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Abstract 

Objective: Rapid diagnostic tests (RDTs) play a crucial role in the management and control of malaria infection. The 
histidine-rich protein 2 (PfHRP-2) based RDTs are the most commonly used RDTs for malaria diagnosis in Sudan. Dele-
tion of pfhrp2 in Plasmodium falciparum genome affect the accuracy of PfHRP-2 based RDT kits. This study aimed to 
identify molecular variation of pfhrp2 among suspected malaria patients from different clinics in Omdurman, Sudan.

Results: A noticeable variation between the RDT (Alltest Biotech, China) and nPCR results was observed, for RDT 78% 
(46/59) were P. falciparum positive, 6.8% (4/59) were co-infected with both P. falciparum and Plasmodium vivax, 15.3% 
(9/59) were negative by the RDT. However, when the nPCR was applied only 44.1% (26/59) and 55.9% (33/59) was P. 
falciparum positive and negative respectively. The pfhrp2 was further amplified form all nPCR positive samples. Only 
17 DNA samples were positive from the 26 positive P. falciparum, interestingly, variation in band sizes was observed 
and further confirmed by DNA sequencing, and sequencing analysis revealed a high-level of genetic diversity of the 
pfhrp2 gene in the parasite population from the study area. However, despite extreme sequence variation, diversity of 
PfHRP2 does not appear to affect RDT performance.

Keywords: RDTs, Histidine-rich protein, Polymorphism, Plasmodium falciparum, Omdurman, Sudan

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/
publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Introduction
Despite the substantial efforts to control or eliminate 
the disease, malaria remains the leading cause of mor-
bidity and mortality in tropical and sub-tropical coun-
tries including Sudan [1]. About 87% of the population 
is in high malaria transmission areas. Generally; 5–10% 
of malaria infections in Sudan caused by P. vivax and 
the remaining infection is caused by P. falciparum [1, 
2]. The early and accurate diagnosis is crucial for the 
disease control and management. Moreover, early insti-
tuted treatment remarkably improved the clinical out-
comes. Rapid diagnostic tests (RDTs), play a key role in 

malaria initial diagnosis as well as treatment monitoring 
[3]. RDTs permit a reliable malaria detection particularly 
in remote areas that lacks good quality microscopy ser-
vices or PCR assays [4]. Therefore, it becomes the focal 
point of malaria control in many parts of the world. The 
availability along with the scale of use of this tests have 
increased dramatically in the recent years [5]. The most 
currently in use RDTs target histidine-rich protein 2 
(HRP2) specifically presents in P. falciparum and/or lac-
tate dehydrogenase (pLDH) or aldolase that can detect all 
the Plasmodium species [6].

Pfhrp2 is single copy subtelomeric gene located on 
chromosome 8 that code for histidine-rich protein 2 
(HRP2). The amino acid sequences of the protein are 
formed in great quantity on the surface of infected RBCs 
during the asexual and early gametocyte stages of P. falci-
parum infection [3, 7–10].
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Histidine-rich protein 2-based RDTs performance can 
be influenced by several factors such as protein antigenic 
diversity, HRP2 persistence in the circulation following 
parasites clearance, and the density of the parasite [5].

A key apprehension is the genetic variation in the 
PfHRP2 amino acid sequences between parasites isolated 
from geographically different places, which may cause 
false-negative results in rapid diagnostic tests (RDTs). 
Accordingly, this study was aimed to investigate the pos-
sible variations in Pfhrp2 gene which might influence the 
accuracy of the diagnostic test in the study area.

Main text
Methodology
Study population
The study population was suspected individuals with P. 
falciparum infection from different Clinical Centers in 
Omdurman city. A total of 59 suspected patients were 
enrolled in this study, 27 were females and 32 males. 
About 3  ml of peripheral blood was collected in EDTA 
vacutainer tubes for biochemical analysis, as well as for 
Plasmodium species identification (RDT), and then 
stored at 4 °C for DNA extraction.

Detection of malaria infection by ICT
For parasite detection, Test™ Malaria P. f/P. v rapid test 
cassette (whole blood) was used according to the manu-
facture instruction. Briefly, 5  μl  l of whole blood was 
added to the sample bad. The blood was then reacted 
with the dye conjugate, and the mixture migrated upward 
on the membrane, reacted with anti-HRP2 antibodies on 
the P. f. test line region and with anti-pLDH antibodies 
on the P. v. test line region. The test was considered posi-
tive if a colored line was appeared in P. f. line region or P. 
v. line region or both.

DNA extraction
A total of 200 μl of whole blood was used for the isola-
tion of the genomic DNA by using G-DEX™IIb Genomic 
DNA Extraction Kit (iNtRON, South Korea) and the 
extracted DNA was kept in − 20 until further use.

Parasite identification and amplification of pfhrp2 
by polymerase chain reaction (PCR)
Plasmodium genus and species-specific nested PCR 
were performed as a two stage procedures as described 
by Snounou et  al. [11]. Subsequently, the pfhrp2 gene 
was amplified by PCR using Pfhrp2-F1 (5′-ATT ATT 
ACA CGA AAC TCA AGCAC-3′) and Pfhrp2 R1 (5′-AAT 
AAA TTT AAT GGC GTA GGCA-3′) primers. The PCR 
reaction was performed in final volume of 20 µl contain-
ing 4  μl of 5× HOT FIREPol Blend Master Mix, 1.5  μl 
(0.75 μM) form each primer, 2 μl (100 ng/μl) of and sterile 

 ddH2O were added to make the final volume of 20 µl. The 
PCR amplification was carried out under the following 
conditions: initial denaturation 95 °C for 4 min, followed 
by 35 cycles of amplification at 95  °C for 30 s, 58  °C for 
30 s, and a final extension cycle a 72 °C for 1 min.

DNA sequencing
Selected Pfhrp2 positive samples were sent for DNA 
sequencing to Macrogen Laboratory Company. The 
results were analyzed using BioEdit Sequence analysis 
software (Ibis Therapeutics, USA). The sequence data 
were analyzed using the Basic Local Alignment Search 
Tool (BLAST) through the NCBI website. Nucleotide 
sequences were translated to amino acid sequences using 
ExPASy translate tool. New amino acid repeat sequences 
were identified in addition to the previously recognized 
repeats and new numeric codes were given [5].

Statistical analysis
The Statistical Package for Social Sciences (SPSS, IBM, 
and Chicago, USA Version 23.0.3) was used for data 
entry and data analysis. All the data were double checked 
and prepared properly whilst being documented in order 
to detect missing data or errors.

Results
The ICT results showed that 46 samples out of 59 were 
positive for P. falciparum with percentage of 78%. While 
4 samples were co-infected with P. falciparum and P. 
vivax with percentage of 6.8%, and 9 (15.3%) samples 
were negative. On the other hands only 26 (44.1%) were 
positive by nPCR (detecting of ~ 205 PCR amplicon) and 
33 (55.9%) were negative. In addition, Out of 26 samples, 
only 17 samples were positive for Pfhrp2 gene. Whereas 9 
samples were negative for the same gene. Among the 17 
positive samples, 16 showed variations and their length 
was not corresponding to the reference lengths which 
retrieved from the gene-bank database, and one sample 
showed no variation as it is length was corresponding to 
the reference as shown in Fig. 1.

DNA sequence analysis
Variation in  PfHRP2 PCR-amplified pfhrp2 fragments 
varied in band size from 700 to 1000  bp. Most of this 
variation resulted from the presence of many number of 
repeats (27-, 18-, and 9-bp). When translated into amino 
acid sequences, PfHRP2 consisted of varying numbers of 
13-, 11-, 9-, 6-, and 3-aa repeats. Furthermore a total of 
16 different amino acid repeats were identified from the 
PfHRP2 sequences of three samples.

Repeat types and frequency variation of Pfhrp2 The anal-
ysis of the randomly sequenced three samples revealed 
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that corresponding amino acid sequences contain type 
25, 2 and 1 motifs in the N terminal respectively. While, 
in C terminal of both two samples contain type 12 motif 
and the third have type 26 motif. In particular, type 2 was 
repeated 36 times, type 4 motif was repeated 16 times, 
type 6 motif was repeated 14 times, type 7 motif was 
repeated 9 times, and type 9 was repeated six types. Type 
10 and 14 motifs were repeated 3, 2 times. In comparison, 
the less frequent motif was type 1 repeated 1 time. Type 3, 
type 5, type 8, type 11 and type 13 repeats were not found 
in this study.

Seven new types of repeat motifs were identified in 
the present study and were given new numeric codes 
(Table  1). The total number and the number of each 
repeat varied within and between sites. Types and fre-
quency were: type 25 and type 26, type 27, 31 were 
repeated 1 time for each respectively, type 28 was 
repeated 3 times, type 29 was repeated 2 times, type 30 
was repeated 8 times.

Discussion
Malaria RDTs represent prodigious potential for 
quick and accurate diagnosis of malaria infections, 
which could lead to prompt and appropriate manage-
ment and control of the disease [3]. Obtaining malaria 
RDTs with high sensitivity and specificity is crucial 
for using of these devices. Unfortunately, the genetic 
diversity within the PfHRP2 antigens used in the RDTs 
has the possibility to influence their sensitivity [3]. 
Knowing the population structure of this gene will 
allow better designing of this kind of test and reduce 

the false negative results [12]. Therefore, this study 
was conducted to pinpoint the prevalence of Pfhrp2 
gene variations in P. falciparum parasites among sus-
pected malaria patients attending different clinics in 
Omdurman-Sudan.

A total of 59 malaria suspected individuals blood 
samples were screened by ICT, based on this screen-
ing, 46 samples were positive for P. falciparum, 4 were 
co-infected with P. falciparum and P. vivax and 9 were 
negative. In addition, nPCR confirmed 26 samples were 
positive for P. falciparum including 6 samples from the 9 
negative and 1 sample from the 4 co-infection while they 
misdiagnosed by ICT.

Amplification of 26 P. falciparum samples for Pfhrp2 
gene showed that 17 were positive and 9 samples were 
negative for the gene. On the other hand, out of 1392 
samples, 1391 samples were amplified for Pfhrp2 and 
one sample was negative in study conducted in India [8]. 
Moreover from 97 P. falciparum isolates, amplification of 
Pfhrp2 was successful in 93 isolates and 4 samples failed 
to amplify any Pfhrp2 fragments in China–Myanmar 
border [13].

From the 17 positive 16 samples were shown variation 
comparing to the reference sample, whereas 1 sample 
nearly close to the reference sample which might indicate 

Fig. 1 Amplification of Pfhrp2 gene, lane ladder: 100 bp DNA marker, 
lane A–J: PCR amplicons (~ 791,800, 1 Kbp) of amplification for Pfhrp2 
gene from different samples

Table 1 Amino acid sequences of PfHRP2 repeats

(+): motif present, (−): motifs absent, (*): repeat types not previously reported

Name of the repeat Amino acid repeat sequence Antigen 
observed 
(PfHRP2)

Type 1 motif AHHAHHVAD +
Type 2 motif AHHAHHAAD +
Type 3 motif AHHAHHAAY −
Type 4 motif AHH +
Type 5 motif AHHAHHASD −
Type 6 motif AHHATD +
Type 7 motif AHHAAD +
Type 8 motif AHHAAY −
Type 9 motif AAY +
Type 10 motif AHHAAAHHATD +
Type 11motf AHN −
Type 12 motif AHHAAAHHEAATH +
Type 13 motif AHHASD −
Type 14 motif AHHAHHATD +
Type 25 motif AHHVAD* +
Type 26 motif AAA* +
Type 27 motif AHHAHHVDT* +
Type 28 motif AHHAHHAPD* +
Type 29 motif AHHAPH* +
Type 30 motif AHHAPD* +
Type 31 motif AHHAHHASN* +
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no variation based on the gel image, figure (5), similar to 
study conducted in Senegal [7].

Moreover, the PfHRP2 protein sequences from exon 2 
are more complicated and contain varying numbers of 
different types of amino acid repeats [12]. Representative 
samples were sent for sequencing and the results indi-
cated that the variation of band size is due to the pres-
ence of different numbers of 27-, 18-, and 9-bp repeats 
samples as same as in the study conducted in India [8]. 
When this repeats translated into amino acid sequences, 
PfHRP2 consisted of varying numbers of 13-, 11-, 9-, 6-, 
and 3-aa repeats representing similarity with Baker et al. 
[12]. Furthermore, 16 different repeats were reported in 
the present study similar as in study conducted in India 
[8] whereas in China–Myanmar border area 33 repeat 
variants were reported [13], however in other study 
conducted in Australia only 14 repeats variants were 
identified even though samples were collected from 19 
different countries [12] and again 20 repeat variants were 
also detected in Africa, South and Central America [3]. 
The findings suggest that sequence diversity in Pfhrp2 
gene in study area is not likely to negatively influence 
performance of currently used PfHRP2 RDT, as same as 
in study performed by taking 458 isolates of P. falciparum 
collected from 38 countries [12]. In contradiction with 
study conducted in Peru that diversity in Pfhrp2 gene has 
positive effect in the performance of PfHRP2 RDT [14].

On the other hand, the sequence of the samples began 
in the N terminal with type 25 motif, type 2 motif and 
type 1 motif respectively, similarly, two samples ended in 
the C terminal with a type 12 motif and the third sample 
ended with a type 26 motif. Whereas in other studies the 
sequences start with type 1 motif in the N terminal and 
end in C terminal with type 12 motif, moreover, the fre-
quency of each repeat type in the current study showed 
marked variation with similar global studies [7, 12, 13].

Conclusion
In summary, sequence analysis has identified new repeats 
in addition to the reported identified in previous studies 
which increase the genetic diversity of the pfhrp2 gene, 
additional reason for genetic variation was reflected by 
the presence of different types of repeats, as well as vari-
ations in sequence, copy number, and arrangement of 
these repeats. However, no impact of this great varia-
tion noticed in this gene in the performance of RDT in 
the study area. Moreover, the data obtained in this study 
could be the baseline for future studies and may lead to 
a better understanding of the Pfhrp2 gene structure and 
how its variation contributes to the RDT positivity and 
in turn, also help in the generation of improved malaria 
RDTs.

Limitations
Even though this study showed that diversity of PfHRP2 
does not appear to affect RDT performance, despite 
extreme sequence variation, the study was limited by the 
small sample size and also RDT negative samples was not 
included. However, the study still ongoing to enroll more 
samples.

Abbreviations
nPCR: nested polymerase chain reaction; P. f: Plasmodium falciparum; P. v: 
Plasmodium vivax; BLAST: Basic Local Alignment Search Tool; ICT: immune 
chromatographic test; bp: base pair; aa: amino acid; RBCs: red blood cells; HRP-
2: histidine-rich protein 2; RDTs: rapid diagnostic tests; PfHRP-2: Plasmodium 
falciparum histidine-rich protein 2; pLDH: lactate dehydrogenase.

Acknowledgements
The authors would like to thank all study participants for their contribution in 
success of this work.

Authors’ contributions
AM, ZM and KH: conceived and designed the study, AM and MT field and 
laboratory work and data analysis. All authors read and approved the final 
manuscript.

Funding
This study was supported by the Grants of the Commission of Scientific 
Research and Innovation, Ministry of Higher Education and Scientific Research, 
Sudan, Grant No. SRIC/2017/RP761. This funding commission had no involve-
ment in study design, collection, analysis, interpretation of data and in writing 
the manuscript.

Availability of data and materials
All original or analyzed data for this study is available on request from the 
corresponding author.

Ethics approval and consent to participate
The protocol of the present study was approved by the Ethics Committee of 
the Ministry of Health in Sudan. The sample collection was performed after 
written consents were obtained from all the participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Genetics and Molecular Biology Laboratory, Department of Zoology, 
Faculty of Science, University of Khartoum, Khartoum, Sudan. 2 Department 
of Zoology, Faculty of Science and Technology, Omdurman Islamic University, 
B.O.Box382, Omdurman, Sudan. 3 Department of Medical Microbiology & Para-
sitology, School of Medical Sciences, Universiti Sains Malaysia, 16150 Kubang 
Kerian, Kelantan, Malaysia. 

Received: 23 April 2019   Accepted: 5 June 2019

References
 1. Ali MO, Homeida MM, Bennett JL, Okasha H, Hamid KA, Elkhatim H. 

Recurrent malaria infection in Khartoum State. Sudan. Sudan Med J. 
2009;45(2):34–9.

 2. Mahdi Abdel Hamid M, Elamin AF, Albsheer MMA, Abdalla AAA, Mah-
goub NS, Mustafa SO, Muneer MS, Amin M. Multiplicity of infection and 
genetic diversity of Plasmodium falciparum isolates from patients with 



Page 5 of 5Mussa et al. BMC Res Notes          (2019) 12:334 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

uncomplicated and severe malaria in Gezira State, Sudan. Parasit Vectors. 
2016;9(1):362.

 3. Baker J, Ho M-F, Pelecanos A, Gatton M, Chen N, Abdullah S, Albertini A, 
Ariey F, Barnwell J, Bell D, et al. Global sequence variation in the histidine-
rich proteins 2 and 3 of Plasmodium falciparum: implications for the 
performance of malaria rapid diagnostic tests. Malar J. 2010;9(1):129.

 4. Mbabazi P, Hopkins H, Osilo E, Kalungu M, Byakika-Kibwika P, Kamya MR. 
Accuracy of two malaria rapid diagnostic tests (RDTS) for initial diagnosis 
and treatment monitoring in a high transmission setting in Uganda. Am J 
Trop Med Hyg. 2015;92(3):530–6.

 5. Beshir KB, Sepúlveda N, Bharmal J, Robinson A, Mwanguzi J, Busula AO, 
Boer JG, Sutherland C, Cunningham J, Hopkins H. Plasmodium falciparum 
parasites with histidine-rich protein 2 (pfhrp2) and pfhrp3 gene deletions 
in two endemic regions of Kenya. Sci Rep. 2017;7(1):14718.

 6. Kozycki CT, Umulisa N, Rulisa S, Mwikarago EI, Musabyimana JP, Habi-
mana JP, Karema C, Krogstad DJ. False-negative malaria rapid diagnostic 
tests in Rwanda: impact of Plasmodium falciparum isolates lacking hrp2 
and declining malaria transmission. Malar J. 2017;16(1):123.

 7. Deme AB, Park DJ, Bei AK, Sarr O, Badiane AS, Gueye PEHO, Ahouidi A, 
Ndir O, Mboup S, Wirth DF, et al. Analysis of pfhrp2 genetic diversity 
in Senegal and implications for use of rapid diagnostic tests. Malar J. 
2014;13(1):34.

 8. Kumar Bharti P, Singh Chandel H, Krishna S, Nema S, Ahmad A, Udhaya-
kumar V, Singh N. Sequence variation in Plasmodium falciparum histidine 
rich proteins 2 and 3 in Indian isolates: implications for malaria rapid 
diagnostic test performance. Sci Rep. 2017;7(1):1308.

 9. Lee N, Gatton ML, Pelecanos A, Bubb M, Gonzalez I, Bell D, Cheng 
Q, McCarthy JS. Identification of optimal epitopes for Plasmodium 

falciparum rapid diagnostic tests that target histidine-rich proteins 2 and 
3. J Clin Microbiol. 2012;50(4):1397–405.

 10. Rubach MP, Mukemba J, Florence S, John B, Crookston B, Lopansri BK, 
Yeo TW, Piera KA, Alder SC, Weinberg JB. Plasma Plasmodium falciparum 
histidine-rich protein-2 concentrations are associated with malaria sever-
ity and mortality in Tanzanian children. PLoS ONE. 2012;7(5):e35985.

 11. Snounou G. Detection and identification of the four malaria parasite 
species infecting humans by PCR amplification. In: Clapp JP, editor. Spe-
cies diagnostics protocols: PCR and other nucleic acid methods. Totowa: 
Humana Press; 1996. p. 263–91.

 12. Baker J, McCarthy J, Gatton M, Kyle DE, Belizario V, Luchavez J, Bell D, 
Cheng Q. Genetic diversity of Plasmodium falciparum histidine-rich pro-
tein 2 (PfHRP2) and its effect on the performance of PfHRP2-based rapid 
diagnostic tests. J Infect Dis. 2005;192(5):870–7.

 13. Li P, Xing H, Zhao Z, Yang Z, Cao Y, Li W, Yan G, Sattabongkot J, Cui L, Fan 
Q. Genetic diversity of Plasmodium falciparum histidine-rich protein 2 in 
the China–Myanmar border area. Acta Trop. 2015;152:26–31.

 14. Gamboa D, Ho M-F, Bendezu J, Torres K, Chiodini PL, Barnwell JW, Incar-
dona S, Perkins M, Bell D, McCarthy J. A large proportion of P. falciparum 
isolates in the Amazon region of Peru lack pfhrp2 and pfhrp3: implica-
tions for malaria rapid diagnostic tests. PLoS ONE. 2010;5(1):e8091.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Genetic diversity of Plasmodium falciparum histidine-rich protein 2 (PfHRP2) and its effect on the performance of PfHRP2-based rapid diagnostic tests
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methodology
	Study population
	Detection of malaria infection by ICT
	DNA extraction
	Parasite identification and amplification of pfhrp2 by polymerase chain reaction (PCR)
	DNA sequencing
	Statistical analysis

	Results
	DNA sequence analysis
	Variation in PfHRP2 
	Repeat types and frequency variation of Pfhrp2 


	Discussion
	Conclusion

	Limitations
	Acknowledgements
	References




