plasmodium research follow precise steps starting with thin and thick blood smears
(TnS, TkS), in addition to quantitative buffy coat (QBC), loop-mediated isothermal amplification (LAMP), rapid
diagnostic tests (RDTs), and lateral flow assay (LFA) employing antibodies in single or in various combination against
P. falciparum-specific histidine-rich protein 2 (HRP-2) antigen, P. vivax-specific lactate dehydrogenase (LDH) antigen,
pan-Plasmodium LDH antigen, and finally, Plasmodium genus qPCR as a reference standard.
Despite low sensitivity, the TnS/TkS are accepted as a gold standard diagnostic method for detecting, identifying, and
quantifying species of the malaria parasite and their circulating stages (e.g., trophozoites, schizonts, gametocytes).
However, this test has limitations in low parasitemia conditions such as chronic infection, early stage of disease,
partially treated condition, and the loss of parasites during staining, which results in a false-negative cohort. False
outcomes result in poor control of the disease, resulting in the endemicity of the disease [15]

Microscopy is the best standard technique for malaria diagnosis with a high level of accuracy compared to other
methods, mainly when carried out by well-trained and experienced laboratory technicians. As a result, the
technologist's skill and experience play a crucial role in the reliability of microscopy results [16]. Microscopy has
several advantages, including distinguishing between parasite species and developmental stages, observing
morphological changes caused by recent treatment, and quantifying and storing samples for long periods, allowing for
later quality control [17]. However, human resources, electricity, essential equipment, and reagents are some of the
"bottlenecks" associated with microscopy, particularly in rural areas and developing countries [18][19], coupled with
the fact that it takes time to perform and is labor-intensive [20]. The technique also cannot detect sequestered P.
falciparum parasites on the peripheral blood film, and it is less sensitive when the parasite density is less than 50
parasites per microliter of blood [21][22]. Apart from these factors, most malaria cases occur in rural areas where
there is limited or no access to reference laboratories, and in many cases, microscopy is not available [23], hence,
necessitating the use of alternative diagnostic tests such as conventional rapid diagnostic tests.

Rapid diagnostic tests (RDTs) have the potential to provide accurate diagnoses to all at-risk populations, including
those who do not have access to microscopy services in endemic areas. These tests look for specific malaria parasite
antigens in patients' blood. HRP – 2 (Histidine-rich protein 2), PLDH (Parasite Lactate Dehydrogenase), and
Plasmodium Aldolase (a combination of PLDH and HRP -2) are some of the antigens involved [24][25]. Each technique
has its own set of advantages and disadvantages with regard to sensitivity, specificity, time consumption, costeffectiveness, and procedure ease [26]. As a result, all of these and other novel diagnostic techniques, whether
molecular, serological, or proteomic, must be compared to microscopy, which is still considered the gold standard, to
be considered reliable [27]. Therefore, the aim of this study was to determine the effectiveness of a conventional RDT
in malaria diagnosis compared to microscopy.
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2. Material and Methods
2.1. Study area
The study was conducted in Gombe Local Government Area, (Fig. 1) Gombe State, Nigeria. The Local Government lies
between 11°14′07″E and 11°4′42″E, and Latitudes 10°16′48″N and 10°17′24″N with a total land mass of 52km2.
Gombe Local Government has a projected population figure of 367,500 people (3.3% annual change). The vegetation
of the local government is typical of that of Gombe state, Sudan savannah, and experiences two distinct seasons, dry
season, which usually commences from November to March, and a rainy season from April to October. Agriculture is
the primary occupation in the region (mostly Peasant farmers), while some engage in business and few are civil
servants. As the state capital, Gombe local government has tertiary (Federal Teaching Hospital) and secondary
(Gombe State Specialist Hospital) health facilities. This is also in addition to the primary health care centers
strategically located in each local government ward, with several private hospitals providing different services,
including malaria diagnosis and treatment.

2.2. Ethical consideration

The research proposal was submitted to Gombe State Ministry of Health for approval. Afterward, the approval was
communicated with the approval MOH/ ADM/621/VOL.I/222 dated 21st February 2020.

2.3. Consent of the subjects

Before collecting blood samples from the study subjects, their verbal or written consent was sought after briefing
them on the research and the need for them to participate. In a situation whereby the subjects were not mature
enough, consent of their parents/guardian were sought. All the subjects were assured that all collected information
was strictly used for the research and treated with confidentiality. Additionally, quality control was assured when
handling and treating each sample.

2.4. Study centers

Three recruitment centers were selected: Gombe town maternity (Gidan Magani), Sunnah clinic, and Idi children and
Women Hospital Gombe, where a total of 200 volunteers actively participated in the study.
Figure 1. A map of Gombe Local
Government Area
Source: GIS Laboratory, Geography
department, Gombe State
University
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2.5. Inclusion and exclusion criteria

Only patients who reported themselves to the selected hospitals with fever or history of fever in the last 24 hours and
referred by a physician for the screening of malaria infection with the presumption of being malaria positive were
included in the study.

2.6. Blood sample collection

The blood samples were collected with the help of medical personnel and the method employed was venepuncture
techniques. The collected blood sample (2-3 ml) was transferred into an EDTA blood collecting tube and transported
to the laboratory.

2.7. Rapid diagnostic test (cRDT)

A conventional rapid diagnostic test kit (SD Bio line Malaria Ag P.f (05fk50)) was used. The detecting part of this kit is
a mouse monoclonal antibodies coated membrane strip. These antibodies are specific to Plasmodium falciparum HRPII. The mouse monoclonal antibodies specific to HRP-II react with malaria Plasmodium falciparum in the specimen,
moving along the membrane chromatographically to the test region and forming a visible line.
About 5μl of the collected blood sample was taken with a pipette provided with the kit. Afterward, it was loaded into
the sample well (S) of the cRDT. Two drops of provided buffer were loaded into the buffer well of the same cRDT. The
result was then read within 15-20 minutes as recommended by the manufacturer.

2.8. Microscopy

The collected blood samples were analyzed within 1 to 2 hours after collection. Thick and thin films (TnS/TkS) were
prepared according to the standard technique. Briefly, a drop of blood sample was placed on the center of grease-free
slides. After which, the reverse side of the slides was cleaned with cotton wool, allowed for air-drying, and stained
with Giemsa stain for 1 hour. After which, the slides were washed off gently with clean water. The prepared slides
were examined under a microscope using oil immersion at 100× magnification to observe for Plasmodium parasite.
The presence of ring forms or Trophozoites of Plasmodium indicated positive results. In contrast, the absence of either
Trophozoites or ring form after 10 minutes of a thorough examination by a qualified microscopist indicates a negative
result.

2.9. Determination of cRDT accuracy

For the determination of cRDT accuracy, sensitivity, specificity, positive predictive, and negative predictive values
were calculated using the formula adopted from [28]:
Sensitivity (%) =
Specificity (%) =

True Positive
× 100
True Positive + False Negative

True Negative
× 100
True Negative + False Positive

Positive Predictive value (PPV) (%) =
Negative Predictive Values (NPV) (%) =

True Positive
× 100
True Positive + False Positive

True Negative
× 100
True Negative + False Negative

The collected cRDT and microscopy results was subjected to Chi-square test for comparison at P≤ 0.05.
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3. Results
3.1. Demographic distribution of study subjects
A total of 200 study subjects, 113 (56.50%) male and 87 (43.5%) female, participated in the study. The age of the
study subjects ranged from 5 to 55 years, with an average age of 28.51±10.57. The age group of 31 to 35 years was the
most frequent, with 48 (24.8%) participants. The mean body temperature of the subject at the time of recruitment
was 37.7±1.97.

3.2. Malaria prevalence

Out of the 200 collected blood samples, an overall prevalence of 139 (69.5%) was recorded using the gold standard
techniques (microscopy). On the other hand, cRDT showed a prevalence of 126 (63.0%) (Fig. 2). A significant
difference between the two techniques was observed (χ2=15.635 P<0.05).

Among the investigated samples, 100 (50%)
were positive in both microscopy and cRDT
and considered true positive cases for cRDT.
On the other hand, only 35 negative samples
were confirmed by microscopy and cRDT and
considered true negative (Fig. 2).

3.3. cRDT accuracy values

The sensitivity and specificity values of cRDT
recorded in this research were 71.94% and
57.38%, respectively. On the other hand, the
positive and negative predictive values were
79.37% and 47.30%, respectively.

4. Discussion

The ability to recognize subjects with a
medical condition while also excluding any
other subjects who do not have that illness Figure 2. Confusion matrix for malaria positive and negative cases
condition is the cornerstone of any reliable between microscopy (Gold standard) and the conventional rapid
diagnosis test [29]. The findings from the diagnostic test (cRDT) (SD Bio line Malaria Ag P.f (05fk50))
present study revealed an overall malaria
prevalence of 69.5% and 63.0% when diagnosed using microscopy (gold standard technique) and RDT, respectively.
The result is slightly similar to 64.89% by microscopy and 60.69% by RDT reported by [30] from Adamawa state
Nigeria. This similarity was not surprising, as the two study areas (Gombe and Adamawa) are located in the same
region with boundaries. Therefore, they share many similar predisposing factors of malaria infection that could
facilitate the development and survival of both the vector and parasite of malaria. This observation also demonstrates
a similar level of malaria endemicity in the region. The prevalence of malaria by microscopy recorded in this study is
far higher than the 2.3% reported by [31] from Malawi among pregnant women. This difference could be attributed to
the ability of malaria parasite to sequester into some vital organs, especially the placenta [32], therefore becoming
absent in the peripheral blood and missing with microscopic diagnosis. Additionally, microscopy is limited by the
amount of parasite in a given blood sample, while RDT depends on the presence of the parasite's antigens [33][34].

Although the sensitivity (71.94%) recorded in this study is higher than that (23.4%) reported by [35] from Ogun state,
Nigeria, the currently reported sensitivity and specificity (57.38%) are still lower than 95% and 90%, respectively,
recommended by the World Health Organisation. However, the kit is reliable in detecting up to 100 parasites per
microliter of blood. The currently reported RDT sensitivity and specificity below the recommended threshold could be
attributed to several factors and conditions. For instance, cRDT positivity and TnS/TkS negativity (such as the
reported 26 false-positive cRDT cases) in subjects treated for P. falciparum is typical due to the high concentrations of
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PfHRP2 antigen with the absence or low presence of Plasmodia in peripheral blood [32]. On the other hand, most
commercially available RDTs, including the one reported in this study, target PfHRP2. The accuracy and reliability of
this specific targetting might be jeopardized by PfHRP2 lacking isolates of P. falciparum or those having multiple
variants of this gene, which might justify the 39 false-negative cases to some extent. Therefore, assessing PfHRP2
diversity in endemic regions is crucial in developing more reliable RDT.

Positive and negative predictive values of 79.37% and 47.30% were respectively recorded in the present study. These
results are comparable to [35], who reported a positive predictive value of 69.1% and a negative predictive value of
43%.

In cases of total dominance of a Plasmodium species in the territory, the use of a multi-analyte RDT could be
expensive. However, if the dominance favors a Plasmodium more challenging to identify with cRDT, a multi-analyte
RDT choice is always preferable. In the work of [36], the highly endemic area in coastal India was investigated.
87.85% of 2016 malaria registered cases in this area were due to Plasmodium vivax, while a low percentage of
falciparum was observed. The researchers used RDTs to detect three different types of Plasmodium antigen: PfHRP-2,
plasmodium lactate dehydrogenase (pLDH), and plasmodium aldolase, rather than PfHRP2-only kits. Therefore, the
developed MRDTs can be used to detect any malaria species, whether present alone or in a combination.

5. Conclusion

Low predictive values recorded in the present study are attributed to the large numbers of false-positive (26) and
negative (39) cases, which directly influence predictive values. Interestingly, the positive predictive value of 79.37%
implies that the false-positive effect was minimized, while the lower negative predictive value of 47.30% implies that
there were too many false-negative cases.

Although cRDT has demonstrated high levels of sensitivity and positive predictive value, these values, along with
specificity negative predictive values, remain lower than those recommended by the World Health Organisation.
However, cRDTs can still be used in rural communities and some cities in case of emergencies. In this case, cRDT
results should be followed with a confirmatory test using any other available malaria diagnostic method.
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