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Histidine-rich protein 2 (HRP2)-based rapid diagnostic
tests detect Plasmodium falciparum malaria and are
used throughout sub-Saharan Africa. However, dele-
tions in the pfhrp2 and related pfhrp3 (pfhrp2/3) genes
threaten use of these tests. Therapeutic efficacy stud-
ies (TESs) enroll persons with symptomatic P. falciparum
infection. We screened TES samples collected during
2016-2018 in Ethiopia, Kenya, Rwanda, and Madagas-
car for HRP2/3, pan-Plasmodium lactate dehydroge-
nase, and pan-Plasmodium aldolase antigen levels and
selected samples with low levels of HRP2/3 for pfhrp2/3
genotyping. We observed deletion of pfhrp3 in samples
from all countries except Kenya. Single-gene deletions
in pfhrp2 were observed in 1.4% (95% CI 0.2%—4.8%)
of Ethiopia samples and in 0.6% (95% CI 0.2%-1.6%) of
Madagascar samples, and dual pfhrp2/3 deletions were
noted in 2.0% (95% CI 0.4%-5.9%) of Ethiopia samples.
Although this study was not powered for precise preva-
lence estimates, evaluating TES samples revealed a low
prevalence of pfhrp2/3 deletions in most sites.
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he World Health Organization (WHO) estimates

there were 228 million cases of malaria in 2019,
which resulted in 409,000 deaths; >90% of these deaths
occurred in sub-Saharan Africa (1). Although all 4 hu-
man malaria Plasmodium species are present in Africa,
Plasmodium falciparum accounts for most symptomatic
infections (1). After the WHO recommended confirm-
ing Plasmodium infection before initiating treatment
(2), malaria rapid diagnostic tests (RDTs) have been
widely deployed because of their ease of use and
high diagnostic sensitivity for symptomatic infection
(3-5). The histidine-rich protein 2 (HRP2) antigen is
produced exclusively by P. falciparum parasites, and
RDTs detecting this antigen provide a practical tool
for diagnosis in both healthcare and community set-
tings (1,3,6) and have revolutionized the diagnosis of
malaria throughout Africa.

HRP2-based RDTs are an accurate diagnostic tool
because HRP2 is abundantly expressed during the
erythrocytic stage of P. falciparum infection (6). The pf-
hrp3 gene is paralogous to pfhrp2 and has a high level
of similarity in both gene sequence and the expressed
histidine-rich protein 3 (HRP3) antigen, although the
HRP3 antigen is substantially shorter in length (7,8).
However, because of common epitopes on both anti-
gens, they jointly contribute to an overall HRP2-based
RDT positive result or laboratory assay signal (6,9). In
many areas of the world, P. falciparum variants have
been identified with loss-of-function mutations or
complete deletions of the pfhirp2 and pfhrp3 (pfhrp2/3)
genes, which lead to false-negative RDT results (6,10).
Multiple countries in sub-Saharan Africa have report-
ed the presence of P. falciparum with deletions in these
genes (9,11-16), although only Eritrea and Djibouti
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have reported a prevalence of >5% among isolates
from symptomatic infections (17,18).

WHO recommends routine therapeutic efficacy
studies (TESs) approximately every 2 years in ma-
laria-endemic countries to assess antimalarial drug
efficacy, and US President’s Malaria Initiative fund-
ing ensures these studies routinely occur in many
countries throughout sub-Saharan Africa (19). Ac-
cording to established WHO protocol (20), symptom-
atic patients with uncomplicated P. falciparum malaria
are enrolled in healthcare facilities after infection is
verified by light microscopy examination of a blood
smear. In addition, on the day of enrollment and sub-
sequent follow-up days, a blood sample from a finger
prick is dried on filter paper to form a dried blood
spot (DBS) to monitor chemotherapeutic efficacy
and test for putative drug resistance genetic markers
(19). TESs are often implemented at multiple sites in
a country because efficacy might vary depending on
local endemicity, P. falciparum haplotypes, and anti-
malarial use.

We investigated deletions in pfhrp2/3 genes by
using samples from TESs in Ethiopia (2017), Kenya
(2016-2017), Madagascar (2018), and Rwanda (2018).
DBS samples from day of enrollment were subjected
to multiplex antigen detection and subsequent PCR
assays if pfhrp2/3 genotyping was warranted on the
basis of the antigen profile.

Materials and Methods

Therapeutic Efficacy Studies

This study focuses on TESs in 4 countries: Ethiopia
(enrollment during September-December 2017) (21),
Kenya (enrollment during June 2016-March 2017)
(22), Madagascar (enrollment during May-Septem-
ber 2018) (23), and Rwanda (enrollment during May-
December 2018) (24). Specific site information and
enrollment criteria are provided for each TES by the
indicated reference. Of note, enrollment criteria in
the Madagascar TES included a positive HRP2-based
RDT result. CDC human subjects review for labora-
tory analyses for all TES samples were determined
independently for each study: Ethiopia as engaged
research (#6892.0), Rwanda as program evaluation
(#2018-060), Madagascar as nonengaged research
(#2018-435), and Kenya as engaged research (#6696.0).

Bead-Based Multiplex Assay for Malaria

Antigen Detection

All DBS samples were processed and analyzed with-
in 1 year of creation. We performed elution of whole
blood from DBS samples and the bead-based multiplex
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assay for malaria antigen detection as described previ-
ously (25) (Appendix, https:/ /wwwnc.cdc.gov/EID/
article/28/3/21-1499-Appl.pdf). Differences among
parasite densities or antigen levels were assessed by
Student t test for unequal variances using the log-
transformed data.

Selection of Samples for Further Genetic Assays
Using the strategy reported previously (26,27), we
selected samples for further genetic assays on the
basis of the relationship between the 2 pan-Plasmo-
dium antigens (aldolase and lactate dehydrogenase
[LDH]) and the HRP2/3 signal. Samples were se-
lected if they completely lacked an assay signal for
HRP2/3 or if the assay signal for HRP2/3 was atypi-
cally lower compared with the level of pAldolase or
pLDH antigens.

We extracted total genomic DNA from 6-mm
punches of selected DBS samples by using the QIA-
GEN DNA extraction kit (QIAGEN, https://www.
giagen.com) following the manufacturer’s instruc-
tions for blood dried on filter paper. The DNA was
eluted in 150 pL of elution buffer, aliquoted, and
stored at —20°C until further use.

Photo-Induced Electron Transfer PCR and Genotyping
for pfmsp1, pfmsp2, pfhrp2, and pfhrp3

After DNA extraction, we performed photo-induced
electron transfer PCR as described previously (28)
to ensure presence of P. falciparum DNA. We used
nested PCR to genotype pfinspl, pfimsp2, and pfhrp3 as
described previously (29). For pfhrp2 genotyping, we
performed PCR on these samples under conditions
described previously (30). Results for pfhrp2/3 geno-
typing were only reported if both pfmspl and pfinsp2
(both single-copy genes in the P. falciparum genome)
were successfully amplified for a DNA sample (31).

Results

The Kenya 2016-2017 TES had the fewest number of
sites at 1, followed by the Ethiopia 2017 TES at 2, the
Rwanda 2018 TES at 3, and the Madagascar 2018 TES
at 5 (Figure 1). The number of participants providing
DBS samples from each site at enrollment varied for
each of the 4 countries and ranged from a low of 15
participants at the Arba Minch, Ethiopia, site to a high
of 332 participants at the Siaya, Kenya, site (Table 1).
Reflecting the different enrollment criteria for each
TES, the median and range of participant ages were
unique to each TES; median age was 18.0 years in
Ethiopia, 2.7 years in Kenya, 7.0 years in Madagas-
car, and 3.3 years in Rwanda. Enrollment by sex was
mostly equal for the Kenya, Madagascar, and Rwanda
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Figure 1. Location of TES sites
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TESs; 48.8% (Kenya), 47.1% (Madagascar), and 50.9%
(Rwanda) of participants providing DBS samples in
these studies were women. Enrollment of women in
the Ethiopia TES was notably lower at 32.9%.

The antigen screening methodology provided
phenotypic rationale for categorizing the infecting
P. falciparum as a high producer of HRP2/3 antigens
or a HRP2/3 low-producer requiring subsequent
characterization though genetic assays (25,26). Cor-
relation of antigen assay signal with parasite density
(as determined by microscopy during enrollment for
each TES) (Appendix Figure 1) showed that the 2 pan-
Plasmodium antigens displayed a moderate correla-
tion with microscopy-estimated P. falciparum parasite
density, whereas the HRP2 antigen showed higher
variability, as seen previously (25). We compared the
pAldolase and pLDH assay signal to the HRP2 as-
say signal for all samples from each of the 4 countries
and chose select samples for DNA extraction (Table 2;
Appendix Figures 2-5). Ethiopia had the highest per-
centage (n = 21, 14.3% of all DBS samples) of samples
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selected for DNA extraction and PCR genotyping, fol-
lowed by Rwanda (n =16, 7.3%), Madagascar (n = 25,
4.0%), and Kenya (n=7, 2.1%).

After initial sample selection for genotyping, we
evaluated DNA quantity and quality appropriate
for genotyping by amplification of both pfmspl and
pfimsp2 genes. Final pfhrp2/3 genotyping results were
evaluated for amplification of (+) or failure to ampli-
fy (-) these 2 different gene targets (Figure 2). Only
samples from which both the single-copy pfimsp1 and
pfimsp2 genes were successfully amplified had pf-
hrp2/3 genotype reported (31); from all selected sam-
ples, only 1 sample from Ethiopia and 4 samples from
Rwanda were unsuccessfully amplified for these con-
trol genes. Most selected samples (76.6%) showed a
wild-type genotype of pfhrp2+/pfhrp3+. Single gene
deletions were observed in samples from 3 countries:
single gene pfhrp2 deletions from Ethiopia and Mada-
gascar, and single gene pfhrp3 deletions from Ethio-
pia, Madagascar, and Rwanda (Table 3). The pfhrp2-/
pfhrp3- double deletion genotype was observed only
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in Ethiopia; 3 of the 20 samples selected, all from the
Pawe site, showed this genotype. Because the pfhrp3
nested PCR includes a reaction for an exon 1-to-2
spanning primer and a separate reaction for an exon
2 primer, a nested PCR reaction could have amplified
one of these targets and not the other if the gene was
not fully deleted from the genome. For 9 samples clas-
sified as negative for the pfhrp3 gene, both of these
nested PCR targets failed to amplify in all, with the
exception of a single sample from Ethiopia (exon 1-2
target did not amplify and exon 2 target did; the sam-
ple was positive for the pfhrp2 gene).

In an exploratory analysis of the 64 samples that
were successfully genotyped, different pfhrp2/3 geno-
type combinations showed significant differences in
microscopy-estimated parasite densities (Figure 3,
panel A). In comparison to wild-type parasites, sig-
nificantly lower parasite densities were observed in
infections with P. falciparum lacking the pfhrp3 gene
alone. Parasites lacking the pfhrp2 gene alone showed
significantly higher mean parasite densities when
compared with the pfhrp3 single-deleted infections.
To link the phenotypic data of antigen expression
with the pfhrp2/3 genotypic data, we plotted the anti-
gen detection assay signal by genotype for the 64 total
samples that underwent successful genotyping. As-
say signals for pan-Plasmodium aldolase, pan-Plasmo-
dium LDH, and HRP2/3 by the 4 potential combina-
tions of pfhrp2/3 genotypes are given (Figure 3, panel
B). With loss of either of the pfhrp2 or pfhrp3 genes
and loss of both, no overall trend was observed for
changes in pAldolase or pLDH signal, although the
numbers of each of these genotypes were small. How-
ever, we observed a lower HRP2/3 assay signal with
either the loss of the pfhrp3 gene or the pfhrp2 gene;
the lowest mean HRP2/3 assay signal occurred when
both genes were absent.

Plasmodium falciparum pfhrp2/3 Gene Deletions

Table 1. Countries and study sites for each therapeutic efficacy
study enrolling Plasmodium falciparum malaria—infected
participants, 2016—2018

Country and No. specimens  Median age Sex,
study site at enrollment (range), y % F
Ethiopia 147 18.0 (1-65) 329
Arba Minch 15 19.5 (10-54) 50.0
Pawe 132 18.0 (1-65) 31.3
Kenya
Siaya 332 2.7 (0.5-4.9) 48.8
Madagascar 620 7.0 (0.2-15) 471
Ankazomborona 168 8.3 (1.5-15) 41.7
Antsenavolo 54 6.0 (0.2-14) 53.7
Kianjavato 116 9.0 (0.3-15) 46.6
Matanga 172 5.0 (0.3—-15) 48.3
Vohitromby 110 7.0 (1-15) 50.9
Rwanda 218 3.3(0.7-4.8) 50.9
Bugarama 88 3.3 (0.8-4.8) 52.3
Masaka 42 3.3(0.8-4.0) 54.8
Rukara 88 3.1 (0.7-4.8) 46.6
Discussion

Deletion of the pfhrp2 and pfhrp3 genes poses a threat
to the accuracy of HRP2-based RDT diagnosis of P.
falciparum malaria, and parasites with deletions in
one or both these genes have now been found in nu-
merous countries (6,10). By far, most malaria cases in
Africa are caused by P. falciparum, and the presence of
these deletion genotypes in many countries through-
out the continent poses an additional challenge to
malaria control because of false-negative diagnostic
results (1). Most countries in Africa have adopted the
HRP2-based RDT as a pragmatic and sensitive diag-
nostic tool and the only P. falciparum-specific diag-
nostic test available in many settings. Loss of this tool
would be a substantial setback to accurate monitor-
ing of malaria case incidence within a country and to
achieving the goal of universal confirmation of ma-
laria infection before administrating antimalarials (3).

In this study, we sought to identify the presence
of deletions in either the pfhrp2 or pfhrp3 genes from

Table 2. Plasmodium falciparum malaria—infected participant DBS samples with atypical HRP2 levels selected for further genomic

assays, Ethiopia, Kenya, Madagascar, and Rwanda*

No. specimens

Country and study site at enrollment

No. specimens selected
for genetic assays (%)

No. selected on
ratio to both

No. selected on
pLDH ratio only

No. selected on

pAldolase ratio only
4

Ethiopia 147 21 (14.3) 7 10
Arba Minch 15 2(13.3) 1 1 0
Pawe 132 19 (14.4) 3 6 10

Kenya
Siaya 332 7(2.1) 1 1 5

Madagascar 620 25 (4.0) 7 10 8
Ankazomborona 168 11 (6.5) 4 2 5
Antsenavolo 54 6 (11.1) 2 4 0
Kianjavato 116 1(0.9) 0 1 0
Matanga 172 3(1.7) 0 2 1
Vohitromby 110 4 (3.6) 1 1 2

Rwanda 218 16 (7.3) 5 6 5
Bugarama 88 9(10.2) 2 4 3
Masaka 42 2(4.8) 0 1 1
Rukara 88 5(5.6) 3 1 1

*DBS, dried blood spot; HRP2, histidine-rich protein 2; pAldolase, pan-Plasmodium aldolase; pLDH, pan-Plasmodium lactate dehydrogenase.
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Figure 2. Results for pfhrp2 and
pfhrp3 genotyping for DBSs from
Plasmodium falciparum malaria-
infected participants, Ethopia,
Kenya, Madagascar, and Rwanda,
2016-2018. A) Ethiopia, B) Kenya,
C) Madagascar, D) Rwanda.
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samples collected during routine TESs that enroll
participants with microscopically confirmed P. falci-
parum infection. The primary objective of a TES is
to assess in vivo efficacy of antimalarials, and some
studies have also investigated the presence of P.
falciparum drug resistance genetic markers (19). Be-
cause DBS samples are collected for many of these
TESs, residual patient samples represent a conve-
nience sampling of known P. falciparum infections
with estimated parasite densities, and enrollment
at healthcare facilities conforms to the WHO pfhrp2
deletion guidance to sample symptomatic patients
(32). Quantitative detection of malaria antigens in
these DBS samples not only enables the confirma-
tion of the presence or absence of HRP2, HRP3, or
both in the patient’s blood sample, it also enables
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the simultaneous detection of other Plasmodium an-
tigens for comparison. For these 4 TESs, a total of
1,317 DBS samples were available, and performing
genetic characterization for all these samples would
have required a large time and financial commit-
ment. However, by initially employing a low-cost,
high-throughput antigen screening step, fewer
samples can be carefully selected for more defini-
tive investigation into production of these RDT tar-
gets (25-27). This strategy of phenotypic screening
and genetic confirmation is not unique for the TES
sampling design and has also been used for health-
care facility (25,27) and community (26) surveys.
Further exploration of this strategy with large data-
sets is needed throughout global P. falciparum pop-
ulations to determine the overall accuracy of this
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methodology and its ability to generalize antigen
levels with deletions of pfhrp2 and pfhrp3.

Many TESs seek to enroll participants at multiple
sites throughout a country to gain a more geographi-
cally representative sampling of P. falciparum for in
vivo efficacy estimates. Of the data presented in this
study, 3 of the 4 countries had multiple enrollment
sites; only Kenya enrolled persons from just 1 site.
Ultimately, high global variation has been observed
in pfhrp2 gene sequences (7,33,34), and deletions in
the pfhrp2 and pfhrp3 genes can arise de novo in a P.
falciparum population (18,35). Therefore, presence (or
absence) of these gene deletions could not be accu-
rately ascertained for an entire country by sampling
a limited number of sites. Recent WHO guidance rec-
ommended enrolling from >10 health facilities per
province to estimate whether pfhrp2 deletions exceed
5% of all P. falciparum infections for a country (32).
Because TESs do not enroll at many study sites, the
data presented in this study do not provide country-
representative or even precise local estimates of gene
deletion prevalence, but they generate a data signal
to point toward the presence of deletions at a site of
a previous TES. Troublesome data signals generated
from TES samples could be followed up with a more
thorough study, such as the WHO-recommended
approach of enrolling from a minimum of 10 health
facilities per province to estimate whether pfhrp2 de-
letions exceed 5% of all P. falciparum infections for a
country. A benefit of this sampling design is that TESs
are routinely performed in countries that receive sup-
port from the US President’s Malaria Initiativeevery
2-3 years (19); consistently collecting quantitative an-
tigen data from these sample sets will provide a lon-
gitudinal approach to better identify emerging dele-
tion genotypes in a country.

Plasmodium falciparum pfhrp2/3 Gene Deletions

Samples with an absence of both the pfhrp2 and
pfhrp3 are of greatest concern because these 2 genes
express the only antigen targets recognized by an
HRP2-based RDT. For the 69 samples selected for ge-
notyping on the basis of antigen profile, only 3 dou-
ble-deletions were noted, all arising from the Pawe
study site in the Benishangul-Gumuz region in north-
eastern Ethiopia. As an external evaluation activity,
persons enrolling in the Ethiopia TES were also tested
by HRP2-based RDTs, and of the 3 persons with dou-
ble-deleted P. falciparum infections, 2 tested negative
by the HRP2 band on the RDT. These same 2 persons
had a complete absence of HRP2/3 antigens by the
bead-based assay, whereas the third double-deleted
infection had an HRP2/3 antigen concentration in
blood of 27.5 ng/mL. An additional 2 samples from
Pawe were also found to be deleted for the pfhrp2
gene alone (both of these persons were HRP2-RDT
positive), meaning of the 132 total P. falciparum iso-
lates available from Pawe, 3.8% (95% CI 1.2%-8.6%)
showed a deletion of the pfhrp2 gene. Multiple recent
reports have uncovered the presence of pfhrp2/3 dele-
tions in central (36) and northern (37,38) Ethiopia at
levels above the 5% WHO recommendation to reeval-
uate national RDT selection (32). The data presented
in this study do not attempt to provide a prevalence
estimate of single- or double-deletion P. falciparum
genotypes in Ethiopia, but they add to the growing
evidence of the pervasiveness of these parasites lack-
ing pfhrp2 in the country by demonstrating their pres-
ence in 2017.

Deletions in pfhrp2 were also observed in sam-
ples from Madagascar, a country with numerous
haplotypes circulating according to previous studies
(39,40). Even with the identification of pfhrp2 dele-
tions in Madagascar, these cases represent a very

Table 3. Deletion genotypes by individual therapeutic efficacy study sites, Ethiopia, Kenya, Madagascar, and Rwanda

No. (%) specimens
detected with

No. specimens at

No. (%) specimens
detected with

No. (%) specimens
detected with

Country and study site enrollment* pfhrp2—/pfhrp3— pfhrp2—/pfhrp3+ pfhrp2+Ipthrp3—
Ethiopia
Arba Minch 15 0 0 2(13.3)
Pawe 132 3(2.3) 2 (1.5) 2 (1.5)
Kenya
Siaya 332 0 0 0
Madagascar
Ankazomborona 168 0 3(1.8) 1(0.6)
Antsenavolo 54 0 0 0
Kianjavato 116 0 0 0
Matanga 172 0 0 0
Vohitromby 110 0 1(0.9) 0
Rwanda
Bugarama 88 0 0 1(1.1)
Masaka 42 0 0 0
Rukara 88 0 0 0

*Percentages may underestimate the actual amount of deleted parasites because not all samples were genotyped, rather only those found to initially have
depressed histidine-rich protein 2 levels. All samples with high histidine-rich protein 2 signal assumed to be from wild-type infections.
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Figure 3. Plasmodium falciparum parasite density and antigen
levels by pfhrp2/3 genotype in study of Plasmodium falciparum
malaria-infected participants, Ethopia, Kenya, Madagascar,

and Rwanda, 2016-2018. A) Peripheral blood parasite density
as determined by light microscopy. B) Log-transformed assay
signal to pAldolase, pLDH, and HRP2/3 antigens. Boxes display
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differences in means are indicated with corresponding p values.
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reach statistical significance at a = 0.05. HRP2/3, histidine-rich
protein 2/3; In (MFI-bg), log-transformed median fluorescence
intensity minus background value; pAldolase, pan-Plasmodium
aldolase; pLDH, pan-Plasmodium lactate dehydrogenase.

small proportion (4 of 620, 0.6%) of all P. falciparum-
infected children providing DBS samples for this
study. Three of the 4 pfhrp2-deleted samples came
from the Ankazomborona study site in the northern
part of the country, which could provide rationale
for further investigation of deletions in this part of
Madagascar. Of note, the Madagascar TES had en-
rollment criteria of positivity to both microscopy
and HRP2-based RDT. Because infections in persons
with double-deleted parasites would likely have
been excluded from enrollment, these data should
be taken in that context.

Separate investigations have (9) and have not (7)
detected pfhrp2 and pfhrp3 deletions in Kenya. From
the 332 DBS samples available from the 2016-2017
Kenya TES, most P. falciparum infections produced
high amounts of HRP2/3 antigens, and no pheno-
typic or genotypic evidence was seen for gene dele-
tions of these targets. A single report from Rwanda
also identified nonamplification of the pfhirp2 gene
from microscopically positive P. falciparum infections,
although the primers were only targeting the exon 2
of the gene (13), which is not crucial for antigen ex-
pression. In this study, no deletions of the pfhrp2 gene
were identified in Rwanda, and only 1 P. falciparum
isolate was found with a pfhrp3 deletion.

Existence of HRP2/3 antigens in a blood sam-
ple does not necessarily indicate that the currently
infecting P. falciparum parasite possesses function-
ing pfhrp2/3 genes. The bead assay limit of detec-
tion is #10 pg/mL, and HRP2 antigen can remain
in blood for months after successful treatment of a
P. falciparum infection (6,41). A person could there-
fore be actively infected with a deleted strain but
have HRP2 antigen in their blood from a previous
infection (although the levels would be expected to
be atypically low in this scenario). Because of the
phenotypic selection criteria outlined in this study,
infections with high levels of HRP2/3 would not be
selected for genotyping but might still harbor para-
sites with deletions of the pfhrp2/3 genes and would
not be captured, although this possibility is likely
low. If deleted parasites were more likely to induce
asymptomatic or less symptomatic infections, this
enrollment criteria in healthcare facilities would
lead to underestimating actual deletion prevalence
in a population, although data have not demonstrat-
ed this effect. Simultaneous infection with multiple
P. falciparum haplotypes was also not investigated
in this study, so the presence of deleted parasites
could be masked by the presence of wild-type para-
sites in the same host (42). These 2 scenarios would
be more probable in a higher-transmission setting,
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where the likelihood for residual HRP2/3, as well
as higher multiplicity of infection and more frequent
infections, would be more common. In addition, the
genetic assays used in this study attempted to sim-
ply amplify a region of DNA and do not provide in-
formation regarding potential loss-of-function point
mutations or other genetic scenarios which would
cause these 2 antigens not to be expressed. Because
antigen degradation might occur in DBS samples
over time, quantitative antigen detection should oc-
cur as soon as possible.

In conclusion, with appropriate patient consent,
screening samples that were previously collected for
routine TESs for pfhrp2 and pfhrp3 deletions represent
a useful convenience sampling of persons with symp-
tomatic and microscopically confirmed P. falciparum
infection. These phenotypic and genotypic data pro-
vide information for a country to evaluate whether
these genotypes exist and promote a basis for more
targeted future surveys to obtain precise point esti-
mates of prevalence.
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