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Systematic reviews

Prevalence of Plasmodium falciparum lacking histidine-rich proteins 2
and 3: a systematic review

Rebecca Thomson,? Jonathan B Parr,” Qin Cheng,© Stella Chenet,® Mark Perkins® & Jane Cunningham'

Objective To calculate prevalence estimates and evaluate the quality of studies reporting Plasmodium falciparum lacking histidine-rich
proteins 2 and 3, to inform an international response plan.

Methods We searched five online databases, without language restriction, for articles reporting original data on Plasmodium falciparum-
infected patients with deletions of the pfhrp2 and/or pfhrp3 genes (pfthrp2/3). We calculated prevalence estimates of pfhrp2/3 deletions
and mapped the data by country. The denominator was all P falciparum-positive samples testing positive by microscopy and confirmed
positive by species-specific polymerase chain reaction testing (PCR). If microscopy was not performed, we used the number of samples
based on a different diagnostic method or PCR alone. We scored studies for risk of bias and the quality of laboratory methods using a
standardized scoring system.

Findings A total of 38 articles reporting 55 studies from 32 countries and one territory worldwide were included in the review. We found
considerable heterogeneity in the populations studied, methods used and estimated prevalence of P falciparum parasites with pthrp2/3
deletions. The derived prevalence of pfhrp2 deletions ranged from 0% to 100%, including focal areas in South America and Africa. Only
three studies (5%) fulfilled all seven criteria for study quality.

Conclusion The lack of representative surveys or consistency in study design impairs evaluations of the risk of false-negative results in
malaria diagnosis due to pfhrp2/3 deletions. Accurate mapping and strengthened monitoring of the prevalence of pfhrp2/3 deletions is
needed, along with harmonized methods that facilitate comparisons across studies.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Despite improvements in malaria control over the past
decade, malaria caused an estimated 405000 deaths world-
wide in 2018." In 2010, World Health Organization (WHO)
treatment guidelines established that all cases of suspected
malaria should be confirmed by microscopy or an antigen-
detecting rapid diagnostic test before treatment.” Malaria rapid
diagnostic tests contain one or a combination of antibodies
that recognize specific plasmodial antigens. These antigens
include histidine-rich protein 2 (HRP2) which is specific to
P. falciparum, and genus- and species-specific lactate dehy-
drogenase or aldolase, which are produced by all four major
human-infecting Plasmodium species.’ The number of rapid
diagnostic tests procured has increased significantly, from 10
million in 2002 to 412 million in 2018." The great majority
of these tests detect an HRP2 target, alone or with another
antigen, with 15 of 16 (94%) WHO-prequalified malaria tests
targeting HRP2 for P. falciparum detection.*

Rapid diagnostic tests targeting HRP2 came to dominate
the market because they are generally more sensitive than
other assays and tend to be more heat stable.> The presence
of repetitive epitopes in HRP2 provides numerous antibody
binding sites and enables the detection of low levels of protein.
The monoclonal antibodies used in HRP2-detecting tests
often cross-react with HRP3, encoded by the pfhrp3 gene,”*
particularly at parasite counts above 1000 per puL of blood.’

HRP3 is a structural homologue of HRP2 that shares similar
amino-acid repeats.®!

Deletions in the pfhrp2 and/or pfhrp3 (pfhrp2/3) genes
as a cause of false-negative rapid diagnostic tests was first
recognized in 2010 in the Peruvian Amazon basin.'' Molecu-
lar testing by polymerase chain reaction (PCR) confirmed P,
falciparum infection, but also that pfhrp2 and pfhrp3 genes
were deleted in 41% (61 samples) and 70% (103 samples) of
these 148 samples, respectively.!’ Additional analyses have
confirmed a significant increase in the frequency of samples
showing pfhrp2/3 deletions in the same area.'>"* More recently,
malaria parasites with pfhrp2/3 gene deletions have been docu-
mented in other parts of the world including East,”'* Central,"
West'® and Southern Africa,”” Asia'® and the Middle East.”
Most concerning was a study in Eritrea that reported samples
from 62% (31/50) of microscopy-confirmed P. falciparum pa-
tients testing negative for pfhrp2.° Collectively, these reports
suggest a global threat to the continued use of HRP2-based
rapid diagnostic tests.

In 2014, recommendations on investigating and accurate
reporting of pfhrp2/3 gene deletions were published.”! Ad-
ditional criteria have been proposed in more recent studies,
including parasite quantification by microscopy or quantitative
PCR to rule out false-negative pfhrp2 detection in samples
below the limit of detection of the pfhrp2 assay,” and analysis
of pfhrp3.2? However, we have found no assessments of the
uptake of these recommendations.
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There are increasing numbers of re-
ports documenting the threat of mutant
parasite genes for malaria case manage-
ment. However, due to different study
designs and laboratory methods it is dif-
ficult to compare findings across studies
and accurately understand this threat.
We aimed to compile all published
studies on the prevalence of pfhrp2/3
gene deletions and assess the quality of
methods and reporting. We used our
findings to paint a global picture of the
current status of pfhrp2/3 deletions to
guide decisions on the locations and
methods of future surveys.

Methods

Search strategy and data
extraction

We carried out a systematic review ac-
cording to the Preferred Reporting Items
for Systematic Reviews and Meta-analy-
ses statement.” We made a search of the
online databases of PubMed®, Scopus,
LILACS (Literatura Latino-Americana e
do Caribe em Ciéncias da Saude), WHO
Global Index Medicus and the Web of
Science for articles published in any
language between 1 January 2010 and 20
August 2019. We used the search terms
“[histidine* OR hrp* OR pthrp*] AND
[deletion* OR variation OR diversity OR
lack] AND [malaria OR falciparum]”
to identify articles reporting molecular
analysis of P falciparum parasite samples
for pfhrp2/3 deletions. Additional ar-
ticles were identified through manual
searches. Further information about the
search criteria are provided in Table 1.
Two investigators screened the titles and
abstracts of all eligible articles and ex-
tracted the following information from
the full text: country, study sites, study
design, year(s) of data collection, patient
symptom status, age range, number of
P. falciparum-positive patients, type of
blood sample, which samples underwent
molecular analysis, number of samples
with pfhrp2/3 deletions, laboratory
methods (seven items; Box 1) and analy-
sis of flanking genes. Discrepancies in
the data were double-checked.

Prevalence estimates

To maximize consistency in calculating
prevalence across studies, we used the
total number of P. falciparum samples
testing positive by microscopy and
confirmed P. falciparum-positive by
species-specific PCR as the denomina-
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Table 1. Inclusion and exclusion criteria for selection of studies in the systematic review
of Plasmodium falciparum pfhrp2/3 gene deletions

Characteristic

Included

Excluded

Study population
Study outcome

All ages and populations
Percentage of samples
testing negative for pthrp2
gene, with or without

None

Studies which analysed
variation in pthrp2 genetic
sequence only

analysis of pfhrp3 gene

Method of confirmation of
pthrp2 and/or pfhrp3 gene

Molecular analysis of
pthrp2/3 gene deletions

Suspected deletions based
on rapid diagnostic testing,

deletion microscopy or serological
testing only
Study design All, including case None
studies, cross-sectional or
convenience studies
Type of paper Published articles of an Review articles, doctoral
original study theses, abstracts with no
corresponding published
article
Patient status Symptomatic suspected None
malaria patients or
asymptomatic people
Area of data collection All countries and regions None

Date of study publication

1 January 2010 to 20
August 2019

Prior to 1 January 2010

Box 1. Assessment of study quality in the systematic review of Plasmodium falciparum

pfhrp2/3 gene deletions

We assessed a total of seven criteria for quality of laboratory methods, five based on
recommendations from previous reasearch?' and two additional criteria.*”” The number and
percentage of studies complying with each quality criterion were as follows (n=55 studies):

Quality-assured microscopy: 45 studies (82%).

Plasmodium falciparum species confirmation by PCR test: 55 studies (100%).
Detection of two other single-copy genes: 21 studies (38%).

HRP2 detection by serological analysis or using a second brand of WHO-prequalified HRP2-
detecting rapid diagnostic test: 13 studies (24%).

Detection of pfhrp3 gene by PCR test: 46 studies (84%).
Use of WHO-prequalified rapid diagnostic test: 27 studies (49%).
Parasite density quantification: 36 studies (66%).

We awarded one point per criterion satisfied and assigned a total quality score for each study

(from 1to 7), as follows:

Score 1: 0 studies (0%); Score 2: 6 studies (11%); Score 3: 5 studies (9%); Score 4: 16 studies (30%);
Score 5: 15 studies (27%); Score 6: 10 studies (18%); Score 7: 3 studies (6%).

HRP2: histidine-rich protein 2; PCR: polymerase chain reaction; WHO: World Health Organization.

tor. We did this regardless of whether
all or only a subset of patient samples
were tested for pfhrp2/3 deletion by
molecular analysis or whether it was the
denominator reported in the original
publication. If microscopy was not per-
formed, we used the number of samples
based on a different diagnostic method
or PCR alone. We did not make preva-
lence estimates from case reports. All
prevalence estimates in this review were
therefore derived using a standardized
denominator and not necessarily the

Bull World Health Organ 2020;98:558—568F| doi: http://dx.doi.org/10.2471/BLT.20.250621

same prevalence as reported in the
original article.

Where researchers collected sam-
ples from multiple countries, or used
different sampling methods or time
frames, we separated the results by coun-
try or sample collection group to present
prevalence data as separate studies. We
presented compiled results for studies
which collected samples at one point in
time from multiple sites with the same
sampling design. When we combined
data from different studies by country,
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Fig. 1. Flowchart of the literature search in the systematic review of Plasmodium

falciparum pfhrp2/3 gene deletions

113 records identified through
database search

2 additional records identified

through manual search

v v

115 records screened

> 52 records excluded as not relevant to
\ pfhrp2/3 deletions
63 full-text articles assessed
for eligibility
——————————®| 25articles excludes:
\ « Review or commentary (n=5)

38 articles included in review

« Presented data on genetic variation
only (1=11)

v

« No molecular analysis conducted (n=1)

55 studies identified
(32 countries and one overseas
territory, 50 study locations)

« Focused on another aspect of pfhrp2/3
deletion (n=7)
- Correction to an article (n=1)

Note: One article reported samples collected from three countries but did not present the results

separately, so it is presented as one studly.

we weighted the percentage of samples
with pfhrp2 gene deletions to account
for differing sample sizes. We used the
middle year of the data collection period
for studies spanning multiple years.

Assessment of study quality and
bias

We assigned a total quality score from
1 to 7 to each study, based on fulfilment
of seven criteria for quality of laboratory
methods (Box 1).

We assessed study bias as a score
from 1 (lowest bias) to 4 (highest bias).
The values show the potential bias of
the derived prevalence estimate from
the true prevalence in the population,
depending on the sample population
(symptomatic, asymptomatic, mixed or
unrepresentative) and samples tested for
pfhpr2/3 genes (all, discordant only or
another subset). Studies which analysed
all samples have a lower bias score than
those which only analysed discordant or
a subset of samples, while studies which
included both symptomatic and asymp-
tomatic samples have a lower study bias
than those which only analysed samples
from symptomatic people or an unrep-
resentative sample.

Results

After screening 115 articles, we included
38 articles in the review (Fig. 1).!1-2024-%0
Within the articles we identified 55

560

distinct studies conducted in 32 coun-
tries and one territory in the regions of
Africa, Americas, South-East Asia and
Eastern Mediterranean (Table 2; avail-
able at: http:// www .who.int/bulletin/
volumes/98/8/20-250621).

Study characteristics

The included studies showed substantial
differences in study design, laboratory
methods and data reporting.

Sample populations

The number of samples tested for pfhrp2
ranged from 1 to 783, while the denomi-
nator of P. falciparum-positive samples
ranged from 1 to 3291 (Table 2). Out of
the 55 studies, 36 (65%) analysed blood
samples only from people with symp-
toms of malaria, as part of a prospective
or retrospective survey including unbi-
ased cohorts. Samples in these studies
were collected from suspected malaria
patients presenting to health facilities
or through active case detection. Eight
studies (15%) included samples from
asymptomatic and symptomatic people
as part of cross-sectional surveys or
malaria screening programmes, while
eight other studies (15%) used samples
from an unrepresentative sample of
participants and three studies (5%)
did not specify the symptom status of
the participants. One study collected
samples from patients with severe ma-
laria only, while one study collected

Rebecca Thomson et al.

equal numbers of samples from human
immunodeficiency virus-positive and
-negative children.

In 35 studies (64%) all samples un-
derwent pfhrp2/3 genotyping. Thirteen
studies (24%) genotyped discordant
samples only. Of these, nine studies
analysed only microscopy-positive and
HRP2-rapid diagnostic test-negative
samples (of which two were case stud-
ies including only one sample), while
four studies genotyped only samples
which were negative by HRP2-rapid
diagnostic test and positive by PCR.
One article reporting seven studies only
genotyped samples showing the lowest
HRP?2 concentrations by enzyme-linked
immunosorbent assay.

Study procedures

Only three studies (5%) fulfilled all
seven criteria for quality of procedures
(Box 1). While the number of P. falci-
parum-positive samples was based on
microscopy- and PCR-positive results in
45 studies (82%), in nine studies (16%)
the denominator was based on PCR re-
sults alone, and in one study (2%) it was
based on P. falciparum-specific lactate
dehydrogenase-based rapid diagnostic
tests and confirmed by PCR. The pres-
ence of P. falciparum was confirmed
most commonly by amplification of the
multi-copy 18SrRNA gene. Thirty-four
studies (62%) analysed samples from
dried blood spots, 13 (24%) used venous
blood, seven (13%) used a combination
of both and one study (2%) did not pro-
vide information on sample type. Forty-
six studies (84%) conducted molecular
analysis to determine pfhrp3 deletion.
One of these studies only genotyped
pfhrp3 deletions among samples found
to be pfhrp2-negative.

Twenty-one studies (38%) did not
amplify any other single-copy genes
while 13 studies (24%) amplified one
other and 21 studies (38%) amplified
at least two other single-copy genes. To
rule out negative pfhrp2/3 PCR results
being due to parasite density below
the limit of detection of the assay, only
samples which were positive by other
single-copy genes and failed to amplify
the pfhrp2/3 gene were considered to be
pfhrp2/3-deleted in the 21 studies which
conducted this analysis. The most com-
monly selected genes for confirmation
were P. falciparum merozoite surface
proteins 1 and 2, and glutamate-rich
protein. One study confirmed pfhrp2

Bull World Health Organ 2020;98:558—568F| doi: http://dx.doi.org/10.2471/BLT.20.250621
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deletion by testing for pfhrp3. However,
while parasite density was measured in
36 studies, only five studies used these
results when determining if a sample
was pfhrp2/3-negative. In three studies
only samples above a chosen parasite
density or deoxyribonucleic acid (DNA)
concentration were tested for pfhrp2,
while in one study all samples below
5 parasites per puL of blood were dis-
counted and in one study samples were
only included in the original study if
they were above 2000 parasites per pL
of blood.

Twenty-nine studies (53%) ampli-
fied both exons 1 and 2 of the pfhrp2
gene, while 26 studies (47%) amplified
only exon 2 and 28 studies (51%) ampli-
fied the flanking genes of pfhrp2. The
studies that amplified exon 1 were not
necessarily those that amplified flanking
genes, with 19 studies (35%) amplifying
both exonl and flanking genes.

Prevalence estimates

The derived prevalence of pfhrp2 gene
deletions in the 55 studies ranged from
0% to 100% (Table 2). Although we pres-
ent the overall results by study, 14 stud-
ies were conducted over many sites and
showed geographically heterogenous
results. Further details about the results
presented by region are provided in the
data repository.”'

In Fig. 2 we mapped the geographi-
cal distribution of the highest derived
prevalence estimate of pfhirp2 gene
deletions by study for each country. The
highest derived prevalence was above
50% in Colombia, Eritrea and Peru.
Fig. 3 plots the weighted average preva-
lence of pfhrp2 gene deletions for each
country and the range by study sites.
The weighted average prevalence ranged
from 0% to 43%. Average prevalence
above 20% was found in Eritrea, Ghana,
Nicaragua, Peru and Sudan.

We plotted the prevalence of pf-
hrp2/3 gene deletions by sample size
(available in the data repository).” Five
studies had a sample size over 1000,
while 36 had sample sizes smaller than
100. All seven studies reporting greater
than 50% prevalence of pfhrp2 deletions
had a sample size of fewer than 55. Scat-
ter plots of prevalence against time are
available in the data repository.”

Risk of bias

Table 2 shows the bias scores of the
prevalence estimates from the true
prevalence of pfhrp2/3 gene deletions in

the population. Six studies (11%) had a
bias score of four while two (4%) had a
bias score of one.

Discussion

We found that mutant parasites have
been reported from all major malaria-
endemic areas, in asymptomatic and
symptomatic P. falciparum-positive
patients. However, our results also con-
firm that the full extent of the threat has
not yet been characterized. The limited
number of well conducted prevalence
surveys in malaria-endemic countries
indicate geographical variability in the
prevalence of mutations in the pfhrp2
and pfhrp3 genes and do not completely
illuminate the factors driving these dif-
ferences.

The study has limitations. Although
we included only published articles,
we were aware of other abstracts and
doctoral theses for which relevant data
on methods were not available. For
manuscripts included in the review, we
contacted authors to obtain informa-
tion not included in the manuscripts;
this was not always possible, however,
and we therefore occasionally made as-
sumptions about the methods. Survey
design and sample populations varied
greatly across the included studies. Most
studies were not purposely designed
for investigating the prevalence of gene
deletions and relied on convenience
sampling or on secondary analyses of
existing specimens. These shortcomings
limit our ability to draw conclusions that
can inform the use of rapid diagnostic
testing, but rather provides guidance for
future surveys.

Reconciling the different popula-
tions and sample sizes across studies is
challenging. First, studies of asymptom-
atic and symptomatic patients require
different interpretations and are difficult
to integrate. Samples from asymptom-
atic patients may have lower parasite
densities, resulting in less DNA target
for amplification and potentially greater
risk of falsely reporting pfhrp2 deletions.
This risk is especially high when the
investigation does not include amplifica-
tion of other single-copy genes or does
not quantify parasite DNA. Further-
more, little is known about the effect of
pfhrp2/3 gene deletions on the virulence
of malaria infection. If pfhrp2/3 dele-
tions are associated with less virulent
infections, there could be a difference
in prevalence between symptomatic
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and asymptomatic infections. We found
numerous studies with low sample sizes
which may not be representative of the
true prevalence of deletions in a popula-
tion or country.

Second, different selection criteria
for pfhrp2/3 genotyping (all malaria
suspects or only those with discordant
HRP2-based rapid diagnostic test and
microscopy and/or PCR results) result
in the use of different numerators and
denominators for prevalence estima-
tion across studies. Analysis limited
to deletions found among discordant
samples leads to a higher prevalence
of gene deletions being reported. To
improve consistency in calculating the
prevalence of pfhrp2-negative mutants,
we used the total number of samples
with confirmed pfhrp2 gene deletions
by species-specific PCR as the numera-
tor and the total cohort number of P
falciparum-positive samples by micros-
copy and/or PCR as the denominator.
The WHO-recommended approach of
testing only a subset of high-risk (dis-
cordant) samples is a more economical
way of monitoring the prevalence of
gene deletion and targets clinically sig-
nificant deletions that cause negative test
results. WHO recommends using non-
exclusive HRP2-based rapid diagnostic
tests when the prevalence of pfhrp2/3
gene deletions causing false-negative test
results is greater than 5%.”> Most studies
included in this review did not allow us
to determine if the WHO threshold had
been exceeded. It is well acknowledged
that the WHO approach may underesti-
mate the prevalence of pfhrp2 deletions
in the parasite population. Samples that
are pfhrp2-negative and pfhrp3-positive
are not likely to be flagged as high risk
or discordant due to the cross-reactivity
between HRP2 and HRP3 proteins on
many rapid diagnostic test brands.
However, this concern does not pose
an immediate threat to patients.”* Ide-
ally, all P. falciparum-positive samples
should be used as the denominator,
determined either by microscopy or a
good quality rapid diagnostic test for
detecting P. falciparum-specific lactate
dehydrogenase.

The study bias scores show the po-
tential bias of the prevalence estimates
from the true prevalence of pfhrp2/3
gene deletions in the population, but not
necessarily the bias of deletions causing
false-negative results (which is more
important for determining the effect on
malaria case management). Ultimately,
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Fig. 3. Weighted average prevalence estimates for Plasmodium falciparum pfhrp2 gene deletions among patients tested by country
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high-throughput screening options
could become more readily available
and more commonly used. If so, the
true prevalence of pfhrp2 gene deletions
could be determined by molecular test-
ing of all people with suspected malaria
regardless of rapid diagnostic test or
microscopy results, and those samples
confirmed to have pfhrp2 deletions used
as the numerator.

Third, recent modelling suggests
that the likelihood of finding pfhrp2/3
deletions can vary during the malaria
transmission season due to changes in
the transmission intensity and multiplic-
ity of infection, whereby a person can
be infected with multiple P. falciparum
strains.”® Co-infection with pfhrp2/3-
negative- and wild-type parasites can
prevent detection of gene deletions

using current laboratory techniques,
leading to an underestimation of the
prevalence of pfhrp2/3-negative mu-
tants. Time of year and relation to the
transmission season is rarely described
in published reports. A publicly available
database using prediction models could
be useful to help determine the optimal
time in the transmission season to con-
duct a gene deletion survey.*

Due to the small number of studies,
differing populations and often small
samples sizes of the reviewed studies, it
is difficult to draw robust conclusions
on the prevalence of pfhrp2/3 gene de-
letions in specific areas or to perform
meta-analysis from these data. The
implementation of more large-scale,
robust surveys would enable a better
understanding of if, and at what rate,
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these mutations are increasing in a given
area, and would allow for meta-analysis.

Identifying the prevalence of pf-
hrp2/3 deletion mutations requires
synthesis of several lines of evidence and
study procedures that include proper
performance of rapid diagnostic tests
and careful genotyping methods. While
most studies in this review followed
some components of published criteria
to classify a sample as pfhrp2-deleted,”
only 3 (5%) of the studies followed the
seven recommended criteria proposed
in this review. One specific challenge for
molecular analyses of pfhrp2/3 is using
the absence of amplified products as
the indicator of interest, rather than the
presence of amplified products. Rigor-
ous methods and appropriate controls
must be used to ensure the presence of
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non-degraded, amplifiable parasite DNA
and the lack of amplicon contamination.
Improving the accuracy of survey out-
comes requires novel molecular-based
technology and methods that could
detect pfhrp2/3 gene deletions more
reliably and efliciently and detect pf-
hrp2/3 deletions in samples with mixed
infections (such as quantitative-PCR
and whole genome sequencing). Not
all malaria-endemic countries have the
capacity to conduct molecular analysis
to a high standard, and establishing
such capacity is challenging and costly.
In addition, the sensitivity and specific-
ity of PCR assays can be affected by the
protocol used, potentially resulting in
variations in the results across labora-
tories following different procedures.
For example, lowering the elongation
temperature on pfhrp2 assays improved
the limit of detection of many previously
published assays.”” WHO has established
a network of laboratories capable of
conducting this analysis to ensure that
samples from prevalence surveys can
be performed quickly and procedures
harmonized across laboratories.*

Just over half of the studies ampli-
fied both exon 1 and 2 of the pfhrp2
gene, while the rest amplified only
exon 2. While the chromosomal break
points could theoretically be anywhere
within the pfhrp2 gene, it appeared that
most samples from Eritrea and Peru
have observed deletions in both exon 1
and 2 (Qin Cheng, Australian Defence
Force Malaria and Infectious Disease
Institute, personal communication,
2019). Therefore, whether analysis of
exon 2 alone is sufficient to identify most
parasites with pfhrp2 gene deletions re-
quires further analysis of gene deletions
from other parasite populations. While
not included in the recommendations

for pfhrp2/3 molecular analysis,” analy-
sis of flanking genes can provide addi-
tional information on genetic mutations.

Despite the diversity of study ap-
proaches, there appear to be areas of
high prevalence of pfhrp2/3 mutant
parasites where diagnostic testing based
on HRP2 alone would be inadequate.
Thus, the need for alternative rapid
diagnostic tests is of urgent concern in
the Amazon basin and Eritrea, where
the prevalence of tests producing false-
negative results among symptomatic
patients has forced changes in the di-
agnostic strategy.”® Malaria control
programmes should remain vigilant
for evidence suggesting the presence
of pfhrp2/3 gene deletions. Evidence of
false-negative rapid diagnostic tests or
confirmed pfhrp2/3-negative mutants in
neighbouring countries should trigger
careful investigation and surveillance.
To improve the quality and relevance
of surveys for clinical case manage-
ment, WHO now provides general
guidance on when to prioritize surveys
for pfhrp2/3 deletions.” WHO has also
developed protocols for guiding survey
design, data collection and laboratory
methods to determine the prevalence
of clinically-relevant pfhrp2/3 deletions
causing false-negative rapid diagnostic
tests.”” The guidelines aim to ensure that
future investigations are implemented
to high and comparable standards. Ad-
ditionally, an up-to-date repository of
pfhrp2/3 deletion studies is maintained
on the WHO malaria threat map.*

The specific factors that drive the
evolution and spread of pfhrp2/3 muta-
tions are not clear, although mathemati-
cal models suggest that selective pres-
sure by HRP2-detecting rapid diagnostic
tests over the past decade is likely to
have played an important role.” Low ma-
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laria transmission and high frequency
of people correctly treated on the basis
of diagnosis with HRP2-detecting tests
have also been identified as key drivers
of the selection of pfhrp2/3-negative
mutants.®’ Nevertheless, the existence
and rising prevalence of pfhrp2 deletions
in Peru,'"'>* where HRP2-only methods
have never been widely used, along with
the local prevalence of pfhrp3 mutations,
confirms that selective treatment based
on test results is not the only factor
driving the evolution of these parasites.

Due to the global reliance on rapid
diagnostic tests for malaria diagnosis, a
coordinated, multifaceted response to P.
falciparum with pfhrp2/3 gene deletions
is required. This response should include
representative studies of the prevalence
and distribution of pfhrp2/3 deletions,
more efficient and affordable methods
for screening and confirming these de-
letions, and efforts to standardize and
ensure high-quality reporting. Follow-
up surveys in areas with documented
pfhrp2/3 deletions will provide insight
into the speed at which the mutant
parasites are evolving in response to
diagnostic pressure and other drivers.
Research for the development and com-
mercialization of rapid diagnostic tests
based on new or improved non-HRP2
targets is an essential parallel area of
work. H
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Résumé

Prévalence de Plasmodium falciparum sans protéines 2 et 3 riches en histidine: revue systématique

Objectif Estimer la prévalence et évaluer la qualité des études
consacrées a Plasmodium falciparum sans protéines 2 et 3 riches en
histidine afin d'établir un plan d'intervention international.

Méthodes Nous avons parcouru cing bases de données en ligne
sans restriction de langue pour trouver des articles contenant des
informations d'origine relatives a des patients atteints de Plasmodium
falciparum dépourvu des génes pfhrp2 et/ou pthrp3 (pthrp2/3). Nous
avons calculé la prévalence des délétions des génes pfhrp2/3 et
cartographié les données par pays. Le dénominateur était représenté
par les échantillons positifs a P falciparum, testés positifs au microscope
et confirmés par un test de réaction en chaine par polymérase (PCR)
propre a l'espece. Si aucun examen n'avait été effectué au microscope,
nous avons utilisé le nombre d'échantillons recourant a une méthode
de diagnostic différente, ou uniquement a la PCR. Nous avons noté les
études selon le risque de biais et la qualité des techniques d'analyse en
laboratoire, a I'aide d'un systéme de notation standardisé.

Résultats Au total, 38 articles mentionnant 55 études réalisées dans
32 pays et un territoire dans le monde ont été pris en compte dans
cette revue. Nous avons observé une grande hétérogénéité dans les
populations étudiées, les méthodes employées et la prévalence estimée
des parasites P falciparum assortis d'une délétion des genes pfhrp2/3.
La prévalence dérivée des délétions de pfhrp2 est comprise entre 0%
et 100%, avec des zones de convergence en Amérique du Sud et en
Afrique. Seules trois études (5%) remplissaient I'ensemble des sept
critéres de qualité.

Conclusion ['absence d'enquétes représentatives ou d'uniformité dans
la conception des études empéche dévaluer correctement le risque de
faux négatifs dans le diagnostic de la malaria en raison des délétions de
pthrp2/3.Une cartographie détaillée ainsi qu'une surveillance renforcée
de la prévalence des délétions de pfhrp2/3 est nécessaire, tout comme
une harmonisation des méthodes afin de faciliter la comparaison entre
les différentes études.

Pesiome

PacnpocTtpaHeHHocTb Plasmodium falciparum c otcyTcTBUEM GoraTbiX rMCTMAUHOM 6enkos 2 u 3:

cucTemaTmyeckuii 063op

LUenb Bbluncnuts pacnpoCcTpaHeHHOCTb M OLeHUTb KauyecTBO
MNCCNeAoBaHWIA, MOCBALLEHHbBIX PAaCMPOCTPAHEHHOCTW Plasmodium
falciparum c otcyTcTBMEM BOraThIX TMCTUAVHOM OEMIKOB 2 11 3, C LIeNblo
nonyyeHva MHopMaLmmn Ana pa3paboTKM MexayHapOAHOrO MnaHa
pearnpoBaHuA.

MeTtoabl ABTOpPbLI BbIMOMHWUAN MOUCK CTaTen, CoaepKalinx
MCXOAHbIE AaHHble MO NauMeHTaMm, 3apaxeHHolM Plasmodium
falciparum c neneuveir renos pfhrp2 w/nnn pthrp3 (pthrp2/3),
B NATM 6a3ax AaHHbIX B MIHTEpHETe Ha pasHbIX A3blkax. ABTOPbI
BbIMNOJHUW OLEHKY pacnpocTpaHeHHoCTV aeneunin pfhrp2/3
M COCTaBWUIM KapTy AaHHbIX ANA pa3HbiXx CTpaH. B KauecTBe

3HaMeHaTensa MCnosb30Banoch oblee KoIMYecTBo Npob Ha
P falciparum ¢ NONOXMUTENbHBIM PE3YNETaTOM, MOMYYEHHbIM MPK
MUKPOCKOMUYECKOM MCCNeoBaHMN U MOATBEPKAEHHBIM B XOA€
BMAOCNEUMOUYHOrO TeCTUPOBAHMA METOLOM MONUMEPA3HON
uenHow peakumu (MNLP). Ecnn mykpockonmnyeckoe nccnefoBaHme He
MPOBOAMNOCH, aBTOPbI MCMOb30BaNN [JaHHble O KOAMYECTBE MPOoo,
NonyYeHHble Ha OCHOBAHWW APYroro AMarHOCTUYeCKOro MeTofa im
TONBbKO Ha OcHOoBaHWK [MLP. iccnejoBaHmA OLEHMBaNNCL MO YPOBHIO
prcka HeOOBEKTVBHOCTM 1 KauecTsy 1abopaTopHbIX METOAOB C
NpUMEHeHVIeM CTaHAAPTHOMN CUCTEMbI OLIEHOK.

Bull World Health Organ 2020;98:558-568F | doi: http://dx.doi.org/10.2471/BLT.20.250621 565



Systematic reviews
Malaria parasites, prevalence and distribution

PesynbTtatbl B 0611l CNoKHOCTY B 0630p Obin BKOUeHbI 38 CTaTel,
cofepalmx ceefeHna o 55 nccnefoBaHnax, NposeaeHHbIX B
32 cTpaHax M1pa ¥ Ha OAHON TeppuTopmn. ABTOPBI OBHAPY KUK
3HAUNTENbHYIO HEOAHOPOAHOCTb B UCCEA0BAHHbBIX MOMYyAALMAX,
MCMOMb30BAHHBIX METOAAX M OLEHKE PacnpOCTPaHEHHOCTY
napaswutoB P falciparum ¢ pneneunamn pthrp2/3. MpounssogHoe
3HaueHVe PacnpoCTpaHeHHOCTV aeneuni pfhrp2 Haxoaunocs B
nmanasore ot 0 go 100%, BKAoYas ovarosble 06nacTv B HOXKHOM
Ameprike 1 Adpuike. TonbKO TpM UCCNeaoBaHNs (5%) COOTBETCTBOBAN
BCEM CeMM KpUTEPUAM KauecTsa ANA MCCNefoBaHNi.

Rebecca Thomson et al.

BoiBop OTCyTCTBME penpe3eHTaTUBHbLIX MCCNefOBaHUM 1w
HefocTaTouyHOEe efjMHoobpa3ne NNaHoOB WMCCNeAOBaHMN
OTPULLATENBHO BAVAIOT Ha OLEHKY PVCKa JOXHOOTPULATENbHbIX
Pe3yNbTaTos NPU AVarHOCTUPOBaHWM ManAPUM MO NPUYMHE feneumi
pfhrp2/3. Heobxoanmbl TOUHOE OTOOPaKeHMe AaHHbBIX 1 YCUIEHHbI
MOHUWTOPWHT pacnpocTpaHeHHOCTV aeneuuin pfhrp2/3, a Takxe
pa3paboTka rapMOHM3MPOBAHHbBIX METOLOB, KOTOPbIE YNPOCTAT
CPaBHEeHWE pa3HbX UCCNEA0BaHNUI MEXY COOON.

Resumen

Prevalencia del Plasmodium falciparum que carece de las proteinas 2 y 3 ricas en histidina: un analisis sistematico

Objetivo Calcular las estimaciones de la prevalencia y evaluar la calidad
delos estudios que informan de la existencia del Plasmodium falciparum
que carece de las proteinas 2 y 3 ricas en histidina, para elaborar un plan
de respuesta internacional.

Métodos Se revisaron cinco bases de datos en linea, sin restriccion
de idioma, para encontrar articulos que informaran sobre los datos
originales de los pacientes infectados con Plasmodium falciparum con
deleciones de los genes pthrp2 y/o pthrp3 (pfhrp2/3). Se calcularon
las estimaciones de prevalencia de las deleciones de pthrp2/3 y se
clasificaron los datos por pas. El denominador eran todas las muestras
positivas por P, falciparum que daban positivo en las pruebas de
microscopia y confirmadas como positivas en las pruebas de reaccion
en cadena de la polimerasa (PCR, por sus siglas en inglés) especificas
de la especie. Si no se realizaba la microscopia, se empleaba el nimero
de muestras en base a un método de diagndstico diferente o a la PCR
Unicamente. Los estudios se calificaron en funcion del riesgo de sesgo
y de la calidad de los métodos de laboratorio por medio de un sistema
de puntuacion estandarizado.

Resultados El andlisis incluyé un total de 38 articulos en los que se
informaba de 55 estudios de 32 pafses y un territorio a nivel mundial.
Se observo una heterogeneidad considerable en las poblaciones
estudiadas, los métodos aplicados y la prevalencia estimada de
los parasitos P falciparum con deleciones de los genes pthrp2/3. La
prevalencia que se estimé de las deleciones del gen pfhrp2 oscild
entre el 0% y el 100 %, incluidas las dreas focales de América del Sur
y Africa. Tan solo tres estudios (5 %) cumplieron los siete criterios de
calidad del estudio.

Conclusion Lafalta de encuestas fiables o de consistencia en el disefio
de los estudios dificulta las evaluaciones del riesgo de resultados falsos
negativos en el diagndstico de la malaria debido a las deleciones de
los genes pthrp2/3. Se necesita un mapeo preciso y un seguimiento
reforzado de Ia prevalencia de las deleciones de los genes pthrp2/3,
junto con métodos estandarizados que faciliten las comparaciones
entre los estudios.
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Background

* RDTs target a range of malaria
antigens

HRP2 | pLDH | Aldolase
P.falciparum-specific + +
Pan-specific (all species) + +
P.vivax-specific +

* The majority of RDTs used to
detect P. falciparum target
histidine rich protein-2

Global Malaria Programme

Number of RDTs sold by manufacturers and distributed by NMPs for use In testing suspected malaria
cases,” 2010-2018 Sources: NMP reporfs and sales dafa from manufacturers eligible for WHOs Malarnia
ROT Product Tesfing Programme.

Momufacturer sales HMP distnbuhions
450 Sub-Sohoran Africo: Sub-Sahanan Africa
B P foiciporum only tests Outside sub-Saharan Africo
Combinaticon tests
A00 Outside sub-Saharan Africa:

B P foiciparum only tests
Combinaticn tests

50
300
5 []
k=
E =0 .
=
E [ ]
5
E: 200
E
=
=
150 .
100 .
) I I I
0
3010 201 2012 2013 2014 2015 2006 207 2018

NMP: naticnal molara progromme; P iolgporum: Aosnodum ofoporum; ROT: ropid diognostic test; WHO: World Health Orgonizoticn.
= NMP distributions do not reflect those ROTs sfill in storage that howe yet 1o be delivered to healkth fadlities and community health workers.



Background

* HRP2 is found in the cytoplasm and surface
of Pf-infected EFYth rocytes, Its prOd uced in Group 3 (HRPZ-only) RDTs
abundance but function is not very well
understood (number of theories) and Pf @
parasites can survive without it
Bl T T
o o e

.
(=1
T

=
T

P
T

* HRP3 close cousin — share common epitopes

Product Poslfivity (%)

 RDTs that target HRP2 can to some extent N
also detect HRP3 mpie Type

Source: Malaria RDT Test performance:
WHO Product Testing Round 8 (2016-2018)

. (73RN World Health
Global Malaria Programme @Organization
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First reports in Peru in 2010 ...Turning point in 2016

o pfhrp2+/pfhrp3+
o pfhrp2+/pfhrp3-

i o pfhrp2-/pfhrp3—

P, falciparum Mixed infection
1999 49

|

Enrolled for study
1521
|

* 41% (61/148) of isolates lacked

i

Parasite density/y
5
8

. P - - RDT+ve RDT-ve
1,000 1 . : * . 1471 50
pfhrp2; : ; —
o . | . PCR+ve (Pfhrp2) PCR-ve (Pfhrp2)
e 21% lacked both pfhrp2 and 3 s | R =
ROT+ RDT- RDT+ ROT- RDT+  RDT- s 2 on z
Ghindae Massawa Combined T

Very high prevalence of double deletions in Eritrea and overall low but heterogeneous
prevalence of deletions in India (eight states)

Berhane A, et al. Major Threat to Malaria Control Programs by

Plasmodium falciparum Lacking Histidine-Rich Protein 2, Eritrea. Emerg
Infect Dis. 2018 Mar;24(3):462-470.

Bharti PK et al (2016) Prevalence of pfhrp2 and/or pfhrp3 Gene
Deletion in Plasmodium falciparum Population in Eight Highly
Endemic States in India. PLoS ONE 11(8): e0157949.

. (73RN World Health
Global Malaria Programme @Organization
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WHO Response Plan to pfhrp2/3 deletions

Core response plan to pfhrp2/3 deletions

x * mapping the distribution and frequency of pfhrp2/3 deletion
mutants with harmonized protocols;

* building an international network of laboratories to perform the
complex molecular confirmation required for mapping and
identify new and/or efficient screening methods ;

RDTs when a change of testing is warranted;

 advising commercial manufacturers of the priorities for new tests

< ° supporting countries in the selection and procurement of new
v and providing the best available market forecasts;

https://apps.who.int/iris/bitstream/handle/10665/325528/WHQO-CDS-GMP-2019.02-
eng.pdf?sequence=1&isAllowed=y
https://www.who.int/malaria/publications/atoz/hrp2-deletion-protocol/en/

Global Malaria Programme

Response plan
to pfhrp2 gene
deletions

Buresllgnce templabs pergboacol foe
D 2T D F gierer dbiiiong
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https://apps.who.int/iris/bitstream/handle/10665/325528/WHO-CDS-GMP-2019.02-eng.pdf?sequence=1&isAllowed=y
https://www.who.int/malaria/publications/atoz/hrp2-deletion-protocol/en/

Criteria for change

* |f a survey confirms the presence of pfhrp2/3 deletions causing
false negative HRP2-RDTs is greater than 5% then the NMCP will
need to take a series of actions to immediately optimize case
management and plan for the introduction of replacement RDTs.
Any change should be applied nationwide, although roll-out might
be prioritized on the basis of the prevalence of pfhrp2 deletions.

Burveillance mplate protocol for
Pt 2D} g deltions

Response plan
to pfhrp2 gene @z
deletions

g’@ World Health
wes ¥ Organization
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W H O M 3 | 3 rl 3 Th re at M 3 p S g s Map

https://www.who.int/malaria/maps/threats-about/en/
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Getting at the true picture ....

N Malaria threat maps Chart What iS in the 9 :(::z:y(s)nrpzr)ycross-sectional prospective survey in 20 .N
. . S y in 2014 ®
published report — typically percentage of 7 ccocmecarsomes S
pfh rpz deleted Samples amongst those E Deletion type No. tested Percentage deletion(s) in 2014 » Q‘Q.
tested and NOT all Pfalciparum cases .
¢ Popu Iations a re diffe rent - age’ Beshir K, Sepulveda N, Bharmal J, Robinson A, Mwanguzi J Eus-ua A, de Boer JG }
symptoms/no symptoms, selection criteria
for genotyping Y
® e %0 BN ® |
* RDT result not always known — don’t know o\ J SRR ® |
if the deletion led to a false negative result o YW i / ® o
* Original source is required to properly
interpret the results.
77N\
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Getting at the true picture ....

* Prevalence estimates of pfhrp2/3

deletions and mapped the data by
Prevalence of Plasmodium falciparum lacking histidine-rich proteins 2

count ry and 3: a systematic review
Objective To calculate prevalence estimates and evaluate the quality of studies reporting Plasmodium falciparum lacking histidine-rich

. Rebecca Thomson,? Jonathan B Parr,® Qin Cheng,® Stella Chenet,? Mark Perkins® & Jane Cunningham'
* denominator was all P. falciparum-
o, o . e, o proteins 2 and 3, to inform an iljrernarional resppnse plan. - . . - _ .
p OSI tl Ve S a m p I e S te St I n g p O S I t I Ve by .Methods‘.l'{_e seard_'led five _onllne databases, without language restriction, for articles reparting original datq on Plasmodium fan'c.lpa.ff.rm—

infected patients with deletions of the pfhre? and/or pfhrp3 genes (pfhp2/3). We calculated prevalence estimates of pflup2/3 deletions

and mapped the data by country. The denominator was all B falciparum-positive samples testing positive by microscopy and confirmed

microsco py * an d con f irme d POS itive by postie by specs speciic polymerase chai reaction testing (PCH, fmicroscopy e ot performed, we used he number ofsamples

based on a different diagnostic method or PCR alone. We scored studies for risk of bias and the quality of laboratory metheds using a
standardized scoring system.

S p e C i e S —S p e C ifi C p O I y m e ra S e C h a i n Fim:l_ings Atotal of 38 art.icle.s reparting 55. studies fr{:m 32 countries and one I.errimr).r worldwide were in;luded in the_reviex.-f. We found

considerable heterogeneity in the populations studied, methods used and estimated prevalence of P falciparum parasites with pfhrpa/3
. . deletions. The derived prevalence of pflrp2 deletions ranged from 0% to 1009, including focal areas in South America and Affrica. Only
re a Ct I O n te St I n g ( P C R ) three studies (5%) fulfilled all seven criteria for study quality.
Conclusion The lack of representative surveys or consistency in study design impairs evaluations of the risk of false-negative results in
malaria diagnosis due to pfhip2/3 deletions. Accurate mapping and strengthened monitoring of the prevalence of pfhrp2/3 deletions is
needed, along with harmonized methods that facilitate comparisons across studies.

¢ 38 pu blications; 55 StUdieS from 32 Abstracts in &, %3, Frangals, Pyeckuii and Espaiiol at the end of each article.
countries (O 1/10-08/19) https://www.who.int/bulletin/volumes/98/8/20-250621.pdf?ua=1

* Small sample sizes, heterogeneity in _ _
populations, lab methods and estimated Number of lab-confirmed pfhrp2/3 deletions

prevalence (0-100%) Number of Pfalciparum-positive samples
3(5%) of studies met all quality criteria

*If microscopy was not performed, we used the number of samples based on a different diagnostic

: d
Global Malaria Programme  method or PCR alone
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Fig. 3. Weighted average prevalence estimates for Plasmodium faldparum pflrp2 gene deletions among patients tested by country

(loamibia = - -

found in Eritrea, Ghana, Nicaragua, e I
Peru and Sudan. am].
Hn:ampgl::: . .
et PcSouth s ‘
[hina—Myanmar border, Thailand < .
India = -
Eastern Mediterranean
Sudzn < *
Yemen = -

Demiratic Repul:licnfrh: Ern‘:;: . - -
: s
* Weighted average prevalence of o o
pfhrp2 gene deletions for each Mdj"y — ‘
country and the range by study sites. s
Higeria =
* The weighted average prevalence el
. United Repubic of Tanzania | »
ranged from 0% to 43%. E part M
E id (Pluri 1ima”:?::5— .
* Average prevalence above 20% was ¢ " :
£

» Mean = Range

. Motes the prevalence of phifp? gene deleticns was calculated using the number of Plasrodium falciparsm-positive samples as the denominator. In countries with
GIO bd I Ma Ia ria Prog ramme multiple studies prevalence estimates were weighted based on the number of patients tested. Countries with only one study have no bar shown. Cases studies
and a study from Zambia that tested for pfirp2-eader sequences are not included.



 Many countries want to conduct surveys but
lack funding.

e WHO workshop (2019) with 5 countries in
SSA — developed country specific protocols an
budgets

* In 2020 only Tanzania has funding; others
await outcome of GF grant applications

e Signals from Djibouti and Somalia in 2020
prompted rapid assessments
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Ethiopia

RESEARCH

Major Threat to Malaria Control
Programs by Plasmodium
falciparum Lacking Histidine-Rich
Protein 2, Eritrea
Araia Berhane, Karen Anderson, Selam Mihreteab, Karryn Gresty, Eric Rogier, Salih Mohamed,

Filmon Hagos, Ghirmay ye, a, Zehaie, Simone Dowd,
Norman C. Waters, Michelle L. Gatton, Venkatachalam Udhayakumar, Qin Cheng, Jane Cunningham

F. Countries on track to reduce case
incidence by 240% by 2020

12 500 000 M Zimbabwe M Zambia = Ethiopia

' Baseline (2015)

10 000 000
7500000
5000000
2500 000

0 H
2010 2011 2012 2013 2014 2015 2016 2017 2018

Berhane A EID 2018; WHO World Malaria Report 2019; Ethiopia Federal MOH 2016

Global Malaria Programme

Eritrea

- 62% pfhrp2-, RDT- (2016)
- HRP2 RDTs no longer used

Ethiopia

- 2"d most populous country

- Large falciparum malaria
burden, but improving

- RDTs introduced 2004, now
used for 70% of testing
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&3y izati
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Study design

Led by the Ethiopian Public Health Institute

e 2017-2018 multi-site, cross-sectional
survey

« To inform malaria diagnostic testing policy

First pilot of the WHO protocol

Master protocol for surveillance
of pfhrp2/3 deletions and

« Sampling across diverse regions, districts biobanking to support future

research

« Use of multiple WHO-prequalified RDTs
t‘/’@ World Health

Y izati
&Y Organization

74S

* Molecular typing via reference lab network

https://www.who.int/malaria/pubIications/atoz/hrp2—deletion—'protocollen/
‘,// 15
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Suspected deletions were common

« 12,572 subjects with malaria symptoms

_ o o RDT Profile & M
« 3regions, 11 districts, 108 facilities
et
« 2 WHO-prequalified RDTs: e 67%&/‘/
« PILDH RDT: SD Bioline Malaria Ag P.f ~
(HRP2/pLDH) (05FK90) j7
« Routine RDT: CareStart™ Malaria L -
HRP2/pLDH (Pf/Pv) Combo RDT SOUTH
(RMVM-02571) SUDAN | SOMALIA
ETHIOPIA
« 2,707 (22%) with falciparum malaria 2%
354 (13%) with HRP2-, Pf-pLDH+ bands [ir
. . . . 2 AN
Global Malaria Programme Manuscript submitted for publication @g"gﬁ,fggggﬂ



Concordant RDT, PCR, & Luminex calls

610 with >100 p/uL

926 subjects’ DBS for advanced testing & PCR deletion calls

’ :::‘ i/
Emily Reichert

pfldh gPCR  ———> pfhrp2/3 PCR

l

PCR result

pfhrp2+/3+
60

Confirmatory PCR - [
- (prtu b) [ pthrp2+/a-

Discordant RDT Profile (N)

- Putative deletion of
" o apen pfhrp2 and/or pfhrp3

Am fl1ara

¥

7
Global Malaria Programme Parr JB, Malar J 2018; Cheng Q Malar J 2014 @&gamﬁ;ﬁﬁh



9.6% (95% Cl 8.4-10.9) estimated pfhrp2-
deleted parasite prevalence among
symptomatic falciparum cases overall, meeting

WHO criteria for RDT policy change.

Tigray (14.9%; 12.5-17.7)
Amhara (11.5%; 153 9.8-13.4)
Gambella (1.1%; 0.6-2.0).

Global Malaria Programme
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Published reports of pfhrp2/3 deletions in Ethiopia

PLOS ONE

= Prevalence and Epidemiological Characteristics of

Asymptomatic Malaria Based on Ultrasensitive
PLoS One. 2020; 15(11): 0241807 PMCID: PMC7644029 . . .
Published online 2020 Nov 5. doi 10.1371/journal pone 0241807 PMID: 33152025 DlﬁgﬂﬂSthS: A Cross-sectional Stlldy

Seble Girma, James Cheaveau, Abu Naser Mohon, Dewdunee Marasinghe, Ruth Legese,
High prevalence and extended deletions in Plasmodium falciparum Nirujah Balasingam, Adugna Abera, Sindew M Feleke, Lemu Golassa, Dylan R Pillai &
hrp2/3 genomic loci in Ethiopia . . .

Clinical Infectious Diseases, Volume 69, Issue 6, 15 September 2019, Pages 1003-1010,

Lemu Golassa, Conceptualization, Writing - original draft,!" Alebachew Messele, Formal analysis, Writing — https://doi.org/10.1093/cid/ciy1005

§ original draft, ! Alfred Amambua-Nqwa, Formal analysis, Writing - review & editing 2 and Gote Swedber, Published: 26 November2018  Article history v
) Conceptualization, Methodology, Writing - original draft®
| Takafumi Tsuboi, Editor
+ Author information » Article notes » Copyright and License information  Disclaimer
Adama town, Oromia — collected in 2015 Gambella —published 2018
Malaria suspects — 189 febrile patients; 64 PCR and Asymptomatic — 63 Pf + cases tested;
micro positive (no RDT performed); pfhrp2/3 4.76% pfhrp2 deletions ; pfhrp3 not assessed.
analysis for 50
100% had deletion pfhrp2 and pfhrp3
— Global Malaria Programme @ 3",‘5‘;’,?,;';'532’,}
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Djibouti — rapid assessment — January 2020 A

25000 -

Reports of false negative RDTs amongst health workers ar _

lab technicians £ 20000 - . el .5 e
» o S0 * ¢

: > 15000 - £ . .

Fever + low platelets + negative HRP2/pv-LDH RDT — @ L TN

microscopy + P.falciparum © 10000 -
o
od

Jan- Feb 2020 (Hop. Gen. Peltier) — consecutively prepare % °000 -

DBS from 1002 suspected malaria cases .

0 5000 10000 15000 20000 25000 30000 35000

May-Sept 2020 (US, CDC)- Luminex (HRP2. pLDH) and PCF pLDH assay signal

.I

. (73RN World Health
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189/312 (60.6%) Pf cases had pfhrp2 deletions — 98% had
both pfhrp2/3 deletions.

Source: Ministry of Health Djibouti, WHO, US CDC (E.Rogier)



Update : Djibouti — Published report - 2020

Emerg Microbes Infect. 2020; 9(1): 1984-15957. FMCID: PMCT7534257
Published online 2020 Sep 17. deoi: 10.1080/22221751.2020 15815590 PMID: 32869688

Misdiagnosis of imported falciparum malaria from African areas due
to an increased prevalence of pfhrp2/pfhrp3 gene deletion: the
Djibouti case

Xavier Iriart 22" Sandie Menard,®-" Pamela Chauvin,? Hasna S. Mohamed © Elena Charpentier, 3.2
Mohamed A Mohamed,® Antoine Berry, 32T and Mohamed H. Aboubakerd:T

* January-May 2019

» 378 blood samples collected from Djiboutian patients with suspected malaria —
Djibouti city

¢ 20.9% (79/378) samples PCR+ while HRP2 RDTs negative in 83.5% (66/79) of these
samples.

* (Quantitative PCRs targeting the pfhrp2/pfhrp3 genes confirmed the absence of
both genes for 86.5% of P. falciparum strains

g’@ World Health
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Update: unpublished studies : Somalia and Sudan

Somalia — HRP2 negative RDT + Pf Micro Sudan - WHO protocol

* Reports of false negative RDTs amongst
health k d lab technici * In2018-2019, WHO provided technical support for WHO Proto
= WOTKETS and fab technicians In two states surveyed 700 Pf cases- only 3 discordant results

* RDTs from suspected cases transported * Pfhrp2 deletions confirmed in random selection of samples
to London, UK

d 17/20 (85%) had pfh rpz deletions Sci Rep. 2020; 10: 12822, PMCID: PMC7393171
Published online 2020 Jul 30. doi: 10.1038/541598-020-69756-8 PMID: 32733079
* 14/20 (70%) had dual pfhrp2 and
. Plasmodium falciparum isolate with histidine-rich protein 2 gene
pfh rp3 deletions deletion from Nyala City, Western Sudan
° Rapid assessment Survey underway _ E:;I?dm;1;13.“?80;592;;\:1;:::::hi.mzj;t?;::j::iq:\zﬂzs::i;gl;gtafa Talib,*3 A. Maki,® Abdulrahman Mohammed,”
samples just shipped for molecular « 300 suspected patients screened by microscopy (July
analysis 2018- April 2019)

* 113 microscopy positive
 106/113 (93.8%) detected by HRP2 RDT
Source: Ministry of Health, WHO, LSHTM (K. Beshir) * 7 HRP2 negative - PCR confirmation pfhrp2/3
 1/113 pfhrp2 negative (0.9%
/ PTATP 8 ( ) g"’@ World Health
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Update: Unpublished studies — Eritrea

Eritrea — Follow up 2+ yrs post
RDT change

« 716 samples from P. 1 n daA
falciparum confirmed cases - »
from 3 regions

* Mean prevalence of pfhrp2,
pfhrp3 and dual deletions —
9 4%, 41.7% and 7.6%,

respectively

* Range —dual deletions — 0O-
21.8%

* No samples from original
sites for direct comparison
H o 54 =pfhp3 gle delet
ealth facilities 28 fhrp2/3 double deleti
+ Deletions persist despite eiTasmaamtatEa omam, (O)7 BRme
or boﬁdarles Dotlec‘l’and dashed llnes nn maps represent approximate border lines for wh1ch (data previously published) Il Low DNA

removing the pressure of

HRP2 RDTs....... same story in
S.America. Courtesy: MOH, Eritrea and ADFMIDI team, Brisbane Australia
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Alternatives

* Eritrea and Djibouti have changed RDTs; Ethiopia planning more surveys

* Eritrea — pan-LDH followed by HRP2/pvLDH RDT for all panLDH +
* Djibouti — Pf-LDH/Pv-LDH (BioCredit Malaria Ag)

« WHO-CDC adhoc Biocredit product assessments (2018) and data from other groups eg
PATH confirms good performance

|Pm|hdnm |Pm|h|:t:mh{:} |Hlllwﬁchnlmmu | Daossier review | Imnulinn:” | Laboratory evaluation
. C14RHG25 and C14RHHZ25 RapiGen Inc. R ‘
BIOCREDIT Malaria Ag Pf (pLDH)
) C13RHG25 and C13RHHZ25 RapiGen Inc. R ’
BIOCREDIT Malaria Ag Pf (pLDH/ HRF I )
BIOCREDIT Malaria Ag PPy (pLDH/pLDH) C61RHG25 and CE1RHH25 RapiGen Inc. R ’
Iinformation Ruested from E? ‘ F S
manurg;turer in process stage complets fiollow-up amendments d;:*;ilalf:;d

Supply security risk
Elevated price

77X\ World Health
Global Malaria Programme @: Y Organization

Please note: these tables are updated regularly; while every attempt s made to provide current data, the most recent Information might not be reflected.

This table is intended only as an update on progress and does not reflact a final decision on prequalification. This table should not be used to inform
procurement. Information may not yet be reflected here.

Last update: 2 October 2020
httpe/ fwww whoint /diagnostics_laboratory/po_status/en/indes_html
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e Several countries in the Horn of Africa region including Ethiopia have
indisputably high prevalence of pfhrp2 deletions including dual deletions
of pfhrp2 and pfhrp3

* Eritrea and Djibouti have changed RDTs — pan-LDH and pf-LDH, based on
WHO guidance and on findings in a limited geographical area.

* Ethiopia received sighals of a problem based on high prevalence of
discordant RDTs in 2018 ......... 2021 still using HRP2/pv-LDH combo tests
which have 0% detection of dual pfhrp2 and pfhrp3 parasites.

* With continued HRP2 RDT pressure expect problem is ongoing getting
worse

* An alternative combo test that does rely on HRP2 is available —in PQ
pipeline and GF ERPD approved

. 77D\, World Health
Global Malaria Programme @Organization
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Question for MPAC

* What is the best response for countries in the horn of Africa that are still
using HRP2 based diagnostics ?
* More surveillance ...how much ?
* Pre-emptive switch to non-HRP2 based diagnostics for the entire region ?

* In some cases we're identifying the problem after there is already a crisis —
how can we bolster support and funding for representative surveys that
can guide policy ?

* The ‘response plan’ calls for research - need a champion ?

e Factors driving evolution and spread — models suggest high potential for spread
when diagnosis relies of HRP2 RDTs

* Methods to simplify detection
* New biomarkers

. (72X World Health
Global Malaria Programme @ Organization
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Malaria Policy Advisory Group Meetin 220N

Policy Advisory Group Meeting (7R World Health
13—15 April 2021, Geneva, Switzerland R l\//o . t.
Background document for Session 3 \\Q l p‘/ rganlza ion

WHO technical consultation on the burden of
and response to malaria in urban areas

Strategic Information for Response Unit,
WHO Global Malaria Programme. Geneva, Switzerland

1. Introduction

In the period 2000 to 2030, the world’s urban population is expected to increase from 2.7 billion to
5.1 billion, accounting for 60% of the total population (1). This rapidly increasing urbanization has been
recognized as a major development, social and health concern, leading to the 2016 launch of the
United Nations’ (UN) New Urban Agenda as part of the 2030 Agenda for Sustainable Development (2).
The World Health Organization’s (WHO) Strategic Advisory Group for malaria eradication (SAGme) has
identified rapid urban population growth as one of the key megatrends influencing the vision of a
malaria-free world (3).

Among the fastest growing regions is sub-Saharan Africa (SSA), which also accounts for over 94% of
the current global burden of malaria (4). Inthis region, the proportion of the population living in urban
areas increased from 31% (457 million) to 47% (680 million) between 2000 and 2020. By 2050, 58% of
the population in SSA will be urban. In the 10 SSA countries identified for a coordinated global
response under the “High burden to high impact” (HBHI)approach, 44% of the population (244 million)
was urban in 2020 — a percentage that is projected to rise to 50% (363 million) by 2030. The urban
malaria problem is therefore not simply a medium- to long-term concern, but one that needs urgent
attention now.

It is expected that well planned urbanization will help to reduce malaria transmission through the
destruction of mosquito breeding sites, improved housing, increased living standards, and expanded
access tohealth care (3). However, urbanizationin malaria-endemic countries often comes with risks,
as large-scale rural to urban migration results in the expansion of unplanned settlements and
increased socioeconomic inequity, especially in peri-urban areas and urban slums. These
developments can lead to the adaptation of Anopheles gambiae s.l. to polluted waters (5) and high
risk of invasion by An. stephensi in certainareas (6). In urban areas, a large fraction of the population
seeks malaria treatment inthe private sector, potentially receiving substandard care, especiallyin the
uncontrolled informal sector.

However, WHO does not presently have recommendations and implementation guidance specific to
urban malaria contexts. In fact, the majority of the evidence underpinning current WHO malaria
prevention recommendations relies on efficacy data from rural malaria-endemic settings.
Consequently, most countries implement similar interventions in both urban and rural settings,
despite important differences in the transmission dynamics and environmental, behavioural,
socioeconomic and care-seeking determinants. Furthermore, municipalities often deploy
interventions in urban areas that are not recommended by WHO, such as space-spraying, in reducing
malaria. Insecticide-treated nets (ITNs) are still widely distributed in African cities, despite little
evidence of their efficacy and effectiveness in urban areas, and some data showing that use among
those who own nets is often lower in urban areas than in rural ones. Therefore, clear guidance on
malaria control in an increasingly complex urban health dynamic is urgently needed. To this end, the

This document was prepared as a pre-read for the meeting of the Malaria Policy Advisory Group and is not an official document of the
World Health Organization.
WHO/UCN/GMP/MPAG/2021.03



WHO Global Malaria Programme (GMP) will convene a technical consultation on urban malaria to
discuss various themes related to urban malaria in order to develop a global urban malaria control
strategy.

General objectives

1. Develop a WHO framework for the response to malaria in urban areas to address the
increasing urban population growth and evolving malaria transmission dynamics in malaria-
endemic countries.

Specific objectives

1. Document the current practices and lessons learned in the response to urban malaria across
WHO regions.

2. ldentify effective interventions suitable for reducing the malaria burden and eliminating it in
urban settings.

3. Propose methods for urban malaria risk characterization and microstratification to inform
targeting of the malaria response.

4. Define urban malaria research priorities and explore issues related to study designs.

2. Proposed guiding questions and context

2.1 How do we define urbanization?

Several methodological approaches have been usedto define urban areas and measure urban growth
(7). Population size and density, types of housing, infrastructure, economic activities, levels of
connectivity and mobility, and national administrative governance all inform the designation of an
area as urban. Of the 228 countries or territories for which the UN has assembled population data,
more than half use administrative criteria to define urban residents — for example, those dwelling in
national or regional capitals or major economic hubs. Most of the others use population size, density
or economic characteristics (1). Some have no set criteria.

Practically, it is difficult to establish a universal method for defining urban areas so as to reliably
compare urban growth within and between countries. However, the absence of sucha method poses
challenges in defining urban health as a concept and characterizing its unique determinants. This also
applies to defining malaria risk and developing urban-specific malaria control recommendations.
Some areas defined as urban may in fact have transmission and disease risk characteristics and
determinants that are similar tothose of rural areas and thus could benefit from similar interventions.
Others have unique urban characteristics and mayrequire a different set of interventions.

Increasingly, remote sensing techniques and high-resolution satellite imagery have been used to
define urban extents (Fig. 1), based on the principle that urbanis a concept of space and not of people
(7, 8). Although this is a useful approach for delineating urban geographies, it is crucial to have an
understanding of the other factors (demographic, cultural, social, economic, climatic, political,
governance, systems and epidemiological) to fully conceptualize urban health within these
geographies. It may be that the distinction between urban and rural is not a dichotomy, but rather
two ends of a continuum, wherein the transitionis defined by degrees of urbanity — a definition that
may vary depending on the issues at hand and the relevant conceptual framework to address them.
The published literature shows that as the degree of urbanity increases, the general levels of

WHO technical consultation on the burden of and response to malariain urban areas | 2



socioeconomic and health status increase, while recognizing the deep and chronic inequities within
some urban settings.

FIG. 1.

a) Change in spatial extent of Kinshasa between 1969 (129 km?2)and 2013 (619 km?). Spatial
extents defined using satellite imagery, administrative and census data (8); b) an aerial view of
modern-day Kinshasashowingthe contrastin urban development types
(https://www.pinterest.ch/pin/546976317223934176/)

a)

2.2 What drives malaria transmission and disease patterns in urban areas?

Urbanmalaria riskand burden are heterogeneous over small areas, modified considerably by the built
urban environment such as urban agriculture, construction of settlements, roads and water drainage
systems, ditches, exposed water channels and open water containers that create common breeding
sites for malaria vectors (9, 10). These are often found in urban sectors where people with lower
socioeconomic status settle. Overall, however, well planned urban growth has been associated with
reduced malaria risk, with evidence that vectors are less numerous per person and the malaria
prevalence lower in inner parts of cities than in nearby peri-urban and rural areas (8). Generally, due

WHO technical consultation on the burden of and response to malariain urban areas | 3



to the high level of mobility into and out of urban areas, a large proportion of infections and cases
may be acquired outside urban areas.

An analysis of community prevalence surveys implemented in 17 SSA countries since 2015 showed
that the prevalence of malaria infection was higher in rural children than in urban children. In 11
countries, prevalence was below 10% in urban areas. In Benin, Liberia, Nigeria, Sierra Leone, Togo and
Uganda, more than 20% of children in urban areas who were tested had malaria (Fig. 2). However,
further analysis of the data revealed that, even in countries with high urban malaria prevalence,
prevalence was much lower in major cities than in other urban areas. For example, in Nigeria, where
malaria prevalence in urban areas was about 22%in 2018, Lagos, the largest urban cityinthe country,
had a prevalence of about 3% (11). Overall, trends based on surveys suggest that, for a given level
transmissionintensity, the more urbanized the setting, the lower the prevalence of malaria.

FIG. 2.

M Rural Urban

Prevalence of malaria in children underthe age of 5 (Source: DHS and MIS surveys)
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Prevalence of malaria infection in children under the age
of five years

There are important biases in the available data on infection prevalence and clinical cases in most
malaria-endemic urban areas. Standard malariometric surveys do not have large enough sample sizes
to reliably capture the granularity of urban malaria risk. Routine case data are usually monthly
aggregateswithout detailed information on age, residence and travel histories, despite the high levels
of human population movement to and from urban settings. This makes it difficult to explore age
patterns of infection and disease, to understandthe rate of local acquisition of infections and to map
hotspots. In a study in Nairobi, for example, 22% of patients tested in a facility in an informal
settlement were positive for malaria, two-thirds had a history of travel within the month before the
examination, and nearly 80% of those who travelled had visited three counties with high malaria
transmission (12). Therefore, specially designed urban prevalence surveys and case-based information
with travel history are needed to understand the epidemiology of malaria in urban settings. Table 1
describes potential differences between urban and rural settings that will require a differential
response to malaria, even when underlying prevalence is similar.

WHO technical consultation on the burden of and response to malariain urban areas | 4



TABLE 1.
Potential differences between urban and rural areas with the same level of parasite prevalence
that may elicit a differentiated response to malaria

RURAL URBAN

5% parasite prevalence, pop. 500 000 5% parasite prevalence, pop. 5 000000

Transmission mainly dueto natural ecology Transmission influenced considerably by
environmental modifications and
prevalence/incidence influenced by human
population movement

Transmission is generalized Transmission is focal, often higherin peri-urban
areas and urban slums with veryfew areas
accounting for most of local infections

Mostolder children and adults have immunity Overall populationimmunity is low

Mostinfections locally acquired Large proportion of infections linked to travel to and
fromhigher transmission ruralareas

The public health sectoris the main sourceof care | The private health sectoris a major source of care
for fevers for fevers

High acceptability of IRS and ITNs and use of ITNs Moderate/low acceptability of IRS and ITNs and use
of ITNs

Most housing types allow for high levels of indoor | Mosthousingtypes reduce indoor biting
biting

2.3 What is the role of ecological and entomological surveillance in understanding urban
malaria transmission?

For the reasons explained in preceding sections, and because of the role played by anthropogenic
factors, epidemiological data alone may be insufficient to accurately characterize urban malaria risk
and determinants in order to mount an effective response. Ecological approaches, including a core
entomological component, are likely to be an essential dimension in understanding and mapping
malaria risk in urban settings. These approaches are likely to be as relevant to malaria as they are to
several other vector-borne diseases (VBDs) that are major causes of ill health in urban populations.
These include dengue, Chikungunya, yellow fever and Zika virus diseases, leishmaniasis and lymphatic
filariasis.

Vectors such as Aedes aegypti and Culex quinquefasciatus are highly adaptable to urban settings, as
are increasingly, some of the malaria vectors such as An. gambiae s.l. (5). With the high levels of
human mobility, An. stephensi, a highly efficient malaria vector has invaded several cities in the Horn
of Africa resulting in outbreaks (6). This vector was prior to 2012 not reported in Africa. Unplanned
urban expansion, poor drainage and sanitation, inadequate housing, population movement and
climate change are contributing to the rising transmission of VBDs in urban areas. The diversity of the
vector ecology in urban areas presents an opportunity to start applying the integrated vector
surveillance and control approaches outlined in the WHO Global Vector Control Response (GVCR)
strategy (Fig. 3). This will require a significant expansion of VBD entomological surveillance in urban
settings, whichis currently implemented in an uncoordinated way with few active surveillance sites.
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FIG. 3.
WHO Global Vector ControlResponse Framework (13)
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2.4 What information do we need and what stratification methods should we use to tailor
malaria interventions to urban settings?

Appropriate intervention mixes in urban areas will be defined by three main requirements: i) the
spatial scale will be smaller and granular data will be essential; ii) the approach must combine
ecological (including social, environmental, economic and system issues), entomological and
epidemiological factors; and iii) decisions will need to be made on the use of approaches for which
there are no WHO recommendations and for which the available evidence is of low quality.

High-resolution satellite imagery, multisector urban data and advanced geospatial analysis methods
provide exceptional opportunities to implement urban microstratificationand intervention tailoring.
Existing conceptual frameworks derived from the ecological, geographic, agricultural and cartographic
disciplines can be adaptedto inform the characterization of the urban environment. An example of a
framework that addresses potential ecological interactions relatedto VBDs (14)is presented in Fig. 4.
Simplified adaptation of such a framework could help guide the process of urban microstratification
and intervention tailoring.
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FIG. 4.
Spectrum ofecologicalinteractions associated with VBD transmission (14)
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2.5 What are the current approaches for malaria prevention and treatment in urban settings
and which ones have a WHO policy recommendation?

There are no WHO-recommended malaria interventions that are specific to urban settings. In most
urban areas, the interventions implemented are the same as those inruralareas. In other urban areas,
some of the malaria control interventions used are not recommended by WHO (Table 2), as the
necessary evidence may not be available, despite observational data showing that some of them are
strongly associated with reductions in malaria risk (15, 16). Although there is a universal need for
access to prompt diagnosis and treatment, several studies have shownthat many urban patients who
rely on treatment in the private sector may be receiving substandard medicines. Inthe absence of trial
data, WHO relies on other studies of lower quality evidence, such as observational studies and
mathematical modelling techniques. Such evidence could be explored through WHO guidance review
processes to develop relevant recommendation for the use of these interventions in urban settings.
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TABLE 2.
A summary of direct and indirect approaches to malaria preventionand treatmentin urban
settings

HAS WHO MALARIA
INTERVENTION POLICY
RECOMMENDATION?
Environmental | e Improving drainage No
modification e Draining swamps No
e Dredgingtoincrease water flow No
e Making embankments No
e Landreclamation No
e Deforestation/afforestation No
e Flood control No
e Improved sanitationincluding better water No
storage and provision and good maintenance of
piped water
e Generalinfrastructure development —e.g., No
construction of roads
Social/ e House/window screening No
preventive e Improved housing No
e Houseinspections to identify and remove No
breeding sites
Vector control | e Larviciding Yes
e Aerial spraying of insecticides No
e Indoor residual spraying with insecticides Yes
e Insecticide-treated bed nets Yes
e Entomological surveillance of breeding sites Yes
e Monitoring of insecticide resistance Yes
Antimalarial e Early diagnosis and treatment by health care Yes
drugs providers
e Prophylaxis No
e Intermittent prevention in children No
e Intermittent prevention in pregnant women Yes
(in some settings)
e Self-treatment at home/informal sector to Yes
increase access (in some settings)
e Massscreenandtreat No

2.6 How do we ensure that urban governance and leadership in malaria-endemic countries
prioritize malaria as part of broader urban development and health systems?

The political and fiscal empowerment of urban governments, their levels of efficiency and
accountability, the extent of technological and infrastructure development, and the underlying
socioeconomic status and equity are all criticalto the health of urban populations. Urban governance
is quickly evolving as urban populations increase rapidly, their demographic structure changes, and
technological uptake improves; at the same time, the challenging needs of large populations in
confined spaces must be dealt with (17). A global Urban Governance Survey conducted by a network
convened by UN Habitat considered a range of governance issues. A summary of the relevance of
theseissues is shown in Table 3.
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In many malaria-endemic countries, urban governance is weak, even in decentralized systems where
subnational entities are responsible for health policy implementation and resource decisions. The
coordination and stewardship of national malaria programmes has limited influence over urban pest
control or drug outlets dominating the informal private sector. This limits the scale and focus of the
malaria interventions that urban governments fund and/or implement. To encourage governments to
increase and improve the efficiency of their domestic expenditures on malaria, urban malaria control
is likely to be an attractive opportunity for governments, given the considerable role of major cities in
national politics and economy. A good understanding of the governance landscape must therefore
underpin the practical adaptation of global urban malaria control policies.

TABLE 3.

Results ofthe globalurban governance survey 2014-2015 (17); number of cities that answered
very relevant or highly relevant to the question, “To what extent are the following issues
challenges to governingyour city?”

Ranking Urban governance challenge category Number of cities, n (%)
1 Insufficient public budgets 28 (50)
2 Politicization of local issues 21 (38)
3 Interdependence of policy issues 21 (38)
4 Inflexible bureaucracies/rigid rules 20 (36)
5 Lack of municipal autonomy 17 (30)
6 Overlapping responsibilities 17 (30)
7 Working across different tiers of government 17 (30)
8 Access to useful information 16 (29)
9 Lack of respect for laws and regulations 15 (27)
10 Lack of capacity to enforce laws and regulations 15 (27)
11 Lack of skills in local government 14 (25)
12 Uncertainty of funding 14 (25)
13 Risks of corruption 13 (23)
14 Limited scope of responsibilities 13 (23)
15 Coordination of different sectors/departments 13 (23)
16 Limited access of citizens to policymaking 11 (20)
17 Lack of interest of citizens on local issues 11 (20)
18 Lack of trust in local government 10 (18)
19 Lack of political stability 8 (14)
20 Underrepresentation of vulnerable groups 6(11)

Note. Data from LSE Cities, UN-Habitat, and UCLG (2016).

2.7 What opportunities do urban planning and health systems provide in the malaria

response?

There has been limited systematic analysis of the relationship between urbanization and urban health
in low- and middle-income countries (LMICs), and less so the relationship between urbanization and
the control of malaria and other VBDs. Comparedto rural residents, urban communities have access
tomore health workers, financial resources and facilities, higher accessto electricity and better supply
chain management. High population density facilitates large-scale access to health care facilities and
services. However, these settings also have specific vulnerabilities toinfectious diseases, as increasing
informal settlements, poor housing, air pollution, poor drainage, insecurity, high population mobility
and deep inequalities to prevention and care all increase the level of disease transmission, with high
population densities increasing the potential risks for large outbreaks.

The New Urban Agenda was adopted at the United Nations Conference on Housing and Sustainable
Urban Development (Habitat I11)in Quito, Ecuador on 20 October 2016, and endorsed by the General
Assemblyin December 2016 (2). The Agenda, anchored by the SDGs (Fig. 5), was seen as representing
“a shared vision for a better and more sustainable future — one in which all people have equal rights
and access to the benefits and opportunities that cities can offer, and in which the international
community reconsiders the urban systems and physical form of our urban spaces to achieve this”.
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Although limited in specifics, Member States declared: “We commit ourselves to fostering healthy
societies by promoting access to adequate, inclusive and quality public services, a clean environment,
taking into consideration air quality guidelines, including those elaborated by the World Health
Organization, and social infrastructure and facilities, such as health-care services, including universal
access to sexual and reproductive health-care services to reduce newborn, child and maternal
mortality.”

This Agenda, therefore, provides a platform through which the global malaria community can begin
to engage malaria-endemic countries to ensure that control of the disease is firmly part of their

broader urban health response.

Fig. 5.

Conceptual framework: Urban health-related SDGs within a Health in All Policies (HiAP) approach

in the context of SDG implementation (18)
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2.8 What are the key knowledge gaps and priority
transmission dynamics and response?
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research questions in malaria

In 2015, the Special Programme for Research and Training in Tropical Diseases (TDR) commissioned
six scoping reviews on the prevention and control of VBDs in urban areas (19, 20). The VEctor boRne
DiseAses Scoping (VERDAS) reviews identified the following priority research themes:

e interventions
e community and society
e technologies and equity

e ethics
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e population mobility

e city responsibility

e transmissionandinteraction
e surveillance

e collaboration and health services (clinics).

Building on the VERDAS scoping reviews and methodological approach, the technical consultation will
aim to define the research priorities for urban malaria transmissionandresponse.

3. Method of work

Almost all of the consultations will be virtual. Key thematic work areas will be identified in the initial
convening. Proposed thematic areas include preventionintervention and delivery; health care delivery;
urban governance and policies; public-private and community participation and geospatial
surveillance and analysis. Allthematic areas will also focus on research priorities within their thematic
areas. These thematic areas will be discussed during the initial meeting and necessary changesto them
will decided on at this time.

A group of 4-5 people, including at least one WHO representative and a rapporteur, will be assigned
to each thematic area. A chair will be selected by each thematic group. Thematic groups will use
weekly two-hour meetings to develop key topics and content. Each month, WHO will convene a three-
hour meeting of all thematic groups for progress updates from each group and feedback from
members of the technical consultation.

FIG. 6.
Proposed thematic work areas
Prevention Health care delivery | | Urban governance Public-private Geospatial
interventions and (public, private, and policies sectorand surveillance and
delivery community) (sectoral policies community analysis (ecology,
(vector control, and planning, participation entomology,
chemoprevention) health-in-all (resource epidemiology,
approaches, mobilization, microstratification
resource environmental and modelling)
allocation) management,
social behavioural
change
communication
Research priorities

4. Proposed membership

Experts in the following areas:

Malaria epidemiology

Urban malaria entomology, VBD surveillance and vector control

1
2
3. Urban environmental health, health care provision (including malaria case management)
4

Urban governance, planning and health systems
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5. Urban geospatial mapping and microstratification

6. Multisectoral engagement

Secretariat:

WHO GMP

WHO Regional representatives

WHO selected country representatives
WHO environmental and urban health
WHO-TDR

WHO-NTD

S A T i

Partners:

Funders
Collaborating centres

1.
2
3. RBM Partnershipto End Malaria
4. Africa CDC

5

UN Habitat

5. Timelines

The call for membership will be online within the last week of April 2021. Selection of members will
be completed by second week of May, at which time the first meeting of the technical consultation
will take place. The process will continue until the end of August 2021, with the aim of completing a
draft technical strategy by the end of September.
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General objectives

Develop a WHO framework for the response to malaria in urban areas
to address the increasing urban population growth and evolving
malaria transmission dynamics in malaria-endemic countries.

Specific objectives

1. Document the current practices and lessons learned in the response to urban
malaria across WHO regions.

2. Identify effective interventions suitable for reducing the malaria burden and
eliminating it in urban settings.

3. Propose methods for urban malaria risk characterization and microstratification
to inform targeting of the malaria response.

4. Define urban malaria research priorities and explore issues related to study
designs.



Differences between cities

In cities

Differences with

Mafinga, Tanzania

Kibera, Nairobi

B AN

Dar es Salaam, Tanzania

How do we
define
urbanization?



Accra

Exlent \
= _ Ny el High resolution geospatial mapping
- : \'3.‘:-’

How do we
= define
an Extent : :

. - urbanization?

=

. https://grid3.org/ws/african—govts—utiIise—grid3—data—in—

response-to-covid-19

http://www.atlasofurbanexpansion.org/cities/view/Accra



http://www.atlasofurbanexpansion.org/cities/view/Accra

Parasite prevalence

What drives
malaria
transmission
and disease
patterns in
urban areas?

of five years
w
=
o
=

Prevalence of malaria infection in childre der the age
- ~
o © o
(=3 o (=]
= ES Ed
o,
%,
-,

lhantamalala et a/ (2018) Azrag & Mohammed (2018)



Parasite prevalence
Kinshasa

Mataris prvs steses
ICYRETEN
LERETTN

YT

o TTFRE TU

Ferrari et al (2016)

Land cover and larval density
Yaounde

Djamouko-Djonkam et al (2019)

N
Mlacha et al

(

2017

)

Case incidence

What information do
we need and what
stratification methods
should we use to
tailor malaria
interventions in urban
settings?



Spectrum of ecological interactions
associated with VBD transmission

fhuman-natural environment corinuuam) >

CUMATE & SEASONALITY

ocTacmaon o SRR A N TSI What information do

COMMERCE, CONFLICT, HUMAN MIGRATION, TRANSPORTATION, AND LAND-USE MODIFICATION

i PSS URBANIZATION AGRICUITURAL INTENSIFICATION  LANDSCAPE MODIFICATIONS We need and What

e f————p———p——— stratification methods
Bl S ————— should we use to
oo Fmerites | Mo [BS N [EEenn) Bormes tailor malaria

interventions in urban
settings?

(ocologlcal scale, lovels of obsarvatio

URBAN EPIDEMICS-ENDEMICITY

Ellis & Wilcox et al (2017)



What is the role of
ecological and
entomological
surveillance in
understanding
urban malaria
transmission?

Global Vector Control Response Framework

https://apps.who.int/iris/bitstream/handle/10665/259002/WHO-HTM-GVCR-2017.01-eng.pdf



https://apps.who.int/iris/bitstream/handle/10665/259002/WHO-HTM-GVCR-2017.01-eng.pdf

Environmental
modification

Social/
preventive

Vector control

Antimalarial
drugs

Intervention

Improving drainage

Draining swamps

Dredging to increase water flow

Making embankments

Land reclamation
Deforestation/afforestation

Flood control

Improved sanitation including better water
storage and provision and good maintenance of
piped water

General infrastructure development —e.g.
construction of roads

House/window screening

Improved housing

House inspections to identify and remove
breeding sites

Larviciding

Aerial spraying of insecticides

Indoor residual spraying with insecticides
Insecticide-treated bed nets

Entomological surveillance of breeding sites
Monitoring of insecticide resistance

Early diagnosis and treatment by health care
providers

Prophylaxis

Intermittent prevention in children
Treatment at home/ informal sector to increase
access

Mass screen and treat

Has WHO malaria policy
recommendation?
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes

No
Yes (in some settings)
No

What are the current

approaches for
malaria prevention
and treatment in
urban settings and
which ones have a
WHO policy
recommendation?



Tororo district, Uganda o —
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Incidence: 6.19 ROT
Burunagi 2012 —r 029(0,11,078)
- - - Sanegal 2013-14 « - 0,39 {0.18, 0.85)
\ Malawi 2012 —— — 0.56 {0.37, 0.88)
Rwanda 2010 * 0.70{0.25, 1.93)
Uganda 2008 ——— 0.71{0.54, 0.93)
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NOTE | Weights are from random effects aralysis
1 L | I
2 L] 1 2 a
Synman et al (2015). Poor Housing Construction Associated with Tusting et al (2017). Housing Improvements and Malaria Risk in Sub-Saharan
Increased Malaria Incidence in a Cohort of Young Ugandan Africa: A Multi-Country Analysis of Survey Data. PMED
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Multisectoral Action
Framework for Malaria

Community-based environmental management for
malaria control: evidence from a small-scale intervention
in Dar es Salaam, Tanzania

DT

Castro et al. (2009)
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urban governance
and leadership in
malaria endemic
countries prioritize
malaria as part of
the broader urban
development and
health systems?
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Subprogramme 1:
Subprogramme 2:

. Subprogramme 3:
. Subprogramme 4:

Subprogramme 5:
Subprogramme 6:
Subprogramme 7:

Urban Legislation, Land, and Governance
Urban Planning and Design

Urban Economy and Municipal Finance
Urban Basic Services

Housing and Slum Upgrading

Risk Reduction and Rehabilitation

Urban Research and Capacity Development

What

opportunities
do urban
planning, health
policies and
health systems
provide in the
malaria
response?



RESEARCH ARTICLE Open Access

Establishing research priorities in @

prevention and control of vector-borne
diseases in urban areas: a collaborative
process

8ackground:

Methods: ) t

What are the key
knowledge gaps, the
priority research
questions in malaria
transmission
dynamics and
response?

TDR VEctor boRne DiseAses Scoping reviews (VERDAS) consortium



Proposed method of work

Thematic
areas

Prevention
interventions and
delivery
(vector control,
chemoprevention)

Health care delivery
(public, private,
community)

Urban governance
and policies
(sectoral policies
and planning,
health-in-all
approaches,
resource allocation)

Public-private sector
and community
participation
(resource
mobilization,
environmental
management, social
behavioural change
communication etc)

Geospatial
surveillance and
analysis (ecology,

entomology,
epidemiology,
microstratification
and modelling)

Research priorities

A group of 4-5 people, including at least one WHO representative and a rapporteur, will be assigned to each

thematic area

A chair will be selected by each thematic group

Weekly 2-hour meetings will be used by thematic groups to develop key topics and content

Each month, WHO will convene a 3-hour meeting of all thematic groups for progress updates from each
group and feedback from members of the technical consultation




Timeline
April 2021 — call for membership
May 2021 (first week) - selection

May 2021 (2"d or 3" week) — first meeting to set agenda, topics and decide on members of
thematic groups

August 2021 (end) — completion of meetings and summary reports from thematic areas
September 2021 (end) — draft urban malaria response document

November 2021 (end) — final document
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