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A B S T R A C T 

Malaria control and its elimination heavenly depend on successful 

and reliable diagnosis using recommended diagnostic techniques. 

These available techniques often have certain peculiarities and 

mode applications, thus making them have different levels of 

performance and accuracy. Therefore the aim of this study was to 

evaluate the performance of PCR in relation to Rapid Diagnostic Test 

Kit (SD Bio line Malaria Ag P.f (05fk50)) in malaria diagnosis. A total 

of 200 blood samples were collected from the consented study 

subjects using the vein puncture technique and analysed using PCR 

and RDTs. Plasmodium falcifarum’s DNA was extracted using Quick-

DNA™ Miniprep Plus Kit with catalog number D4069. 18SrRNA gene 

of Plasmodium falciparum from chromosome 13 was amplified using 

the two primers. For the RDTs technique, the SD Bio line Malaria Ag 

P.f (05fk50) test kit was used. Malaria prevalence of 106(53.0%) 

and 132(66.0%) were recorded using PCR and RDTs respectively. 

The PCR demonstrates an overall accuracy of 0.53 with sensitivity 

and specificity values of 56.06 and 52.94% respectively. The 

negative and positive predictive values were 69.81 and 38.30% 

respectively. PCR demonstrated a good level of performance and is 

therefore recommended as an effective diagnostic tool for malaria, 

especially in patients where the parasite density/parasitaemia level 

is very low.   
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1. Introduction 

One of the factors that have ensured the 
persistence of malaria has been the lack of 
analytical sensing tools that allow for early 
and accurate detection in asymptomatic 
individuals with low parasitemia levels in 
peripheral blood [1]. As a result, globally 
malaria demonstrate some difficulties in the 
process of diagnosis, thus making the disease 
a very serious public health concern and in 
fact, regarded as an important parasitic 
disease of human[2]. The disease is 

transmitted to humans through the bite of an 
infected female Anopheles mosquito during a 
blood meal [3]. Five Plasmodia species, 
namely Plasmodium falciparum, Plasmodium 
vivax, Plasmodium ovale, Plasmodium malariae 
and P. knowlesi [4] are the parasites 
responsible for the actual disease condition 
with P. falciparum being the most lethal [2, 5] 
and is the most predominant specie in Nigeria 
and other sub-Saharan African countries [6]. 
Over half of the world's population lives in 
malaria-prone areas[7], and according to 
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World Health Organisation (WHO), in 2017 
there were about 219 million clinical cases of 
malaria and about 435,000 malaria deaths in 
87 countries in the world, and Nigeria 
accounts for 25% of these cases [6]. The 
disease is a serious public health problem, 
especially in tropical African countries where 
transmission of the disease occur more often 
[8] partly due to favourable climatic condition 
that favours optimal growth, survival and 
development of both parasite and vector of 
the disease.  

Malaria control heavenly depends on early 
diagnosis and effective case management 
using recommended drugs [9], as these may 
help in early detection of the disease, halts it 
development and progression to severe form 
of the disease and also stops the further 
spread of the disease in a community [10]. In 
resource-poor settings, diagnosis of malaria 
has tended to be made clinically without 
parasitological confirmation [11]. The disease 
may present clinical signs and symptoms like 
in other diseases thus making the diagnosis of 
malaria difficult in such regions. Signs and 
symptoms of malaria include intermittent 
fever, body aches and pains, malaise, and 
generalized body weakness which may also be 
presented by typhoid disease [12]. Therefore, 
the World Health Organization (WHO) in 
2010, strongly discourages blind treatment of 
all fevers suspected to be malaria disease, 
instead, all treatment should be after a 
parasite-based diagnosis, either by 
microscopy or rapid diagnostic test (RDT) 
[13] or any other reliable and recommended 
technique as the case may be. This is because 
specific diagnostic methods differentiate 
between malaria and other febrile illnesses 
[14]. 

Different diagnostic methods have been 
developed since WHO realised the significance 
of several novel techniques to malaria 
diagnosis, which include, rapidness, reliability, 
accuracy and cost-effectiveness. These and so 
many other additional benefits help to 
address the various shortcomings of the 
conventional diagnostic techniques [15] like 
microscopy which includes long turnaround 
time, erratic power supply, and need for 
technical expertise are some of the major 
challenges [16], though is still considered as a 

gold standard technique by World Health 
Organisation [17]. Other recommended 
malaria diagnostic techniques include Rapid 
Diagnostic Tests, Polymerase Chain Reaction 
(PCR), loop-mediated isothermal 
amplification (LAMP) [17], Quantitative Buffy 
Coat etc. 

The rapid diagnostic test is a test that 
usually uses only 5-15µL of blood [18], the 
technique detects the presence of P. 
falciparum antigens in the blood, either 
histidine-rich protein 2 (HRP2) or lactate 
dehydrogenase (pLDH). This tool has greatly 
improved the ability to provide diagnostic 
services in rural areas of sub–Saharan Africa, 
this is because RDTs require minimal training 
and rely on immune-chromatography, which 
avoids the need for electricity [19]. Because of 
the relatively long half-life of HRP2 antigen 
after clearance of an infection, HRP2-based 
RDTs cannot necessarily distinguish between 
active and recently cleared infection [20]. 
Several research has shown that molecular 
diagnostic-based techniques like PCR have a 
high level of accuracy (sensitivity and 
specificity) for detecting malaria parasites 
[21]. PCR is a molecular method that uses the 
18SrRNA gene of the parasite [22]. This 
technique is the most sensitive method 
available that can detect even very low 
parasite counts and allows accurate species 
identification [23]. Despite the fact it is more 
sensitive than the other conventional 
techniques like microscopy and RDTs but 
requires well-trained staff, sophisticated 
laboratory equipment and a good quality 
assurance system [24]. 

Several studies from many parts of the 
globe show contrasting results when it comes 
to the performance of several malaria 
diagnostic techniques[2, 5, 12, 14, 17, 22, 23]. 
Therefore, the aim of this paper was to 
evaluate the performance and accuracy of PCR 
in relation RDTs in malaria diagnosis. 

2. Materials and Methods 

2.1. Study area 

The study was carried out in Gombe Local 
Government Area, (Figure 1) Gombe State, 
Nigeria. The Local Government lies between 
11°14′07″E and 11°4′42″E, and Latitudes 
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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, a 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 
[25].  

2. 2. Ethical clearance and Consent of the 
subjects 

The research proposal was submitted to 
Gombe State Ministry of Health for approval. 
Afterward, the approval was communicated 
via a letter with reference number 
MOH/ADM/621/VOL.I/222. Verbal and or 
written consent of the 200 subjects from the 
three recruitment centers (Gombe town 
maternity (Gidan Magani), Sunnah clinic, and 
Idi children and Women Hospital Gombe) was 
sought after briefing them on the research and 
the need for them to participate. In a situation 
whereby the subjects were not of legal age 
(less than 18 years), consent of their 
parents/guardian was sought. All the subjects 
were assured that all collected information 
was strictly used for the research and treated 
with a high level of confidentiality. In 
Addition, quality control was assured when 
handling and treating each sample. 

2. 3. Inclusion criteria 

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

 

2. 4. Blood sample collection  

The blood samples were collected with the 
help of medical personnel and the method 
employed was the venepuncture technique as 
described by previous research [26]. The 
collected blood sample (2-3 ml) was 
transferred into an EDTA blood-collecting 
tube and transported to the laboratory. 

2.5. Rapid Diagnostic Test (RDT) 

SD Bioline Malaria Ag P.f (05fk50) test kit 
was used for the Rapid diagnostic test. The 
test was conducted according to the 
manufacturer’s instructions as adopted by 
previous research [27]. Briefly, about 5μl of 
the collected blood sample from the labelled 
EDTA container was taken with a pipette 
provided with the kit. After which it was 
loaded into the sample well (S) of the RDT. 
Two drops of provided buffer were loaded 
into the buffer well of the same RDT. The 
result was then read within 15-20minutes as 
recommended by the manufacturer. 

2. 6. Molecular analysis 

2. 6. 1. DNA Extraction 

The DNA was extracted using Quick-DNA™ 
Miniprep plus Kit with catalog No D4069 from 
Zymo research. Techniques and procedures 
outlined and recommended by the 
manufacturers and adopted by previous 
research [28] were strictly adhered to. Briefly, 
200µl of biofluid and cell buffer was added on 
to the pieces of the filter paper containing the 
dried blood sample in an Eppendorf tube. 
After which 20µl of proteinase K was added 
and mixed thoroughly and incubated at 550c 
for 10 minutes in order to digest the various 
component of the sample. After which, 200µl 
of genomic binding buffer was added. The 
entire mixture was then transferred in to spin 
column and centrifuged at 1200rpm for 1 
minute. After which the collecting tube was 
discarded with the follow-through. 400µl of 
DNA pre-wash buffer was added to the 
column in a new collection tube and 
centrifuged for 1 minute. This was followed by 
the addition of 700µl of genomic DNA wash 
buffer and centrifuge for 1 minute. After 
which 200µl of Genomic buffer was then 
added and centrifuged for 1 minute. Finally in 
order to elute the DNA 50µl of DNA elution 
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buffer was added and incubated for 5minute 
and then centrifuge for 1 minute. 

2. 6. 2. DNA Confirmation and Purity and 
Concentration determination 

In order to confirm the presence of DNA in 
the entire sample extracted, a gel 
electrophoresis was run in 2% agarose 
stained with 0.5µl of ethidium bromide and 
was allowed to run for a period of 1 hour at 
100mA, after which the gel was visualised 
using Ultraviolent (UV) Tran’s illuminator. 
Nano-drop Spectrophotometer was used to 
determine the concentration and purity of the 
DNA extracted. 

2. 6. 3. Primers   

The primers; Forward 
(5’AACAGACGGGTAGTCATGATTGAG3’) and 
Reverse (5’GTATCTGATCGTCTTCACTCCC3’) 
were used and adopted from the work of 
previous research [28] and validated. All 
validated Primers were synthesised and 
supplied by Inqaba biotecTM Africa’s genomic 
company. The primers were reconstituted 
using the recommended dilution factor 
(appropriate amount of distilled water) as 
specified by the manufacturer and stored at -
40c as stock solution. The actual working 
solution was obtained by diluting 10µl of the 
stock in 90 µl of Nano pure water making 
(10%). 

2. 6. 4. Amplification of 18SrRNA gene of 
Plasmodium falcifarum 

The amplification was carried out using 
Classic DW-K960 thermal cycler and the 
reaction was carried in 25µl reaction mixture 
containing 5µl of the extracted DNA as the 
template, 1µl of primer (0.5µl each of Forward 
(5’AACAGACGGGTAGTCATGATTGAG3’) and 
Reverse (5’GTATCTGATCGTCTTCACTCCC3’), 
6.5µl distilled water and 12.5µl of the PCR 
Master mix (Containig dNTPs, Mgcl2 and Taq 
DNA Polymerase). The gene was amplified by 
setting an initial denaturation at 950c for 
15minutes then followed by forty cycles of 
denaturation at 940c for 45 seconds while 
annealing at 600c for 90seconds and extension 
at 720c for 1minute. The final extension was 
carried out at 720c for 5minutes. For this band 
size of 276bp was used as control for the 
confirmation of Plasmodium falciparum while 

distilled water was used as negative control 
for all PCR in the research.  

 

Fig. 1. Chromosome 13 of Plasmodium falciparum 

indicating 18S Portion of Ribosomal RNA gene 

 

2. 6. 5. Gel Electrophoresis 

The amplified genes were subjected to 
electrophoresis in 2% Agarose stained with 
Ethidium bromide. The gel was allowed to run 
for a period of 1 hour at 100mA, after which 
the gel was visualised using an Ultraviolent 
(UV) Transilluminator. 

2. 7. Performance determination of PCR  

In order to determine the effectiveness of 
PCR and Microscopy in malaria diagnosis, it 
sensitivity, specificity, positive predictive 
value, negative predictive value and accuracy 
were calculated using the formula. 

Sensitivity = ((True positive / (True 
positive + False Negative))* 100 

Specificity = ((True Negative / (True 
Negative+ False Positive))* 100 

Positive Predictive value = ((True positive 
/ True positive + False Positive))* 100 

Negative Predictive value = ((True 
Negative / True Negative + False 
Negative))* 100 

Overall accuracy = (True positive + False 
positive) / (True positive + False 
Positive+ True Negative + False 
Negative) 

 
3. Results 

 3. 1. Demographic and clinical 
characteristics of the subjects 

Out of the 200(100%) subjects used in the 
study, 114(57.0%) and 86(43.0%) were male 
and female respectively. The age of the 
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subjects ranges from 5-55years with a mean 
age of 28.60±10.57, with the modal age being 
25years which constitutes 11% of the total 
subjects. The mean ambient body 
temperature of the subjects ranges from 33-
43°C with a mean of 37.77±1.92. For the 
molecular analysis, the concentration of the 
DNA sample extracted ranges from 100.10-
600.20ng/µl of the sample, and the mean 
concentration was 357.55±100.03. For purity, 
the mean value of A260/280 was 1.7210±0.55 
and it ranges from 0.7-5.11, while A260/230 
was 1.7215±2.10 and it ranges from 0.4-2.50 
as shown in table 1. 

Table 1. Demographic and Clinical characteristic 
of the study subject and basic characteristics of the 
DNA sample 

 Mean Range  
Gender 

Male                
Female 

Age 28.51±10.57 5-55 
114(57.0%)           
86(43.0%) 

    

DNA  357±103 
100.10-
600.20ng/l 

 

    
A260/280 1.7210±0.55 0.7-5.11  
A260/230 1.7215±2.10 0.4-2.50  

 
3. 2. Malaria prevalence using PCR and 
RDTs  

Out of the 200 samples examined by both 
PCR and RDTs, 132 (66.0%) were malaria 
positive with RDTs kit, while 105(52.5%) 
were positive with PCR as shown in table 2. 
Statistically, there was no significant 
difference in the two techniques in diagnosing 
malaria infection (x2= 1.460, df= 1, P> 0.05).             

Table 2. malaria prevalence using PCR and RDT 

diagnostic Techniques 

Test 
techniques 

Number of 
Sample 

examined 

Positive 
Samples 

Prevalence 

RDT 200 132 66.0% 
PCR 200 105 52.5% 

                   x2= 1.460, df= 1, P> 0.05 

In this, 74(37%) samples were found to be 
malaria positive when diagnosed by both 
techniques, as such true positive and also 
37(18.5%) were found to be true negative. On 
the other hand, 31(15.5%) were found to be 
negative with PCR as such false negative while 

58(29%) of the samples were found to be 
false positive as they were only positive with 
RDT as shown in table 3. 

Table 3. Result of PCR in relation to RDT 

Techniques  Positive Negative Total 

PCR Positive 74(37.0%) 31(15.5%) 105(52.5%) 

 Negative 58(29.0%) 37(18.5%) 95(47.5%) 

Total  132(66.0%) 68(34.0%) 200(100%) 

 
3. 3. Performance of PCR in relation to 
RDTs 

The performance of the PCR technique in 
relation to RDTs is shown in table 4 below. 
The results revealed an overall accuracy of 
0.53 with sensitivity and specificity values of 
56.06 and 54.41% respectively, while 70.47 
and 38.95% were recorded as the positive and 
negative values respectively as shown in table 
4. 

Table 4. Performance of PCR in relation RDTsk  

Performance of PCR Value 
Sensitivity 56.06 
Specificity 54.41 

PPV 70.47 
NPV 

Accuracy 
38.94 
0.53 

 

4. Discussion 

Active malaria case detection is a key 
component and this requires diagnostic tools 
capable of detecting low parasitemic 
infections in low endemicity regions and 
asymptomatic infections in high transmission 
settings [29]. several factors can have a direct 
impact on the diagnosis, (identification and 
interpretation) of malaria parasitemia, these 
include different species of the parasite; its 
different developmental stages; endemicity of 
different parasite species; the population 
movements; the interrelation between the 
levels of transmission, immunity, parasitemia, 
and the symptoms; the problems of recurrent 
malaria, drug resistance, persisting viable or 
non-viable parasitemia, and sequestration of 
the parasites in the deeper tissues; and the 
use of chemoprophylaxis or even presumptive 
treatment based on clinical diagnosis [30]. 
Therefore WHO recommends that parasite-
based diagnosis should be used in all cases of 
suspected malaria [16]. This serves as one of 
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the major component elements of global 
malaria control strategy for effective 
management and treatment of the disease, 
prognosis and also monitoring the impact of a 
given drug during treatment. 

In this study performance of PCR in 
relation to RDTs was evaluated, with a 
prevalence of 53.0% and 66.0% respectively 
reported using PCR and RDTs, this confirms 
the endemicity of the disease in the study 
area. Malaria prevalence of 66.0% reported 
(using PCR) is very similar to 65.8% reported 
by previous research [31] from Dar-es-
Salaam, Tanzania and also 63.0% reported by 
previous research [32] among Pregnant 
Women and Children under Five years in Ekiti 
State, Southwest Nigeria. This similarity is 
mainly attributed to the fact all the study 
areas are located in core Africa which is 
regarded as the most endemic region globally 
in terms of malaria transmission [33]. On the 
other hand, a lower prevalence of the disease 
as low of 4.0%  was reported from Côte 
d’Ivoire by previous research [34] and 22.0% 
by previous research [35] from Northwest 
Ethiopia, all using RDTs. In addition, a survey 
conducted by previous research [36] reported 
a higher prevalence of 97% and 87.9% using 
the molecular technique (PCR) and RDTs 
respectively from central Italy 

The sensitivity of PCR (56.06) reported in 
this study is higher than 22.5% reported by 
previous research [37] and 12.63% reported 
by previous research [5] among Pregnant 
Cohorts in Onitsha Southeast Nigeria. The 
high sensitivity recorded in this study could 
be attributed to the ability of the PCR to detect 
more than fifty percent of the samples as 
positive, this clearly demonstrated the high 
detection rate of the technique in relation to 
RDT, as the PCR technique has the ability to 
detect the presence of Plasmodium falciparum 
with low parasite density and milder malaria 
symptoms [38]. On the other hand, the 
sensitivity of PCR reported in this study is 
lower than 93.3% reported by previous 
research [39]. The specificity of PCR (54.41%) 
reported in this study is by far lower than 
99.3% reported by previous research [40] 
during mass surveys conducted in low and 
high malaria-endemic areas from two North-
Eastern states. The specificity value reported 

in the present study is contrary to the findings 
of previous research [41] who reported a 
specificity value of  97.1% from malaria 
endemic area in Yemen using PCR diagnostic 
techniques, but higher than 40.7% [42] from 
Indonesia.  The disparity observed in the 
specificity value could be attributed to the 
highest number (66.0%) of samples 
confirmed to be positive by the RDTs, thus 
affecting true negative samples. Though the 
sensitivity and specificity value recorded in 
the present study is lower than 90 and 95% 
respectively recommended by WHO, the 
technique still can produce the required 
necessary result, especially in a situation 
where the patients or subjects harbour 
limited number of parasite even as low as 0.5–
5 parasites per µL of blood [43] or even 0.01-1 
parasite/μL of blood. 

The positive predictive value (PPV) of a 
test is described as the proportion of people 
with a positive test result who have the 
disease condition, while the Negative 
Predictive Value is the proportion of people 
with a negative test result who do not have 
the disease [44]. The positive predictive value 
(70.47%) recorded in this study is similar to 
the findings of previous research [2], who also 
reported 63.1% as the positive predictive 
value from Tertiary Care Hospital, Chennai, 
but with a very negative predictive value of 
97.1% as compared to 38.95% recorded in the 
present study. Similarly, it was reported [40] 
higher values of 87.6% (PPV) and 93.4% 
(NPV) as compared to 70.47% and 38.95% 
recorded in the present study. In the present 
study, an overall accuracy level of  0.53 was 
observed, this higher than 0.42 reported by 
previous research [45]. 

5. Conclusion 

The findings of the study reveal the 
endemicity of malaria infection in the study 
area. PCR relatively demonstrates a good level 
of accuracy of more than 50% and high level 
of performance as revealed by the sensitivity, 
specificity and predictive values. 

Abbreviation 

HRP2: Histidine-Rich Protein 2  

LAMP: loop-mediated isothermal 

amplification 
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PCR: Polymerase Chain Reaction 

pLDH: Lactate Dehydrogenase 

PPV: Positive Predictive Value 

RDTs: Rapid Diagnostic Test 

WHO: World Health Organization 
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