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Abstract: Malaria Rapid Diagnostic Tests (RDTs) plays an important role in malaria management and 

control. The Pf HRP2 based RDT kit is the most widely used RDT for malaria diagnosis in Nigeria but is 
affected by the deletion of HRP2 gene in Plasmodium falciparum parasites. Therefore, identifying the 

prevalence and distribution of Plasmodium falciparum parasites with deleted Pf HRP2 is important for 

malaria control. Pf HRP2 gene deletion was assessed in this study by first carrying out Giemsa stained thick 
blood film microscopy and Pf HRP2 RDT strip test. The samples were further analyzed for molecular 

examination by PCR assay for multiple single–copy genes (Pf Cox3, Pf HRP2, Pf HRP3 and Pf Beta 

tubulin).  This study found the existence of eight (8) Plasmodium falciparum isolates lacking the HRP2 gene 

in the samples analyzed, this necessitates the need to develop a unique RDT Kit targeting other 
housekeeping genes unique for Plasmodium falciparum with far greater sensitivity than the current ones as 

to reduce the chances of false negative RDT result as well as developing unique RDT Kits targeting both 

PfHRP2 and PfHRP3 genes concomitantly in order to reduce the chances of having a false positive RDT 

results.  
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1. Introduction 

Malaria is one of the major causes of 

mortality and morbidity in the tropics and 

subtropics particularly in Africa (Skeet, 2005). 

Early diagnosis is very important for disease 

management and effective treatment of malaria. 

Diagnosis of malaria using microscopic 

examination of thin and thick blood smears is 

still the gold standard (Siahaan, 2018). 

However, The World Health Organization 

recently recommended the adoption of malaria 

rapid diagnostic tests (RDTs) as a universal 

testing to confirm the presence of malaria 

parasites in regions where microscopic 

examination cannot be performed (Gillet et al., 

2011).  

Malaria RDTs are immuno-

chromatographic tests that detect proteins 

released from parasitized red blood cells. It has 

been designed to detect either Plasmodium 

falciparum specifically, or P. falciparum in 

addition to another human malaria parasite or 

detect all human malaria parasites 
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(Cunningham et al., 2019). Malaria RDT kits 

mainly detects antigens P. falciparum Histidine 

Rich Protein 2, parasite Lactate Dehydrogenase 

(pLDH), and parasite Aldolase (pALD), 

although pALD and pLDH appear to be highly 

conserved (Lee et al., 2006; Maltha et al., 

2010). The specific antigen remains in the 

circulation for up to 4 weeks after the malaria 

parasites clearance due to its high abundance 

and heat stability (Iqbal et al., 2004).  

A structural homologue of PfHRP-2, 

PfHRP-3, has been found to have cross 

reactivity with some monoclonal antibodies 

directed against PfHRP-2  (Lee et al., 2012). 

Thus, although PfHRP-2 based RDT kits have 

the highest sensitivities, they also have high 

false positive rates (Baiden et al., 2012). 

Therefore, accurate diagnosis of malaria by 

PfHRP-2 RDT kits can be affected by the 

pfhrp2 and or pfhrp3 genotype of the parasite, 

the concentration of PfHRP-2 antigen produced 

by the parasite and also the prolonged existence 

of PfHRP-2 antigen after parasite clear (Wurtz 

et al., 2013). 

Diagnosis of malaria by RDT without 

additional confirmation of parasitaemia 

nowadays become a major problem due to false 

positive test results, which leads to the 

unnecessary administration of anti-malarial 

drugs when no malaria parasites are actually 

present in the patient (Gerstl et al., 2010). False 

positive RDT test results are frequently 

obtained immediately following an anti-

malarial drug regimen, when parasites are 

cleared or densities very low, but the antigen 

remains in circulation weeks later (Adu-Gyasi 

et al., 2012; Gerstl et al., 2010). Additionally, 

there is failure to produce the HRP2 target 

molecule for HRP2-based RDTs by the 

Plasmodium falciparum parasites without the 

“central repeat region of the HRP2 gene” 

which may cause false-negative RDTs (Dorado 

et al., 2016; Gamboa et al., 2010; Koita et al., 

2012). This could be due to gene deletion, 

frame shift mutation or alteration in protein, 

which may have also contributed to the 

variable performance of RDT test (Dorado et 

al., 2016). 

Nowadays, concerns have been raised 

about the diagnostic threat and malaria control 

posed by parasites without hrp2 such as the 

effectiveness of PfHRP2-based RDTs in 

affected regions (Fontecha et al., 2018; Maltha 

et al., 2012). In response, the World Health 

Organization has prioritized efforts to address 

parasites with deletions of the pfhrp2 and/or 

pfhrp3 genes, for this reason, there is a little 

amount of data on the frequency of those 

parasites and the factors responsible for their 

selection. Recently, deletion of these genes was 

reported in population-based studies from Peru, 

Mali, Asia-Pacific region, India, Madagascar, 

in a clinical case in Uganda and as case report 

from Brazil (Baker et al., 2005; Maltha et al., 

2012; Parr et al., 2017). However, such data is 

not available in Nigeria. This research sought 

to analyze the possibility of Pfhrp2 gene 

deletion in clinical isolates from northwestern 

Nigeria. 

2. Materials and methods 

2.1. Materials 

2.1.1. Study Area 

The study was conducted at Muhammadu 

Abdullahi Wase Specialist Hospital and 

Murtala Muhammad General Hospital situated 

within Kano metropolis, North West 

geopolitical zone of Nigeria. The area is 

located in Kano city and has a coordination of 

latitude 11.96°N and longitude 8.55°E.  

2.1.2. Ethical Approval and Consent 

The ethical approval was obtained from the 

Research and Ethical Committees of the Kano 

State Ministry of Health 

(MOH/Off/797/T.I/872). Informed verbal 

consent was obtained from patients or their 
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parents prior to blood collection with standard 

questionnaire. 

2.1.3. Study population 

Patients irrespective of age or sex, with 

clinical presentation of malaria through 

consultation and are referred for diagnostic 

evaluation of P. falciparum in vitro. 

2.1.4. Inclusion and Exclusion Criteria for 

Sample 

All samples with both positive malaria 

smear and RDT were excluded, as well as all 

samples with both negative malaria smear and 

RDT were also excluded. Whereas all samples 

with either a positive malaria smear and a 

negative RDT or samples with negative malaria 

smear and positive RDT were included. 

 

2.2. Methods  

2.2.1. Determination of sample size 

The sample size was determined from 

standard formula for calculation of minimum 

sample size. Sample size ‘n’ was given by the 

formula, where n = 138.29 as a minimum 

number of samples for the study with 2% (3) of 

these subjects were added to the research for 

attrition, making a total of approximately 141 

subjects ( Draugalis & Plaza , 2009). 

2.2.2. Sample Collection 

Blood samples were collected via veno-

puncture into Ethylene diamine tetra acetic acid 

(EDTA) containers and were taken to the 

laboratory for examination. 

2.2.3. Microscopy 

Thick blood smears were made, then 

stained using 3% Giemsa stain and examined 

100 fields by oil immersion magnification in 

which the parasite density was estimated as 

described by (Wongsrichanalai et al., 2007). 

2.2.4. Rapid Diagnostic Test (RDT) 

The HRP2-based RDT (CareStart™ 

Malaria HRP2 Pf) was performed according to 

the manufacturer’s instructions. 

 

 

2.2.5. DNA Extraction 

The EDTA anti-coagulated blood sample 

that was stored at -4ºC was allowed to thaw 

and vortexed, and then the DNA was extracted 

using D1800 Blood Genomic DNA Extraction 

kit (solarbio life science), according to the 

manufacturers protocol. 

2.2.6. Polymerase Chain Reaction (PCR) 

Amplification  

All the PCR reactions were performed by 

preparing a 20ul reaction mix containing 3ul of 

DNA template, 0.5ul of each forward and 

reverse primer, 10ul of high fidelity 

polymerase (Thermo fisher Scientific) and 6ul 

of nuclease free water. PCR reaction was set 

using 3-step PCR set up: 1) One (1) cycle of 

initial denaturation at 95°C for 3 minutes. 2) 

Thirty five cycles (35) cycles of denaturation at 

94°C for 30 seconds and extension at 72°C for 

30 seconds. However, other parameter for the 

annealing temperature varies depending on the 

primer used. (3) One (1) cycle of final 

extension at 72°C for 5 minutes. 

PCR was performed using the following 

set of primers: 

 PF COX3 GENE: Forward: (5’ 

AGCGGTTAACCTTTCTTTTTCCTTAC

G 3’) and Reverse (5’ 

AGTGCATCATGTATGACAGCATGTTT

ACA 3’).   

o Annealing temperature used was 

58°C for 30 seconds.  

 PF HRP2 GENE: Forward: 

ATTCCGCATTTAATAATAACTTGTGT

AGC and Reverse: 

ATGGCGTAGGCAATGTGTGG.  

o Annealing temperature used was 

58.5°C for 30 seconds.  

 PF HRP3 GENE: 5’ 

TATCCGCTGCCGTTTTTGCTTCC 3’ 

and Reverse: 5’ TGCATGATGGGCATC 

ACCTG 3’. 

o Annealing temperature used was 

58°C for 30 seconds. 
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 PF BETA TUBULIN GENE: Forward: 

(5’ AATAAATCATAATGATGT 

GCGCAAGTGATCC 3’) and Reverse: (5’ 

AATAAATCATAATCCTTTGTGGACAT

TCTTCCTC 3’).  

o Annealing temperature used was 

58°C for 30 seconds. 

Agarose gel electrophoresis was performed 

on the PCR products. The electrophoresis was 

performed at 80V for 1 hour 30 minutes using 

5 μl of gel ready DNA marker pipetted into the 

adjacent well. The PCR products were 

visualized using Alpha Imager Mini after 

staining with ethidium bromide.  

3. Results and discussion 

3.1. Results 

Seventy (70) samples from patients 

attending Murtala Muhammad Specialist 

Hospital (MMSH) were analyzed for 

microscopy and RDT. Fifty five (55) samples 

appeared to be positive and fifteen (15) 

samples were negative for microscopy, while 

forty six (46) samples appeared to be positive 

and twenty four (24) samples were negative for 

RDT (Table 1). Seventy (70) samples were 

also collected from Abdullahi Wase specialist 

Hospital (AWSH) and analyzed for microscopy 

and RDT. Forty seven (47) samples appeared to 

be positive and twenty three (23) samples were 

negative for microscopy, while twenty three 

(23) samples appeared to be positive and forty 

seven (47) samples were negative for RDT 

(Table 1).  

Based on the method of Parr et al. (2018), 

only those samples that appeared RDT-

Positive/Microscopy negative and RDT-

negative/Microscopy positive are eligible for 

further screening of Hrp2 gene deletion. 

Therefore the samples were subjected to a 

combination of rapid diagnostic and 

microscopy. Thirty eight (38) samples from 

MMSH were found to be both positive for 

microscopy and RDT while seven (7) samples 

were found to be both RDT and microscopy 

negative. Nine (9) samples were RDT 

positive/microscopy negative, while 16 sample 

were RDT negative/ microscopy positive 

(Table 1). Twenty two (22) samples from 

AWSH were found to be both microscopy and 

RDT positive, twenty three (23) sample were 

both microscopy and RDT negative, one (1) 

sample was RDT positive/microscopy negative, 

while twenty four (24) samples were RDT 

negative/microscopy positive (Table  2).  

A total of fifty (50) samples from both 

hospitals were found to be microcopy 

positive/RDT negative and microscopy 

negative/RDT positive and were further 

analyzed for molecular examination in order to 

assess the possibility of PfHRP2 gene deletion 

in those samples. However, molecular 

genotyping was first performed for species 

identification of the malarial parasite. The 

samples were analyzed for Pf Cox 3 gene 

(Plasmodium falciparum genotyping) out of 

which only sixteen (16) samples appeared 

positive with the expected band size (508bp), 

while thirty four (34) samples were negative, 

possibly due to different specie of the malaria 

parasite (Fig. 1, 2, 3). Having confirmed the 

species of the malarial parasite, the sixteen (16) 

Cox3-gene positive samples were further 

analyzed for Pf HRP2 gene out of which five 

(5) samples appeared to be positive with 

expected band size (800bp, 900bp) and eleven 

(11) samples were negative possibly due to 

absence of the gene (Fig. 4). The eleven (11) Pf 

HRP2 gene negative samples were further 

amplified for Pf HRP3 gene were ten (10) 

samples were positive with expected band size 

(300bp, 400bp, 800bp) and one (1) sample was 

negative (Fig. 5). More so, Pf Beta tubulin final 

confirmation was performed on the one (1) Pf 

HRP3 gene negative sample which appeared to 

be negative either due to no or low limit of 

detection (Fig. 6). 
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Table 1. Microscopy And RDT Results of Samples Analyzed from Murtala Muhammad Specialist 

Hospital and Abdullahi Wase specialist Hospital 

Hospital Name Microscopy Hrp2 RDT 

MMSH Microscopy 

positive 

Microscopy 

negative 

Total RDT 

positive 

RDT 

negative 

Total 

55 15 70 46 24 70 

AWSH 47 23 70 23 47 70 

Total sample size   140   140 

 

Table 2. Combination of Microscopy And RDT Results Of Samples Analyzed from Murtala 

Muhammad Specialist Hospital and Abdullahi Wase Specialist Hospital 

 

 

Fig. 1. Pf cox3 gene PCR (P. falciparum genotyping) amplification 

 

Fig. 2. Pf cox3 gene PCR (P. falciparum genotyping) amplification

Hospital 

Name 

 

Hrp2 RDT 

/microscopy 

positive  

n= 

 

Hrp2 RDT 

/microscopy 

negative 

n= 

 

Hrp RDT 

positive/microscopy 

negative 

n=(molecular 

investigation) 

 

Hrp RDT 

negative/microscopy 

positive  

n= (molecular 

investigation) 

 

Total 

 

MMSH 38 7 9 16 70 

AWSH 22 23 1 24 70 

Total 
sample 

size = n 

60 30 10 40 140 
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Fig. 3. Fig. 1, 2, 3. Pf cox3 gene PCR (P. falciparum genotyping) amplification. MWM is the 

molecular weight marker while the arrows indicated the 508bp of the 16 successfully amplified Pf 

cox3 genes 

 

 
Fig. 4. Pf HRP2 gene amplification. Five (5) samples out of 16 were positive for Pf HRP2 gene 

with the expected band sizes of 800bp and 900bp 

 

 

Fig. 5. Pf HRP3 gene amplification.  Ten (10) samples out of 11 were positive for Pf HRP3 gene 

with the expected band sizes of 300bp, 400bp and 900bp 
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Fig. 6. Pf Beta tubulin gene amplification. No amplification was observed 

 

3.2. Discussion 

In sub-Saharan Africa, Pf HRP2 RDTs are 

the tests most commonly used and best 

recommended for parasitological confirmation 

of malaria in regions where microscopic 

examination cannot be performed before 

treatment. However, several reports have noted 

significant declines in the sensitivity of Pf 

HRP2 RDTs after declines in the intensity of 

transmission ( Kumar et al., 2013; Shakely et 

al., 2013). Thus, in this study Pf HRP2 RDT 

performance was examined in relation to 

microscopy, which is considered the gold 

standard (Zimmerman and Howes, 2015).  

By employing the improved approach of 

testing algorithm for PCR-based detection of 

PfHRP2/3-negative P. falciparum, the 

identification of PfHRP2-negative parasites 

must be coupled with verification of P. 

falciparum parasitaemia and confirmation that 

parasite DNA is present (Kumar et al., 2019; 

Parr et al., 2017) . The presence of amplifiable 

DNA in PfHRP2-deleted samples were 

confirmed by PCR assay for multiple single 

copy genes (Pf Cox3, Pf HRP3 and Pf Beta 

tubulin). In the first stage, i.e. genotyping of P. 

falciparum, PCR amplification of Pf Cox3 gene 

showed 16 samples that appeared to be positive 

with an expected band size of about 508bp out 

of the 50 samples analyzed. The negative 

samples may likely not be from P. falciparum 

strain as Cox3-gene is solely used for 

genotyping Plasmodium falciparum  

(Echeverry et al., 2016). 

Having confirmed the specie of the 

malarial parasite, the second stage is to confirm 

if there is Pf HRP2 gene deletion.  From the 

sixteen (16) Pf cox3 positive samples, five (5) 

samples were amplified giving the expected 

band sizes of 800bp and 900bp  in accordance 

with (Koita et al., 2012) and eleven (11) 

samples were with no amplification. The 

eleven samples which showed negative 

PfHRP2 gene amplification indicated the 

possibility of having PfHRP2 gene deletion or 

cross reactivity between the PfHRP2 and 

PfHRP3 gene products. Therefore in the third 

stage, the eleven (11) samples were set for 

amplification of Pf HRP3.  After the 

amplification of Pf HRP3-gene, ten (10) 

samples appeared positive with expected band 

sizes of 800bp, 400bp and 300bp in accordance 

with (Parr et al., 2018) and only one (1) sample 

was negative. This indicated a possibility for 

cross reactivity of Pf HRP2 for/with Pf HRP 3 

which was found to be positive and/ or negative 

on the Pf HRP 2 RDT strip. According to (Parr 

et al., 2017), PfHRP3 antigen triggers a 

positive PfHRP2- based RDT because some Pf 

HRP2 antigens shares similar epitopes  to Pf 
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HRP3 antigens resulting to Pf HRP2-deleted 

parasites with an intact Pf HRP3 gene.  

The final confirmatory PCR was carried 

out on the one (1) PfHRP3 negative sample for 

the amplification of Pf Beta tubulin in which 

no amplification was recorded, this could be as 

result of low limit of detection (LOD) or even 

absence of the amplicon (Parr et al., 2018).  

The failure of a parasite to express its 

antigen on the PfHRP2-based RDT could be as 

a result of some possible factors; either due to 

genetic deletions as in deletion of PfHRP2 and 

PfHRP3 genes (Gamboa et al., 2010), frame 

shift mutations or alterations in protein 

expression (Wellems and Howard, 1986), 

storage and transport conditions of RDT, 

variability within the parasite antigen technique 

used to perform test, interpretation of test 

results or parasite density (Baker et al., 2010; 

Baker et al., 2005; Maltha et al., 2012). 

This study found the existence of P. 

falciparum isolates lacking the HRP2 gene in 

the samples analyzed. Detection of Pf HRP3 

gene in some of the samples, which appeared 

positive RDT, and negative Pf HRP2 gene 

confirmed the possibility of cross reactivity of 

Pf HRP2 and Pf HRP3 gene products on RDT. 

Also false-negative PfHRP2 RDTs with 

detection of Pf HRP3 gene in some of the 

samples has provided new information on the 

performance of Pf HRP2 RDTs in Nigeria 

which supports the previously raised concerns 

that the sensitivity of Pf HRP2 RDTs may 

decline as malaria control improves. More so, 

the current situation of Pf HRP2 RDTs has 

certainly compromised malaria diagnosis and 

treatment.  

4. Conclusions 

The existence of P. falciparum isolates 

lacking the HRP2 gene was confirmed in this 

study so also cross reactivity of Pf HRP2 and 

Pf HRP3 gene products. The study has 

confirmed the already raised fear of PfHRP2 

gene deletion which will severely compromise 

malaria diagnosis and treatment. Based on this 

finding, there is a need to develop a unique 

RDT Kit targeting both PfHRP2 and PfHRP3 

genes concomitantly in order to reduce the 

chances of having a false positive result. 

Furthermore, other house- keeping genes 

unique for Plasmodium falciparum can be 

considered for developing a kit with far greater 

sensitivity than the current ones. 
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