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Objective: Plasmodium falciparum produces histidine-rich protein 2/3 ( Pfhrp2/3 ) genes that accumulate to high 

levels in the bloodstream and serve as a diagnostic and prognostic marker for falciparum malaria. Pfhrp2/3 gene 

deletions may lead to false-negative rapid diagnostic test (RDT) results. We aimed to determine the prevalence of 

pfhrp2 / 3 gene deletions in P. falciparum isolates and the implications for RDT use in the Mount Cameroon region. 

Methods: A cross-sectional hospital-based study with malaria diagnosis performed using microscopy, RDT and 

nested polymerase chain reaction (nPCR). In total, 324 P. falciparum microscopy positive individuals were enrolled 

and their samples confirmed positive for P. falciparum using 18SrRNA PCR. Samples that gave false-negative RDT 

results were analyzed to detect pfhrp2 / 3 exon 2 deletions. 

Results: Of 324 positive microscopic and nPCR samples, 16 gave RDT false-negative results. Among the 324 P. 

falciparum positive isolates, exon 2 deletions were observed in 2.2% (7 of 324); 3 were negative for pfhrp2 gene, 

2 for pfhrp3 , and 2 for both pfhrp2 and pfhrp3 (double deletions). 

Conclusion: P. falciparum isolates with pfhrp2 / 3 gene deletion were present in the parasite populations and may 

contribute to the RDT false-negative results in the Mount Cameroon region. 
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.1. Introduction 

Malaria is an infectious disease with an estimated 229 million cases

lobally; it was responsible for 409,000 deaths in 2019 ( World Health

rganization, 2020 ). In the same year, Plasmodium falciparum malaria

as responsible for nearly all malaria cases and fatalities in Sub-Saharan

frica and 94% of all malaria cases and deaths worldwide ( World Health

rganization, 2020 ). Malaria caused by the falciparum parasite contin-

es to have a detrimental impact on human life and fragile economies. 

Malaria remains prevalent in Cameroon, with an estimated 71% of

he population living in high transmission areas ( World Health Orga-

ization, 2011 ), and is the leading cause of morbidity and mortality

mongst the most vulnerable groups, including children under the age

f 5, pregnant women and the poor. Effective malaria therapy necessi-

ates accurate laboratory diagnosis, which is still a key component of

lobal malaria control efforts ( Ali et al ., 2016 ) . 

Malaria rapid diagnostic tests (RDTs) based on histidine-rich protein-

 ( hrp2 ) have improved malaria case management and surveillance, es-

ecially in Africa, where P. falciparum is most common. The emergence
Abbreviations: Pfhrp2, Plasmodium falciparum histidine-rich protein 2.; Pfhrp3, P
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f gene deletion on P. falciparum histidine-rich proteins 2 ( pfhrp2 ) and 3

 pfhrp3 ) has jeopardized the utility of these RDTs. Any pfhrp2 or pfhrp3

ene deletion may impact the performance of PfHRP2 -based RDTs, lead-

ng to incorrect patient diagnosis and therapy. For reliable investigation,

onfirmation and reporting of pfhrp2 and pfhrp3 gene deletion, stan-

ard and recommended methods must be used. Agaba et al. (2019) and

ojom and Singh (2020) conducted systematic reviews and found unam-

iguous evidence of pfhrp2 and pfhrp3 gene deletion in Africa, where P.

alciparum is the most common pathogen, and HRP2 -based RDTs are the

ost utilized for malaria diagnosis. There is currently no information

n the deletion of the pfhrp2 and pfhrp3 genes in Cameroon. 

.1. Materials and methods 

.1.1. Study design 

We conducted a hospital-based cross-sectional study from August

020 to July 2021 involving febrile patients seeking malaria diagno-

is in the regional hospitals in Buea and Limbe in the Mount Cameroon

egion. 
lasmodium falciparum histidine-rich protein 3.. 

ng) . 

022 
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Fig. 1. Map showing study sites (not drawn to scale); a: Cameroon, b: South West Region. Source: Generated using ArcGIS version 10.2.2. (Colour) 
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.1.2. Study area 

Several studies in Africa have reported the presence of pfhrp2 / 3 gene

eletions. Our study was carried out in the Mount Cameroon region,

ituated in Fako Division (4°10 ′ 00 ′ ’N, 9° 10 ′ 00 ′ ’E) and covering an area

f 2093 km 

2 with an elevation ranging from 0 to 4095 m above sea

evel ( Fig. 1 ). The region has an estimated population of 534,854 and

he major towns include Buea, Idenau, Limbe, Mutengene, Muyuka and

iko. The climate is generally hot and dry, except for Buea, which has

 humid climate due to its location on the slopes of Mount Cameroon.

ako Division experiences two seasons, rainy and dry. The rainy season

s usually between March and October, and the dry season is between

ovember and February. 

.1.3. Study participants 

Our study involved patients coming for consultation in the Out-

atient Department or Emergency Unit of the regional hospitals who

onsented to participate in the study. They were febrile patients of both

exes and all ages residing in the study area who presented with malaria

ymptoms but were not on any antimalarial medication. 

.1.4. Sampling technique 

A simple random sampling technique was used to enrol partici-

ants with a sample size calculated using the formula described by

winscow (2002) : 

 = 

( 𝑍 

2 𝑥𝑝 (1 − p) 
e 2 

where 

 = sample size p = prevalence of deletion from previous study in Nige-

ia = 17% ( Funwei et al ., 2019 ) 

 = 95% CI = 1 . 96 
301 
 = error = 0 . 05 

 = 

1 . 96 2 𝑥 ⪯0 . 17 ( 1 − 0 . 17 ) 
0 . 05 2 

 = 217 

Hence, we required approximately 300 participants to adjust for

ropouts. 

.1.5. Data collection 

A structured questionnaire was used to gather study participants’

nowledge of malaria and preventive methods. Participants’ axillary

emperature was measured using an electronic thermometer; fever was

efined as ≥ 37.6°C ( Sumbele et al. , 2016 ). 

.1.6. Sample collection 

Venous blood (2 − 5 mL) was collected from each participant and dis-

ensed into ethylenediaminetetraacetic acid tubes using antiseptic tech-

iques. The uncoagulated blood was used to perform the malaria diag-

ostic tests (microscopy, RDT and polymerase chain reaction [PCR]).

hick/thin blood smear and RDT for malaria were conducted for all

articipants. A few drops of blood were spotted on labelled filter paper

Whatmann_ No.3, Sigma-Aldrich, Germany) and allowed to air dry. The

apers with dried blood spots were individually stored in plastic bags

ith a desiccant at room temperature for subsequent DNA extraction. 

.1.7. Sample analysis 

.1.7.1. Detection of malaria parasite by Giemsa microscopy. The blood

lms were prepared, air-dried and stained with freshly prepared 10%
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Table 1 

Primer sequences for amplification of 18SrRNA gene, pfhrp2 and pfhrp3 genes in malaria parasites 

Species Primer Sequence (5’-3’) 

Expected fragment length in 

Base pairs (bp) 

Plasmodium spp. rPLU5 CCTGTTGTTGCCTTAAACTTC 900 

rPLU6 TTAAAATTGTTGCAGTTAAAACG 

P. falciparum rFAL1 TTAAACTGGTTTGGGAAAACCAAATATATT 205 

rFAL2 ACACAATGAACTCAATCATGACTACCCGTC 

pfhrp2 

Outer Pfhrp2-F1 CAAAAGGACTTAATTTAAATAAGAG 

600 – 1000 Pfhrp2-R1 AATAAATTTAATGGCGTAGGCA 

Nested Pfhrp2-F2 ATTATTACACGAAACTCAAGCAC 

Pfhrp2-R1 AATAAATTTAATGGCGTAGGCA 

pfhrp3 

Outer Pfhrp3-F1 AATGCAAAAGGACTTAATTC 

600 – 950 Pfhrp3-R1 TGG TGTAAGTGATGCGTAGT 

Nested Pfhrp3-F2 AAATAAGAGATTATTACACGAAAG 

Pfhrp3-R1 TGG TGTAAGTGATGCGTAGT 
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Table 2 

Thermocycling conditions for amplification of Plasmodium falciparum 

Cycling Conditions 

Steps 

Temperature Time 

Primary PCR Nested PCR 

Pre-denaturation 94°C 3 minutes 

Denaturation 94°C 1 minute 

Annealing 55°C 61°C 1 minute 

Extension 68°C 1 minute 

Number of Cycles 25 30 

Final extension 68°C 5 minutes 

Hold 4°C ∞
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iemsa solution for 25–30 min according to the standard World Health

rganization (WHO) Methods Manual procedure ( World Health Organi-

ation, 2015 ) and read separately by two expert microscopists. A third

icroscopist resolved any discrepancy between readings. Detection of

alaria parasites and estimation of the parasite density by light mi-

roscopy was performed as described in the WHO Methods Manual

 World Health Organization, 2015 ). 

.1.7.2. Diagnosis of malaria parasite by rapid diagnostic test. Two com-

ercially available RDT kits, CareStart Malaria Pf/PAN (HRP2/pLDH)

ACCESSBIO, New Jersey, USA) Ag Combo RDT and SD BIOLINE

alaria Ag P.f (Standard Diagnostics Inc, Korea) RDT, were used to de-

ect malaria parasites, according to the manufacturer’s instructions. 

The CareStart Malaria Pf/PAN (HRP2/pLDH) Ag Combo RDT is a

hromatographic test for the rapid qualitative detection of malaria hrp2

nd pLDH ( plasmodium lactate dehydrogenase) of P. falciparum, P. vivax,

. ovale and P. malariae in human whole blood. The RDT membrane strip

s pre-coated with two monoclonal antibodies as two independent lines

cross the test strip. One line (test line 2) is pan-specific to pLDH of

he Plasmodium species and the other line (test line 1) contains a mono-

lonal antibody specific to P. falciparum HRP2. Antibodies absorbed in

old particles are impregnated on the conjugate pad. The test had a sen-

itivity of 98% (95% CI 97.05%–100%) and specificity of 97.5% (95%

I 94.64%–99.36%). 

The SD BIOLINE Malaria Ag P.f RDT is a fast chromatographic test

or the qualitative detection of the hrp2 antigen of malaria P. falciparum

n human whole blood. On the test line region, a membrane strip is pre-

oated with mouse monoclonal antibodies specific to HRP2 of P. falci-

arum . The malaria P. falciparum antigen in the specimen reacts with the

ouse monoclonal antibodies specific to HRP2 of P. falciparum colloid

old conjugate. They chromatographically migrate through the mem-

rane to the test region, where they form a visible line as an antibody-

ntigen-antibody gold particle complex with a high degree of sensitiv-

ty and specificity. The test had a sensitivity of 99.7% (95% CI 98.5%–

00%) and specificity of 99.5% (95% CI 97.2%–99.9%). 

.1.7.3. Detection of malaria parasite by PCR. 

2.1.7.3.1. Parasite DNA extraction. The DNA template for the

ested PCR (nPCR) assay was extracted from dried blood on filter paper

sing the Chelex 100 method, as previously described ( Musapa et al .,

013 ). Then, 120 𝜇L of the total genomic DNA was carefully transferred

nto sterile Eppendorf tubes and stored at -20°C for future use. 

2.1.7.3.2 P. falciparum identification by nested PCR. Detection of

alaria parasite DNA was based on nPCR amplification of the 18Sr-

NA gene in a reaction that used 2 𝜇L of the extracted DNA, 7.5 𝜇L of

oTaq polymerase and master mixes (Promega, USA), 0.5 𝜇L each of up-

tream and downstream primers, and 4.5 𝜇L of nuclease-free water in a

otal reaction volume of 15 𝜇L. The first PCR included genus-specific

rimers, while the second nPCR run included P. falciparum -specific
302 
rimers (species-specific primers), as previously described ( Abdallah

t al ., 2015 ), using the primary amplicons as the DNA template ( Table 1 ).

PCR was repeated for all negative results. For discordant results, am-

lification was repeated a third time, with the final result being two con-

istent results. The thermocycling conditions were as shown in Table 2 .

2.1.7.3.3 nPCR amplifications of the pfhrp2 and pfhrp3 genes. Posi-

ive P. falciparum samples that were RDT-negative were used for further

mplification of the exon 2 of pfhrp2 and pfhrp3 genes to detect the

resence or absence of these two genes. The primary PCR amplification

f pfhrp2 and pfhrp3 genes was performed using the primers and reac-

ion conditions described in Tables 1 and 3 . These amplifications were

erformed in a total volume of 15 μL consisting of 7.5 μL of One Taq

X master mix with standard buffer, 0.5 μL each of outer and nested

rimers, 2 μL of DNA template and 4.5 μL of nuclease-free water. The

PCR was performed in the same manner with the amplicons from the

rimary reaction being used as the DNA template. nPCR was repeated

or all negative results. In the instance of contradictory results, the am-

lification was repeated a third time, with the final result being two

onsistent results. 

.1.7.4. Confirmation of gene deletion. To verify the presence of para-

ites in the pfhrp2 -negative samples, microscopy-positive samples with

ositive results for 18SrRNA but negative results for pfhrp2/3 were con-

idered pfhrp2/3 -deleted after excluding low parasitaemia to avoid in-

orrect deletion calls. 

.1.7.5. Agarose gel electrophoresis. A 2% (w/v) agarose gel was used to

onfirm the presence of bands. The amplified PCR products (amplicons)

ere detected by running 10 𝜇L of the PCR mixture on the agarose gel,

tained with 0.5 𝜇g/mL ethidium bromide solution. The samples were

un using a Powerpack (Biorad, CA, USA) at 99 volts for 30 min along-

ide a 100 bp DNA ladder and a negative control (autoclaved distilled

ater), followed by separation. The bands were visualized under a UV

ransilluminator (Bio-Rad). 
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Table 3 

Thermocycling conditions for amplification of Pfhrp2 and Pfhrp3 Genes 

Species Initial Denaturation Denaturation Annealing Extension Cycles Final extension Hold 

Pfhrp2 Outer 94° for 5 minutes 94°C for 30 seconds 59°C for 1 minute 68°C for 1 minute 40 68°C for 3 minutes 4°C 

Nested 94°C for 5 minutes 94°C for 30 seconds 59°C for 1 minute 68°C for 1 minute 40 68°C for 3 minutes 4°C 

Pfhrp3 Outer 94°C for 5 minutes 94°C for 30 seconds 55°C for 1 minute 68°C for 1 minute 40 68°C for 3 minutes 4°C 

Nested 94°C for 5 minutes 94°C for 30 seconds 55°C for 1 minute 68°C for 1 minute 40 68°C for 3 minutes 4°C 

Table 4 

Socio-demographic and Clinical characteristics of study participants 

Characteristics Variable Number Percentage 

Gender MaleFemaleTotalSex ratio 1232013240.61 38.062.0100 

Age Group (Years) < 2020-2930-3940-49 ≥ 50Total 11984422950324 36.725.913.09.015.4100 

Mean ± SD ageMin – Max 27.45 ± 19.41-99 

Educational Level Non-formal educationPrimarySecondaryTertiaryVocational trainingTotal 94115410119324 2.812.747.531.25.9100 

Marital Status SingleMarriedWidowedTotal 16414911324 50.646.03.4100 

Temperature 37.5 – 38.338.4 – 39.4 ≥ 39.5Total 276399324 85.212.02.8100 

Mean Temp. 37.9 ± 0.49 

Number of times infected 123 > 3Total 367758153324 11.123.817.947.2100 

Parasitemia (T/μL) < 10001000-49995000-99,999 ≥ 100,000Total 741371085324 22.842.333.31.5100 

Mean density ± SDMin – Max 11 825.99 ± 33 033.24180 – 344 727 

Table 5 

Microscopy, RDT, and nPCR results for detection of P. falciparum 

Variable Examined Positive n (%) Negative n (%) 

Microscopy 324 324 (100) 0 (0.0) 

RDT 1 (CareStart TM Malaria Pf/PAN) 324 308 (95.1) 16 (4.9) 

RDT 2 (SD BIOLINE Malaria Ag P.f ) 324 308 (95.1) 16 (4.9) 

nPCR 324 324 (100) 0 (0.0) 

Abbreviations: RDT, rapid diagnostic test; nPCR, nested polymerase chain reaction 

Fig. 2. Nested PCR of samples on gel representing pfhrp2 genes M = molecular 

weight marker; 3 is the negative control; 5 is a negative sample; 1, 2, 4, are 

positive samples 
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Fig. 3. Nested PCR of samples on gel representing pfhrp3 genes 

M = molecular weight marker; 3 is the negative control; 5 is a negative sample; 

1, 2, 4 and 6 are positive samples 

o  

c

 

(  

o  

a  

r

3

 

p

 

t  

i  

r

.1.7.6. Data analysis. Data collected were entered into Census and

urvey Processing System (CsPro 7.6 software) and analyzed using

BM® SPSS® Statistics version 20 (IBM, USA) for Microsoft Windows.

earson’s chi-square test was performed. Data were double-checked to

etect missing data or errors. The threshold for statistical significance

as set at P < 0.05. 

.1. Results 

.1.1. Sociodemographic and clinical characteristics of study participants 

A total of 324 patients who were positive by microscopy for P. fal-

iparum malaria were enrolled in the study: 201 (62.0%) were women

nd 123 (37.8%) men, 36% (119 of 324) were aged < 20 years, 47.5%

154 of 324) had a secondary school level education, and 50.6% (164
303 
f 324) were single. Table 4 provides the sociodemographic and clinical

haracteristics of the participants. 

The mean body temperature of the participants was 37.9°C ± 0.49

 Table 4 ). All participants had a past malaria infection with a history

f fever: 47.2% (153 of 324) had been infected > 3 times between birth

nd when they were enrolled in this study and 58.3% (189 of 324) had

eceived malaria treatments from health facilities. 

.1.3. Detection of P. falciparum malaria 

Of the 324 microscopy positive samples, 308 (95.1%) were RDT-

ositive and 16 

(4.9%) were RDT-negative. nPCR confirmed all samples were posi-

ive for Plasmodium infection. P. falciparum was the only species detected

n the positive samples by both microscopy and PCR. Table 5 shows the

esults of malaria detection using microscopy, RDT and PCR. 
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Table 6 

Diagnostic profile and parasite density of the microscopy positive/RDT negative isolates 

SN Sample ID Microscopy 

Results 

RDT1 RDT2 nPCR hrp2 hrp3 Parasites/μL 

1 L002 + - - + + + 3,200 

2 L052 + - - + - - 3,800 

3 L069 + - - + + + 240 

4 L077 + - - + + + 400 

5 L094 + - - + + + 880 

6 L095 + - - + + + 240 

7 L102 + - - + - - 3,200 

8 L104 + - - + + + 480 

9 L128 + - - + - + 780 

10 B001 + - - + + + 7000 

11 B004 + - - + + - 20,000 

12 B005 + - - + + + 16,000 

13 B056 + - - + + + 820 

14 B114 + - - + - + 180 

15 B123 + - - + + - 1592 

16 B124 + - - + - + 6766 

Table 7 

Prevalence of P. falciparum hrp2/hrp3 dele- 

tions in the false-negative isolates (n = 16) 

Variable Number Percentage (95% CI) 

pfhrp 2 

Positive 11 68.8 (43.8-87.5) 

Negative 5 31.3 (12.5-56.3) 

pfhrp 3 

Positive 12 75.0 (50.0-93.8) 

Negative 4 25.0 (6.3-50.0) 
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.1.4. Amplification of pfhrp2 and pfhrp3 genes 

Amplification of pfhrp2 and pfhrp3 genes was done on the 16 sam-

les that were RDT negative but PCR positive. Of these samples, 2 were

egative for both pfhrp2 and pfhrp3 genes (double deletions), 3 negative

or pfhrp2 genes only, and 2 negative for pfhrp3 genes only. Figures 2

nd 3 show the PCR gel banding patterns of the pfhrp2 and pfhrp3 genes.

Of the 16 samples, 11 (68.8%) were positive for pfhrp2 genes and

2 (75.0%) were positive for pfhrp3 genes. Nine had coexisting positive

esults for both pfhrp2 and pfhrp3 genes, 2 were positive only for pfhrp2

enes and 3 were positive only for pfhrp3 genes, as shown in Table 6 . 

Out of the 7 samples with pfhrp2 / 3 gene deletions, PCR assay iden-

ified 3 (42.9%) as deleted for pfhrp2 genes only, 2 (28.6%) as deleted

or pfhrp3 genes only, and 2 (28.6%) deleted for both pfhrp2 and pfhrp3

enes ( fig. 4 A). 

.1.5. Prevalence of pfhrp2 and pfhrp3 gene deletions in the total isolates 

nd the false-negative RDT samples 

Out of the 324 samples, the prevalence of pfhrp2/3 gene deletion

as 2.2% (7 of 324) ( Fig. 4 B). The prevalence of pfhrp2 gene deletion

as 1.5% (5 of 324) and 1.2% (4 of 324) for pfhrp3 gene deletion, with

 of these samples having deletions for both pfhrp2 and pfhrp3 genes

0.6% prevalence). Amplification of the Plasmodium 18SrRNA identi-

ed 16 samples to have false-negative RDT results. Of these 16 samples,

3.8% (7 of 16) had pfhrp2/3 gene deletion ( Fig. 4 C), 31.3% (5 of 16)

ad pfhrp2 gene deletion and 25.0% (4 of 16) had pfhrp3 gene deletion

 Table 7 ). A total of 2 isolates were negative for both pfhrp2 and pfhrp3

iving a prevalence of 12.5% for double deletions in the false-negative

DT isolates. 

.1. Discussion 

In our study, 7 of the 324 participants had pfhrp2 / 3 gene deletion

iving a prevalence of 2.2%, similar to a study carried out in Mali

hich found a 2.0% prevalence. However, the prevalence in this study
304 
s far less than the 62.0% prevalence observed in Eritrea (Berhane et al.,

018). In the absence of the pfhrp2 protein, most of the antibodies used

n RDTs to detect pfhrp2 also detect pfhrp3 due to structural homology

 Gendrot et al., 2019 ). 

The prevalence of pfhrp2 exon 2 deletions was 1.5% (5 of 324) in

his study, which is comparable to previous studies in Senegal (2.4%),

ozambique (1.45%) and Ethiopia (4.8%) ( Wurtz et al., 2013 ; Gupta

t al ., 2017 ; Girma et al ., 2018), and lower than findings reported

n Ghana (36.2%, Amoah et al., 2016 ), DR Congo (6.4%, Parr et al .,

017 ), Kenya (9% Beshir et al ., 2017 ), Eritrea (9.7%, Menegon et al .,

017 ), Rwanda (23%, Kozycki et al ., 2017 ), Sudan (60%, Hamid et al .,

017 ), Eritrea (62%, Berhane et al ., 2018 ), Zambia (37.5%, Kobayashi

t al ., 2019 ), Nigeria (17%, Funwei et al ., 2019 ) and Ethiopia (17.9%,

lemayehu et al ., 2021 ). 

Similarly, the prevalence of pfhrp3 exon 2 deletion (1.2%; 4 of 324)

as comparable to studies in Kenya which found a prevalence of 1.1%

 Beshir et al ., 2017 ) but lower than the prevalence of deletion reported

n Honduras, 44.1% ( Abdallah et al ., 2015 ), Eritrea 100% ( Berhane et al .,

018 ) and Ethiopia 9.2% ( Alemayehu et al ., 2021 ). Variations in trans-

ission intensity, geographical location, sample size, and laboratory

ethods used to analyze pfhrp2/3 genes deletions could explain these

iscrepancies. 

In the present study, 47.8% (7 of 16) of Pf HRP2 RDT negative sam-

les lacked exon 2 of pfhrp2/3 , the main amino acid coding region of

he pfhrp 2 and pfhrp 3 gene. Of these PCR-negative pfhrp 2/3 exon 2 sam-

les, all were microscopy positive. The pfhrp2/3 gene deletions observed

n this study would undoubtedly impact the diagnostic performance of

f HRP2 RDTs. The WHO’s threshold level for pfhrp2/3 deletions causing

alse-negative RDT results is much lower at 5% ( World Health Organi-

ation, 2018 ). Our study also revealed that 68.75% (11 of 16) of false-

egative PfHRP2 RDT results were pfhrp 2 exon 2 positive. The cause of

hese false-negative Pf HRP2 RDT results could, as reported in previous

tudies, be due to the absence of Pf HRP2 antigen as a result of host im-

une response in high transmission areas ( Ho et al ., 2014 ), variation in

he amino acid sequence expressing reduced levels of the target antigens

 Cheng et al ., 2014 ), or the genetic variation of the pfhrp2 gene leading

o a modified protein Pf HRP2 with a new epitope that is not recognized

y RDT antibodies (Gendrot et al ., 2018). 

The proportion of isolates with pfhrp2 gene deletions among the

alse-negative cases using Pf HRP2-based RDT was 31.3% (5 of 16). A

imilar result (23%) was reported in Ghana ( Amoah et al ., 2016 ). Con-

ersely, only 2.4%, 10.6% and 9.9% of false-negative Pf HRP2-RDT re-

ults involved parasites with pfhrp2 gene deletions were reported in

enegal ( Wurtz et al ., 2013 ), Nigeria ( Funwei et al ., 2019 ) and DR Congo

 Munyeku et al ., 2021 ), respectively. Similarly, the prevalence of isolates
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Fig. 4. Representations of Frequency and Prevalence of deletions; A: Venn diagram demonstrating frequencies of pfhrp2/pfhrp3 gene deletions (in number and 

percentage), B: Prevalence of pfhrp2 and pfhrp3 gene deletions in P. falciparum Isolates, C: Representation of prevalence of P. falciparum hrp2 and hrp3 gene 

deletions in RDT false-negative samples. (Colour) 
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ith pfhrp3 gene deletions among the false-negative cases using Pf HRP2-

ased RDT was 25.0% (4 of 16), differing from the 85.8% prevalence (6

f 7) recorded in Senegal ( Wutz et al., 2013 ). 

Genetic alterations in parasites, such as pfhrp 2/3 deletion, are un-

ikely to be the only source of RDT false negatives. Some of the RDT

alse-negatives samples were found to be positive using nPCR and there

ere no identifiable deletions in the pfhrp2 / 3 genes. These findings

ould be attributed to issues with the RDT employed or operator er-

or in completing the tests and/or interpreting the results, which could

ead to false negatives, as documented in prior research ( Berzosa et al .,

020 ). 

Partially deleted pfhrp2 and pfhrp3 genes, prozone effects due to

bundant antigen, sequence variability of pfhrp 2 and pfhrp 3 genes, and

irculating antibodies to HRP2 have all been observed to interfere with

RP2 RDT detection ( Gamboa et al ., 2010 ; Lee et al ., 2006; Ho et al .,

014 ). Although the primers employed in this investigation only am-

lified exon 2 of the pfhrp2 gene and exon 2 of the pfhrp3 gene, the

fhrp2 and pfhrp3 genes are known to contain chromosomal breaking

ites outside of exon 2 ( Cheng et al ., 2014 ). In individuals with hyper-

arasitaemia, HRP2-based RDTs have been reported to show prozone-

ike effects. Although the mechanism of prozone-like effects for antigen

etection assays is unknown, one likely explanation is that the amount

f antigen detected exceeds the dye-labeled antibodies’ binding capabil-

ty. Unlabeled target antigen reaches the test strip in this case, saturating

he binding capacity of the test strip’s capture antibodies. As a result,

ye-labeled antibodies that capture antigen may fail to bind to the test

trip and generate a visible band ( Luchavez et al ., 2011 ). However, the
 C  
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rozone impact has only been linked to false-negative HRP2 test lines

n samples with ≥ 288,000 parasites/μL ( Gillet et al ., 2011 ). Therefore,

ased on our parasite density data, it is unlikely to have been a signifi-

ant cause of false-negative RDTs in this study. 

This study mentions the role of an intact pfhrp3 gene in PfHRP2 RDT-

ositive results. Although only three of the pfhrp3 exon 2 PCR positive

amples lacked pfhrp 2 exon 2, these three samples were confirmed pos-

tive by PCR and microscopy in the absence of the pfhrp2 gene, suggest-

ng that pfhrp3 exon 2 may have contributed. This finding aligns with

revious studies ( Amoah et al ., 2016 ; Beshir et al ., 2017 ; Alemayehu

t al ., 2021 ) which showed that structural similarities between epitopes

f PfHRP2 and PfHRP3 antigens allow PfHRP2 monoclonal antibodies to

ross-react with PfHRP3 ( Lee et al ., 2012 ). Indeed, the true prevalence

f pfhrp2 gene deletion in our study may have been underestimated by

fHRP2 RDT positive test results with intact pfhrp3 exon 2. 

Our findings demonstrate that pfhrp2 -negative parasites are more

ommon in our study site than pfhrp3 -negative parasites, which has also

een seen in Suriname ( Akinyi Okoth et al ., 2015 ). In Colombia, Peru

nd Honduras ( Gamboa et al ., 2010 ; Akinyi et al ., 2013 ; Abdallah et al .,

015 ), pfhrp3 -negative parasites outnumber pfhrp2 -negative parasites. 

.1. Conclusion 

Our study revealed that P. falciparum isolates with pfhrp2 and pfhrp3

ene deletions are present in the parasite populations in the Mount

ameroon region. False-negative RDT results may lead to misdiagno-
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is of patients with malaria infections where the diagnosis is based on

he use of Pf HRP2-based RDTs only. 

It is essential to have good diagnostic tools on the front line to control

alaria. Therefore, there is a need for more extensive studies involving

amples collected from different geographical settings across Cameroon

o estimate the true prevalence of pfhrp2/3 deleted parasites and their

mpact on malaria diagnosis in Cameroon. 
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