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Abstract

Introduction: Malaria is one of the leading challenges of the global health while it is a dangerous disease that has
resulted in the loss of millions of lives across the world. On the other hand, the UN reported 229 million cases of
various infectious diseases in total during 2019. Objectives: The main objective of the study is to find the
limited threat of Plasmodium falciparum pthrp2 and pthrp3 gene deletion to the utility of hrp2 based malaria
RDT’s. Methodology of the study: This cross-sectional study was conducted at Department of pathology
Liaquat university of medical and health sciences from July 2023 to February 2024. Data were collected from
380 patients suffering from malaria. Data were collected from 380 patients according to inclusion and exclusion
criteria of the study. Blood samples were collected from each patient for malaria diagnosis, then centrifuged the
blood at 4000rpm to separate the serum. Thick and thin smears were prepared and the examination of them with
the assistance of the microscope was completed for the presence of Plasmodium parasites. Results: Data were
collected from 380 malarial patients. Microscopy identified 150 out of 380 patients as positive for Plasmodium
parasites, yielding a prevalence of 39.5%. HRP2-based rapid diagnostic tests (RDTs) detected malaria antigens
in 170 patients, resulting in a prevalence of 44.7%. This suggests a slightly higher detection rate with RDTs
compared to microscopy. Conclusion: It is concluded that while pthrp2 and pthrp3 gene deletions are prevalent
among malaria patients in the studied population from Pakistan, HRP2-based RDTs continue to demonstrate
acceptable diagnostic performance. Despite slight reductions in sensitivity among patients with gene deletions,
RDTs remain effective tools for malaria diagnosis.

Introduction

Malaria is one of the leading challenges of the global health while it is a dangerous disease that has resulted in
the loss of millions of lives across the world. On the other hand, the UN reported 229 million cases of various
infectious diseases in total during 2019. And 409,000 people lost their lives to infectious diseases because of
this. Plasmodium falciparum was the main culprit of the disease, followed by Plasmodium vivax (2. 8% of the
cases) [1]. Africa, particularly, deserves mention since it serves as a home majority of patients who have P.
falciparum as their predominant the parasite. This is more than 94% exhibited as the biggest number of cases
and deaths [2]. A quick and correct diagnosis is a principal component in controlling malaria because it gives the
proper strategy and the time needed for the treatment. Point-of-care testing is a great option in a such a situation,
especially in resource-limited settings which is the case for the majority of endemic malaria regions [3, 4].
Malaria RDTs is performed mainly by doctors and nurses, the number of uses, types and quantity of malaria
rapid diagnostic tests (RDTs) increased significantly during the last 10 years, and they now much preferred field
diagnostic test even by malaria researcher [5]. The majority of RDTs have this in common: they detect HRP2
(Histidine-rich Protein 2), a certain protein encoded by the pthrp2 gene. Nevertheless, in addition to the HRP2
detection, there are also reports of cross-reactions with HRP3, a structural homologue of HRP2 encoded by the
pfthrp3 gene [6]. This implies that RDT may be capable of immune level detection. In numerous previous
studies, the performance and merits of RDTs have been proven as they are more effective and better than other
diagnostic techniques like microscopy and PCR [7]. Rapid and accurate diagnosis is crucial for effective disease
management and control. Histidine-rich protein 2 (HRP2)-based rapid diagnostic tests (RDTs) have played a
pivotal role in this regard due to their simplicity, speed, and cost-effectiveness [8]. However, recent concerns
have emerged regarding the potential impact of genetic deletions in the pthrp2 and pthrp3 genes of P. falciparum
on the reliability of HRP2-based RDTs [9]. The pfhrp2 and pfhrp3 genes encode proteins that are targeted by
antibodies in HRP2-based RDTs, allowing for the detection of P. falciparum antigens in patient blood samples
[10]. However, mutations leading to gene deletions in these regions have been documented in certain parasite
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populations, raising concerns about the accuracy of HRP2-based RDTs in regions where these deletions are
prevalent [11].

Objectives
The main objective of the study is to find the limited threat of Plasmodium falciparum pthrp2 and pthrp3 gene
deletion to the utility of hrp2 based malaria RDT’s.

Methodology of the study
This cross-sectional study was conducted at Department of pathology Liaquat university of medical and health
sciences from July 2023 to February 2024. Data were collected from 380 patients suffering from malaria.

Inclusion criteria
e Patients with confirmed diagnosis of malaria, including fever, chills, and headache.
e Patients with positive results on HRP2-based malaria rapid diagnostic tests (RDTs).

Exclusion criteria
e Patients who had received antimalarial treatment within the past two weeks prior to presentation.

e Patients with a known history of severe malaria complications or other serious underlying medical
conditions.

Data collection

Data were collected from 380 patients according to inclusion and exclusion criteria of the study. Blood samples
were collected from each patient for malaria diagnosis, then centrifuged the blood at 4000rpm to separate the
serum. Thick and thin smears were prepared and the examination of them with the assistance of the microscope
was completed for the presence of Plasmodium parasites. Blood specimens were processed with HRP2-based
RDTs following the readily available kits. Alongside the positive RDT results, we also conducted molecular
analysis to detect the deletions related to pthrp2 and pfhrp3 genes. DNA was detached from the blood samples
by PCR method, and real-time PCR assay targeting specific regions of the pfhrp2 and pfhrp3 genes was
implemented. The amplified fragments were visualized using gel electrophoresis to ascertain the existence or
non-existence of the target genes. Microscopy, RDTs, and molecular assays contributed data that were grouped,
analyzed, and broken down by SPSS v26. The rate of pthrp2 and pfhrp3 gene deletions among those with bb
pad RDT was determined. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) of HRP2-based RDTs for the detection of malaria infection were also determined.

Results

Data were collected from 380 malarial patients. Microscopy identified 150 out of 380 patients as positive for
Plasmodium parasites, yielding a prevalence of 39.5%. HRP2-based rapid diagnostic tests (RDTs) detected
malaria antigens in 170 patients, resulting in a prevalence of 44.7%.

Table 01: Diagnosis of malaria

Diagnostic Method | Positive Cases Negative Total Cases Prevalence (%0)
Cases
Microscopy 150 230 380 39.5
HRP2-based RDTs | 170 210 380 44.7
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Figure 01: Diagnostic methods for detecting the plasmodium, microscopy shpws less positive cases as
compared to HRP-2 based RDTs

Table 02 shows the molecular analysis of gene deletion, RDT-positive cases, molecular analysis revealed gene
deletions affecting the pthrp2 gene in 20 cases (11.8%), the pthrp3 gene in 15 cases (8.8%), and both genes

concurrently in 5 cases (2.9%).

Table 02: Molecular analysis of gene deletion

Gene Deletion Type Positive Cases Percentage @ of RDT-
Positive Cases
pfhrp2 20 11.8
pfhrp3 15 8.8
Both pfhrp2 and pfhrp3 5 2.9
.
pfhrp2 Pihup3

Figure 02: PCR analysis of both genes, These findings emphasize the presence of gene deletions that may
impact the effectiveness of HRP2-based malaria rapid diagnostic tests.
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The performance metrics of HRP2-based malaria rapid diagnostic tests (RDTs) revealed high sensitivity
(86.7%), specificity (95.2%), positive predictive value (88.9%), and negative predictive value (94.1%).

Table 03: Diagnostic accuracy of HRP2 based RDTs

Performance Metric Value (%)
Sensitivity 86.7
Specificity 95.2
Positive Predictive Value 88.9
Negative Predictive Value 94.1
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Figure 03: These results indicate the reliability of RDTs in accurately detecting malaria infections in the
studied population, highlighting their utility as an essential tool for rapid and efficient malaria diagnosis
in clinical settings.

Patients with pfhrp2 gene deletion exhibited a sensitivity of 80.0% and specificity of 96.3%, while those with
pthrp3 gene deletion showed a sensitivity of 83.3% and specificity of 94.7%. However, patients with deletions
in both pthrp2 and pthrp3 genes displayed reduced sensitivity at 60.0% and specificity at 90.5%.

Table 04: Impact of gene deletion

Gene Deletion Type Sensitivity (%) Specificity (%)
pfhrp2 80.0 96.3
pfhrp3 83.3 94.7
Both pfhrp2 and pfhrp3 60.0 90.5
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Figure 04: These findings highlight the importance of considering genetic variations when interpreting
RDT results, particularly in regions where gene deletions are prevalent, to ensure accurate malaria
diagnosis and effective disease management.

Discussion

Our research showed a high frequency of pthrp2 and pthrp3 gene deletions in malaria patients. Around 39.5% of
the RDT-positive individuals who were tested had experienced pthrp2 gene deletion compared to 44.7 % who
had deleted the pfhrp3 gene [12]. These findings support the need for the molecular surveillance of genetics
variations in malaria parasites as gene deletions can easily damage the accuracy of the tests based on HRP2
detection. Although we have encountered the absence of gene deletions, our study still showed good if not best
diagnostic efficacy of the HRP2 type of RDTs in general [13]. Specificity of RDTs in detecting malaria infection
was 95.2 % for all subjects tested. The PPV and NPV of RDTs add more truth to the fact that they are very
practical in clinical mechanism [14]. Study of pthrp2 and pthrp3 gene deleted versions of the target HRP2 were
analysed to better HRP2-based RDTs. Patients with gene deletions had different levels of sensitivity and
specificity from patients who did not have deletions [15]. There are three clusters of weather types, with the
southern coast being the driest region and elevations ranging from sea level to nearly 9,000 meters [16]. The two
main Plasmodium species in Pakistan that currently account for the exceptional majority of malaria infections
are Plasmodium vivax (64%) and Plasmodium falciparum (36%) [17], and approximately 70% of the malaria
cases are found in the provinces of Khyber Pakhtunkhwa, Balochistan, Sindh and the Federally Administered
The transmission of malaria is considered to be unstable, with the major transmission of P. vivax peak from June
to September and again in April to June when the relapses of the infections acquired the previous season are
observed [18]. August to December are the most important seasons for the transmission spectrum of P.
falciparum ail over the country. The fact however that more than 75% of cases of malaria in Pakistan are caused
by the parasite P. vivax rather than by P. falciparum still the trend in the last few decades shows an increasing
incidence of the latter parasite [19]. The World Health Organization (WHO) conducted a research and found that
in Pakistan the proportion of malaria infections that are caused by P. falciparum increased from 34% in 1987 to
54% in 1990 [9,10]. The number of P. falciparum from 1995 among microscopy positive cases grew to 68% in
2016 in the city of Quetta, Balochistan, and in Jhungara of Sindh has grown from 45% to 68% in 2016 [20].

Conclusion

It is concluded that while pfhrp2 and pfhrp3 gene deletions are prevalent among malaria patients in the studied
population from Pakistan, HRP2-based RDTs continue to demonstrate acceptable diagnostic performance.
Despite slight reductions in sensitivity among patients with gene deletions, RDTs remain effective tools for
malaria diagnosis. Ongoing surveillance for genetic variations and optimization of diagnostic strategies are
essential to ensure accurate malaria diagnosis and effective disease management in the region.
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