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Abstract 

Background Dual hrp2/hrp3 genes deletions in P. falciparum isolates are increasingly reported in malaria-endemic 
countries and can produce false negative RDT results leading to inadequate case management. Data on the fre-
quency of hrp2/hrp3 deleted parasites are rarely available and it has become necessary to investigate the issue in Bur-
kina Faso.

Methods Plasmodium falciparum-positive dried blood spots were collected during a cross-sectional household 
survey of the malaria asymptomatic children from Orodara, Gaoua, and Banfora. Amplicons from the target regions 
(exon 2 of hrp2 and hrp3 genes) were generated using multiplexed nested PCR and sequenced according to Illumina’s 
MiSeq protocol.

Results A total of 251 microscopically positive parasite isolates were sequenced to detect hrp2 and hrp3 gene 
deletions. The proportion of RDTs negative cases among microscopy positive slides was 12.7% (32/251). The highest 
prevalence of negative RDTs was found in Orodara 14.3% (5/35), followed by Gaoua 13.1%(24/183), and Banfora 9.1% 
(3/33). The study found that 95.6% of the parasite isolates were wild type hrp2/ hrp3 while 4.4% (11/251) had a single 
hrp2 deletion. Of the 11 hrp2 deletion samples, 2 samples were RDT negative (mean parasitaemia was 83 parasites/ 
μL) while 9 samples were RDT positive with a mean parasitaemia of 520 parasites /μL (CI95%: 192–1239). The highest 
frequency of hrp2 deletion 4/35 (11.4%) was found in Orodara, while it was similar in the other two sites (< 3.5%). No 
single deletion of the hrp3 or dual deletion hrp2/3 gene was detected in this study.

Conclusion These results demonstrate that P. falciparum isolates lacking hrp2 genes are present in 4.4% of samples 
obtained from the asymptomatic children population in three sites in Burkina Faso. These parasites are circulating 
and causing malaria, but they are also still detectable by HRP2-based RTDs due to the presence of the intact pfhrp3 
gene.
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Background
Malaria is a major public health concern in Burkina 
Faso. More than 12 million cases of malaria have been 
reported, among which 605,504 cases of severe malaria 
and 4,355 deaths in 2021 [1]. The World Health Organi-
zation (WHO) recommends parasitological confirmation 
before treatment for malaria with quality-assured micros-
copy or RDTs [2]. Early and accurate diagnosis of malaria 
is thus becoming an essential pillar in the effective man-
agement and control of malaria. Microscopic examina-
tion is the oldest laboratory method and, although it is 
recognized as the gold standard, it has certain limita-
tions, including a shortage of qualified microscopists, 
adequate infrastructure, and logistical resources, particu-
larly in remote, resource-poor areas [3, 4]. To overcome 
the shortage of well-trained technicians in microscopic 
diagnosis in many areas of sub-Saharan Africa, the WHO 
recommends to use rapid diagnostic tests (RDTs) as an 
alternative method for diagnosing malaria [2]. RDTs are 
the primary tools used in the field, require little training, 
are easy and quick to perform and allow diagnosis even 
in remote areas prior to the prescription of anti-malarial 
drugs. RDTs are lateral flow immunochromatography 
tests that detect parasite specific antigens in the blood 
[7]. The most commonly used RDTs are those detect-
ing either species-specific Plasmodium falciparum his-
tidine-rich protein 2 (PfHRP2) or P. falciparum lactate 
dehydrogenase (PfLDH), or both P. falciparum-specific 
antigens and pan-specific antigens (aldolase or pLDH) [5, 
6]. The genes encoding the HRP2 and HRP3 proteins are 
located on chromosomes 8 and 13, respectively, in the P. 
falciparum genome [8]. Interestingly, due to conserved 
repetitive epitopes between the two antigens, some mon-
oclonal antibodies directed against HRP2 cross-react 
with HRP3 [9, 10]. The HRP2 protein is abundant in the 
blood of malaria patients. It is specifically expressed by 
P. falciparum and is an excellent target for diagnosis. 
HRP2-targeted RDTs are used in most countries in sub-
Saharan Africa where P. falciparum malaria is prevalent 
[5, 11]. According to the WHO treatment guidelines, all 
suspected cases of malaria in Burkina Faso are confirmed 
by RDTs or microscopy before treatment [2]. Since 2018, 
confirmation of suspected cases of malaria in Burkina 
Faso using HRP2-targeting RDTs has risen from 88.9% to 
99.4% in 2021 [1].

However, the performance of HRP2-based RDTs con-
tinues to be threatened by the emergence of P. falci-
parum parasite strains with a dual deletion in the hrp2 
and hrp3 genes. Parasites with deletions of both these 
genes can cause false negative results on HRP2-based 
RDTs [12]. Plasmodium falciparum field isolates from 
the Amazon region of Peru were first shown to be nega-
tive with HRP2-based RDTs due to the deletion of hrp2 

and hrp3, and their respective flanking genes [13]. Since 
then, a growing number of reports from Latin America 
and Asia have identified varying proportions of para-
sites with hrp2 deletion [14, 15]. Parasites lacking either 
or both hrp2 and hrp3 have also been reported to occur 
at varying frequencies in East Africa, West Africa, and 
Central Africa [12, 16–21]. To date, the proportion of 
P. falciparum strains with either or both hrp2 and hrp3 
gene deletions has ranged from 62% to 0.4% in selected 
studies in sub-Saharan Africa [22]. Across Africa, the 
highest prevalence of both hrp2 and hrp3 gene deletions 
has been reported in some regions of Eritrea, with fre-
quencies of 80.8% and 92.3%, respectively [23]. The emer-
gence of parasites lacking hrp2 and hrp3 gene remains a 
major threat to public health due to the widespread use 
of PfHRP2-detecting P. falciparum–only RDTs. Conse-
quently, the current solution to the diagnostic problem 
associated with the circulation of P. falciparum parasites 
lacking hrp2 and hrp3 is to first estimate their prevalence 
to decide whether it is necessary to replace the RDT. The 
WHO currently recommends switching to more effec-
tive alternative non-HRP2 RDTs when the prevalence 
of pfhp2-deleted parasites causing false negative RDTs 
exceeds 5% in symptomatic patients [24].

The presence or absence of P. falciparum parasites car-
rying the hrp2/3 gene deletion has not been assessed in 
Burkina Faso. To address this lack of information, a cross-
sectional household survey of children was conducted to 
provide useful information to guide malaria control strat-
egies for the judicious selection of RDTs used to detect 
malaria infection.

The aim of this study was to provide some preliminary 
evidence for the existence of P. falciparum lacking the 
pfhrp2 gene which may affect the accuracy of malaria 
diagnosis by HRP2-based RDTs in Burkina Faso.

Methods
Study site and design
The study was conducted in the health districts of Ban-
fora, Orodara, and Gaoua located and western and 
southern parts of Burkina Faso (Fig. 1). In these regions, 
the burden of malaria is permanent, and the mortality 
rate remains the highest in the country. The entomo-
logical inoculation rate (EIR) ranges from 0.91 to 2.35 
infective bites/person/day [25, 26] A cross-sectional 
household survey on the asymptomatic children was car-
ried out at the start of the rainy season in July 2022, the 
peak period for malaria transmission. Using a standard 
systematic sampling approach clustered by sector[27], 
190 households with a child aged 6–59  months and/or 
190 children aged 5–10 years in each study district were 
selected. A total of 380 children were enrolled in 10 ran-
domly selected villages in each health district. This study 
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was part of a larger research project that aimed to investi-
gate the prevalence of asymptomatic malaria using rapid 
diagnostic tests. Light microscopy-positive P falciparum 
samples were used to assess deletion of the histidine-rich 
protein 2/3 gene.

Laboratory procedures
Samples collection and processing for malaria screening
Blood samples collected aseptically from each participant 
by finger prick was analysed under a light microscope 
to detect the presence of parasites. Blood samples were 
also tested by RDT (AdvDx Malaria Pf Rapid Malaria Ag 
Detection Test # 00-DKM-RK-MALADX-004–025, Advy 
Chemical Pvt Ltd, India) and used to prepare 903TM 
Whatman TM (LASEC 10530151 Rev.AC, USA) five-
spot blood card which stored at room temperature in a 
sealed plastic bag containing a desiccant. All field sam-
ples (slides, and dried blood spots) were then transported 
to the CNRFP laboratory in Ouagadougou, Burkina Faso. 
Dried blood spots (DBS) were sent to the Institute of 
Parasitology and Tropical Diseases in Strasbourg and the 
Institut Pasteur in Paris, France, for molecular analyses.

This WHO prequalified (reference number: PQDx 
0345-101-00) RDTs were performed in the field and 
interpreted by well-trained nurses in accordance with 
the manufacturer’s instructions. Thick and thin blood 
smears were read by two independent level 1 certi-
fied malaria microscopists from the Clinical Labora-
tory Service according to CNRFP standard protocols. 
Slides were re-read by a third independent microscopist 
if the two readers disagreed on the species, presence or 
absence of malaria parasites, or if parasite densities dif-
fered by > 25%. The final value for parasite density was the 
mean of the two closest readings. Parasites were counted 
on the thick film and the parasite density was calculated 
using the formula: number of parasites counted × 8000/

number of leukocytes counted. If no parasites were 
detected in at least 200 fields, the slide was considered 
negative.

Parasite DNA extraction, PCR analysis and DNA sequencing
Each dried blood spot was sterile-cut and placed in an 
Eppendorf tube. Parasite DNA was extracted in a 96-well 
format as described by Zainabadi et  al. [28]. The eluted 
DNA was then quantified by fluorometric quantification 
(Qubit, Thermo Fisher), adjusted to 20 ng/μL and stored 
at −  20  °C until further use. Amplicons from the target 
regions (exon 2 of the hrp2 and hrp3 genes) were gener-
ated using multiplexed nested PCR assays with indexed 
primers containing specific tags (barcodes)[29–31]. A 
total of 4  μL of PCR reactions from each sample were 
pooled (96 samples) to increase the sample volume and 
to minimize the use of samples for the downstream steps 
of the protocol. For each pool, amplicons were purified 
using AMPure XP beads (Beckman Coulter) according 
to the manufacturer’s protocol. This was done to remove 
dNTPs, salts, primers, and primer dimers. The quality of 
the purified PCR products was assessed by analysing elu-
ates containing the purified amplicons on a fragment ana-
lyser (Agilent). The concentration of DNA in the pooled 
fragments was assessed by fluorometric quantification 
(Qubit, Thermo Fisher). Pooled libraries were denatured 
with NaOH to a final concentration of 0.1N and diluted 
with hybridization buffer prior to sequencing. Sequenc-
ing was performed with MiSeq v2 reagents using the 
300-cycle kit (Illumina) as recommended by the manu-
facturer. A phred score of 30 was used to demultiplex 
and quality trim the raw sequences. Primer sequences 
were trimmed from the 5′ end of the sequences to avoid 
any bias of the primers in the sequenced fragments. Base 
calling was performed by comparing the reads to a cus-
tom database consisting of the 3D7 reference sequence 
(v45). Bioinformatic analyses were performed using CLC 
Genomics Workbench22 (Qiagen). Laboratory reference 
parasite strains (Dd2 with a single hrp2 deletion; 7G8; 
HB3 with a single hrp3 deletion and 3601, a Cambodian 
culture-adapted parasite) were used as controls to vali-
date each run.

Ethical considerations
The protocol was approved and received authorisation 
n° 2022–05-117 from the Burkina Faso Health Research 
Ethics Committee. Before the start of the study, a com-
munity meeting was held in each selected village to 
discuss the study with community leaders. Individual 
informed consent was obtained from each head of house-
hold during a home visit before any study procedure.

Fig. 1 Location of the study sites, Burkina Faso, 2022–2023
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Statistical analysis
The socio-demographic characteristics of the participants 
were described using summary statistics. Continuous 
variables were described using the mean (and standard 
deviation), median (and IQR 25–75) and range. The one-
way ANOVA and the Kruskal–Wallis tests were used to 
test differences in means and medians, respectively. The 
Mann–Whitney test was used to assess the distribution 
of parasite density in positive and negative RDT sam-
ples Categorical variables were presented as frequencies. 
Chi-square tests were used to assess differences in false-
negative RDTs, hrp2 deletion rates between sites as well 
as individual parameters, including gender (female and 
male). A p-value test of < 0.05 was considered statistically 
significant. Analysis was carried out using MedCalc® Sta-
tistical Software version 20.218 (MedCalc Software Ltd, 
Ostend, Belgium; https:// www. medca lc. org; 2023).

Results
Baseline characteristics of the study participants
Of the 1,140 children recruited at the three study sites, 
251 whose thick and thin blood smears were microscopi-
cally positive for P. falciparum were selected to be tested 
for the absence of the hrp2 and hrp3 genes. Baseline 
characteristics of the study population by site are sum-
marized in Table 1. Microscopy parasite densities ranged 
from 16 to 544,000 parasites/μl and the median parasite 
density was 1,365 parasites/µl (IQR = 449–8210).

HRP2‑based RDT results
Of the 251 microscopy-positive P. falciparum isolates 
tested with the HRP2-based RDT, there were 219 posi-
tive results (87.3%). The proportion of samples with 

negative RDT results among the microscopy-positive 
samples was 12.7% (32/251). No significant difference 
in the proportion of negative RDT cases was observed 
between sites (Orodara, 5/35, 14.3%; Gaoua, 24/183, 
13.1% and Banfora, 3/33, 9.1%, p = 0.8, chi-squared 
test). The median parasite density of the samples dif-
fered significantly between those tested positive (1910 
parasites/µL, IQR = 565–10118) and those tested nega-
tive (279 parasites/µL, IQR = 123–661, p < 0.0001, 
Mann–Whitney test) (Fig. 2).

Of the 32 microscopy-positive P. falciparum isolates 
that were negative by HRP2-based RDT, 22 (69%) iso-
lates had a parasite density < 500 µL and 27 (84%) iso-
lates had a parasite density < 1000  µL. The parasite 
densities > 1000 parasites/µL of the five isolates that 
tested negative with HRP2-based RDT were 1240/µL, 
3083/µL, 9951/µL, 11,320/µL and 44,757/µL.

Detection of hrp2/3 gene deletion
All extracted isolate DNA were successfully sequenced 
for the detection of the hrp2 and hrp3 gene deletions. 
The frequency distribution of P. falciparum hrp2 and 
hrp3 gene deletions in the study sites are presented in 
Table 2.

A total of 95.6% (240/251) of the isolates presented 
parasites with no deletion for hrp2 and hrp3 genes 
while 4.4% (11/251) had a single hrp2 deletion. No 
parasite had a single deletion of the hrp3 gene or the 
dual deletion of the hrp2/3 gene. The highest frequency 
of parasites with hrp2 deletion was found in Orodara 
(4/35, 11.4%), followed by Gaoua (6/183, 3.3%) and 
Banfora (1/33, 3.0%) (Table 2).

Table 1 Baseline characteristics of the study individual by site

* Chi-squared test, **ANOVA (one-way), ***Kruskal–Wallis test

Site All site p‑value

Banfora Gaoua Orodara

No. of patients 33 183 35 251 -

Males, % 45.5% 48.6% 45.7% 47.8% 0.9*

Age (years) -

mean (SD*) 5.6 (2.2) 5.8 (2.5) 6.9 (1.5) 5.6 (2.4) 0.02**

range (min–max) 0.6–10 0.5–10 2.2–9.6 0.5–10 -

Temperature (°C), day 0 -

mean (SD*) 37.0 (0.6) 36.8 (0.6) 36.5 (0.5) 36.7 (0.6) 0.1**

Parasitaemia
light microscopy(µl), day 0

-

median (IQR) 4831
(928–32,451)

1350
(461–6639)

706
(168–7019)

1365
(449–8210)

0.1***

range (min–max) 24–544,000 16–207,273 16–180,870 16–544,000 -

https://www.medcalc.org
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Relationship between HRP2‑based RDT results and hrp2 
and hrp3 gene deletions
Of the 32 microscopy-positive P. falciparum samples that 
tested negative with the HRP2-based RDT, only 2 (6.2%) 
had parasites with a single hrp2 deletion and a parasite 

density of 32 and 134 parasites/µL, respectively. These 
2 samples were likely missed by RDT due to their low 
parasitaemia. For the other samples (N = 30) that did 
not have the pfhrp2/3 deletion but were also negative by 
the HRP2-based RDT (median parasite density of 279/

Fig. 2 Distribution of the parasite density of the samples tested as positive and negative by HRP2-based RDT (red dots are median)

Table 2 Frequency distribution of P. falciparum hrp2 and hrp3 deletions

RDT status in the study sites

Characteristics Sites P‑value

N(%) BANFORA GAOUA ORODARA All site

Samples N 33 183 35 251 < 0.0001

% 13.1% 72.9% 13.9% 100%

RDT false negative N 3 24 5 32

% 9.1% 13.1% 14.3% 12.7%

RDT positive N 30 159 30 219

% 12.0% 63.0% 12.0% 87.3%

No deletion N 32 177 31 240  < 0.0001

% 97.0% 96.6% 88.6% 95.6%

hrp2 gene deletion N 1 6 4 11

% 3.0% 3.3% 11.4% 4.4%

hrp3 gene deletion N 0 0 0 0

% 0.0% 0.0% 0.0% 0.0%

Dual hrp2/hrp-3 gene deletion N
%

0
0.0%

0
0.0%

0
0.0%

0
0.0%
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µL IQR = 123–661), the false negative RDT results were 
probably due to the detection threshold of the test. For 
the 9 samples that had parasites with a single hrp2 dele-
tion and tested positive by HRP2-based RDT, the median 
parasite density was 471/µL (IQR = 202-1211).

Discussion
PfHRP2-based RDTs remain a fully accessible diagnos-
tic tool for the management of suspected malaria cases, 
particularly in areas where microscopy is not available. 
However, the recent emergence and spread of parasites 
lacking the hrp2 and hrp3 genes threatens to compromise 
patient care efforts and control programmes. False-nega-
tive RDTs due to hrp2 and hrp3 gene deletion have been 
reported in several studies from Africa [12, 16, 21, 32].

The prevalence of P. falciparum with hrp2 gene dele-
tion was low, estimated at 4.4% (11/251) of microscopy-
positive samples. Overall, 12.7% (32/251) false negative 
RDT results among the samples tested with the HRP2-
based RDT. Most of these samples had low parasite den-
sities. Only two samples with false negative RDT results 
had also a single hrp2 deletion. These false-negative RDT 
results were probably not related to the hrp2 deletion 
but rather to their low parasitaemia, below the detection 
threshold of the HRP2-based RDT. Similarly, 30 other 
samples had false-negative results that appeared to be 
related to detection limits. However, others factors than 
hrp2/3 genes deletions, including operator error, lot-to-
lot RDT variability, and infection with non-falciparum 
species are the most common causes of false-negative 
HRP2-based RDT results in Africa [33, 34]. Nine isolates 
that had parasites with a single hrp2 deletion but tested 
positive with the HRP2-based RDT were also found. Pos-
itive results observed with the PfHRP2-based RDTs were 
due to parasite densities above the detection limit and 
the expression of the HRP3 protein, which is known to 
cross-react with monoclonal antibodies against the HRP2 
protein.

Although this study is the first study conducted in 
Burkina Faso, previous studies have been conducted in 
neighbouring countries, including Ghana, Mali, Senegal 
and Nigeria. As shown in these studies, the data from 
this study confirm that parasites with a single pfhrp2 
deletion are circulating at low rates in the region [18, 
20, 21]. In fact, in these countries, varying low propor-
tions of parasites with a single hrp2 deletion have been 
shown, far from those found in clinical cases in some 
hospitals in Eritrea which reach up to 80% [12]. There are 
geographical differences in the prevalence of deletions 
in areas where malaria is endemic. Studies carried out in 
Ghana have not observed any deletions in the middle belt 
of Ghana [32], whereas deletions have been observed in 
Ghanaian isolates in the coastal part of Ghana [35], with 

worrying proportions of parasites with a double deletion 
in 30.7 and 17.2% of isolates for the pfhrp2 and pfhrp3 
genes, respectively [35].

Of note, the study presented here has some limita-
tions. First, the samples tested for hrp2/3 deletions were 
obtained from a cross-sectional household survey of 
asymptomatic children and was nested within a larger 
research project that aimed at investigating the preva-
lence of asymptomatic malaria using rapid diagnostic 
tests. As a result, the population tested differs from the 
target population described in the WHO standard sur-
vey protocol who are individuals seeking care for febrile 
illness at health. Second, the selected 251 microscopy-
positive P. falciparum samples used to test for hrp2/3 
deletions were not confirmed by PCR. For the 5 RDT-
negative cases with parasite densities > 1000 parasites/uL 
(1240/µL, 3083/µL, 9951/µL, 11,320/µL and 44,757/µL) 
and no gene deletions, it cannot be excluded that these 
infections were due to non-P. falciparum species or to 
mixing with non-P. falciparum species.

Finally, the methodology used was only able to detect 
monoclonal infections with hrp2-deleted parasites and 
polyclonal infections where all clones had hrp2-deleted 
parasites. Previous research has shown an interaction 
between the multiplicity of infections (MOI) and the 
hrp2 and hrp3 deletions in malaria-endemic areas [36]. 
Polyclonal infections could mask the deletions and lead 
to an underestimation of the prevalence of deletions. The 
frequency of deletion among these polyclonal infections 
is higher than that of monoclonal infections [36]. The 
results obtained in this study showed a low prevalence 
of deletion and this could be caused by the existence of 
MOI as well as mixed with deleted and non-deleted para-
sites classified as non-deleted in this study.

Conclusion
The results of this study show that P. falciparum isolates 
lacking the hrp2 gene are present but at low levels in Bur-
kina Faso. It is reassuring to note that parasites with a 
single deletion of the hrp2 gene do not appear to reduce 
the performance of HRP2-based RDTs. However, given 
the geographically heterogeneous prevalence of gene 
deletion, ongoing monitoring is necessary, as the situa-
tion could change rapidly.
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