
Open Access

Email: cpch@ceospublishers.com

Received date: January 15, 2023
Accepted date: February 15, 2023
Published date: February 17, 2023

Roland Funwei, Department 
of Pharmacology, Babcock 
University, Ogun state Nigeria, Tel: 
2348036712769, E-mail: okporu2@
gmail.com

*Corresponding Author

Roland Funwei, Precious Umukoro, 
Gabriel Uyaiabasi, Wasiu Hammed, 
Chika Okangba et al. (2023) 
Sensitivity of Rapid Diagnostic 
Test, Microscopy and Pcr in 
Asymptomatic Malaria Detection 
in Rural Community from 
Southern Nigeria. CEOS Pediatr 
Child Health 1: 1-8

CEOS Pediatrics and Child Health

Sensitivity of Rapid Diagnostic Test, Microscopy and Pcr 
in Asymptomatic Malaria Detection in Rural Community 
from Southern Nigeria  

Roland Funwei1,2*, Precious Umukoro3, Gabriel Uyaiabasi1,2, Wasiu Hammed2, 
Chika Okangba4, Obaro Micheal3, Olusola Ojurongbe 5,6, Oladapo Walker1,2 and 
Catherine Falade3,7

1Department of Pharmacology, Babcock University, Ogun state Nigeria
2Center for Advanced Medical Research and Biotechnology (CAMRAB), Babcock 
University. Ogun state, Nigeria 
3

4Department of Medical Microbiology, Babcock University, Ogun state Nigeria
5Department of Medical Microbiology, Ladoke Akintola University of Technology, Oyo 
State, Nigeria
6Center for Emerging and Re-emerging Infectious Diseases (CERID), Ladoke Akintola 
University of Technology, Oyo State, Nigeria
7Institute for Advanced Medical Research and Training (IAMRAT), University of Ibadan, 
Nigeria

Abstract

Background: Asymptomatic falciparum malaria is a major diagnostic and public health 
challenge to global malaria control and elimination programmes. In malaria high transmission 

study evaluated the performance of CareStartTM rapid diagnostic test, microscopy and 
polymerase chain reaction (PCR) amongst asymptomatic individuals of southern Nigeria. 

Method: A cross-sectional community-based study was conducted from November 2018 to 
February 2019 to evaluate the performance of CareStartTM, microscopy and PCR amongst 
asymptomatic individuals. 

Results: 
CareStartTM and microscopy were analysed against PCR as the reference. Malaria prevalence 

of microscopy were 65.2% and 80.4% while accuracy, and positive and negative predictive 

microscopy (0.39). 
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Conclusion: 
is comparable with microscopy in asymptomatic malaria 
parasite detection. An ultra-sensitive nucleic acid-based 
point-of-care diagnostic devices are required to accurately 
detect asymptomatic malaria parasite in Nigeria. 

Keywords: Asymptomatic malaria, RDTs, Microscopy, PCR 
and Nigeria

Abbreviations: 

COVID-19  Coronavirus Disease-19

DBS   Dried blot spot

FP    False positive; 

FP   False negative

mRDT    malaria rapid diagnostic test; 

PCR    Polymerase Chain Reaction

pfHRP-2  Plasmodium falciparum Histidine-Rich 

protein-2

pLDH    Plasmodiun Lactose 

Dehydrogenase hrp2-histidine-rich protein-2

 RDT   Rapid Diagnostic Test

ssrRNA  small subunit ribosomal ribonucleic acid; 

TN    True negative; 

TP    True positive, 

WHO   World Health Organization



in sub-Saharan Africa which contribute the highest global 

Malaria impacts health, social and economic dimensions either 
directly or indirectly [2]. Nevetheless, malaria is an eminently 
preventable and treatable disease caused by Plasmodium 
species, transmitted to the humans during a blood meal of  an 
infected female Anopheles
pregnant women are the most vulnerable to malaria morbidity 
and mortality [4]. In 2020, over 241 million people were infected 
with malaria and 627,000 deaths occurred with an  estimated 
95% of global malaria cases and deaths reported in sub-Saharan 

estimated fatality of one million estimated in 1998. Despite the 

shows that malaria burden surged by 15 million malaria cases 
and 68,000 deaths in recent years. Approximately, two-thirds of 
the additional malaria deaths in 2020 were linked to disruption 
in the provision of malaria prevention, diagnosis and treatment 

economic burden of the disease [6]. 

Quality vector control systems, accurate diagnosis and 

recommended guidelines are key to reducing the morbidity and 

although, fever remains the hallmark symptom of malaria but 
it is also commonly associated with other tropical diseases 
like measles, dengue fever and typhoid disease in the tropics 
[8].  Symptom-based clinical management of malaria lead 
to inaccurate diagnosis and mistreatment [9]. In appropriate 
diagnosis and presumptive malaria treatment are one of the 
major contributors of drug pressure and subsequent emergence 

suspected malaria cases should undergo microscopy and/or RDT 

of a successful malaria program as it engenders correct treatment 
and reduces drug pressure which may lead to the development of 
parasite resistance.

of malaria parasites or its circulating antigen in host’s blood 
[12]. Conventional malaria diagnostic methods in clinical 
settings include microscopy and rapid diagnostic tests (RDTs) 
while polymerase chain reaction (PCR) is used in reference 

method varies widely on cost, expertise, malaria epidemiology 
and locality of the setting. 

For several decades, Microscopy remains the gold standard for 

uniqueness of microscopy as a diagnostic tool lies in its ability to 
detect all the major Plasmodium species, as well as gametocytes 
of P. falciparum in the hands of expert microscopist [14,15]. 
However, slide preparation, expertise, equipment, quality reagent 

limited settings [16]. At high parasite densities, microscopy is 
reported to have excellent diagnostic performance regarding 

ranges between 50–200 parasites per microliter [11].  

On the other hand, RDTs are immuno-chromatographic lateral 

[18,19]. RDT detects malaria parasites by targeting its antigens, 
histidine-rich protein- 2 (hrp2), which is exclusively expressed 
by P. falciparum and Plasmodium lactate dehydrogenase (pLDH), 
expressed by all known human Plasmodium species in the host 
blood [20].

Malaria RDTs are preferred diagnostic tool in low infrastructural 
setting where equipment, reagents and expertise to handle the 
microscope is lacking [15]. 
no skill and has a short turn-around time. However, extreme 
temperature, humidity and persistent presence of circulating 

[20–22].  Another striking limitation for RDTs is the occurrence 
of false negative results arising from parasites with hrp2 gene 
deletion [24,25]. Despite these limitations, RDT uptake continues 

diagnosis in resource limited settings to augment microscopy. 

density and hrp2 concentrations are high [13,26].

Introduction 
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detecting asymptomatic and sub-microscopic infections [27]. 
PCR- based methods amplify parasites DNA and thus are highly 
sensitive. When compared to microscopy, PCR-based diagnosis 
have higher sensitivity in low parasitaemia infections [12,28]. 
However, operational cost, complexity and long turn-around 
time limits its use in clinical settings [12,27].  

Asymptomatic parasite carriage in P. falciparum infections is 
well established [27,29]. Contrary to previous assumption that 
asymptomatic infections are peculiar to high transmission 
areas due to acquired partial immunity, studies have shown 
that asymptomatic infections exist in low transmission areas 
of endemic countries [30]. Parasitaemia in asymptomatic 
malaria range from microscopic to submicroscopic densities 

the sensitivity of the diagnostic tool [31]. Since asymptomatic 
patients develop no clinical manifestation, they evade treatment 
and hence, serve as reservoir for malaria transmission [27,32]. 
Asymptomatic Plasmodium carriage is reportedly responsible 
for 20-50% of all human-to-mosquito malaria transmission in 
submicroscopic population [33]
performance on asymptomatic malaria diagnosis in line with 

study is designed to evaluate and compare the performance of 
CareStartTM RDT, microscopy and PCR amongst asymptomatic 

study is to demonstrate if CareStartTM can be used as a stand-
alone diagnostic method in resource poor settings. 

Material and Methods

Study location and design

A cross-sectional study focused on diagnosis and treatment of 
unsuspected asymptomatic malaria was carried out in November 
2018 in a riverine community (Akeddei) situated between 
latitudes 4°55ˈN and longitudes 6°04ˈE in the Niger Delta 

March to October while a very short dry season is observed from 
November to February each year [34]. 

Malaria transmission in the study location is holoendemic to 
hyperendemic thus, transmission is all year round with peak 

Malaria control measures in the community is not optimal, 
therefore, malaria is the commonest reason for hospital visit. 
Hence, early diagnosis and treatment is key to reducing mortality 
and morbidity in the population.

by Greenwood [35]
individuals who were completely afebrile at the time they were 

lethargy, vomiting, diarrhea, body pains and headaches. However 

Study Population

Although, ost of the people who reported in the health center 
for the treatment of malaria were children below of the age of 

study and community consent was obtained from the community. 

study population comprised asymptomatic participants from 5 
months to 41 years of both sexes. A total of 163 participants were 

was carried out in the laboratory with microscopy and PCR.

Laboratory Procedures

perform RDT following sterile procedures. A thick blood 
smear was prepared on microscope slides, and blood spots on 

from Carestart™ (Access Bio, Inc. USA) brand of Plasmodium 
falciparum histidine rich protein -2 (PfHRP-2) based mRDT 

interpretation were done according to the manufacturer’s 
instructions. Reading and interpretation of test results were 
carried out by community health workers and interpreted within 
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positive, when the test and control lines were visible in their 
respective test windows, negative when only the control band 
was visible and invalid when the control band was not visible. 

who was blind to the mRDT result later in the laboratory. A 

high-
Calculation of Parasite density was carried out by counting the 
number of asexual parasites against 200 leukocytes, assuming a 

[36,37]. 

Genomic DNA was isolated from dried blood spots (DBS) using 
Dried Blood Spot DNA Isolation Kit (Norgen Biotek Corp. 

extracted DNA was stored at –20o

-
amplify P. falciparum, P. vivax, P. malariae and P. ovale genes of the 
small subunit ribosomal ribonucleic acid (ssrRNA) as previously 
described [39]

mix (FIREPolTM

-

Plasmodium genus-
was followed by nested P. falciparum, P. vivax, P. malariae, and 
P. ovale species-
nested PCR thermal cycling conditions were: Initial denaturation 
at 94oC for 5 minutes, followed by 30 cycles, respectively, 1 min at 
94oC for denaturation, 2 min at 58oC for annealing temperature, 
and 2 min at 72o oC. 
PCR grade water was used as negative control while a previously 

controls and was included in each PCR run. Amplicons were 
loaded into a 1.5% agarose gel pre-stained with EZ-Vision In-
GelTM

to electrophorese at 100V for 60 min alongside 100 base pair 
DNA molecular ladder (Solis BioDyneTM, Estonia) for amplicon 

Plasmodium species 
-

base pair size.

Data Analysis 

of true positive (TP), false positive (FP), true negative (TN) 

characteristics of malaria RDTs and microscopy was further 

[TN/ (FP+TN)], negative predictive value, positive predictive 
value, diagnostic accuracy and kappa’s value to evaluate the level 
of agreement. Kappa’s value of 0.21 – 0.40 as fair agreement, 0.41 
to 0.60 was considered moderate agreement while 0.61 to >0.80 
was considered substantial to almost perfect agreement [39]. 

Results 

Baseline demographic and clinical characteristics of 166 asymptomatic 

(43.4%) and ≥ 12 (22.3%) respectively, were evaluated. Asymptomatic 
malaria prevalence was higher in age group 6-11, (73.6%, 63.9% 
and 61.1%) as detected by PCR, CareStartTM RDT and microscopy 

the malaria prevalence amongst the three diagnostic techniques (ρ 
= 0.250). However, within the <5 age group, there was a statistically 

sensitive (ρ = 0.023).   A higher proportion of the participants were 
female (56.6%), accordingly, malaria was more prevalent in female 

only seen in males amongst the three diagnostic methods evaluated 
(ρ = 0.007). A total 160 (96.4%) participants had normal body 
temperature (≤ 37.5oC) while only 6 (3.6%) were febrile (≥ 37.5oC 

malaria compared to RDT and microscopy (ρ = 0.001). When body 

in malaria positivity rate amongst the three diagnostic methods with 
regards to body weight (Table 1). Of the 166 participants, 85/166 
(51.2%) were positive for P. falciparum by microscopy. Of this group, 
18/85 (21.2%) has parasite density less than 200 p/µL while 67/85 
(78.8%) had parasite density greater than 200 p/µL. Of the ≤ 200 p/
µL, RDT detected 44.4% and PCR 77.8% while microscopy, the gold 
standard for parasite count determination, recorded 100% (ρ = 0.001). 
Similarly, RDT detected 82.1% and PCR 89.6% for parasitaemia ≥ 
200 p/µL against microscopy’s 100% (ρ = 0.002) (Table 1).
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PCR speciation of malaria recorded high prevalence of 68.7% 
for P. falciparum 0.6% for P. ovale and for 6.0% P. malariae 
respectively. No P vivax was detected in the study population. In 
all, more female were positive for P. falciparum (63.85%) while 
more male were infected with P. malariae (8.3%). However, the 

P. malariae occurred as mono 
infection (Table 2).

positive, 16 false positive, 38 false negative and 36 true negative. 
While microscopy detected 74 true positive, 11 false positives, 40 
false negative and 41 true negative respectively (Table 3).
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Characteristics
PCR
n=114 (%)

RDT
n = 92 (%)

Microscopy
n = 85 (%)

ρ value

Age (Years)
≤ 5 (n = 57)
6 – 11 (n = 72)
≥ 12 (n = 37)
Total

39 (68.4)
53 (73.6)
22 (59.5)
144 (68.7)

26 (46.2)
46 (63.9)
20 (54.1)
92 (55.4)

26 (46.2)
44 (61.1)
15 (40.5)
85 (51.2)

0.023*
0.250
0.242
0.028

Gender:
Male (n = 72)
Female (n = 94)

54 (75.0)
60 (63.8)

39 (54.2)
53 (56.4)

37 (51.4)
48 (51.1)

0.007*
0.210

Temperature (o C):
≤ 37.5 (n = 160)
≥ 37.5 (n = 6)

111 (69.4)
3 (50)

87 (54.4)
5 (83.3)

81(48.8)
4 (66.7)

0.001*
0.473

Weight (kg)
≤ 15 (n = 45)
16 – 35 (n = 94)
≥ 36 (n = 27)

27 (60.0)
71 (75.5)
16 (59.3)

22 (48.9)
57 (60.6)
13 (48.1)

17 (37.8)
59 (62.8)
9 (59.3)

0.109
0.066
0.633

Parasite density (p/µL):
≤ 200 (n = 18)
≥ 200 (n= 67)

14 (77.8)
60 (89.6)

8 (44.4)
55 (82.1)

18 (100)
67 (100)

0.001*
0.002*

Table 1: Baseline Demographic and Clinical Characteristics of Study Participant

Gender P. falciparum (%) P. ovale (%) P. malariae (%) P. vivax (%)

Male n = 72 54 (75) 0 6 (8.3) 0

Female n = 94
Total (n = 166)

60 (63.8)
114 (68.7)
ρ = 0.084

1(1.1)
1 (0.6)

4 (4.3)
10 (6.0)
ρ = 0.228

0

Table 2: Plasmodium species positive rate by Gender

Variable RDT Microscopy
True Positive 76 74
False Positive 16 11
False Negative 38 40
True Negative 36 41

Table 3: Performance of Malaria RDT and Microscopy against PCR
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predictive value (NPV) and diagnostic accuracy recorded 66.7%, 
69.2%, 82.8%, 48.3% and 67.5% for RDT and 64.9%, 78.8%, 87.2%, 

Discussion

To sustain the current decline in the global malaria burden, 
passive and/or active detection of asymptomatic malaria 
parasites and treatment is required in high transmission settings 

transmission in endemic regions and support strategic planning 

the performances of malaria RDT, microscopy and nested 
PCR in asymptomatic malaria detection in a malaria endemic 
riverine community from southern Nigeria. Nigeria shoulders 
the highest burden of global malaria with more cases in the rural 
settings [40]. Malaria diagnosis in these settings, mainly relies 
on presumptive and clinical symptoms due to lack of microscopy 

malaria RDT by WHO is aimed at parasite-based malaria case 
management at the community level to promote appropriate 

malaria diagnostic tool [41]. 

Asymptomatic malaria was more prevalent in children aged 6 – 

may be attributable to acquired immunity resulting from several 
episodes of malaria attacks during early stage in life [42].

malaria endemic regions with high transmission [43], as seen in 

value) for RDT and microscopy was similar (Good measure of 
agreement) when compared with PCR as the reference standard. 

= 0.030) than RDT (Table 4).

most sensitive diagnostic technique for asymptomatic malaria, 
the detection rates of RDT and microscopy was comparable. 
Implying that in settings where microscopy is not readily 
available, RDT can be deployed for both symptomatic and 
asymptomatic malaria parasite detection prior to medication.

Asymptomatic malaria prevalence was female biased compared 
to their male counterpart in our study. While there are no 
clear explanation to this gender bias malaria infectivity rate, 

[44,45].  A survey conducted in Uganda reported female gender 
was disproportionately associated with higher incidence of 
malaria across all age groups, especially at childbearing age, 
and concluded that female make more frequent visits to health 
facilities independent of malaria with higher risk of seeking 
care at these facilities [44].  A similar gender based study was 
conducted in Ghana which reported 62% malaria cases in 
women, but attributed the prevalence to low educational status 
and preferential malaria self-medication at home by their male 
counterparts [45]. Conversely, other authors have reported male 
biased malaria prevalence [46].

detection, especially for RDT and microscopy. While the 

µL, microscopy recorded false positive when compared to nested 

Variable RDT (%, CI)
Microscopy
(%, CI)

ρ value

Sensitivity 66.7 [57 – 75] 64.9 [55 - 74] 0.409

69.2 [55 – 81] 78.8 [65 – 89] 0.030*

Positive Predictive Value 82.8 [76 – 88] 87.2 [80 – 92] 0.166

Negative Predictive Value 48.3 [40 – 56] 50.2 [43 – 57] 0.406

Accuracy 67.5 [60 – 74] 69.2 [62 – 76] 0.414

κ- statistics 0.32 0.38 0.201

Table 4: Performance of Microscopy and Malaria RDT against PCR as Gold Standard
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considered at ≥ 200 parasite/µL [47]. Interestingly, the detection 

200 parasite/µL in all diagnostic methods.

Plasmodium falciparum is the predominant species in Nigeria and 
sub Saharan Africa [48], as our study detected more falciparum 
in all and malaria in males while the only ovale was detected in a 
female participant during PCR speciation. 

at low parasitaemia [49]
comparably with microscopy in the detection of asymptomatic 

diagnosis at peripheral health facilities and routine malaria 
diagnosis at all levels of healthcare delivery. 

Conclusion

TM mRDT is comparable with 
microscopy in the detection of asymptomatic malaria and should 
be encouraged whenever the decision to treat malaria is reached 
irrespective of fever status to guide appropriate malaria case 
management in malaria endemic and high transmission settings. 
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