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Abstract

Background: Rapid diagnostic tests (RDTs) have revolutionized the diagnosis of malaria. Among the various factors
affecting RDTs sensitivity is genetic variation of the antigen used. The genetic variation in PfHRP2 and PfHRP3
proteins was studied among the Indian Plasmodium falciparum isolates.

Methods: One hundred and forty isolates of P. falciparum were collected from six geographical regions of India.
Target genes encoding PfHRP2 and PfHRP3 antigens were sequenced to study genetic polymorphism. Minimum
detection limit giving a positive rapid diagnostic test was also determined.

Results: Extensive variations were observed in amino acid repeat types of PfHRP2 and PfHRP3. PfHRP2 exhibited
more polymorphism than PfHRP3. Significant relation was observed between type 2 and type 7 repeats and RDT
detection rate as higher number of these repeats showed better sensitivity with RDTs.

Conclusion: The results provide insights into the genetic diversity of Pfhrp2 and Pfhrp3 genes among Indian P.
falciparum population and its relation to RDT sensitivity.

Keywords: Plasmodium falciparum Histidine rich protein 2, Plasmodium falciparum Histidine rich protein 3, Rapid
Diagnostic Tests, Genetic polymorphism, India
Background
Malaria is an important public health problem in India
with 1.5 million confirmed cases reported annually by
the National Vector Borne Disease Control Programme
(NVBDCP) [1]. Early diagnosis and effective treatment is
one of the important strategies for malaria control and
malaria RDTs form an important component of diagno-
sis. Detection of malaria parasites by microscopic exam-
ination of blood smears remains the gold standard but
may not be easily available especially in remote areas.
The development of alternative diagnostic method like
RDTs has made it possible to provide rapid and accurate
detection of malaria parasites in remote areas where
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microscopy facility is not available. RDTs are lateral
immunochromatographic tests, which detect specific
antigens of the malaria parasite, such as the Plasmodium
falciparum-specific histidine rich protein 2 (PfHRP2).
Other RDTs use lactate dehydrogenase and aldolase
and can also detect non-falciparum infections. Most of
the RDTs show excellent sensitivity and specificity for
P. falciparum at a parasitaemia greater than 500 para-
sites per microlitre (parasites/μl) but at lower parasit-
aemia, the sensitivity is variable [2]. The majority of
P. falciparum-specific RDTs detect P. falciparum histi-
dine rich protein 2 (PfHRP2) but due to structural
homology of PfHRP2 with PfHRP3, the latter also con-
tributes to diagnosis of malaria [3].
Several factors affect the performance of malaria

RDTs, which include test factors and parasite factors.
But in addition to these, there is one more important
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factor, the variability within the parasite diagnostic anti-
gen being detected by the RDTs. This includes presence
or absence and variations in the number of the target
epitopes present in a particular parasite strain. Genetic
diversity may be an important factor for these antigen-
based RDTs and it has been reported that the PfHRP2
antigen varies in size between different parasite strains
[4,5]. The antigen consists of a number of alanine and
histidine rich amino acid repeats which also affects the
detection limit of RDTs [6, 7,]. Different allelic forms of
these diagnostic genes have been reported in several la-
boratories [6-8]. However, no systematic examination of
diversity in these genes has been carried out in Indian iso-
lates, nor has any relationship between genetic diversity of
diagnostic antigen and RDT detection sensitivity been
examined, while variable sensitivity has been observed.
The present study was aimed to investigate the genetic

diversity of Pfhrp2 and Pfhrp3 genes in P. falciparum iso-
lates from different epidemiological strata for malaria in
India as a possible cause of variable sensitivity of malaria
rapid diagnostic tests.

Methods
Study area
Total 140 P. falciparum isolates were collected from six
states (Chhattisgarh, West Bengal, Madhya Pradesh, Gujarat,
Orissa and Karnataka) of India from December 2009 to
September 2011 (Figure 1). These samples also included
panels prepared for quality assurance of RDTs and culture
adapted samples from the Malaria Parasite Bank of National
Institute of Malaria Research (NIMR). The study was
approved by institutional ethics committee of NIMR New
Delhi, India. Written Informed consent was obtained from
the participants. Consent was obtained from parents in case
of minor. Blood samples were collected by finger prick and
used for RDT testing. They were also stored as dried blood
spots on filter papers. All the diagnosed cases of malaria
were treated as per the national drug policy.

RDT detection rate
Minimum parasitaemia that could be detected by RDTs
was analyzed in 62 samples, which included 51 field iso-
lates, nine quality assurance panels and two lab adapted
culture lines. Parasite densities were determined against
200 white blood cells as per the WHO recommenda-
tions. Parasite blood suspensions were prepared by serial
dilution with healthy human O group blood, 10, 000 p/μl,
2000 p/μl, 1000 p/μl, 500 p/μl, 250 p/μl, 125 p/μl and 62
parasites/μl. Minimum parasitaemia giving positive result
was analysed with HRP2 based RDTs (Para check, Orchid
Biomedical System, India). The RDT detection sensitivity
was categorized as sensitive (minimum detection limit≤200
parasites/μl) and non sensitive (minimum detection
limit ≥ 200 parasites/μl).
Genomic DNA isolation and diagnostic PCR
Genomic DNA was isolated from dried filter spot by
QIAamp DNA mini kit (QIAGEN, California, USA)
according to the manufacturer’s instructions. The identi-
fication of P. falciparum was confirmed by polymerase
chain reaction (PCR) using species specific primers, as
previously described by Snounou et al. at modified cyc-
ling conditions [9].

Detection of Pfhrp2 and Pfhrp3 genes by PCR
Gene specific primers were used to amplify Pfhrp2 and
Pfhrp3 genes. Two microlitres of isolated DNA was used
as a template in 25 μl PCR reaction mixtures that con-
tained 2.5 mM MgCl2, 10 pM of each primer and 0.2U
of Amplitaq gold DNA polymerase. The DNA was ini-
tially denatured at 95°C for 5 min followed by 40 cycles
of denaturation at 95°C for 30 sec, annealing at 57°C for
40 sec and extension at 72°C for 90 sec. The final exten-
sion was performed at 72°C for 10 min. Reaction cycling
conditions were same for both the target genes except
annealing temperature (55°C for Pfhrp3 gene). The pri-
mer sequences as described earlier [7] were used to amp-
lify the exon 2 of Pfhrp2 and Pfhrp3 genes (Pfhrp2 F- 5’-
TGTGTAGCAAAAATGCAAAAGG-3’ Pfhrp2 R- 5’- TTA
ATGGCGTAGGCAATGTG-3’, Pfhrp3: F- 5’-AAATAAGA
GATTATTACACGAAAG-3’, Pfhrp3: R- 5’- TGGTGTAAG
TGATGCGTAGT-3’). Ten microlitres of PCR products
was separated by electrophoresis on a 1.5% agarose gel.
The fragment size of PCR products was determined by
comparison with molecular weight marker (100 bp)
using molecular weight analysis of gel documentation
system.

Direct sequencing of PCR products and translation
All PCR products were purified by use of spin columns
(QIAGEN) according to manufacturer’s instructions and
were used in a standard dye-terminator DNA sequen-
cing reaction (ABI). Nucleotide sequences were trans-
lated to corresponding amino acids and each type of
amino acid repeat sequences were identified and given
numeric codes from type 1 to type 18 as described in
previous study [6].

Data analysis
Sequences of poor quality were not analysed. Amino-acid
sequences of the corresponding proteins were deduced
from the nucleotide sequences. The predictive binary logis-
tic regression analysis model developed by Baker et al. was
used to evaluate isolates as sensitive (≤ 200 parasites/μl)
and non sensitive (≥ 200 parasites/μl) by PfHRP2 based
RDT. Bio Edit Sequence Alignment Editor Software [10]
was used to align the nucleotides and deduce amino acid
sequences of different isolates with the reference sequences
of P. falciparum strains, 7 G8 for Pfhrp2 (Accession M13986)



Figure 1 Map of India showing geographical distribution of samples (140 P. falciparum isolates). 1. Chhattisgarh (n = 40), 2. Gujarat
(n = 20), 3. Karnataka (n = 10), 4. Madhya Pradesh (n = 20), 5. Orissa (n = 30), 6. West Bengal (n = 20)
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and FCC1/HN (Accession AF202093) for Pfhrp3, re-
spectively. Differences in mean number of amino acid
repeats between six different regions were assessed for
each type of repeats by Kruskall-Wallis test (H- test)
using SPSS software. P value < 0.05 was interpreted as
indicating statistically significant differences.

Results
Genetic variations in Pfhrp2 and Pfhrp3
Of the 140 P. falciparum isolates, 108 samples showed
PCR amplification for Pfhrp2 fragments. These PCR
amplified fragments showed extensive variations in size
and ranged from 472 to 1,000 bp, while coding proteins
ranged from 157 to 333 amino acids. Eight of 14 previ-
ously identified amino acids were detected [6] along with
five unique repeat sequences. A total of 13 repeat type
sequences of Pfhrp2 were identified in Indian isolates.
All Pfhrp2 sequences showed a similar structure, starting
with type 1 repeat (AHHAHHVAD) and ended with type
12 (AHHAA) repeat sequences except in Gujarat isolates.
The central part of Pfhrp2 sequences contained the com-
bination of types 2, 4,5,6,7 and 8 repeat sequences. Among
all 13 repeat sequences, type 2 (AHHAHHAAD) & type 7
(AHHAAD) were more frequent. Some repeats (type 1, 2,
3, 6, 7 and 11) were common in all, whereas others (type
9, 10, 12 and type 13) were not observed or were found
only in few isolates. Two unique sequences type 9
(AHHAPH) and type 10 (AHHAPD) were found only in
isolates from Chhattisgarh. Isolates from West Bengal
showed higher frequency of type 2 repeats (46.87%) than
isolates from other geographical regions of India and low
frequency of type 3 repeats (3.12%) than other regions.
Variations in fragment size and amino acid repeat

types were more extensive in Pfhrp2 as compared to
Pfhrp3. Some of the repeat types 1,2,3,6,7,11 were
observed in all isolates. Number of each repeat and total
number of repeats within Pfhrp2 varied between differ-
ent isolates of the country (Table 1). When it was com-
pared between different geographical regions, differences
were observed for six repeat types. Isolates of Madhya
Pradesh had significantly less type 2 repeats (mean 6.3)
than isolates from Karnataka (mean 9.8) and West Bengal
(mean 9.8) (p = 0.85). For type 6 repeats, isolates of
Madhya Pradesh (mean 0.6) had significantly fewer
repeats than isolates of Orissa (mean 2.5) (p = 0.001). For
type 7 repeats, isolates from Chhattisgarh (mean 0.7) and



Table 1 Distribution of amino acids repeat sequences of Pfhrp2 and Pfhrp3 in different regions of India

Type
of
Repeat

Repeat
Sequences in
Pfhrp2/
Pfhrp3

Antigens observed No. of individual repeats in different regions of India Total
RepeatsPfhrp2 Pfhrp3 Chhattisgarh West Bengal M.P. Gujarat Orissa Karnataka

1 AHHAHHVAD + - 1-2 1-3 1-4 1-2 1-3 1-2 1-4

2 AHHAHHAAD + - 2-14 2-15 2-9 3-11 2-11 2-11 2-14

3 AHHAHHAAY + - 0-1 0-1 0-1 0-1 1-2 0-1 0-2

4 AHH + - 1-3 0-2 0 0-2 0-2 0-2 0-3

AHH - + 0 0-1 0 0-2 0-2 0 0-2

5 AHHAHHASD + - 0 0-2 0-1 0-1 0-1 0-2 0-2

6 AHHATD + - 0-4 0-2 0-1 0-1 0-5 0-2 0-2

7 AHHAAD + - 0-1 0-2 1-2 1-6 1-5 0-3 0-4

AHHAAD - + 0-1 0-1 1-2 0-1 1-2 0-1 0-2

8 AHHAAY + - 0 1-2 0-1 0-1 0-1 0-1 0-2

9 AHHAPH + - 0-1 0 0 0 0 0 0-1

10 AHHAPD + - 0-1 0 0 0 0 0 0-1

11 AHVDD + - 0-1 0-1 0-1 0-1 0-1 0-1 0-1

12 AHHAA + - 0-2 0-1 0-2 0 0-3 0-2 0-1

13 AHHEAA + - 0-1 0-1 0-1 0 0 0 0-1

14 AHHAAN - + 2-15 2-12 2-9 3-11 2-14 3-12 2-15

15 AHHDGAHHDD - + 1-2 1-2 1-2 1-2 1-2 1-2 1-2

16 AHHDGAHHDG - + 0-2 1-2 1-2 0-2 1-2 1-2 0-2

17 AHHDG - + 0-2 0 0 0 0 0 0-2

18 AHHN - + 0-2 0 0 0 0 0 0-2

Note: Bold letters - Pfhrp2 sequences, Italic – Pfhrp3 sequences.
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Karnataka (mean 2.9) had less repeats than isolates of
Orissa (mean 3.9) (p= 0.001). Type 4 repeats were not
found in isolates from Madhya Pradesh, but present in all
other regions where as type 5 and type 8 were not found
in Chhattisgarh isolates but interestingly they had type
9 (mean 0.3) and type 10 (mean 0.2) which were absent
in isolates of other geographical regions. Type 12 repeat
sequences were not observed in Gujarat isolates but
type 13 was not found in isolates of Gujarat, Orissa and
Karnataka.
Of the 140 P. falciparum isolates, 103 showed PCR

amplification for Pfhrp3. The size of Pfhrp3 amplified
fragments ranged from 477 bp to 832 bp which encoded
proteins of 159 to 277 amino acids. Five of the eight pre-
viously reported repeat types were identified (Table 1).
All Pfhrp3 fragments showed a similar structure i.e.
starting with type 4 repeats (AHH) and ending with the
combination of type 15 and type 16. Frequency of type
14 repeat (AHHAAN) sequences was higher in all the
isolates (mean, 8.95) (p = 0.88) followed by type 15 and
type 16 whereas type 17 (AHHDG) (mean 1.3) and type
18 (AHHN) (mean 1.1) were found only in isolates of
Chhattisgarh. The difference in repeats number between
different geographical regions was not statistically sig-
nificant (P > 0.05).

RDT detection rate
Minimum parasitaemia that could be detected by RDTs
was analysed in 62 samples. Extensive variations were
observed in the minimum parasite detection limit
(Table 2). The minimum level of parasitaemia that could
be detected by RDTs ranged from 62 p/μl to 500 p/μl
(Mean- 220.7 p/μl). About 75% of the isolates were pre-
dicted to be detected by RDTs at parasite density > 200 p/μl.
The relationship between type 2× type 7 amino acid repeats
of PfHRP2 and average minimum detection limit of RDTs
has been presented as Figure 2. It was observed that higher
number of these repeats was associated with better sensi-
tivity of HRP2 based RDTs. The same was confirmed by
Baker’s logistic regression analysis.

Discussion
Malaria diagnostic tests provide early and accurate diag-
nosis of malaria. This enables prompt treatment and its
control especially in remote inaccessible areas. Apart
from various other factors genetic polymorphism in



Table 2 Distribution of 62 selected P. falciparum isolates/lines from different regions of India and their minimum
detection limit in RDTs

RDTs
detection
limit

No. of P. falciparum isolates

Chhattisgarh Madhya Pradesh Gujarat West Bengal Orissa Karnataka Malaria Parasite Bank Total

62 p/μl 4 0 0 0 0 3 0 7

125 p/μl 10 2 3 2 8 9 2 36

250 p/μl 3 1 1 1 1 2 0 9

500 p/μl 3 2 0 1 1 3 0 10

Total 20 5 4 4 10 17 2 62

(Individual detection limits are given as Additional file 1: Table S1).
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diagnostic antigens of P. falciparum, i.e. Pfhrp2 and
Pfhrp3, is also an important factor responsible for variable
sensitivity of malaria RDTs. These antigens consist of a
number of alanine- and histidine-rich amino acid repeats
[6-8] and vary in size between parasite strains and com-
parison of the PfHRP2 sequences from several parasite
strains has shown differences in the number of tri- and
hexapeptide repeat units and rare amino acid variants [6].
Effects of sequence variation in P. falciparum histidine-
rich protein 2 on binding of specific monoclonal anti-
bodies have been also reported [11]. However, the degree
of antigen variation has recently been shown to be limited
for pLDH and parasite aldolase [12,13].
Only six out of the 13 identified different amino acid

repeats were found to be present in all isolates. Rest of
the repeats were distributed randomly among isolates
from different geographical areas. Most of the RDTs for
falciparum malaria are based on P. falciparum-specific
histidine rich protein specific monoclonal antibody. If
RDTs recognizes epitopes present in repeat sequences that
are not universally present, it may lead to misdiagnosis of
malaria or variable performance of RDTs especially at low
Figure 2 Relationship between number of type 2× type 7 amino acid
among six different geographical regions of India.
parasitaemia. Relation between the number of type 2 and
type 7 repeats and RDT detection rate was confirmed sta-
tistically. This suggests that the epitopes recognized by
PFHRP2-specific monoclonal antibody reside within or
near around type 2 and type 7 repeats. These two repeat
types were more common and frequent in all geographical
isolates of India. Similar results were also observed in
global isolates [6-8].
Number of these repeats varied from 2 to 15 in Pfhrp2

and 1 to 6 in Pfhrp3. The data of the present study sup-
ports the findings reported earlier. RDTs may fail to de-
tect the isolates with less number of types 2 and 7 repeat
sequences at lower parasite density i.e. ≤ 200 parasites/μl.
Another possible factor affecting the sensitivity of HRP2-
detecting RDTs is failure of the parasite to express the
antigen, due to deletion of genes or frame shift mutations,
or alterations in protein expression. However, parasite
lines lacking either or both Pfhrp2 or Pfhrp3 genes have
only been identified following laboratory adaptation to
in vitro culture [14] and in the progeny of a genetic cross
[15] now it has been characterized that a number of P.
falciparum isolates collected in Iquitos, Peru and brazil
repeats of PfHRP2 and average minimum detection limit of RDTs
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from human patients lacked one or both of these genes
that were positive by microscopy but tested negative
with HRP2-detecting RDTs [16,17].
It has been reported that due to structural homology of

PfHRP3 with PfHRP2, it cross reacts with antibody coated
in RDTs for PfHRP2. Hence, PfHRP3 also contributes to
the diagnosis of falciparum malaria [3]. The results showed
that two types of amino acid repeat sequences i.e. type 4 &
type 7 were common in both Pfhrp2 and Pfhrp3 genes.
Five repeats were found only in Pfhrp3 gene (type 14, type
15, type 16, type 17 and type 18). This suggests that some
of the epitopes detected by monoclonal antibody of RDTs
were also found in PfHRP3 although PfHRP3 was less vari-
able than PfHRP2. Cross-reactivity between PfHRP2 and
PfHRP3 has also been reported for several PfHRP2-specific
monoclonal antibodies like 2 G12, MAB87 and ID6 [4].
The antibodies generated against PfHRP2 and PfHRP3 pre-
dominantly recognize the corresponding antigen, but
weakly recognize other antigens [18]. The cross reactivity
between these two antigen is also likely to modulate the
effect of genetic diversity of Pfhrp2 and Pfhrp3 on RDTs
performance. There is some published information on spe-
cific epitopes of antibodies used in RDTs [12]. Six mono-
clonal antibodies are also published that are directed
against PfHRP2 [19-22], but due to the limited supply of
monoclonal antibody, most of the PfHRP2-based RDTs use
similar or identical antibodies. Hence, the effect of genetic
variation in these diagnostic genes on performance of
RDTs is also applicable for most of the commercial
PfHRP2-based RDTs. The data predicts that ~ 25% para-
sites of India are not detectable at parasitaemia level < 200
parasites/μl. However, more comprehensive genetic vari-
ation analysis with larger sample size for each geographical
malaria endemic region of country is needed to support
this hypothesis. During this study, two cases of Pfhrp2/
Pfhrp3 gene deletion in P. falciparum field isolates from
Chhattisgarh have also been found and will be presented as
a separate report. Hence, there is need to investigate the
geographical extent of Indian P. falciparum isolates lacking
Pfhrp2 and/or Pfhrp3 genes. Besides this, comprehensive
analysis of other target antigens of malaria RDTs, such as
pLDH and aldolase among Indian isolates is also needed.

Conclusion
The study provides Indian data on variation and se-
quence information of Pfhrp2 and Pfhrp3 genes and its
effect on performance of RDTs. The results will provide
platform in designing more sensitive RDTs.

Nucleotide sequence accession numbers
The nucleotide sequences reported here have been depos-
ited in the GenBank database under accession numbers
[GenBank: JN794048, GenBank: JN794050 to GenBank:
JN794053] for P. falciparum hrp2 sequences and [GenBank:
JN794049, GenBank: JN794054 and GenBank: JN794055]
for P. falciparum hrp3 sequences.
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Additional file 1: Table S1. Minimum parasite densities among
P. falciparum isolates/lines from different regions of India.

Abbreviations
RDTs: Rapid Diagnostic Tests; HRP-2: Histidine Rich Proteins-2;
PCR: Polymerase Chain Reaction; WHO: World Health Organization;
ACT: Artemisinin based Combination Therapy; CQ: Chloroquine;
NVBDCP: National Vector Borne Disease Control Programme; SPSS: Statistical
Package of Social Services; CHC: Community Health Centre; PHC: Primary
Health Centre.

Competing interests
Authors declare that they have no any competing interests.

Author’s contributions
NK, JPNS, RK, BS performed experimental work, data analysis and manuscript
writing. VP and NM gave constructive advice and review the manuscript. NV
and AA were involved in all stages of this study. All authors have read and
approved the final version of manuscript.

Acknowledgments
The study was supported by the National Institute of Malaria Research
through its intramural funds. The authors thank the Indian Council of
Medical Research, New Delhi for necessary approvals.. Navin Kumar is
thankful to Council of Scientific & Industrial Research, India for his fellowship.

Author details
1National Institute of Malaria Research (ICMR), Sector 8, Dwarka, New Delhi
110077, India. 2Department of Biotechnology, Kumaun University, Nainital,
Uttarakhand, India.

Received: 28 May 2012 Accepted: 31 July 2012
Published: 28 August 2012

References
1. National Vector Borne Diseases Control Programme. India: www.nvbdcp.org

accessed on 7th May 2012.
2. WHO RDT testing round 3. http://www.who.int/tdr/publications/documents/

rdt3.pdf.
3. Wellems TE, Howard RJ: Homologous genes encode two distinct

histidine- rich proteins in a cloned isolate of Plasmodium falciparum. Proc
Natl Acad Sci USA 1986, 83:6065–6069.

4. Rock EP, Marsh K, Saul AJ, Wellems TE, Taylor DW, Maloy WL, Howard RJ:
Comparative analysis of the Plasmodium falciparum histidine-rich
proteins HRP-I, HRP-II and HRPIII in malaria parasites of diverse origin.
Parasitology 1987, 95:209–227.

5. Xiao J, Li M, Bi H, Wang P, Li Y: Cloning and sequence analysis of
histidine-rich protein-II gene fragment of Plasmodium falciparum Yunnan
strain (Chinese)] Zhongguo Ji Sheng Chong Xue Yu Ji Sheng. Chong Bing
Za Zhi 1999, 17:143–145.

6. Baker J, McCarthy J, Gatton M, Kyle DE, Belizario V, Luchavez J, Bell D, Cheng
Q: Genetic diversity of Plasmodium falciparum histidine- rich protein 2
(PfHRP2) and its effect on the performance of PfHRP2-based rapid
diagnostic tests. J Infect Dis 2005, 192:870–877.

7. Mariette N, Barnadas C, Bouchier C, Tichit M, Ménard T: Country-wide
assessment of the genetic polymorphism in Plasmodium falciparum and
Plasmodium vivax antigens detected with rapid diagnostic tests for
malaria. Malar J 2008, 7:219. doi:10.1186/1475-2875-7-219.

8. Baker J, Ho MF, Pelecanos A, Gatton M, Chen N, Abdullah S, Albertini A, Ariey F,
Barnwell J, Bell D, Cunningham J, Djalle D, Echeverry DF, Gamboa D, Hii J,
Kyaw MP, Luchavez J, Membi C, Menard D, Murillo C, Nhem S, Ogutu B, Onyor P,
Oyibo W, Wang SQ, McCarthy J, Cheng Q: 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, 9:129.

http://www.biomedcentral.com/content/supplementary/1475-2875-11-298-S1.docx
http://www.who.int/tdr/publications/documents/rdt3.pdf
http://www.who.int/tdr/publications/documents/rdt3.pdf
http://dx.doi.org/10.1186/1475-2875-7-219


Kumar et al. Malaria Journal 2012, 11:298 Page 7 of 7
http://www.malariajournal.com/content/11/1/298
9. Snounou G, Viriyakosol S, Zhu XP, Jarra W, Pinheiro L, do Rosario VE,
Thaithong S, Brown KN: High sensitivity of detection of human malaria
parasites by the use of nested polymerase chain reaction. Mol Biochem
Parasitol 1993, 61:315–320.

10. Hall T: BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucl Acids Symp Ser 1999, 41:95–98.

11. Lee N, Baker J, Andrews KT, Gatton ML, Bell D, Cheng Q, McCarthy J: Effect
of sequence variation in Plasmodium falciparum histidine- rich protein 2
on binding of specific monoclonal antibodies: Implications for rapid
diagnostic tests for malaria. J Clin Microbiol 2006, 44:2773–2778.

12. Talman A, Duval L, Legrand E, Hubert V, Yen S, Bell D, Le Bras J, Ariey F,
Houze S: Evaluation of the intra- and inter-specific genetic variability of
Plasmodium lactate dehydrogenase. Malar J 2007, 6:140.

13. Lee N, Baker J, Bell D, McCarthy J, Cheng Q: Assessing the genetic
diversity of the aldolase genes of Plasmodium falciparum and
Plasmodium vivax and its potential effect on performance of aldolase-
detecting rapid diagnostic tests. J Clin Microbiol 2006, 44:4547–4549.

14. Wellems TE, Oduola AMJ, Phenton B, Des Jardins R, Panton LJ, do Rosario V:
Chromosome size variation occurs in cloned Plasmodium falciparum on
in vitro cultivation. Braz J Genet 1988, 11:813–825.

15. Su X, Ferdig MT, Huang Y, Huynh CQ, Liu A, You J, Wootton JC, Wellems TE:
A genetic map and recombination parameters of the human malaria
parasite Plasmodium falciparum. Science 1999, 286:1351–1353.

16. Gamboa D, Ho M-F, Bendezu J, Torres K, Chiodini PL, Barnwell JW,
Incardona S, Perkins M, Bell D, McCarthy J, Cheng Q: A large proportion of
P. falciparum isolates in the Amazon region of Peru lack Pfhrp2 and
Pfhrp3: implications for malaria rapid diagnostic tests. PLoS One 2010, 5:
e8091. doi:10.1371/journal.pone.0008091.

17. Houzé S, Hubert V, Pessec GL, Bras JL, Clain J: Combined deletions of
Pfhrp2 and Pfhrp3 genes result in Plasmodium falciparum malaria
false-negative rapid diagnostic test. J Clin Microbiol 2011, 49:2694–2696.
doi:10.1128/JCM.00281-11 00281-11.

18. Ravaoarisoa E, Zamanka H, Fusai T, Bellalou J, Bedouelle H, Puijalon M,
Fandeur T: Recombinant antibodies specific for the Plasmodium
falciparum histidine-rich protein 2. MAbs 2010, 2:416–427.

19. Stahl HD, Kemp DJ, Crewther PE, Scanlon DB, Woodrow G, Brown GV,
Bianco AE, Anders RF, Coppel RL: Sequence of a cDNA encoding a small
polymorphic histidine- and alanine-rich protein from Plasmodium
falciparum. Nucleic Acids Res 2002, 30:726–731.

20. Panton LJ, McPhie P, Maloy WL, Wellems TE, Taylor DW, Howard RJ:
Purification and partial characterization of an unusual protein of
Plasmodium falciparum: histidine-rich protein II. Mol Biochem Parasitol
1989, 35:149–160.

21. Howard RJ, Uni S, Aikawa M, Aley SB, Leech JH, Lew AM, Wellems TE,
Rener J, Taylor DW: Secretion of a malarial histidine rich protein (Pf HRP II)
from Plasmodium falciparum-infected erythrocytes. J Cell Biol 1986,
103:1269–1277.

22. Parra ME, Evans CB, Taylor DW: Identification of Plasmodium falciparum
histidine-rich protein 2 in the plasma of humans with malaria. J Clin
Microbiol 1991, 29:1629–1634.

doi:10.1186/1475-2875-11-298
Cite this article as: Kumar et al.: Genetic variation in histidine rich
proteins among Indian Plasmodium falciparum population: possible
cause of variable sensitivity of malaria rapid diagnostic tests. Malaria
Journal 2012 11:298.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://dx.doi.org/10.1371/journal.pone.0008091
http://dx.doi.org/10.1128/JCM.00281-11 00281-11

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study area
	RDT detection rate
	Genomic DNA isolation and diagnostic PCR
	Detection of Pfhrp2 and Pfhrp3 genes by PCR
	Direct sequencing of PCR products and translation
	Data analysis

	Results
	Genetic variations in Pfhrp2 and Pfhrp3
	RDT detection rate

	Discussion
	Conclusion
	Nucleotide sequence accession numbers

	Additional file
	Competing interests
	Author´s contributions
	Acknowledgments
	Author details
	References

