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Abstract 

Background: Malaria remains a public health problem in some countries of Central America. Rapid diagnostic 
tests (RDTs) are one of the most useful tools to assist in the diagnosis of malaria in remote areas. Since its introduc-
tion, a wide variety of RDTs have been developed for the detection of different parasite antigens. PfHRP2 is the most 
targeted antigen for the detection of Plasmodium falciparum infections. Genetic mutations and gene deletions are 
important factors influencing or affecting the performance of rapid diagnostic tests.

Methods: In order to demonstrate the presence or absence of the pfhrp2 and pfhrp3 genes and their flanking 
regions, a total of 128 blood samples from patients with P. falciparum infection from three Central American countries 
were analysed through nested or semi-nested PCR approaches.

Results: In total, 25.8 and 91.4% of the isolates lacked the region located between exon 1 and exon 2 of pfhrp2 and 
pfhrp3 genes, respectively. Parasites from the three countries showed deletions of one or both genes. The highest 
proportion of pfhrp2 deletions was found in Nicaragua while the isolates from Guatemala revealed the lowest number 
of pfhrp2 deletions. Parasites collected from Honduras showed the highest proportion of phfrp3 absence (96.2%). 
Twenty-one percent of isolates were double negative mutants for the exon 1–2 segment of both genes, and 6.3% of 
isolates lacked the full-length coding region of both genes.

Conclusions: This study provides molecular evidence of the existence of P. falciparum isolates lacking the pfhrp2 and 
pfhrp3 genes, and their flanking regions, in Honduras, Guatemala and Nicaragua. This finding could hinder progress in 
the control and elimination of malaria in Central America. Continuous evaluation of RDTs and molecular surveillance 
would be recommended.
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Background
Malaria remains a public health problem for most tropi-
cal countries. However, there are notable differences in 
the incidence of malaria between geographic regions. 
Within the Central American sub region, two countries 
(Costa Rica and El Salvador) reported fewer than 15 
indigenous malaria cases in 2016, and, according to the 

World Health Organization, are projected to eliminate 
malaria by 2020. In Nicaragua, Guatemala and Honduras 
however, a total of 15,476 cases were reported in 2016, 
representing the largest burden in Central America. 
Although the prevalence of malaria is decreasing in this 
region, Panama and Nicaragua showed an increase in 
case incidence between 2010 and 2016. Approximately, 
90% of malaria cases in Nicaragua and Honduras are due 
to Plasmodium vivax, and the remaining 10% to Plas-
modium falciparum. Guatemala, on the other hand, has 
been reporting fewer than 10 cases of falciparum malaria 
in recent years [1].
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As this sub-region of the Americas approaches the 
goal of eliminating malaria by the year 2030 [2], it is 
necessary to include more intensive strategies of pre-
vention, timely diagnosis and treatment of infections, 
especially in areas with low social development, where 
appropriate health infrastructure is not available. Rapid 
diagnostic tests (RDTs) based on immunochromatog-
raphy are one of the most useful tools to assist in the 
diagnosis of malaria in the absence of good quality 
microscopy services. Since their introduction, a wide 
variety of RDTs have been developed for the detection 
of different parasite antigens [3]. Two antigens (e.g. 
aldolase, pLDH) are produced by all Plasmodium spe-
cies (pan-specific tests), but the PfHRP2 antigen (Histi-
dine-Rich Protein-2) is produced only by P. falciparum. 
PfHRP2 is an abundant and heat stable antigen, which 
makes it a highly sensitive target for the diagnosis of 
falciparum malaria [3, 4].

PfHRP2 is a non-essential protein encoded by pfhrp2 
gene, located on chromosome 8 of P. falciparum, and 
pfhrp3 is an structural homologue of pfhrp2 [5], which 
is located on chromosome 13. Both antigens cross-
react when detected by some PfHRP2-based RDTs [6]. 
A retrospective study carried out with 128 samples 
collected in Iquitos reported that 41 and 70% lacked 
the pfhrp2 or pfhrp3 genes, respectively, and 21.6% of 
parasites lacked both genes [7]. Such findings represent 
an emerging challenge for the diagnosis and control 
of malaria, especially since several worldwide studies 
report parasite isolates that present double deletions 
for these genes [8–14]. All this information has been 
conveniently summarized by WHO in a website [15] 
that allows to perceive graphically the spread of para-
site isolates for which the PfHRP2-based RDTs could 
no longer be effective. For this reason, WHO has prior-
itized efforts to address the problem posed by parasites 
with these deletions [16, 17], and proposes that the 
analysis of archival samples could be useful to deter-
mine the existence and geographic distribution of the 
double-negative populations of the parasite [16].

The only study published on this topic in Central 
America dates from 2015, in which samples from Hon-
duras collected between 2008 and 2009 were analysed 
through a molecular approach [18]. These authors do 
not report isolates with double-deletions but found a 
high proportion of pfhrp3-negative parasites and sug-
gested that PfHRP2-based RDTs could continue to be 
used in Honduras, but at the same time they propose 
further studies including samples from a wider geo-
graphical area. Thus, this study aims to be an update of 
the topic for the Central American sub-region, analys-
ing populations of the parasite from Guatemala, Nica-
ragua and Honduras.

Methods
The aim of the study was to evaluate the presence of the 
pfhrp2 and pfhrp3 genes and their flanking regions in 
128 falciparum malaria samples from Central America, 
previously diagnosed by microscopy. Twenty-one sam-
ples were collected from Guatemala and 55 samples from 
Nicaragua, during 2015, and 52 samples from Hondu-
ras were collected during 2011 (n = 10), 2012 (n = 11) 
and 2017 (n = 31). Samples from Guatemala were col-
lected from the department of Escuintla. In Nicaragua 
the samples came from the North Atlantic Autonomous 
Region (RAAN), while in Honduras the majority of sam-
ples came from the department of Gracias a Dios and 
less than 10% were obtained from five other departments 
(Colón, Atlántida, Cortés and Islas de la Bahía) (Fig. 1). 
The samples were collected for routine diagnosis and 
malaria surveillance in the three countries in different 
endemic localities. The criteria for the selection of sam-
ples was by convenience. The Ministries of Health of 
each country selected a random percentage of positive 
samples for their analysis. Patients’ informed consent 
was requested for diagnostic procedures. After confirm-
ing the diagnosis of falciparum malaria by microscopic 
observation of the parasite, a blood sample was collected 
on Whatman™ filter paper (GE Healthcare Bio-Sciences 
Corp, NJ, USA) for routine chloroquine resistance sur-
veillance through a molecular approach [19, 20]. Parasite 
densities were determined for most samples. Samples 
with less than 10 parasites/100 white blood cells (WBC) 
were considered as low density. A moderate density par-
asitaemia included samples with 10–50 parasites/100 
WBC. Samples with more than 50 parasites/100 WBC 
were considered as high density parasitaemia.

Those blood samples were used for the analysis of 
pfhrp2 and pfhrp3 deletions. DNA was extracted using 
a Chelex-100 based method [21]. In order to assess the 
quality of the extracted DNA, a region of the human 
beta-globin gene was amplified by conventional PCR 
[22]. The microscopic diagnosis of the parasite species 
was confirmed through a species-specific PCR approach 
using the primers AL7178/AL7142 and AL7175/AL7074 
according to previous reports [23, 24]. The amplification 
of parasite sequences was indicative of a good-quality 
DNA that would allow the detection of target sequences 
for the genes pfhrp2, pfhrp3 and flanking sequences. In 
order to rule out the possibility of false negative results 
attributable to poor DNA quality or insufficient amounts 
of the parasite’s genome, the amplification of the single 
copy gene pfmsp1 in those samples showing a double 
deletion in partial sequences of pfhrp2 and pfhrp3 genes 
was performed. The amplification procedures were car-
ried out through a nested PCR according to previous 
reports [25, 26].
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In order to detect the presence or absence of a par-
tial coding region between exons 1 and 2 of the genes 
pfhrp2 and pfhrp3, and the flanking regions upstream 
and downstream of each gene, 6 nested or semi-nested 
PCR reactions were performed as outlined in Fig. 2 [18]. 
Primers’ list, sequences, annealing temperatures, and 
amplicon sizes are detailed in Table 1. Briefly, each reac-
tion was carried out in a volume of 25  μl composed of 
12.5 μl of 2X Master mix (Promega Corp.), 1.0 μl of each 
primer at a concentration of 10 μM and 2.0 μl of genomic 
DNA. Reactions of both the primary and nested PCR 
were carried out by an initial denaturation temperature at 

95 °C for 5 min, followed by 35 cycles of 95 °C for 1 min, 
an annealing step for 1 min, 72 °C for 1 min; and a final 
extension step at 72 °C for 5 min. A second PCR was per-
formed after each initial reaction, including 1  μl of the 
first PCR product. Two positive and negative controls 
were used within each experiment. All negative results 
were amplified a second time. If a positive result was 
obtained, it was considered positive. The coding regions 
of those samples with double deletions (pfhrp2 and 
pfhrp3 negative) were amplified a third time.

To confirm the complete lack of the pfhrp2 and pfhrp3 
genes, all samples that did not amplify the exon 1–2 

Fig. 1 Proportion of deletions in pfhrp2 and pfhrp3 genes and flanking regions in Plasmodium falciparum isolates from Central America (CAM). The 
pie charts illustrate the proportion of parasite isolates with or without deletions by country: Guatemala, Honduras and Nicaragua. The departments 
where the samples were collected are coloured in yellow
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segment of both genes were amplified by a semi-nested 
PCR targeting the exon 2. Both reactions were carried 
out in a 50  μl volume and included 25  μl of 2× Master 
mix (Promega Corp.), 2.0 μl of each 10 μM primer (F1/
R1 in the first round and F2/R1 in the second round), and 
1.0  μl of DNA. Reactions were carried out by an initial 
denaturation temperature at 94  °C for 10  min, followed 
by 35 and 37 cycles respectively of 94  °C for 50  s, an 
annealing step for 50 s, 72 °C for 1 min, and a final exten-
sion step at 72 °C for 10 min (Table 1). The expected PCR 
product ranged between 600 and 950 bp.

Results
A total of 128 blood samples from patients with P. fal-
ciparum infection were diagnosed by microscopy in 
three Central American countries, which is the gold 
standard method for malaria. All the samples were con-
firmed to be falciparum infections through a molecular 
approach. 50.6% of the samples showed high parasitic 
density, 27.8% were moderate and 21.5% were low. 
Samples from the three countries showed heterogene-
ous parasitic density with no correlation between geo-
graphical origin and parasitic density. Coding regions 

of the pfhrp2 and pfhrp3 genes and the correspond-
ing upstream and downstream flanking regions were 
amplified by nested PCR. Overall, 25.8% of the isolates 
were negative for the partial coding region between 
exon 1–2 (intron 1) of pfhrp2 and 91.4% of the isolates 
lacked the homologous region of pfhrp3 (Table 2). Par-
asites from the three countries showed deletions of one 
or both gene regions. The highest proportion of exon 
1–2 pfhrp2 deletions was found in Nicaragua (30.9%) 
while the isolates from Guatemala revealed the lowest 
number of deletions (14.3%). Parasites collected from 
Honduras showed the highest proportion of exon 1–2 
phfrp3 deletion (96.2%).

A relevant result was the finding of 27 (21%) double 
negative isolates (pfhrp2 negative and pfhrp3 negative). 
Most of those double negative parasites were detected 
in Honduras 13/52 (25%), followed by Nicaragua 11/55 
(20%) and Guatemala 3/21 (14.3%). No significant dif-
ferences were found in the frequency of the deletions 
between the three different years of collection in Hondu-
ras. The pfmsp-1 gene was successfully amplified in the 
27 double negative isolates, showing a distribution of 52% 
for the K1 genotype and 48% for MAD20.

Fig. 2 Scheme of the pfhrp2 and pfhrp3 genes and their flanking sequences. The black arrows indicate the names and targets of the primers used 
to amplify each region, as well as the size of the amplicons. The parasite strain used for the in silico analysis was 3D7 (GenBank Accession Number: 
AL844507.3)
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Table 1 Primer sequences and  amplification conditions of  pfhrp2 and  pfhrp3 genes, and  their respective flanking 
sequences

Target sequence Reaction Primer Primer sequence Annealing 
temp (°C)

Amplicon size (bp)

pfhrp2 UPSTREAM PF3D7_0831900, 
(MAL7P1.230)

Primary 230F1 5′GAT ATC ATT AGA AAA CAA GAG CTT AG3′ 63 301

230R 5′TAT CCA ATC CTT CCT TTG CAA CAC C3′

Semi-nested 230F 5′TAT GAA CGC AAT TTA AGT GAG GCA G3′ 65

230R 5′TAT CCA ATC CTT CCT TTG CAA CAC C3′

pfhrp2 Exon 1–2, PF3D7_0831800 Primary 2E12F1 5′GGT TTC CTT CTC AAA AAA TAAAG3′ 55 228

2E12R1 5′TCT ACA TGT GCT TGA GTT TCG3′

Nested 2E12F 5′GTA TTA TCC GCT GCC GTT TTT GCC 3′ 62

2E12R 5′CTA CAC AAG TTA TTA TTA AAT GCG GAA3′

pfhrp2 DOWNSTREAM PF3D7_0831700, 
(MAL7P1.228)

Primary 228F 5′AGA CAA GCT ACC AAA GAT GCA GGT G3′ 60 198

228R 5′TAA ATG TGT ATC TCC TGA GGT AGC 3′

Semi-nested 228F1 5′CCA TTG CTG GTT TAA ATG TTT TAA G3′ 63

228R 5′TAA ATG TGT ATC TCC TGA GGT AGC 3′

pfhrp3 DOWNSTREAM PF3D7_1372100, 
(MAL13P1.485)

Primary 485F 5′TTG AGT GCA ATG ATG AGT GGAG3′ 60 241

485R 5′AAA TCA TTT CCT TTT ACA CTA GTG C3′

Semi-nested 485F1 5′GTT ACT ACA TTA GTG ATG CATTC3′ 59

485R 5′AAA TCA TTT CCT TTT ACA CTA GTG C3′

pfhrp3 Exon 1–2, PF3D7_1372200 Primary 3E12F1 5′GGT TTC CTT CTC AAA AAA TAAAA3′ 53 225

3E12R1 5′CCT GCA TGT GCT TGA CTT TA3′

Nested 3E12F 5′ATA TTA TCG CTG CCG TTT TTGCT3′ 62

3E12R 5′CTA AAC AAG TTA TTG TTA AAT TCG GAG3′

pfhrp3 UPSTREAM PF3D7_1372400, 
(MAL13P1.475)

Primary 475F 5′TTC ATG AGT AGA TGT CCT AGGAG3′ 55 212

475R 5′TCG TAC AAT TCA TCA TAC TCACC3′

Semi-nested 475F 5′TTC ATG AGT AGA TGT CCT AGGAG3′ 61

475R1 5′GGA TGT TTC GAC ATT TTC GTCG3′

pfhrp2 Exon 2 Primary Pfhrp2F1 5′CAA AAG GAC TTA ATT TAA ATA AGA G3′ 55 600–950

Pfhrp2R1 5′AAT AAA TTT AAT GGC GTA GGCA3′

Semi-nested Pfhrp2F2 5′ATT ATT ACA CGA AAC TCA AGCAC3′ 55

Pfhrp2R1 5′AAT AAA TTT AAT GGC GTA GGCA3′

pfhrp3 Exon 2 Primary Pfhrp3F1 5′AAT GCA AAA GGA CTT AAT TC3′ 55 600–950

Pfhrp3R1 5′TGG TGT AAG TGA TGC GTA GT3′

Semi-nested Pfhrp3F2 5′AAA TAA GAG ATT ATT ACA CGA AAG 3′ 55

Pfhrp3R1 5′TGG TGT AAG TGA TGC GTA GT3′

Table 2 Number and percentages of samples showing deletions of the pfhrp2 and pfhrp3 partial sequences (exon 1–2) 
by country and year of collection

Country Year 
of collection

Exon 1–2 pfhrp2+ Exon 1–2 pfhrp2− Exon 1–2 pfhrp3+ Exon 1–2 pfhrp3− Total

Guatemala 2015 18 (85.7%) 3 (14.3%) 2 (9.5%) 19 (90.5%) 21 (16.4%)

Nicaragua 2015 38 (69.1%) 17 (30.9%) 7 (12.7%) 48 (87.3%) 55 (43%)

Honduras 2011 6 (60%) 4 (40%) – 10 (100%) 10 (7.8%)

Honduras 2012 11 (100%) – 2 (18.2%) 9 (81.8%) 11 (8.6%)

Honduras 2017 22 (71%) 9 (29%) – 31 (100%) 31 (24.2%)

Total 95 (74.2%) 33 (25.8%) 11 (8.6%) 117 (91.4%) 128 (100%)
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Nested PCRs were also carried out to amplify the flank-
ing regions of pfhrp2 (MAL7P1.230 and MAL7P1.228), 
and pfhrp3 (MAL13P1.485 and MAL13P1.475). Most 
of the isolates (75.8%) revealed the presence of the 
MAL7P1.230 region, and almost all the isolates (99.2%) 
successfully amplified the MAL7P1.228 region. On the 
other hand, more than 62% of isolates seem to have 
deleted the MAL13P1.485 and MAL13P1.475 regions 
(Table  3, Fig.  2). When comparing the 6 markers, the 
most frequently deleted locus was pfhrp3 (91.4%), fol-
lowed by MAL13P1.475 (68.8%). All samples amplified 
properly at least one of the 6 analysed loci, which indi-
cates that the quality and quantity of DNA was sufficient 
to guarantee reliability in the negative results.

Five deletion patterns were recorded when analysing 
the exon 1–2 pfhrp2 sequence plus the flanking regions, 
while the loci associated to pfhrp3 revealed 6 different 
deletion patterns (Table 3). Most of the samples (58.6%) 
did not reveal any deletion in the analysed region of the 
chromosome 8, however < 5% of the samples seem to 

keep the region of the chromosome 13 intact without 
deletions. None of the isolates showed a complete lack 
of the exon 1–2 region of pfhrp2 gene and both flanking 
genes, while many samples (48.4%) seem to have deleted 
the entire pfhrp3 region.

In order to confirm the deletion of the pfhrp2 and 
pfhrp3 genes, the full length of exon 2 was amplified 
[27] in those samples that showed a double deletion 
of the sequence between exon 1 and exon 2. As shown 
in Table 4, 8 of 27 isolates revealed total absence of the 
two exons in both genes. The rest of the isolates ampli-
fied at least one exon 2 of either of both genes. Isolates 
with complete deletions of both genes were detected in 
all three countries.

Discussion
This is the first report of deletions of the genes pfhrp2, 
pfhrp3 and their neighbouring regions in P. falcipa-
rum parasites collected from Guatemala and Nicaragua, 
and this is also the second report that includes samples 

Table 3 Number and  percentages of  samples showing deletions of  the  pfhrp2 and  pfhrp3 genes and  their flanking 
regions by country

MAL7P1.230 pfhrp2 Exon 
1–2

MAL7P1.228 Guatemala, n (%) Nicaragua, n (%) Honduras, n (%) Total, n (%)

+ + + 12 (57.1) 30 (54.5) 33 (63.5) 75 (58.6)

− + + 6 (28.6) 8 (14.5) 6 (11.5) 20 (15.6)

+ − + – 14 (25.4) 7 (13.5) 21 (16.4)

− − + 3 (14.3) 3 (5.5) 5 (9.6) 11 (8.6)

+ − − – – 1 (1.9) 1 (0.8)

Total 21 (100) 55 (100) 52 (100) 128

MAL13P1.485 pfhrp3 Exon 
1–2

MAL13P1.475 Guatemala, n (%) Nicaragua, n (%) Honduras, n (%) Total, n (%)

− − − 18 (85.7) 21 (38.2) 23 (44.2) 62 (48.4)

+ − − – 15 (27.3) 6 (11.5) 21 (16.4)

+ − + – 5 (9.1) 17 (32.7) 22 (17.2)

− − + 1 (4.8) 7 (12.7) 4 (7.7) 12 (9.4)

+ + + – 4 (7.3) 2 (3.8) 6 (4.7)

− + − 2 (9.5) 3 (5.4) – 5 (3.9)

Total 21 (100) 55 (100) 52 (100) 128

Table 4 Number and percentages of samples showing deletions of pfhrp2 and pfhrp3 sequences (exon 1–2 and exon 2) 
by country

Exon 1–2 
pfhrp2

Exon 2 pfhrp2 Exon 1–2 
pfhrp3

Exon 2 pfhrp3 Guatemala, n (%) Nicaragua, n (%) Honduras, n (%) Total, n (%)

− − − − 3 (11.1) 2 (7.4) 3 (11.1) 8 (29.6)

− − − + 0 1 (3.7) 1 (3.7) 2 (7.4)

− + − + 0 6 (22.2) 6 (22.2) 12 (44.4)

− + − + 0 2 (7.4) 3 (11.1) 5 (18.5)

3 (11.1) 11 (40.7) 13 (48.1) 27 (100)
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collected from Honduras [18]. Motivated by the grow-
ing number of similar reports in South America [7–10, 
28–30], Asia [11, 12, 31] and Africa [14, 32–36], this 
study analysed the presence or absence of 6 loci located 
on chromosomes 8 and 13 of the parasite using archived 
specimens from Central America [16] with the aim of 
estimating the frequency of deletions around the genes 
pfhrp2 and pfhrp3.

Although RDTs are a valuable tool to establish the diag-
nosis of falciparum malaria, especially in areas where 
routine microscopic diagnosis is not available, these tests 
could yield false negative results due to undetectable con-
centrations of the PfHRP2 antigen in low parasitaemias 
[37], to the absence of expression of this protein when 
the parasite has deleted some genomic segments [16] or 
other causes listed by WHO [17] that should be investi-
gated in each region or country. The main consequence 
of the deletions of pfhrp2 and pfhrp3 genes is the impos-
sibility of establishing an adequate diagnosis of malaria, 
especially where it is solely based on RDTs that exclu-
sively detect the PfHRP2 protein [7, 38, 39].

Amplification of coding sequences and their flanking 
regions through a nested-PCR approach is a commonly 
used method to investigate deletions of pfhrp2 and pfhrp3 
[18, 27, 38, 40]. Due to the challenge of guaranteeing the 
absence of a genetic sequence based only on a negative 
amplification result, some experiments were conducted 
to achieve the greatest certainty possible. Each negative 
experiment was repeated up to 3 times. In addition, the 
single copy gene pfmsp-1 was successfully amplified for 
the samples that yielded a negative result for both gene 
regions. The results obtained suggest that the absence 
of amplification does not seem to be due to a low DNA 
concentration of the parasite, since it was not possible 
to establish any association between samples with low, 
moderate or high parasitaemia and absence of amplifica-
tion for any loci. Also, given that all samples amplified at 
least one of the 6 analysed loci, these results seem to be 
reliable and allow to confirm the existence of deletions of 
the sequences associated with the genes pfhrp2, pfhrp3 
and their flanking regions in the natural populations of P. 
falciparum circulating in Central America.

Before this study, there was not enough information 
of deletions in the pfhrp2 and pfhrp3 genes in parasites 
from Central America [15]. The only study available 
analysed 68 samples collected between 2008 and 2009, 
in Puerto Lempira city in the Honduran Moskitia [18]. 
Those authors found that all samples were positive for 
pfhrp2 and its flanking sequences, and therefore PfHRP2-
based RDTs could be considered useful in this geographic 
region at the time. Interestingly, in this study 10 archi-
val samples collected 2  years later (2011) in Honduras 
showed 40% of isolates with deletion in the pfhrp2 gene. 

This could be attributed both to the selective adaptation 
of the parasite in a short period of time, and to the fact 
that the samples were collected in some regions of the 
country that were not represented in the previous study 
(Colon, Roatan and Gracias a Dios). Abdallah et al. [18] 
also reported 44% of parasites lacking the pfhrp3 region 
and suggested the need to expand the research with sam-
ples collected from other geographic regions and for a 
longer time span. Following that recommendation, and 
according to the results obtained in this study, the pro-
portion of parasites lacking pfhrp3 in this study area was 
higher than that previously reported in Puerto Lempira. 
This high percentage of pfhrp3-negative parasites is in 
agreement with the large genomic deletions in the chro-
mosome 13 described in the reference line HB3, a para-
site isolate collected from Honduras [41].

When analysing all the samples collected from the three 
Central American countries, 75% of the isolates amplified 
successfully the pfhrp2 gene, while only 9% of the isolates 
were pfhrp3-positive. A WHO web mapping tool that 
tracks 3 of the major biological threats to malaria con-
trol and elimination compiled 53 surveys from 7 South 
American countries regarding pfhrp2/pfhrp3 deletions 
[42]. Despite the heterogeneity of all these surveys, there 
is a general trend indicating that deletions in the pfhrp2 
gene are less frequent than those in the pfhrp3 gene; 
which is consistent with the current results. These coin-
cidences could be attributed to similar characteristics in 
the evolution of the parasites from South and Central 
America. The high percentage of deletions in the pfhrp3 
gene that are observed in some localities of Colombia [8] 
and Peru [7] is also of special interest.

Regarding the flanking sequences of the pfhrp2/
pfhrp3 genes, all isolates retained the downstream locus 
MAL7P1.228, in a similar way to that reported in Eri-
trea [38, 40], where the MAL13P1.475 region was also 
the most frequently deleted locus. When comparing the 
results of this study with those reported previously [18], it 
is noteworthy that the 4 flanking regions, both of pfhrp2 
and pfhrp3 now reveal a high number of deletions, which 
would support the hypothesis of the rapid appearance of 
deletions in these genetic regions. Nevertheless, one of 
the most interesting results of this study is the finding of 
26 (20.3%) isolates with a double deletion (pfhrp2/pfhrp3 
negative for exon 1–2). Some authors have stated that 
the deletion of those particular genetic sequences is the 
result of multiple independent events instead of the dis-
persion of strains originated from a single event [43, 44]. 
However, once they emerge, the rapid spread of double-
negative populations could be caused by the selection 
of these parasites by the pressure acting on these vari-
ants [45], as demonstrated also by stochastic simulation 
when the use of RDTs is based on the exclusive detection 
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of the PfHRP2 antigen [46]. Despite the reason behind 
the emergence and spread of this genotypes in Central 
America, the presence of double-negative parasites in 
this endemic region has direct implications on the use 
of RDTs for routine diagnosis, especially in areas where 
microscopy is not feasible. This new finding could pose a 
threat to national malaria programmes, mainly due to the 
risk for patients infected with these parasites not receiv-
ing a timely and correct diagnosis and treatment; as well, 
non-PfHRP2-based RDTs have demonstrated limited 
sensitivity and heat instability [16].

In the three countries analysed in this study, the Min-
istries of Health use RDTs based on detection of the 
PfHRP2 antigen: CareStart™ Malaria HRP2/pLDH(Pf/
Pv) Combo (Honduras), SD Bioline MALARIA Ag P.f/
P.v (Nicaragua) and CareStart™Malaria RDT Single Kit 
(Guatemala). According to the World Malaria Report 
2017 [1], in 2016 Honduras, Guatemala and Nicaragua 
performed 14,930, 74,859 and 880 RDTs, respectively, 
but only Honduras reported positive results by RDT 
(n = 241). These data represent 8.9, 22.4 and 0.14% of 
the total number of diagnostic tests when compared to 
the microscopic approach. Considering that most of the 
diagnosis of malaria in these three countries is still car-
ried out through microscopy and the prevalence of P. fal-
ciparum infections is considerably less than P. vivax, the 
impact of a few false negative results derived from RDTs 
detecting PfHRP2 would be low for the public health. 
However, although the risk of diagnostic failures due 
to non-detection of the parasite by RDT could be low, 
the countries of the region have proposed eliminating 
malaria by the year 2030, and this goal requires rapid and 
timely detection of all cases of malaria, especially in the 
most remote areas. Consequently, it will be necessary to 
evaluate the performance of those particular RDTs used 
in Central America and establish a routine molecular 
surveillance programme [11].

An interesting result of this study is that most of the 
isolates (17/27) that did not amplify the intron 1 seg-
ment of the pfhrp2 gene seem to have intact the exon 2 
(Table  4). A similar phenomenon occurred for 19 of 27 
isolates without the intron 1 of pfhrp3 that successfully 
amplified the full-length exon 2. A possible explanation 
for this apparent discrepancy could be the presence of 
mutations in the primers targets that prevent the amplifi-
cation of this gene region. However, a more likely hypoth-
esis could be that some parasites suffered breakage points 
at the end of exon 1 of both genes, as indicated by Cheng 
et al. [27], which seems to be a relatively common event. 
With the obtained data it is not possible to assure if the 
partial or total absence of exon 1 of both genes has con-
sequences for the expression of the PfHRP2 and PfHRP3 
antigens, especially because the epitopes relevant for 

their detection are completely encoded in exon 2 [47] In 
any case, these results demonstrate the existence of some 
strains with complete deletions of both genes.

The use of archived samples was a main limitation of 
the study. Samples were not analysed by serology or 
RDTs, as recommended by Cheng et  al. and supported 
by the WHO [16, 27, 31]. Therefore, it is not possible 
to confirm with absolute reliability the diagnostic fail-
ure of PfHRP2-based RDTs in Central America. Thus, it 
will be convenient to carry out further studies compar-
ing the performance of microscopy, RDTs and molecular 
analysis. As well, sequencing studies of the pfhrp2 gene 
searching for polymorphisms that could affect the sensi-
tivity of the RDTs are recommended [12, 14, 48, 49].

Conclusions
In summary, this study provides molecular evidence of 
the existence of P. falciparum isolates lacking the pfhrp2 
and pfhrp3 genes, and flanking regions, in Honduras, 
Guatemala and Nicaragua. This finding could hinder the 
progress made in the control and elimination of malaria 
in Central America. From now on, a routine evaluation of 
the performance of RDTs and molecular surveillance will 
be required.
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