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Abstract 

Background: Histidine-rich protein 2 (HRP2)-based malaria rapid diagnostic tests (RDTs) are effective and widely 
used for the detection of wild-type Plasmodium falciparum infections. Although recent studies have reported false 
negative HRP2 RDT results due to pfhrp2 and pfhrp3 gene deletions in different countries, there is a paucity of data on 
the deletions of these genes in Tanzania.

Methods: A community-based cross-sectional survey was conducted between July and November 2017 in four 
regions: Geita, Kigoma, Mtwara and Ruvuma. All participants had microscopy and RDT performed in the field and 
provided a blood sample for laboratory multiplex antigen detection (for Plasmodium lactate dehydrogenase, aldolase, 
and P. falciparum HRP2). Samples showing RDT false negativity or aberrant relationship of HRP2 to pan-Plasmodium 
antigens were genotyped to detect the presence/absence of pfhrp2/3 genes.

Results: Of all samples screened by the multiplex antigen assay (n = 7543), 2417 (32.0%) were positive for any 
Plasmodium antigens while 5126 (68.0%) were negative for all antigens. The vast majority of the antigen positive 
samples contained HRP2 (2411, 99.8%), but 6 (0.2%) had only pLDH and/or aldolase without HRP2. Overall, 13 samples 
had an atypical relationship between a pan-Plasmodium antigen and HRP2, but were positive by PCR. An additional 
16 samples with negative HRP2 RDT results but P. falciparum positive by microscopy were also chosen for pfhrp2/3 
genotyping. The summation of false negative RDT results and laboratory antigen results provided 35 total samples 
with confirmed P. falciparum DNA for pfhrp2/3 genotyping. Of the 35 samples, 4 (11.4%) failed to consistently amplify 
positive control genes; pfmsp1 and pfmsp2 and were excluded from the analysis. The pfhrp2 and pfhrp3 genes were 
successfully amplified in the remaining 31 (88.6%) samples, confirming an absence of deletions in these genes.

Conclusions: This study provides evidence that P. falciparum parasites in the study area have no deletions of both 
pfhrp2 and pfhrp3 genes. Although single gene deletions could have been missed by the multiplex antigen assay, the 
findings support the continued use of HRP2-based RDTs in Tanzania for routine malaria diagnosis. There is a need for 
the surveillance to monitor the status of pfhrp2 and/or pfhrp3 deletions in the future.
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Background
Upon successful establishment of blood-stage infec-
tion by Plasmodium parasites, various parasite proteins 
are produced and released into the host blood. Some of 
these proteins (also referred to as antigens) are targets 
for malaria rapid diagnostic tests (RDTs). Three anti-
gen targets currently in use include Plasmodium lactate 
dehydrogenase (pLDH), Plasmodium aldolase (aldolase), 
and the Plasmodium falciparum-specific histidine rich 
protein 2 (HRP2) [1–3]. The use of antigen-based RDTs 
in many malaria-endemic countries worldwide have pro-
foundly improved malaria case management and surveil-
lance efforts and remains an essential diagnostic tool, 
especially in Africa [4–7].

HRP2-based tests are species-specific since the antigen 
is only produced by P. falciparum, though tests detecting 
pLDH and aldolase have the potential to detect all human 
malarias [2, 4, 8]. HRP2 is the most widely used antigen 
in RDTs either alone or in combination with other anti-
gens, due to its abundance, specificity for P. falciparum 
infection, and high sensitivity and thermal stability [9]. 
However, antibodies raised against HRP2 can cross-react 
with P. falciparum HRP3 antigen due to similarities in 
amino acid sequences and repeating epitopes [10–12]. 
The genes encoding for these two antigens are located 
on different chromosomes of the P. falciparum genome, 
with pfhrp2 on chromosome 8 while pfhrp3 gene is on 
chromosome 13 [13, 14]. A large number of parasites 
with genetic deletions of pfhrp2 and/or pfhrp3 genes in 
natural populations of P. falciparum were first reported 
in Peru and subsequently in other countries including 
in Africa with potential negative impacts on the perfor-
mance of currently used RDTs [15–22].

Sensitivity of HRP2-based RDTs can be affected by 
transportation and storage conditions outside of manu-
facturer specifications, operator errors, low density infec-
tions, or a mutation or deletion of the pfhrp2 and/or 
pfhrp3 genes in the infecting parasite strain [15–23]. In 
addition, the diversity in parasite population and number 
of epitopes on HRP2 recognized by the diagnostic test 
antibodies may modify the sensitivity of the test when 
dealing with different P. falciparum populations [24–28].

In Tanzania, RDTs were introduced between 2009 and 
2012 and are now widely used in both private and public 
health facilities throughout the country. Before the intro-
duction of RDTs in Tanzania, a study conducted between 
2005 and 2010 (the African Quinine Artesunate Malaria 
Treatment Trial) found no evidence of pfhrp2/3 gene 

deletions [29]. However, pfhrp2 gene deletions have been 
reported in the neighbouring East African countries, 
including Kenya [21] and Rwanda [27]. In addition, two 
studies conducted in Tanzania which analysed samples 
collected in 2010, and between 2016 and 2018 showed 
evidence of sporadic occurrence of pfhrp2/3 gene dele-
tions in some areas [30, 31]. Although both the initial 
evidence (sample confirmed as microscopy positive for 
P. falciparum but negative PfHRP2-detecting RDTs) and 
confirmatory evidence (molecular approaches) [32] were 
used to screen for pfhrp2/3 gene deletions, the sample 
size and the geographic regions covered were limited. 
In this study, field diagnostic results and a multiplex 
antigen detection assay were used to investigate poten-
tial pfhrp2/3 gene deletions in samples collected in 2017 
from four regions of Tanzania with persistently high 
malaria transmission after five years of introduction of 
RDTs.

Methods
Study sites
Samples and data were obtained from a cross-sectional 
community survey (Hotspots study) involving mainly 
asymptomatic individuals which was conducted between 
July and November 2017 in four regions of Tanza-
nia (Geita, Kigoma, Mtwara and Ruvuma) [33]. These 
regions were among those with persistently high malaria 
transmission as shown by the surveys conducted from 
2007 to 2017 [34–37]. The four Regions also had higher 
prevalence in the School Malaria Parasitological Survey 
(SMPS) of 2014/2015 [38], and are among the 10 regions 
targeted by the National Malaria Control Programme 
(NMCP) for reduction of malaria burden through the 
high burden to high impact initiative (based on WHO 
and NMCP revised strategic plan). Two districts with 
high prevalence in the SMPS of 2014/2015 were purpo-
sively selected from each region; Nyang’hwale and Chato 
(Geita), Buhigwe and Uvinza (Kigoma), Mtwara DC and 
Nanyumbu (Mtwara) and Nyasa and Tunduru (Ruvuma). 
Within each district, two villages were purposively 
selected for sampling based on the malaria parasite posi-
tivity rates as reported from health facility reports, mak-
ing a total of 16 villages sampled (Fig. 1).

In each of the sampled villages, a random sample of at 
least 120 households (HHs) were selected and all mem-
bers of these HHs were asked to participate in the survey 
[33]. Blood samples were collected by finger prick, thin 
and thick films were prepared, and all study participants 
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were screened with malaria RDTs as per the manufac-
turer’s instructions. Care Start Malaria HRP2/pLDH (Pf/
PAN) COMBO (AccessBio, NJ, USA) RDTs were used in 
Geita and Kigoma regions, and Lundo village of Nyasa 
District (Ruvuma region). The RDTs were depleted due 
to testing a large number of community members who 
sought clinical care and were replaced with Care Start 
Malaria HRP2 (Pf ) (AccessBio, NJ, USA), which were 
readily available from suppliers. These RDTs [Care Start 
Malaria HRP2 (Pf ) (AccessBio, NJ, USA)] were used in 
the rest of the villages in Ruvuma (2 in Tunduru district) 
and Mtwara regions (4 villages, two in each of districts 
of Nanyumbu and Mtwara DC). The results were inter-
preted within the specified reading time of the manu-
facturer’s protocol. Dried blood spots (DBS) on filter 
papers were collected on Whatman 3MM paper (GE 
Healthcare, PA, USA), dried for 2–4 h, and individually 
packaged in sealable plastic bags with desiccant for fur-
ther laboratory analysis. Participants with RDT positive 
results were treated according to the national guidelines 
[39].

The main study and the laboratory analyses reported 
in this manuscript obtained ethical approval from the 
Medical Research Coordinating Committee (MRCC) of 
the National Institute for Medical Research (NIMR), and 
permission to conduct the study in the selected regions 
was sought from the President’s Office, Regional Admin-
istration and Local Government Authority and Regional, 
District and village authorities. Informed consent/assent 
was sought before conducting the demographic survey 
or including participants into the parasitological part 
of the study. A written informed consent for laboratory 
analyses including detection of pfhrp2/3 gene deletion 
which was performed in this study was obtained from the 
sample donors. The laboratory activities undertaken at 
CDC were considered non-research by the CDC Human 
Subjects office for the purpose of providing laboratory 
testing of these specimens and participation of CDC sci-
entists for this collaboration.

Microscopy
Thick and thin blood films for parasite counting and 
species identification were prepared from the finger 
prick blood and stained using 3% Giemsa for 45 min to 
detect parasite infection status and parasite density using 
thick films while parasite species were assessed on thin 
films. Parasites were counted as asexual parasites per 
200 White Blood Cells (WBCs) for asexual parasites or 
500 WBCs for sexual stages. A blood film was declared 
negative if no Plasmodium parasites were detected after 
examining 200 high power fields for the thick film. Para-
site density (parasites per µL of blood) was calculated 
by multiplying the number of asexual parasites by 40 or 

sexual stages by 16 assuming one microlitre of blood con-
tained 8000 WBC. For the purposes of quality control, 
each blood smear was examined by two trained micros-
copists blinded of the RDT results. The final parasitae-
mia was taken as the average of the counts of the two 
microscopists if their results did not differ by > 50% for 
blood smears with ≥ 400 asexual parasites/μL of blood. In 
blood smears with < 400 asexual parasites/μL, any counts 
of each of the two microscopists was accepted and used 
to calculate the average parasitaemia. Blood smears with 
discordant results were re-examined by a third micros-
copists and the results of any two microscopists was 
accepted as explained above. Further discordant smears 
were resolved by a team of three microscopists who re-
examined such smears at the same time based on previ-
ously-described protocol [40].

Sample processing and laboratory multiplex assay
DBS were shipped to the Malaria Laboratory, at the Cent-
ers for Disease Control and Prevention, Atlanta, under 
ambient temperature. A 6 mm punch of each sample was 
taken and eluted in blocking buffer containing: PBS, 0.5% 
polyvinyl alcohol (Sigma, St. Louis, MO), 0.8% polyvi-
nylpyrrolidine (Sigma), 0.1% casein (ThermoFisher Scien-
tific, Waltham, MA), 0.5% BSA (Sigma), 0.3% Tween-20, 
0.05% sodium azide, and 0.01% E. coli extract to prevent 
non-specific binding. The elution step diluted the sam-
ples to a 1:20 × whole blood dilution, which was the dilu-
tion used for the assay. DBS samples were screened by a 
bead-based multiplex antigen assay for the simultaneous 
detection of P. falciparum HRP2 (HRP2), pan-Plasmo-
dium aldolase (aldolase), and pan-Plasmodium lactate 
dehydrogenase (pLDH) based on previously-described 
protocol [41]. Antibodies used to detect epitopes on 
HRP2 also targeted the same epitopes on the HRP3 
antigen.

DNA extraction, PET‑PCR, pfhrp2 and pfhrp3 genotyping
A total of 94 samples with discordant results between 
microscopy and RDTs were selected for further molecu-
lar characterization. Genomic DNA was extracted from 
DBS of these 94 samples using QIAamp DNA Mini Kits 
(Hilden, Germany) using manufacturers’ protocol and 
screened for parasite DNA using the multiplex photo-
induced electron transfer PCR (PET-PCR) assay as pre-
viously described [42–45]. PCR for pfhrp2 and pfhrp3 
genotyping was performed as described previously [46, 
47]. For genotyping of gene deletions, 3D7, Dd2 and HB3 
DNA were used as controls for the assay; 3D7 as a posi-
tive control for both pfhrp2 and pfhrp3 while Dd2 was 
a negative control for phrp2 but positive for phrp3, and 
HB3 was a negative control for pfhrp3 but positive for 
pfhrp2. To confirm the absence of amplification events 
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of the two genes, single copy msp1 and msp2 genes were 
amplified. Complete details for the molecular assays are 
outlined in Additional file 1: Tables S1 and S2.

Data analysis
The database and the different data collection applica-
tions were created using the Open Data Kit (ODK) soft-
ware. Data cleaning, validation and quality control were 
undertaken as described by Chiduo et al. [33]. The data 
was later transferred to Microsoft Excel (Redmond, WA, 
USA) and STATA software (Texas, USA) for analysis 
which involved generating a summary of basic features of 
the study population.

To determine if a sample’s laboratory mean fluores-
cence intensity minus background signal (MFI-bg) was to 
be denoted as positive for a specific antigen, two meth-
ods were employed. First, a panel of 24 known negative 
blood samples which had been eluted from Whatman 
903 filter paper were run by the multiplex antigen assay, 
the lognormal mean and standard deviation was derived 
from this sample set. The mean + 3sd was calculated to 
provide a MFI-bg threshold signal which was used as a 

cut-off to define antigen positive samples. Second, a two-
component finite mixture model was used for the log-
transformed antigen MFI-bg data from the study, and the 
mean + 3sd of the first component was used to define this 
cut-off. In order to reduce Type I errors, the more con-
servative of these two methods were used to determine 
the MFI-bg signal where any sample values above this 
would be considered a true positive for that particular 
antigen [48].

In comparing the HRP2 antigen signal to either of 
the pan-Plasmodium markers, the typical relationship 
between these two antigens was defined as the standard 
correlation observed for the vast majority of the obser-
vations. Visual outliers to this standard correlation were 
identified as outliers with suspicion of aberrant HRP2 
production by the P. falciparum parasite requiring fur-
ther molecular investigation (Fig. 3).

Results
A total of 2520 out of 6207 registered HHs (40.6%) 
were sampled, with 7313 mainly asymptomatic indi-
viduals covered in the cross-sectional survey, which was 

Fig. 1 Map showing the study sites in the four regions of Tanzania



Page 5 of 12Bakari et al. Malar J          (2020) 19:391  

conducted in 16 villages (in 8 districts) from four regions 
of Tanzania (Geita, Kigoma, Mtwara and Ruvuma) 
between July and November 2017 (Table 1). Apart from 
the 7313 individuals enrolled, an additional of 230 sam-
ples were taken from individuals who came to seek health 
services, but were not from the 120 sampled HHs. There-
fore, 7543 blood samples were available for this study, 
and 3.0% (230/7543) of these were from individuals with 
incomplete data. The remainder (97.0%, 7313/7543) had 

complete data with parasitological, clinical and demo-
graphic information. The mean age of participants was 
22.3 years (SD = 21.0) and 43.4% were male (Table 1).

For all enrolled participants, 38.4% (2897/7543) were 
positive for any one of the three parasite detection assays: 
microscopy, RDT, or bead-based multiplex assay. The 
results showed that 20.6% (1506/7313) of the participants 
were positive for P. falciparum infection by microscopy, 
33.3% (2437/7313) were positive by HRP2 RDT, and 

Table 1 Baseline characteristics of individuals sampled in each of the four regions

HH = Household, SD = standard deviation, N = number of individuals, GMPD = geometric mean parasite density, CI = Confidence interval
a N = 7313, b Fever within the past two weeks

Mtwara Geita Kigoma Ruvuma Total

Number of HHs registered 1306 1209 1490 2202 6207

Number of HHs sampled n (%) 684 (52.4) 533 (44.1) 587 (39.4) 716 (32.5) 2520 (40.6)

Number of individuals in HHs 4723 6994 7945 8699 28,361

Number of individual sampled; n (%) 1548 (32.82) 2053 (29.4) 1979 (24.9) 1733 (19.9) 7313 (25.8)

Age in years; mean (SD) 25.3 (22.1) 18.2 (18.2) 22.4 (22.1) 24.3 (21.3) 22.3 (21.0)

Sex = Male; n (%) 702 (45.3) 878 (42.8) 850 (43.0) 742 (42.8) 3172 (43.4)

Microscopy positive; n (%)a 209 (13.5) 361 (17.6) 558 (28.2) 378 (21.8) 1506 (20.6)

RDTs positive n(%)a 553 (35.7) 556 (27.1) 737 (37.2) 591 (34.1) 2437 (33.3)

Feverb—Yes; n (%)a 245 (15.8) 261 (12.7) 736 (37.2) 275 (15.9) 1517 (20.7)

GMPD of positives; p/ul, (95% CI) 385 (299–495) 774 (643–931) 583 (482–706) 527 (435–638) 575 (516–637)

7543 DBS available

2417 positive for 
any Plasmodium 

antigens

6 samples pan-
LDH and/or pan-
aldolase positive 

but HRP2 
negative 

7313 persons with both 
tests

13 samples with 
atypical relationship 

between pan-Pl
antigens and HRP2

5126 negative for 
any Plasmodium 

antigens

2398 samples 
HRP2 positive 

with typical pan-
Pl relationship 

Based on laboratory 
antigen test alone

Based on field microscopy 
and RDT results

94 persons microscopy 
positive but RDT 

negative with DBS

7 samples 
negative 

for all 
antigens

9 samples 
HRP2 

negative or 
atypical 

relationship 
between pan-
Pl antigens 
and HRP2

51 samples 
HRP2 positive 

with typical 
pan-Pl antigen 

relationship 

27 samples 
negative for P. 

falciparum 
DNA

35 samples selected for pfhrp2 and pfhrp3 
genotyping

Fig. 2 Flowchart for selection of samples requiring genotyping for pfhrp2 and pfhrp3. Samples were selected based on initial field microscopy and 
RDT results (shown on left), or multiplex laboratory antigen detection (shown on right), for final determination of samples requiring genotyping to 
detect potential deletion of pfhrp2/3 genes
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32.0% (2417/7543) were positive for anyone of the Plas-
modium antigens tested by the bead-based multiplex 
assay. For those who were positive by microscopy, the 
geometric mean parasite density was 575 asexual para-
sites/µL of blood.

A flow diagram for sample selection for further 
molecular testing to detect the presence (and poten-
tial prevalence) of pfhrp2 and pfhrp3 deletions in this 
study population is shown in Fig.  2. In selecting speci-
mens warranting molecular assays for pfhrp2 and pfhrp3 
genotyping, two types of information were considered: 
discordance between field microscopy and RDT results 
for an individual, and the relationship between the pan-
Plasmodium antigens and the HRP2 antigen for an indi-
vidual’s blood sample. From the field tests (microscopy 
and RDT), 95 persons were found to be microscopy posi-
tive but RDT negative (1.3% of the 7313 persons who had 
data for both tests). Of these 95 persons, 94 had a DBS 
available for multiplex antigen detection, and 54.3% 
(51/94) of these were found to be HRP2 antigen positive 
by bead-based multiplex assay with a typical relationship 
to the other pan-Plasmodium antigens. Due to the cross-
reactivity nature of HRP2 and HRP3, the multiplex assay 
is non-discriminatory, therefore a positive signal would 
indicate presence of either HRP2 or HRP3 antigen or 
both antigens (as illustrated in Fig. 3). Additionally, 28.7% 
(27/94) of these samples were negative for P. falciparum 
DNA and could not undergo genotyping. The remaining 
16 samples (17.0% of the 94 selected by microscopy/RDT 
discordance) were all P. falciparum DNA positive, but 
had no antigens detected (n = 7) or an atypical relation-
ship between the pan-Plasmodium markers and HRP2 
(n = 9). Based on these test results, these 16 were selected 
as warranting pfhrp2 and pfhrp3 genotyping.

Since all DBS were screened by the multiplex antigen 
assay, samples could be selected for pfhrp2 and pfhrp3 
genotyping based solely on bead-based multiplex assay 
results. Of all 7543 DBS screened by the multiplex anti-
gen assay, malaria antigen could not be detected in 5126 
(68.0%) samples. Of the 2417 DBS positive for any anti-
gens, 2398 (99.2%) of these were found to have a typical 
relationship of the pan-Plasmodium markers with HRP2 
(Fig.  3). Of the remaining 19 DBS, which were all posi-
tive for the pan-Plasmodium antigens; 6 had a complete 
absence of HRP2 antigen, and 13 had an atypical rela-
tionship between the assay signal for the pan markers 
and HRP2. All of these 19 were positive for P. falciparum 
DNA and could thus be utilized for genotyping by PCRs. 
Together with the 16 samples chosen initially based on 
field test results, these 35 samples (16 + 19) were gath-
ered as the final set with suspicion of aberrant HRP2 and/
or HRP3 antigen production and warranted genotyping 
to confirm the absence/presence of pfhrp2 and pfhrp3 
genes.

Table  2 outlines the pfhrp2 and pfhrp3 genotyping 
results for these 35 samples, as well as other information 
regarding the characteristics of the individuals, field test 
results, and other factors. Most of the samples (31/35, 
88.6%) were found to successfully amplify pfhrp2 and 
pfhrp3 genes for the two exons of each gene. However, 
one or more of the pfhrp2 and pfhrp3 exon targets could 
not be amplified in 4 (11.4%) DNA samples. To correctly 
report the presence of a deletion (i.e. lack of PCR amplifi-
cation), two other single-copy genes (pfmsp1 and pfmsp2) 
were chosen and amplified to verify true non-ampli-
fication events [32]. For these 4 DNA samples, all were 
unable to consistently amplify both pfmsp1 and pfmsp2 
single-copy genes and were excluded in the analysis. For 

Fig. 3 Scatterplots of pan-Plasmodium LDH or aldolase assay signal in comparison with HRP2 assay signal. Plots designate samples that were 
selected for further genotyping investigation as based on an atypical relationship to the pan-Plasmodium LDH (a) or aldolase (b) antigens. Hashed 
lines in each plot show MFI-bg assay signal threshold which would indicate a positive assay signal for each antigen. Black circles indicate samples 
selected based on field RDT results as well as laboratory antigen assay that were P. falciparum DNA positive. Red circles indicate samples selected 
solely based on laboratory antigen assay that were P. falciparum DNA positive. Squares indicate samples selected solely based on laboratory antigen 
assay that were P. falciparum DNA negative
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this reason, non-amplification of pfhrp2 and pfhrp3 tar-
gets due to true deletion events could not be verified, and 
thus, no deletions in these genes could be confirmed in 
the remaining 31 samples.

Discussion
The samples used in this study were collected during a 
community-based survey which was conducted in four 
regions with persistently high malaria burden over the 
past 10yrs and used to assess the presence and preva-
lence of pfhrp2 and pfhrp3 gene deletions in Tanzania. 
The findings from field RDT and microscopy tests as well 
as the laboratory multiplex antigen test indicate that the 
vast majority of P. falciparum infections in Tanzania pro-
duced high levels of HRP2 (and HRP3) antigens, which 
would be recognized by HRP2-based RDTs. Although 
RDTs did not detect some infections from persons con-
firmed to be P. falciparum positive by PCR, the evidence 
presented here suggests that these false negative RDT 
results were not due to pfhrp2 and pfhrp3 gene deletion.

During the survey, extensive efforts were taken to pro-
tect the quality of the RDTs. The experienced study team 
ensured that RDTs were stored in appropriate condi-
tions as per the manufacturers’ instructions; transported 
in good conditions (ambient temperature with minimal 
humidity) and the tests were also performed by experi-
enced technicians. To minimize operator errors, the test-
ing process and reading of RDT results were done in the 
presence of other members of the team who ensured that 
any doubtful RDTs results were correctly read and inter-
preted. Studies conducted elsewhere reported that the 
performance of HRP2-based RDTs depends on the level 
of parasitaemia [1, 8, 26], with the lower limit of detec-
tion generally around 200 parasites/µL [1]. This commu-
nity survey included mainly asymptomatic persons, and 
some had low-level parasitaemia by microscopy (bellow 
the detection limits of RDTs); this could possibly explain 
some of the discordances between the field RDT results 
and the laboratory antigen test. In total, 1998 (27.3% of 
all) participants were concordant between those two 
tests, whereas 372 (6.0%) individuals were positive for 
RDTs alone and 325 (4.4%) were positive only by the 
bead-based multiplex assay. As RDTs are designed for 
reliable detection of parasite densities more typical 
of clinical relevance (200p/µL or greater), their use in 
asymptomatic population may miss low-density infec-
tions with low levels of HRP2 antigens [48]. Even in this 
community setting, it was encouraging to see that RDTs 
were able to detect the majority of persons with malaria 
antigenemia as determined by the bead-based multi-
plex assay. Of the 2323 total samples found to be anti-
gen positive, 1998 (86.0%) came from persons who were 
RDT positive. Considering the generally low parasite 

densities for any P. falciparum-infected persons in this 
survey, concordance was also good for all three tests; 
microscopy, RDTs, and the laboratory antigen test. Of the 
1158 total microscopy positives, 1063 (91.8%) were also 
RDT positive, and 1050 (90.7%) were also positive by the 
bead-based multiplex assay. Concordance among multi-
ple malaria indicators provides greater confidence for the 
true levels of malaria in a populace.

Of the 35 samples selected for further molecular inves-
tigation (from asymptomatic individuals), which were 
positive for P. falciparum by PCR, the majority (27/35) 
had relatively low parasite densities ranging from 0 to 
1000 parasite/µL. However, eight samples had higher 
parasite densities (> 1000 asexual parasites/µl), and two of 
these had very high parasite density (88,600 and 104,000 
parasite/µL, respectively). Two of these eight persons 
gave negative RDT results which could potentially be 
explained by prozone effect where an excess of antigen 
leads to false-negative results [49]. All eight of these 
higher density infections were found to have detectable 
HRP2 antigen, though at much lower blood concentra-
tions than typical given those levels of P. falciparum para-
site densities.

It was surprising to find that 16 out of the 35 samples 
which were both microscopy and PCR positive  with 
intact pfhrp2 and pfhrp3 gene, had no or atypical antigen 
levels. Of these, 7 did not have antigen completely and 9 
had atypical relationship between the pan-Plasmodium 
markers and HRP2. The absence of detectable HRP2 anti-
gens in these samples can possibly be due to deteriora-
tion/degradation of the antigens, which were analysed 
after DBS storage for more than 7  months. However, 
more detailed assessments of such samples might be 
needed to determine the reasons for such discordant 
results.

The multiplex antigen screening allowed for reconfir-
mation of HRP2 (and possibly HRP3) antigen profiles for 
DBS samples. Of all 7543 samples screened by the multi-
plex antigen test, few (28, 0.4%) samples had a complete 
absence of HRP2 or an aberrant relationship between the 
assay signal for the pan markers and HRP2. This could be 
due to very low parasite densities or infections with non-
P. falciparum species, but this observation could not be 
explained by deletions of the pfhrp2 and pfhrp3 genes.

This report adds to the literature in the same way as 
studies in Honduras [47] and French Guiana [50], where 
no deletion of pfhrp2 gene were reported. However, 
these findings are in contrast with the results from two 
recent studies which were conducted in Mbeya, Mtwara, 
Mwanza and Bagamoyo in Tanzania using samples col-
lected in 2010 and between 2016 and 2018, respectively. 
The studies found evidence of sporadic occurrence of 
pfhrp2 and pfhrp3 gene deletion in some areas, with 1.7% 
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of isolates tested reported to have a deletion of either of 
the genes [30], and 0.7% carried pfhrp2 deletions while 
another 0.7% carried a deletion of pfhrp3 [31]. Though 
recommended molecular tests [32] were used in the pre-
vious studies, the overall sample sizes were very small 
with only 176 and 149 Tanzanian samples tested in the 
two studies, respectively [30, 31]. Malaria endemicity and 
sampling method could potentially explain the differ-
ences between the present study which sampled mainly 
asymptomatic persons at the community) [33] and the 
previous studies which sampled symptomatic patients at 
health facilities [30, 31]. Despite very low estimates of the 
prevalence of single or double deletions of the genes in 
the previous studies, there is a potential that those para-
site strains are still present at very low-levels in these 
regions. Thus, future studies will be required to cover 
these and other areas with varying epidemiological pro-
file and using the World Health Organization (WHO) 
recommended protocol to confirm the absence or pres-
ence of the deletions.

A limitation of the current study is that, the samples 
used were from a community survey which enrolled 
mainly asymptomatic individuals and sampling was not 
done using the protocol recommended by the WHO for 
pfhrp2/3 gene deletion investigation. The WHO recom-
mends that individuals seeking care for febrile illness at 
health facilities should be selected as a target population 
for the investigation of pfhrp2 and/or phrp3 gene dele-
tions. This is because of the increased chances of detect-
ing parasitaemia in symptomatic patients rather than 
asymptomatic persons. Due to this limitation, these find-
ings are not conclusive rather they provide baseline infor-
mation of pfhrp2/pfhrp3 gene deletion, and thus needs 
further studies. Also with the use of multiplex antigen 
assay, a single gene deletion of pfhrp2 or pfhrp3 alone 
could be masked by a parasite producing at least one of 
these antigens. Deletions (or loss-of-function mutations) 
in both genes would lead to a complete absence of HRP2/
HRP3 antigens in a P. falciparum infection. However, if 
one of these antigens was being produced by the para-
sites, the algorithm defined here may have not been able 
to  identify such blood samples as suspicious if the assay 
signal for HRP2 remained high. Additionally, the molec-
ular tests performed here were only for complete gene 
deletions, and any loss-of-function by point mutations 
leading to antigen non-expression would not be captured 
since the pfhrp2 or pfhrp3 specific DNA amplification 
would still occur using the current protocol. Another 
limitation from the study is that it does not provide esti-
mates for the entire country, since only 4 out of the 26 
regions of mainland Tanzania were included in this study. 
In addition, these regions have high malaria transmis-
sion where parasite mutations including pfhrp2/3 gene 

deletion could be attenuated by high recombination rates 
involving different strains, which occur in such areas. 
Further studies will need to be conducted on P. falcipa-
rum isolates collected from symptomatic patients and 
other geographical regions of Tanzania (especially in low 
transmission areas) in order to increase the chances of 
detecting pfhrp2 and pfhrp3 gene deletion in different 
parts of the country.

Conclusions
Though a low number of false negative RDT results 
were found in Tanzania, these could not be explained by 
pfhrp2 or pfhrp3 gene deletions. However, single gene 
deletions could have been missed by the multiplex anti-
gen assay suggesting parasites with deletion of one of 
the genes might be circulating in the population. Over-
all, the study results suggest that HRP2-based RDTs for 
detection of P. falciparum infection and confirmatory 
diagnosis of malaria in the surveyed area in Tanzania 
can be used as a reliable tool for malaria case manage-
ment. There is a need for continued surveillance to 
monitor the status of pfhrp2 and/or pfhrp3 deletions in 
the future.
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