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Abstract 
The discovery of Plasmodium parasites and its incrimination as the principal 
cause of malaria in humans has continued to excite researchers towards in-
venting possible easier methods of diagnosing and identifying these patho-
logical agents in order to mitigate, control and eliminate its continuous scourge 
to humanity. Currently, three diagnostic methods have been proposed, but 
agreements as to whether the level of parasitaemia in an individual could 
connote likely confirmations in the three methods i.e. gold standard, RDTs’ 
and PCR/NESTED PCR, have continued to be a subject of debate. To lay to 
rest the debate as reported in many studies, we collected blood samples from 
100 symptomatic patients who reported to the Jos-Nigeria hospital and using 
the gold standard methods, we were able to confirm that 30 (30%) samples 
out of the 100 blood samples collected were positive to P. falciparum, chiefly 
recorded among duffy-negative Africans. Excited with our findings, we pre-
pared the thick blood films for each sample and used it to estimate the levels 
of parasitaemia (parasites density) per μl of blood (i.e. 1+; 2+; 3+ and 4+) per 
100 high power fields (|HPF). We then subjected the individually confirmed 
parasite density samples to the other two methods i.e. Rapid Diagnostic Test 
(one-step RTD and optimal-IT® RDT) and to molecular assay (PCR and the 
nested PCR). Interestingly, of the 30 positive samples, 18 (60%) were con-
firmed positive to the one-step and optimal-IT® RDTS, while 3 (30%) out of 
the 10 (100%) samples of various parasite density subjected to molecular as-
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say (PCR and the nested PCR) were positive to only P. falciparum. Statistic-
al analysis of variance based on single factor computed using SPSS indicates 
a no significant difference (P > 0.05) in the parasitaemia levels of the four 
groups/categories of patients; i.e. variance ratio of 0.011976 calculated was 
less than F-critical (2.816466) at 5% (0.05). Whereas gold standard could be 
considered as the optimal method, for the PCR/NESTED PCR, the sensitivity 
is dependent on high level of parasitaemia. 
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1. Introduction 

With half of the world population (3.2 billion) at risk, 214 million cases recorded 
each year and an estimated 438,000 deaths, human malaria caused by tradition-
ally five species of Plasmodium has continued to be a serious public health con-
cern. Sub-Saharan African continues to carry a disproportionately high share of 
the burden as it is home to 89% of malaria cases and 91% of malaria deaths. Par-
ticularly, Plasmodium falciparum is reported to be the dominant species in 
Sub-Saharan African, with its origin still a highly debated topic [1] [2] [3]. 

Although global reports indicate the decline in the scourge of the disease [4], 
previous reports indicate that despite the Nigerian government efforts in domes-
ticating and flagging off of the Roll Back Malaria Project, Nigeria still suffers the 
world’s greatest burden, with approximately 51 million cases and 207,000 deaths 
reported annually (approximately 30% of the total malaria burden in Africa), 
while 97% of the total population (approximately 173 million) is at risk of infec-
tion. Consequently, culminating into malaria accounting for 60% of outpatient 
visits to hospitals; approximately 11% maternal mortality and 30% child mortal-
ity, especially among children less than 5 years [5] [6]. 

Effective control and management of malaria always require presumptive, 
quick, sensitive, accurate and cost-effective diagnostic methods. The presump-
tive diagnosis involved the use of signs and symptoms, whereas quick, sensitive, 
accurate and cost-effective diagnosis had always involved demonstration of the 
parasite, its parts, products in body fluids and the drug efficacy and resistance 
profile based on recommended treatments [6] [7]. 

Despite the evolution of malaria parasites diagnosis, the traditional micro-
scopic examination of stained thin and thick blood films otherwise termed the 
“gold standard” has always been recommended [8]. Notwithstanding, various 
problems which include time-consuming laboratory procedures, considerable 
training requirement, expertise in microscopic examination, well-maintained 
microscope, well-stained slides [9], errors in estimation and quantification for 
low-density parasitaemia (10 to 100 parasites/μl of blood) and higher parasitae-
mia densities of >5000/μl and especially >20,000/μl of blood [10], leading to prob-
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lems in the output of epidemiological studies in resource poor settings [11] [12] 
[13] have been recorded. Thus, new effective and sensitive technologies were de-
veloped and introduced to overcome these limitations. 

In the last few Years, Rapid Diagnostic Tests (RDTs) or Immuno-chromatograhic 
test (lateral flow immune-chromatographic antigen detection tests) which does 
not require a laboratory, electricity or any special equipment had been developed 
and recognized as an ideal method for diagnosing several infectious diseases, in-
cluding malaria [9] [14] [15] [16] [17] [18]. On the calculations for parasitaemia 
below (pg 5); we could modify by including: The number of parasites counted/the 
number of leucocytes counted (200 or 500) ×8000 and the resultant complex is 
captured on the strip by a band of bound antibody, forming a visible line (T-test 
line) in the results window with a control line (c-control line) giving information 
on the integrity of the antibody-dye conjugate, but does not (unless specified) 
confirm the ability to detect parasite antigen [3] [19] [20]. Although designed to 
bring significant advantages in malaria control and management with a clear 
plan of outcomes i.e. drug treatment and appropriate further investigations [16] 
[21], wide variations in the sensitivity of RDTs [14] [22], and false-negative re-
sults might be generated in testing samples with low level parasitaemia [14]. 
Thus, WHO recommended parasitologist who are using RDTs for malaria diag-
nosis, to use in conjunction with other methods to confirm the results, charac-
terize infection, and monitor treatment [1].  

Consequently, some problems noticed in the output of epidemiological stu-
dies e.t.c. could be overcome using molecular techniques such as PCR, which has 
proved more sensitive and specific than microscopic evaluation and can help to 
detect infection in patients with low level of parasites and mixed infections at the 
peripheral level and thus improving the management of infectious diseases, es-
pecially in resource-limited settings [23]-[28]. Furthermore, molecular characteri-
zation of parasites can be used for any survey on drug resistance, pathogenicity, 
and molecular epidemiology. Many studies have been done in recent years in other 
countries to detect malaria using the nested PCR and microscopy [29] [30]. 

In this study, in order to lay to rest the continuous debate as to the appropri-
ate method to use that could holistically confirm the level of parasitaemia and 
specificity of parasites, three methods of microscopic examination (gold stan-
dard), Rapid Diagnostic Tests, and Polymerase Chain Reaction (PCR) and nested 
PCR were comparatively evaluated. The aim of this study was to assess and 
compare between the accuracy of the traditional microscopic examination with 
the RDTs and PCR methods. Other objectives included: comparing the LDH-based 
RDT (Optimal) and One Step Malaria Antigen Rapid Test Bio Line with the 
traditional microscopic examination of stained thin and thick blood films; 
comparing the traditional microscopic examination of stained thin and thick 
blood films with nested PCR methods; comparing the LDH-based RDT (Op-
timal) and One Step Malaria Antigen Rapid Test Bio Line with the nested PCR 
and to evaluate the data in comparison with previous reports in other stu-
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dies/countries.  

2. Materials and Methods 
2.1. Study Area 

The study was carried out in Jos North L.G.A of Plateau State, North central Ni-
geria. Its geographical coordinates are 9˚55'0'' North, 8˚54'0'' East. It stretches for 
approximately 104 km from North to South, 80 km from East to West covering 
an area of about 8600 km2. The altitude ranges from around 1200 meters (about 
4000 ft) to a peak of 1829 meters above sea level in Shere Hill (Figure 1). The 
climate is similar to that of temperate, but situated in the tropics. It is located at 
a higher altitude which gives Jos-Plateau a near temperate climate with an aver-
age temperature of between 18˚C and 22˚C. The coldest weather and harmattan 
winds are experienced between December and February. The dry season months 
of March and April have the warmest temperature. The mean annual rainfall va-
ries from 131.75 cm in Southern part to 146 cm on the Plateau. The highest 
rainfall is recorded during the wet season months of July and August [31]. 

2.2. Ethical Consideration 

Ethical approval/clearance to carry out the research work was obtained from the 
ethical committee of the Plateau specialist Hospital Jos, Plateau State, before the 
collection of blood samples. 

2.3. Blood Samples Collection 

Collection of blood samples was done at random from patients, who presented 
clinical signs and symptoms of malaria, and were prescribed for malaria test by 
the physicians. The collection was done through vein puncture technique as de-
scribed by Epidi et al. [32]. According to the method, the puncture site was 
swabbed with a cotton wool dipped in methylated spirit (methanol), followed by 
a puncture made using a new sterile 2 ml syringe. The blood collected was then 
transferred into a sterile EDTA (Ethylene Diamine Tetra acetic Acid) container. 
Each sample was labeled appropriately with patient’s name and date of collection. 

2.3.1. Preparation of the Thick Blood Films 
Thick Blood Films were used for parasite identification and estimation of para-
site density. A drop of blood from each of the samples collected was placed on a 
clean grease-free slide. Using the corner of a clean slide, the drop of the blood 
was spread in a circle the size of a dime (Diameter 1 - 2 cm). The slides were al-
lowed to air-dry thoroughly. The slides were dipped briefly in water to haemo-
lyse (de-haemoglobinize) the red blood cells. Caution was taken in not making 
too thick films and/or allowing it to dry thoroughly, so as to prevent the films 
from falling off when staining. 10% Giemsa stain was prepared and used to stain 
the smear on the slides for 10 minutes. The slides were rinsed using clean water 
and allowed for 5 minutes. The slides were then kept uprightly in rack and al-
lowed to air-dry [33]. 
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Figure 1. Map of plateau state showing Jos North local government (Plateau 
State Ministry of Lands and Survey). 

2.3.2. Parasite Density (Parasite per Micro Liter (µl) of Blood) 
This was based on the number of parasites per µl of blood in a thick blood film, 
assessed in relation to a predetermined number of leukocytes. An average of 
8000 leukocytes per µl was taken as the standard. Before counting began, the 
equivalent of 0.25 µl of blood (100 fields, using a ×7 ocular and a ×100 oil im-
mersion objective) was examined in each thick film to determine the parasite 
species and stages that might be present. When the parasites had been found, 
parasite density was calculated using the following counting procedure: Parasites 
and leukocytes were counted separately using two tally counters. If after 200 
leukocytes had been counted, 100 or more asexual parasites had been identified, 
the results were recorded, showing parasites per 200 leukocytes. If after 200 leu-
kocytes had been counted, 99 or less asexual parasites had been counted, the 
counting continued until 500 leukocytes had been counted and the results rec-
orded as parasites per 500 leukocytes. In each case, the parasite count in relation 
to the leukocyte count was converted to parasites per µl of blood by the simple 
formula: 

( ) The number of parasites countedμ
The nu

Parasite densi
mber of leukoc

ty
yt

 parasite p
es counted

er l 8000= ×  

This meant that if 200 leukocytes were counted, the parasites were multiplied 
by 40, and if 500 leukocytes were counted, the parasites were multiplied by 16. 
The “plus system” was used to record the levels of parasitaemia (parasite densi-
ty) as follows: 1+ = 1 - 10 parasites per 100 oil—immersion thick smear field; 2+ 
= 11 - 100 parasites per 100 oil—immersion thick smear field; 3+ = 1 - 10 para-
sites per thick smear field; 4+ = >10 parasites per thick smear field (Kumar, 
YouTube Video). 
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2.3.3. Preparation of Thin Blood Films 
Thin Blood Films are useful in detecting malaria parasite species based on mor-
phology. A drop of blood from each sample was placed at one end of a clean 
grease-free slide using a Pasteur pipette. A clean spreader slide was held at 54˚ 
angle toward the drop of the blood and allowed to spread along the edge of the 
spreader slide. The spreader slide was pushed gently forward drawing the blood 
until the whole slide was smeared. The smears on the slides were allowed to dry 
completely. The slides were fixed briefly in methanol (100% or absolute) for 15 - 
30 seconds and allowed to dry completely. The slides were placed on staining 
rack and 10% Giemsa stain was applied over it for 10 minutes. This was then 
rinsed with water. The underneath of the slides were cleansed with cotton wool 
and placed on a rack to air-dry [34]. 

2.3.4. Identification of Human Plasmodium Species 
A drop of oil immersion was placed on the thin and thick stained blood films 
before they were examined under the microscope using the ×100 objective lens. 
A careful examination of several microscopic fields of the slide was carried out 
to detect and identify Plasmodium species presents. The “basic malaria micro-
scopy” [35] was used as a guide in identifying the morphological features of the 
blood stages that characterize the human Plasmodium species. 

2.4. Rapid Diagnostic Tests (RDTs) 

The blood samples used for the microscopic examination of human Plasmodium 
species were also used for the RDTs examination. The patient’s blood was mixed 
with a lysing agent in a test strip or well. The lysing agent ruptures the red blood 
cells, releasing more protein of the parasites. The dye-labeled antibody, specific 
for target antigen was the control line or band (C) in a plastic well provided with 
strip and the antibody, also specific for the target antigen, was bound to the strip 
in a thin test line (T). Blood and buffer, which were placed in their respective 
wells, mixed with labeled antibody and were drawn up the strip across the lines 
of bound antibody. The presence of antigen (parasite protein) resulted or lead to 
the trapping and accumulation of some labeled antibody antigen complex on the 
test line (T). The excess labeled antibody was trapped and accumulated on the 
control line (C). The visible control line (C) indicated that labeled antibody had 
traversed the full length of the strip, past the test line, and that at least some free 
antibody remained conjugated to the dye and that some of the capturing proper-
ties of the antibodies remained intact. The intensity (thickness) of the test line or 
band varies with the parasite density (antigen concentration) i.e. the higher the 
parasite density, the thicker the band and vice versa [2]. 

2.4.1. Optimal-IT® 
The optimal-IT® tests were performed, according to manufacturer’s instruction 
similar to the RDTs procedure outlined. The optimal-IT® was an immunochroma-
tographic test, using monoclonal antibodies (Mabs) against the metabolic en-
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zyme PLDH (Parasite Lactate Dehydrogenase) of Plasmodium (Parasite anti-
gen). These Mabs were classified in two groups; one specific for Plasmodium fal-
ciparum and the other was a pan-specific Mab, which reacted with all four spe-
cies of human Plasmodium; P. falciparum, P. vivax, P. ovale, and P. malariae. 
The interpretation of the assay test strip results was done as; when one control 
band and two test bands appeared, the test was considered to be positive for 
Plasmodium falciparum; when one control band and one test band appeared, the 
test was considered positive for Plasmodium vivax; when only one control band 
appeared at the top of the test strip without test band, the test was considered to 
be negative [36]. 

2.4.2. One Step RDT 
Some RDTs can detect only one species (Plasmodium falciparum) while others 
detect multiple species (P. vivax, P. malariae, and P. ovale). Blood for the test is 
commonly obtained from a finger prick [2] [37]. 

2.5. Molecular Assay 
2.5.1. Design of Primers 
The primers used for the PCR were synthesized at the inqaba biotechnical li-
mited Hatfield-Pretoria, South Africa. The primer pairs and their sequences are 
given below: rPLU5 (51-CCTGTTGTTGCCTTAAACTTC-31) and rPLU6 (51- 
TTAAAATTGTTGCAGTTA AAACG-31) for initial implication reaction of tar-
geted sequence for all species of Plasmodium [38] [39]. For specific detection of 
Plasmodium species, the primers pair as designed by Incardona et al. [39] were 
used i.e. rFAL1 (51-TTA AAC TGG TTT GGG AAA ACC AAA TAT ATT-31) 
and rFAL2 (51-ACA CAA TGA ACT CAA TCA TGA CTA CCC GTC-31) for P. 
falciparum detection; rVIV1 (51-CGC TTC TAG CTT AAT CCA CAT AAC 
TGA TAC-31) and rVIV2 (51-AAG GAA AGA AAG TCC TTA-31) for P. vivax 
detection. These primer pairs were obtained and stored at about −20˚C in the 
Applied Molecular Biology Laboratory of the Applied Biotechnology Division at 
the National Veterinary Research Institute Vom, Nigeria. Dilution or reconstitu-
tion of the primers were made and stored under the same condition prior to 
usage. 

2.5.2. Primers Dilution and Recombination 
The materials needed for PCR Primer Dilution (re-suspension) are: molecular 
grade water, primers (dry), and sterile micro centrifuge tube. Primers are often 
transported and received in a lyophilized state. First create a master 100× stock 
(for each primer and then dilute it to a 10× working stock) as described by FGRS 
[40] and Stupar Lab [41]. This reduces the number of freeze/thaw cycles that the 
master primer stock goes through and reduces the chances of contaminating the 
primary source for the primer. 

2.5.3. Deoxyribonucleic Acid (DNA) Extraction Procedure 
100 µl of the blood sample was taken from each EDTA bottle containing whole 
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blood using a 100 µl micropipette and dispensed into 1.5 ml centrifuge tubes. 
400 µl (i.e. 4× the volume of the blood (4:1)) of genomic lysis buffer was added 
to each of the 1.5 ml centrifuge tubes. The mixtures in the 1.5 ml centrifuge tubes 
were vortexed (Mixed) for 4 - 6 seconds and then let to stand at room tempera-
ture for 5 - 10 minutes. The vortexing was done using a vortexing machine. The 
mixtures from each tube were transferred to a spin column in a collection tube. 
This was then centrifuged for one minute at 12,000 rpm in a centrifuge. The spin 
column was transferred into a new collection tube. 200 µl of DNA Pre-wash 
buffer was added to the spin column. This was then centrifuged for 1 minute at 
12,000 rpm. 500 µl of g-DNA wash buffer was added to the spin column. This 
was also centrifuged for 1 minute at 12,000 rpm. Each of the spin column was 
transferred to a clean microcentrifuge tube. >50 µl DNA Elution buffer was 
added to the spin column and incubated for 2 - 5 minutes at room temperature, 
and then centrifuged for 30 seconds to elute (filter) the DNA. The eluted DNA 
can be used immediately for molecular-based applications or stored at <−20˚C 
for future use [42]. 

2.5.4. Polymerase Chain Reaction (PCR) Protocol 
Three pairs of primers (6 oligonucleotides) which include: rPLU5 and rPLU6, 
rFAL1 and rFAL2, and rVIV1 and rVIV2 were used. In an initial amplification 
reaction, the primer pair rPLU5 and rPLU6 was used. The size of DNA target, 
amplified by these outer primers, was about 1200 bp. These primers were genus 
specific and can, therefore, amplify the target sequences from all four species of 
human malaria parasite (Plasmodium falciparum, P. vivax, P. malariae, and P. 
ovale). 

The second reaction of Nested PCR (this reduces the amount of non-specific 
binding because in the second reaction, most of the amplicons of the first reac-
tion only contain the target sequence and its surrounding sequences [43]) was 
performed for the specific detection of the above Plasmodium species using a set 
of two primer pairs; rFAL1 and rFAL2 for P. falciparum, and rVIV1 and rVIV2 
for P. vivax detection. Each 20 µl reaction mixture for the first amplifications 
contained 5 µl of template DNA, 2 µl of 10× PCR buffer (50 mM KCl, 10 mM 
Tris-HCl), 4 mM MgCl2, 200 µM of each dNTP’s, 0.4 units of Taq DNA poly-
merase, and 250 nM of each primer (rPLU5 and rPLU6). The PCR and nested 
PCR conditions were as follows: 95˚C for 5 minutes; 94˚C for one minute, 58˚C 
for two minutes; extension at 72˚C for two minutes; 25 cycle and final extension 
at 72˚C for 7 minutes. About 2 µl of the first amplification products were served 
as the DNA template for each of the 20 µl of the second PCR amplification. The 
concentrations of the primers and other constituents were identical to the first 
amplification, except that 0.3 unit of Taq DNA polymerase was used. PCR prod-
ucts, after amplification were subjected to gel electrophoresis on a 1.5% agarose 
gel, stained with ethidium bromide, and visualized under UV light [44]. These 
reactions were then subjected to 1.5% agarose gel allowed to go through elec-
trophoresis for 45 minutes. The gel-casting tray with the gel was then removed 
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and placed in the gel-documentation machine connected to the computer system 
for imaging of parasite DNA bands [45]. 

2.6. Statistical Analysis 

Data collected were analyzed statistically using SPSS version 19. The numbers of 
true positive (TP), true negatives (TN), false positive (FP) and false negatives 
(FN) were used to calculate: Sensitivity = TP/(TP + FN) × 100; Specificity = 
TN/(TN + FP) × 100; The Positive Predictive Value (PPV) = TP/(TP + FP) × 
100; The Negative Predictive Value (NPV) = TN/(FN + TN) × 100 and Diagnos-
tic Accuracy (DA) = TP + TN/Total No. of patients × 100. Analysis of variance 
was done on the levels of parasitaemia. 

3. Results 
3.1. Results of Blood Microscopy 

Hundred (100) blood samples were collected for microscopy from patients at-
tending Plateau Specialist Hospital, Jos and the University of Jos Health Clinic. The 
slides (Thin and Thick Films) for each of the hundred (100) blood samples were 
prepared, examined, and screened for the species of Plasmodium—Plasmodium 
falciparum, Plasmodium vivax, Plasmodium ovale, and Plasmodium malariae, 
using the ×10, ×40, and ×100 objectives respectively of the light microscope. Out 
of the hundred (100) blood samples collected, thirty (30%) were positive while 
seventy (70%) were negative (Figure 2). The Parasite Density Per µl of blood of 
30(+) positive samples per 100 HPF were then categorized and placed appro-
priately as shown on the graphical representation of the malaria parasitaemia 
and various levels of parasitaemia in patients in Figure 3. The Analysis of va-
riance (ANOVA: Single Factor) was done for the statistical analysis of the data 
using the SPSS (Table 1). 

 
Table 1. ANOVA: Single factor. 

SUMMARY 

Groups Count Sum Average Variance   

Column 1 12 976 81.33333 2208.97   

Column 2 12 4496 374.6667 120108.6   

Column 3 12 48,560 4046.667 20,365,333   

Column 4 12 52,520 4376.667 41,896,861   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 1.92E+08 3 63,868,289 4.095138 0.011976 2.816466 

Within Groups 6.86E+08 44 15,596,128    

Total 8.78E+08 47     
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Figure 2. Categorizations of patients. 
 

 

Figure 3. Malaria parasitaemia (parasites density per µl of blood of 30(+) 
positive samples per 100 HPF) and various levels of parasitaemia in patients.  

 
From the above table, the variance ratio (0.011976) calculated is less than 

F-critical (2.816466) at 5% (0.05). This implies that there is no significant dif-
ference in the parasitaemia levels of the four groups/categories of patients.  

Correlation was done based on the parasitaemia levels and the patients 
through the following graphical representations (Figures 4-7). The correlatation 
of determination (R2) for Figures 4-7 indicates that all the parasitaemia levels 
have the ratio of above eighty five percent (85%) explained variation to the total 
variation at each level of parasitaemia, with the +3 and +4 having above ninety 
nine percent (99%). 

3.2. Results of RDTS 

For confirmation, the thirty blood samples that tested positive by microscopy 
were also tested using RDT kits (RDT Cassettes) which included optimal-IT® and 
one-step RDT. 
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Figure 4. Correlation of 1+ parasitaemia and the number 
of individual. 

 

 

Figure 5. Correlation of 2+ parasitaemia and the number 
of individual. 

 

 

Figure 6. Correlation of 3+ parasitaemia and the number 
of individuals. 

 

 

Figure 7. Correlation of 4+ parasitaemia and the number 
of individuals. 
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3.2.1. Results of Optimal-IT® 
Out of the thirty (30) blood samples tested, eighteen (60%) tested positive while 
twelve (40%) tested negative by the optimal IT® RDT. The following plates show 
the images of the results of the optimal-IT® 

3.2.2. Results for One-Step RDTs 
Out of the thirty (30) blood samples tested, eighteen (60%) tested positive while 
twelve (40%) tested negative by the one step RDTs.  

3.3. Results of DNA Extraction 

Ten out of the eighteen sensitive RDTs’ positive samples were taken for molecu-
lar assay at the Applied molecular Biology Laboratory of Applied Biotechnology 
Division—National Veterinary Research Institute Vom, Plateau State, Nigeria. 
An almost equal number were selected from each of the various categories of 
parasitaemia levels. The DNAs of the parasites (Plasmodium species) were ex-
tracted from the positive blood samples using the Blood DNA Mini Extraction 
Kit. The DNA templates of the parasites in each of the blood samples were fil-
tered out after the process of extraction. The following plates show the DNA ex-
traction process. 

3.3.1. Results of PCR 
The parasites DNA templates extracted were used to run the PCR (Polymerase 
Chain Reaction). The parasite DNA templates for each sample were amplified. 
The PCR products (amplicons) were used to run the electrophoresis.  

Agarose gel Electrophoresis: Agarose gel electrophoresis was performed on 
the amplicons using 100 bp DNA Ladder (Molecular Marker) respectively. Clear 
bands were produced for the amplicons (PCR products). The following plate 
shows the bands as visualized under the ultra violet Trans illuminated machines. 
The first two lines (L1 - 2) were for 4+; lines 3 - 4 for 3+; lines 5 - 7 for 2+; lines 
8 - 9 for 1+; while line 10 for the negative control. In all the ones that produced 
bands on the agarose gel, a 250 bp was recorded. The results from the bands also 
showed that amplifications of the bands from 4+, 3+, 2+ were almost all positive, 
whereas those of 1+ were negative (Figure 8). 

3.3.2. Results of NESTED PCR 
The PCR products after the first amplification reaction were allowed to run for 
the second reaction (Nested PCR) for the detection of the Plasmodium species. 
The nPCR products (amplicons) were then used to run the electrophoresis. 

Agarose gel Electrophoresis: Agarose gel electrophoresis was performed on 
the amplicons using 100 bp DNA Ladder (Molecular Marker) respectively. Clear 
bands were produced for the amplicons (nPCR products). The following plate 
shows the bands as visualized under the ultra violet Trans illuminated machine. 
The top wells were for the Plasmodium falciparum, while the bottom wells were 
for Plasmodium vivax. The bands confirm the amplifications for Plasmodium 
falciparum with 250 bp recorded, whereas the results for the Plasmodium vivax 
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were negative (Figure 9). 
The summary of the effectiveness of the various diagnostic methods is as 

shown in Figure 10. 
 

 

Figure 8. Showing electrophoresis result of PCR of the ten (10) samples using rplu5 
and rplu5 with 100 bp DNA ladder. Negative control (NC) was used. 

 

 

Figure 9. Showing electrophoresis result of nPCR of the ten (10) samples using 
rFAL1 and rFAL2, and rVIV1 and rVIV2 with 100 bp DNA ladder. Three samples 
showed positive for Plasmodium falciparum while none was positive for P. vivax. 

 

 

Figure 10. Effectiveness of the various sensitivity tests. 

https://doi.org/10.4236/ajmb.2020.103015


O. N. Goselle et al. 
 

 

DOI: 10.4236/ajmb.2020.103015 237 American Journal of Molecular Biology 
 

4. Discussion  

In malaria endemic regions where the pyretic illness can become rapidly fatal, an 
encompassing high sensitive diagnostic methods with precisions of higher speci-
ficity are important in order to reduce unnecessary treatment with antimalarial 
drugs and to improve on accurate diagnosis of other pyretic illnesses. The results 
obtained from the study clearly indicates that there were high chances that pre-
sumptive diagnosis of people could be higher when compared with conventional 
malaria diagnostic methods, implying that there could be high chances of treat-
ing who are actually not sick of malaria, a false-positive phenomenon. This 
agrees with the reports of WHO [46] [47], that presumptive treatments based on 
axillary temperature continue to remain a great challenge and therefore recom-
mend that confirmation of parasites in body fluids for all suspected cases and 
treatments should only be applied to clinical feeling when parasitological diag-
nosis that requires a sensitivity of more than 90% are not available. 

The results from the microscopy indicates that out of the 100 blood samples 
collected and tested, 30 (30%) were positive to microscopy while 70 (70%) were 
negative to microscopy. Moreover, only Plasmodium falciparum (with predo-
minantly the lowest parasitaemia level of 1+) were seen in all the 30 positive 
samples. P. vivax, P. ovale, P. malariae, and P. knowlesi, were not seen. This 
conforms to the report by Duffy et al. [3] [48] [49] where evidence has it that 
Plasmodium falciparum is majorly recorded among Africans who are Duf-
fy-negative, discourages P. vivax that is Duffy-positive but encourages P. ovale 
which is similar to P. vivax to infect Duffy-negative persons. Although the hyp-
nozoites P. vivax or P. ovale, nor the Ziemann’s dot P. malariae were not seen in 
our study as reported by Goselle et al. [50] from Nigeria and Moyeh et al. [51] 
from Cameroun; it is worthy to note that as reported by Miller et al. [52] [53], 
that a mutation that abolishes the expression of the Duffy antigen receptor of 
chemokines on the surface of red blood cells (the so-called “Duffy-negative phe-
notype”) approaches fixation in Western and Central Africa, and confers almost 
complete protection from P. vivax parasitaemia could still be at play. 

RDT was performed as a confirmatory test to all the 30 samples that tested 
positive to microscopy (gold standard), out of which 18 tested positive to both 
the one-step RDT and the OPTIMAL-IT® RDT. Both the one-step RDT and the 
optimal-IT® RDT were positive to only Plasmodium falciparum and negative to 
other Plasmodium species. The 18 samples that were recorded as 2+, 3+, and 4+ 
levels of parasitaemia, in the microscopy (gold standard), appeared positive in 
the RDT while the 12 samples recorded as 1+ appeared negative. This has shown 
that at very low level of parasitaemia (1+), the RDT has a very low sensitivity, 
thus making it less reliable compared to the microscopy (gold standard). This 
agrees with the report by Wongsrichanalai et al. [54] which states that roughly, 
RDT sensitivity declines at parasite densities < 500/μ/ blood for P. falciparum 
and <5000/μ/blood for P. vivax. In comparison with the light microscopy test, it 
was observed that there was a significant difference (P < 0.05). This disagrees with 

https://doi.org/10.4236/ajmb.2020.103015


O. N. Goselle et al. 
 

 

DOI: 10.4236/ajmb.2020.103015 238 American Journal of Molecular Biology 
 

the findings of Moyeh et al. [51], who although used a SD Bioline RDT (a much 
higher sensitivity diagnostic test) discovered in comparison with microscopy 
that there was no significant difference between the two diagnostic methods. In 
spite essential limitations encountered in using light microscopy [55], the diag-
nostic sensitivity was still high when compared to that of OPTIMAL-IT* RDT. 

Molecular assay indicates that out of the eighteen (18) RDTs’ positive samples, 
ten (10) samples were randomly selected from each of the different levels of pa-
rasitaemia to run PCR and nested PCR. The PCR results indicated that three 3 
(30%) out of the 10 (100%) selected positive samples bands were positive by PCR 
to Plasmodium and were successfully amplified from parasitaemia levels 4+; 3+ 
and 2+, whereas negative for 1+. While 7 (70%) were negative to PCR. The 7 
negative samples by PCR which were earlier on reported positive by microscopy 
could be as a result of false positive microscopy results. False positive microsco-
py results of some samples might have been reported as positive perhaps due to 
poor blood film preparation which might have generated artifacts mistaken for 
malaria parasites. This correlates to the report by Wongsrichanalai et al. [54] 
that poor blood film preparation generates artifacts commonly mistaken for 
malaria parasites, including bacteria, fungi, stain precipitation, and cell debris. 
In addition, the false negative results produced by OPTIMAL-IT* RDT could 
also be attributed to either be due to variation in field isolates from intraspecies 
HRP2/HRP3 sequence [56], or due to deletions, or mutations of HRP2/HRP3 
where the parasites no longer produces the antigen or produces a mutant anti-
gen not recognized by antibodies on the test strip [57] [58]. A further confirma-
tion as elucidated by Moyeh et al. [51] in comparing microscopy and SD Bion-
line RDT, is that taking of antimalarial drugs could affect sensitivity of a test. 
That although these samples may not have intact parasites, but the gene product 
of HRP2 gene may still be in circulation and as noted by Sema et al. [59] and 
Kain et al. [60] that at times as long as 31 days after treatment. PCR identified 
three samples from the ten initially confirmed by both microscopy and RDTs’. 
The negative samples obtained from PCR could be due to the non-target Plas-
modium species gene fragment recognized by the oligonucleotide primers which 
could have been deleted or mutated [57]. Instructively, as observed in endemic 
areas by Sema et al. [59], that there may be no correlation between parasitaemia 
and antigenemia due to the early clearance of parasites by the immune system in 
an infection thus, leading to false positive RDT results or alternatively they could 
have been sequestered in deep capillaries of certain organs like the spleen, liver 
or bone marrow. Consequently, such false positive RDT samples will be negative 
by PCR due to the presence of circulating antigens in blood samples.  

Nested PCR was done on the ten (10) selected samples to detect the species of 
malaria parasite present. The nested PCR was able to detect only Plasmodium 
falciparum infection in the three (3) samples that appeared positive by the PCR. 
This agrees with the findings of Moyeh et al. [51]; Bigoga et al. [61]; Goselle et al. 
[62] who all reported an economically viable number of Plasmodium falciparum 
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when compared to Plasmodim ovale in Coastal Cameroun; Tiko and Plasmo-
dium malariae in Nigeria respectively. But this is at variance with the findings of 
Fru-Cho et al. [63] who reported substantial number of Plasmodium vivax in 
Coastal Cameroun and more number of Plasmodium malariae compared to Plas-
modium ovale by Achonduh et al. [64] in Bangolan. The non-presence of other 
species in our results does not negate their presence. This could be probably due 
to the area of study. Evidence has remain a difficult task that Plasmodium falci-
parum is majorly recorded among Africans who are Duffy-negative, Discourages 
Plasmodium vivax that is Duffy-positive but encourages Plasmodium ovale 
which is similar to Plasmodium vivax to infect Duffy negative persons [3] [49]. 
Consequently, according to the WHO report [4] for 2015-2016 in Nigeria, mala-
ria report indicated that on both admissions and deaths due to Plasmodium vi-
vax which was hitherto not available between the years 2005-2011 suddenly 
emerges between the years 2012-2015 with a figure of about 10,000. The ques-
tion begging for answers are: has the immune system of the duffy negative 
people become compromised or that Plasmodium vivax has developed certain 
features that enables it to adapt to the same pattern of infection like Plasmodium 
falciparum, or have certain characteristics like P. ovale or better still, that a case of 
highly imported Plasmodium vivax is being experienced and recorded? 

5. Conclusion 

This study which compared the four different diagnostic methods of diagnosing 
malaria parasites revealed the advantage of the microscopy (gold standard) in 
recording of the highest number of positive results compared to the RDT and 
the PCR. However, the negative results revealed by the RDT and subsequently by 
PCR could be as a result of the inability of the RDT and PCR to detect very low 
level of parasitaemia or false positive results revealed by the microscopy. Whe-
reas it has been advocated by other researchers that certain diagnostic test with 
high diagnostic sensitivity like the SD Bionline could replace microscopy in re-
mote areas with difficult access to reagents and electricity, our findings indicate 
the usage of SD Bionline alone could overlook certain levels of parasitaemia 
from a single blood film which could have been detected at early stage of infection,  
 

 

Figure 11. Summary of schematic representation of the re-
sults for the three sensitivity tests. 
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thus complicating the modeling. Although our study in conclusion highlights the 
inadequacy of presumptive diagnosis to be far lower to the references for poised 
diagnosis of malaria. We therefore recommend that adequate efforts should be 
put in place to replace presumptive diagnosis practices with parasitological valida-
tion of the parasites before administration of ACT therapy. However, only Plas-
modium falciparum was detected by all the four diagnostic methods (Figure 11). 

Recommendations 

While the use of microscopy method (gold standard) for diagnosing malaria pa-
rasites is recommended due to its low cost, its ability to reveal the morphology of 
malaria parasites and useful in the estimation of parasite density. The use of 
RDTs (are simple, quick to use, and interpret, and are potential alternatives to 
microscopy) are highly recommended for places where the facilities for micro-
scopy are poor such as the rural areas. The PCR (Molecular assay) on the other 
hand is expensive and requires a very standard laboratory with well trained per-
sonnel. Therefore, it is recommended that Government and Non-Governmental 
Organization (NGOs) should invest in the provision of standard molecular la-
boratories and personnel training in our private and Government-owned hos-
pitals, educational and research institutes of learning in poor resourced settings. 
This is necessary because PCR is one of the most modern methods of diagnosing 
malaria parasites to species and subspecies level, and has the capacity to detect 
very low levels of parasitaemia. 
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