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INTRODUCTION

Background

»  First report of hrp2 and hrp3 deletion in January 2010 by
Dionicia Gamboa, Qin Cheng, and colleagues

»  Study calling for surveys to identify and monitor the
presence and spread of parasites with deletion

« Largely ignored and considered a peculiarity of the
Amazon basin until 2018, when an alarming high rate of
false negative RDT in Eritrea led to the identification of a
similar issue in Eastern Africa

*  WHO issued a response plan in 2019 covering:

»  Selection criteria for malaria RDTs
»  Surveillance recommendation and protocols

»  Recommendation on when and how to switch to malaria RDTs
recommended for use in area of high deletion prevalence

https://mesamalaria.org/resource-hub/resource-
compilation-responding-threat-pfhrp23-deletions/

Proprietary and confidential — do not distribute

OPEN G ACCESS Freely available online PLoS one

A Large Proportion of P. falciparum lsolates in the
Amazon Region of Peru Lack pfhrp2 and pfhrp3:
Implications for Malaria Rapid Diagnostic Tests

Dionicia Gamboa'?, Mei-Fong Ho*?, Jorge Bendezu’, Katherine Torres’, Peter L. Chiodini®, John W.
Barnwell®, Sandra Incardona®, Mark Perkins®, David Bell®’, James McCarthy>®, Qin Cheng®'%*

-

“As Peru borders on several countries that share the Amazon River
basin and where malaria transmission occurs without respect for
national borders, it is unlikely that parasites lacking pfhrp2 and
pfhrp3 are confined to Peru.”

“It is therefore important that investigations be performed in other
areas in South America urgently where P. falciparum is endemic to
determine the presence and geographical spread of parasites
lacking the pfhrp2 and pfhrp3 genes before the large scale
implementation of malaria RDTs in this area.”

“Investigations should also be carried out to monitor the presence
and spread of parasites with gene deletions in areas outside of
South America to ensure the best performance of malaria RDTs
globally.”



https://mesamalaria.org/resource-hub/resource-compilation-responding-threat-pfhrp23-deletions/

https://www.who.int/publications/i/item/9789240002036

HRP2 DELETION SURVEILLANCE

WHO Surveillance template protocol

+  Recommended template protocol has been developed by WHO to guide surveillance for pfhrp2/3 gene deletions in
malaria endemic countries

*  “This surveillance activity is intended to determine whether the local prevalence of mutations in the P. falciparum hrp2/3 genes
causing false negative RDTs has reached a threshold that might require a local or national change in diagnostic strategy.”

Target population  Individuals seeking care for febrile illness at health facilities Data collection Identify provinces to be included in the study.
) . Select at least 10 health facilities per province for testing (facility
Survey type Cross-sectional, multi:site sample size may vary depending on logistical and budgeta
P! y vary dep B g getary
Primary output 1. Prevalence of suspected false-negative HRP2 RDT results among chstralntsJ: Any facility “fhere ROTs are be”,-'s used is eligible;
measures symptomatic patients with P. falciparum malaria. however, microscopy services are not a requirement.
2. Prevalence of pfhrp2/3 gene deletions among symptomatic Test all individuals presenting with suspected malaria using both a
falciparum patients with a false-negative HRP2 RDT result WHO-recommended HRP2 RDT and a non-HRP2 method (e.g., pf-
3. Prevalence of pfhrp2/3 gene deletions causing false-negative HRP2 pLDH RDT (separate single or multiple test line RDT) or quality —
RDTs amongst all symptomatic P. falciparum confirmed cases. assured microscopy in the health facility and collect minimum two
Secondaryoutput 1. Parasite density, as measured by quantitative PCR and/or dried blood spots (DBS).
measures microscopy, in patients with suspected false-negative HRP2 RDT Record demographic and clinical history details and all test results
(optional) results.
Administer antimalarial therapy based on results from (either) RDT
Sample size A sample size of 600 confirmed P. folciparum cases per sampling and/or microscopy and according to national guidelines.
domain (60 per health facility) is recommended to quantify whether or Send minimum of two DBS from all Pf patients with negative HRP2
not the prgvalence of pfhrp2 deletion is above 5%. Once the sample of RDT and positive pf-pLDH RDT or microscopy for molecular +/-
600 P. falciparum cases have been enrolled then molecular el lysis.t
confirmation of pfhrp2 deletions amongst suspected false-negative EEIOIORICATANAISIS
P. falciporum cases should ensue. Surveillance activity can stop once 600 individuals with confirmed
. - X . P. falciparum malaria (ideally ~60/site across the 10 sites in the
Sampling method  In at least 10 pre-selected health facilities per sampling domain e.g.

province at risk, a cross-sectional survey will measure the suspected
and confirmed prevalence of pfhrp2/3 gene deletions causing false-
negative HRP2 RDT results. 60 P. falciparum confirmed cases should be
included in each health facility.

Proprietary and confidential — do not distribute

province) have been recorded as having P. falciparum in step 4.
Supplemental data collection options are described in Appendix 1.

Discard all RDTs, microscopy slides and DBS after survey results
finalized and reported


https://www.who.int/publications/i/item/9789240002036

https://www.who.int/publications/i/item/9789240002036

HRP2 DELETION SURVEILLANCE

Outcomes and actions

Outcome 1: The estimated proportion is lower than 5% and the upper limit of the 95% Cl is below 5%. In this
case there is a high statistical confidence that the proportion of parasites with pfhrp2/3 deletion causing false-
negative RDT results within symptomatic patients is below 5%.

Outcome 1:

Outcome 2: The estimated proportion is higher than 5% and the lower limit of the 95% Cl is above 5%. This
result means that there is a high statistical confidence that the proportion of pfhrp2/3 deletion causing false-
negative RDT results in symptomatic Pf patients is greater than 5%.

Repeatin 2 years

Outcome 3: The statistical analysis shows that it is inconclusive (5% contained within the 95% Cl) as to whether
or not the prevalence of pfhrp2/3 deletion causing false negative RDT results in symptomatic Pf patients is
greater than or less than 5% Outcome 3:

Repeat in 1 or 2 years or keeping
screening for a larger sample size

-
Outcome 2:

”1f outcome 2 is obtained, pfhrp2 deletions are found to be prevalent (lower 95% Cl is > 5%) in any province, the country programmes should make a nationwide
switch to RDTs that do not rely exclusively on HRP2 for detecting P. falciparum, prioritized on the basis of the prevalence of pfhrp2 deletions across provinces”

“A threshold of 5% was selected because it is somewhere around this point that the proportion of cases missed by HRP2 RDTs due to non-hrp2 expression may be
greater than the proportion of cases that would be missed by less-sensitive pLDH based RDTs"”

“A nationwide change is suggested because mathematical models show parasites lacking pfhrp2 genes will spread [...]”

Proprietary and confidential — do not distribute


https://www.who.int/publications/i/item/9789240002036

https://apps.who.int/malaria/maps/threats

HRP2 DELETION SURVEILLANCE

WHO threat maps

Online map to track planned, ongoing and completed surveys

Parasite pfhrp2/3 gene Unsure where to start? Take a tour. (. x Status of Pfhrp2 gene deletion studies
rene: @ v b atus of P gen .
deletions °
Map: Ongoing and planned studies Y @ Planned
v
pfhrp2/3 gene deletion studies x Ongoing
@ Completed (results pending)
FILTER DATA ~
a g LAST DATA UPDATE: 06.09.2023
Years There are 35 surveys found with the specified
° criteria
— o
Play >
4 »
FILTER LOCATION (OPTIONAL) v ° . 2 f *
]
.
.
e .®
* o
.
.
°®
.
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https://apps.who.int/malaria/maps/threats

HRP2 DELETION SURVEILLANCE

https://apps.who.int/malaria/maps/threats

https://www.medrxiv.org/content/10.1101/2023.10.21.23297352v3.full.pdf

WHO threat maps

Online map to track reported presence or absence of deletions

. 2 .
2 o delle %
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“In the thirteen years since the first report
of pfthrp2-deleted parasites in 2010, the
World Health Organization (WHO) has
found that 40 of 47 countries surveyed
worldwide have reported pthrp2/3 gene
deletions.”

In the last five years, Eritrea, Djibouti and
Ethiopia have switched or started
switching to using alternative RDTs, that
target pan-specific-pLDH or P. falciparum
specific-pLDH alone of in combination
with HRP2


https://apps.who.int/malaria/maps/threats
https://www.medrxiv.org/content/10.1101/2023.10.21.23297352v3.full.pdf

https://www.medrxiv.org/content/10.1101/2023.10.21.23297352v3.full.pdf

HRP2 DELETION SURVEILLANCE

Global risk of deletion selection and spread

» “In the thirteen years since the first report of pfhrp2- Global risk of selection and spread of Plasmodium
deleted parasites in 2010, the World Health falciparum histidine-rich protein 2 and 3 gene deletions
Organization (WHO) has found that 40 of 47 countries
Surveyed WorldWide have reported pﬂlrp2/3 gene Oliver J. Watson', Thu Nguyen-Anh Tran2, Robert J Zupko? Tasmin Symons®, Rebecca
deletions » Thomson*, Theodoor Visser®, Susan Rumisha®, Paulina A Dzianach®, Nicholas Hathaway®,

’ Isaac Kim’#, Jonathan J. Juliano®™™", Jeffrey A. Bailey’#'2, Hannah Slater', Lucy Okell’,

° In the last ﬁve years, Eritrea, Djibouti and Ethiopia Peter Gething®*, Azra Ghani', Maciej F Boni*', Jonathan B. Parr®", Jane Cunningham'®

have switched or started switching to using alternative
RDTs, that target pan-specific-pLDH or P. falciparum
specific-pLDH alone of in combination with HRP2

Proprietary and confidential — do not distribute


https://www.medrxiv.org/content/10.1101/2023.10.21.23297352v3.full.pdf

HRP2 DELETION SURVEILLANCE

Conclusions

» Since its first identification in 2010, hrp2/3 deletions have been found to occur in the majority
of malaria endemic countries

« Itis a pernicious issue, that can spread undetected for years and that can severely impact
the effectiveness of HRP2-based RDTs and ultimately prevent adequate clinical management of
patients

*  Well-planned surveys are essential to monitor the occurrence and spread of this issue. WHO
has developed recommend protocol to facilitate best-practices and data comparison

* The 5% threshold is based on the historical more limited sensitivity of LDH-based
RDTs compared to HRP2-based RDTs

« If equally sensitive LDH-based RDTs can be made available, the switch could be
made at a lower prevalence percentage or even preemptively, rendering the need for
repeated survey less acute

Proprietary and confidential — do not distribute
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Content outlines

e Malaria Overview in Ethiopia
» pfHRP2/3 gene deleted parasite in Ethiopia: phase one

» Nationwide distribution of pfhrp2/3 gene deletion in Ethiopia: Phase two




Malaria Overview in Ethiopia

e In Ethiopia, P. falciparum and P. vivax are the most common malaria with a ratio
of 60 vs 40%

2" populous country in Africa and 75% of the population is at risk

e In 2022, more than 5 million episodes are reported

 Ethiopia launched elimination program since 2017, a step wise malaria elimination
to align with vision of malaria free Ethiopia by 2030

Diagnosis, Malaria Elimination Challenges:

> Biological challenges
1. Parasite Biology (Diagnostic resistant parasite (HRP2/3) gene deletion, and
drug resistance parasite)

2. Host Biology (G6PD deficiency , Duffy receptor etc)

@




a I
Cont...

» RDTs offers community level diagnosis

» Allowed test and treat strategy

= As of 2020, more than 70% of malaria
test in Ethiopia done by RDTs

- Production and
prequalification

< Challenges with RDTs .
» Manufacturing (Lot & product
quality)
. Lean and aglie
> Storage and transportation supply chain
- management of
> Operator error i Lce

> Parasite genetic change (Diagnostic
target gene deletion)

D y




g Conti...

= Three reliable antigens are known targets
for RDTs:

HRP2
PLDH
Aldolase

= HRP2 antigen is most preferred RDT
target antigen due to its:

High abundance in the blood stream
Repetitive binding epitopes
increased sensitivity
P. falciparum-specificity

= Thus, most malarious countries

including Ethiopia uses pfHRP2
detecting RDTs
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pPfHRP2 and HRP3 gene deletion parasite in Ethiopia

= Many countries in Africa, Asia and Latin America have reported pfHRP2/3 gene
deletion, where the first was from Peru.

= In 2016, High prevalence of HRP2/3 gene deletion reported in Eritrea

= By 2017/18, therefore, EPHI conceived the problem, proposed to study the
PfHRP2/3 gene deletion status in districts neighboring to Eritrea, Sudan and South
Sudan

= |nitial study, to assess the emergence of pfHRP2/3 gene deletion in Ethiopia




Study Methods

Study site: 108 health facilities in 11 districts: Tigray (6), Amhara (4) and
Gambella (1)

Study period: 2017/18

Malaria suspected self presented patients screened

Carestart PfTHRP2/PvPLDH and
SD-Bioline Pf/Pf (HRP2/PLDH)RDTSs

Discordant and 20% of concordant Pf samples tested with:

PCR assays and Luminex-based serological assay,

whole-genome sequencing,

@ Molecular inversion probe (MIP) deep sequencing




Study sites in Tigray, Amhara and Gambella Regions

Percentage of Pf-positive samples

with discordant RDT results,

by district
10-5.0

5.1-10.0

I 10.1-20.0

I 20.1-30.0

Benishangul-
Gumuz

Gambela

South West
Ethiopia

South
Ethiopia




Result...

* Asubset of 824 samples from Amhara (n =
529), Tigray (n = 224), and Gambella (n =
71), were sent to UNC for molecular analysis

(for species and pfhrp2/3 gpcr assay)

e 613 samples were confirmed for P.
falciparum infection by gPCR and were

eligible for gpcr pfhrp2/3 assay

4

T =

Percentage of Pf-positive samples ERITREA ()X-&
with discordant RDT results, 2 !
by district

10-5.0
B 51-100
N 10.1-20.0
I 20.1 - 30.0




Result...

A,
qPCR result revealed < iy — A\L ? i W/
o 135 samples (229) were plhrp2-/3-, BT A
® 193 (32%) pthrp3- only and , ‘ SwdsyzteDAN 67’1\}/“//—/ |
® 28 (4.6%) pthrp2- only T’ﬁ )
/L [ aviec N
SOUTY

SUDAN SOMALIA

ETHIOPIA
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Cont...

Among RDT discordant profile
64.2% were PCR pfhrp2-/3- and,
8.5% (5-14) pfhrp2-/3+ and
15.9% (11-22) pfhrp2+/3-
» A high proportion of samples HRP2-positive
by RDT were negative for pthrp3 by PCR

(42%; 95% CI 37- 48)

4004

3004

2001

100 1

[ Z24% |

64.2%

[ 21.3% |

9HRP2+ 2HRP2—, 1 HRP2+,
1PILDH+ 1 HAP2-

RDT Profile




Results...

» The population level estimate of P.
falciparum infections with pfhrp2
deletions was 9.7% among all study
sites

» The regional pfhrp2 deletion prevalence
estimates:

Tigray-15%; 95% ClI: 11-19)
Amhara- 11%: 95% CI: 9-14 and,
Gambella -1.2%: 95% CI: 0.6-2.4

Discordant RDT Profile (N)

w
(=]

o
o

=2
(=]

PCR result
plhrp2+/3+

. pihrp2-/3-
pthrp2-/3+
pthrp2+/3-
Insufficient DNA

T

Amﬁara

Tig'ray
Region

Gambella




Large scale surveillance in Ethiopian
districts bordering with Eritrea, South
Sudan confirmed the presence of
pfhrp2 / 3-deleted parasites in all

surveyed regions

Therefore, policy consideration was

recommended

Study Conclusion and recommendation

I s ARTICLES
microbiology

https://doi.org/101038/541564-021-00962-4

R) Check for updates

OPEN
Plasmodium falciparum is evolving to escape

malaria rapid diagnostic tests in Ethiopia

Sindew M. Feleke ©'*%, Emily N. Reichert®%*, Hussein Mohammed @', Bokretsion G. Brhane',
Kalkidan Mekete', Hassen Mamo @3, Beyene Petros®, Hiwot Solomon, Ebba Abate', Chris Hennelly?,
Madeline Denton?, Corinna Keeler ©2 Nicholas J. Hathaway®, Jonathan J. Juliano?, Jeffrey A. Bailey?,
Eric Rogier’, Jane Cunningham®°%, Ozkan Aydemir® and Jonathan B, Parr 2%

In Africa, most rapid diagnostic tests (RDTs) for falciparum malaria recognize histidine-rich protein 2 antigen, Plasmodium
falciparum parasites lacking histidine-rich protein 2 (pfhrp2) and 3 (pfhrp3) genes escape detection by these RDTs, but it is
not known whether these deletions confer sufficient selective advantage to drive rapid population expansion. By studying
blood samples from a cohort of 12,572 participants enroled in a prospective, cross-sectional survey along Ethiopia's borders
with Eritrea, Sudan and South Sudan using RDTs, PCR, an ultrasensitive bead-based immunoassay for antigen detection and
next-generation sequencing, we estimate that histidine-rich protein 2-based RDTs would miss 9.7% (95% confidence inter-
val 8.5-11.1) of P. falciparum malaria cases owing to pfhrp2 deletion. We applied a molecular inversion probe-targeted deep
sequencing approach to identify distinct subtelomeric deletion patterns and well-established pfhrp3 deletions and to uncover
recent expansion of a singular pfhrp2 deletion in all regions sampled. We propose amodel in which pfhirp3 deletions have arisen
independently multiple times, followed by strong positive selection for pfhirp2 deletion owing to RDT-based test-and-treatment.
Existing diagnostic strategies need to be urgently reconsidered in Ethiopia, and improved surveillance for pfhrp2 deletion is
needed throughout the Horn of Africa.




Decision made by FMoH

» The FMoH have reviewed the results and acknowledged the study
findings

Result was not conclusive for the national level decision making as study site were not

representative

» Therefore, decision was made to conduct nationwide pfhrp2/3 gene

deletion survey




By 2021, National PfHRP2 and HRP3 gene deletion survey

in Ethiopia: 2"dPhase survey

Objective:

The overall of the objective of this study was to determine the
national level prevalence of the P. falciparum hrp2 and hrp3 genes

deletion in Ethiopia




phase two: HRP2/3 gene deletion survey site

Regions Number of | Current I -
selected | Status [ e s o tm st s
facilities i . M‘L % ’;
per regions % _

Somali 7 Done

Afar 7 Done

Tigray 13 Done

Gambella 4 Done

Oromia 24 Done

SNNPR 21 Done

Amhara 31 Done

B/Gumuz 4 Done

Sidama 3 Done

Total 114 Done




Screening methods

19 phase 2" phase
o Carestart Pf/Pv (HRP2/PLDH)  Carestart Pf/Pv(HRP2/PLDH)

e SD-Bioline Pf (HRP2/PLDH) RDTs * Microscope

Discordant :
_ Discordant
e Carestart Pf (HRP2)= Negative
SD-Bioline pf/pf (HRP2/PLDH) = negative/positive ° PfhrpZ: negative

o Microscope :pf positive




Results

RDT/Microscopy discordant
(n=144)

The hrp2/3 PCR assay,
e 68.7% (99/144) pfhrp2-/3-
e 3.5% (5/144) pfhrp2-/3+
o 14.5% (21/144) pfhrp2+/3- and
e 13.2 (19/144) hrp2+/3+

RDT/Microscopy concordant
samples (n=260)

The hrp2/3 PCR assay,
o 2% (5/266) pfhrp2-/3-
e 0.77% (2/260) pfhrp2-/3+
o 51% (132/260) pfhrp2+/3-




Results....

In 2"d phase study overall, the Pfhrp2 deletion in the total study

population was 7.1% which is above the 5% WHO cutoff value




Conclusion and recommendations

A. By 2017/18: phase one
» pfhrp2/3 gene deletion was 9.7% bordering Eritrea, South Sudan,

and Sudan
A. By 2020/21: phase two

o pfhrp2/3 gene deletion was 7.1% prevalence

Distribution was highly heterogeneous among Regions

e Policy change was recommended for the NMEP




Recommendations and Policy implementation

e By 2022, apolicy brief was )
prepared, and the guideline

was revised!

e pfhrp2/ RDTs changed to
Non-pfhrp2/3 RDTs

e Currently, procurement and
distribution of

pfpldh/pvpLDH Kits is on

Dereje Duguma (MD, MIII)
State Minister of Health

progress




Treatment and diagnostic resistance is positively correlated?

naturemicrobiology 8

Analysis s dolorg 1010381564023 0614

Plasmodiumjalciparumresistantto
artemisininand diagnosticshaveemergedin
Ethiopia
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Current status and way forward

Other continuous activities
* EPHI established multiplex qPCR pthrp2/3 gene deletion assay

e Surveillance: Monitoring and follow up of pthrp2/3 gene deletion at

selected sites: On progress

e Evaluations of new non—pfhrpZ/ 3 RDTs kits is on progress
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Threat of pfhrp2/3 gene Deletion,
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Definition of terms & Historical Perspectives

l.

3.

4.

pfhrp2 : Plasmodium falciparum histidine rich protein 2 gene

A
- 6490 bp ———» *——— 535bp —e
R | [ H LI [H |
- -— —_—
PF3D7 0831700 2fhrp2 PF3D7 0831900
MalTP1.228 Mal7P1231 = Mal7P1 L2330
Heat shock protein 70 Histidine-rich protem Plasmodium exy ed pr
Putative (HSPT0.x) (HRP.IT) nouwn functi P s o1
195:41\[- 1063 bp O_:‘.rp
B.
*— 1609 bp —a 4004 bp 3 bp
1 H [ HI [ HI L 1|
7 —_— -— e —
PF3D7_ 1372100 pfhrp3 PF3D7 1372300 PF3D7_ 1372400

Mall3P1.475 Y
Plasmodivm exported protein
(PHIST-b). unknown function
(GEXP0O4) o

Ll(l“bw

Iall3P1.480

Histidine rich protein 3
(HRP-11)

77 bp

Plasmodiwn exported
protein, unknown function

TT7Zbp

Alall3FPl_48S
Plasmodiwn exported protein

Unknown function/Psendogens

1022 bp

pfhrp3 : Plasmodium falciparum Histidine rich protein 3 gene

Cheng

et al

HRP2: Histidine Rich Protein 2 (Major target for RDTs)

Deletion due to
breakage at the
unstable
sub-telomeric
regions of
chromosome 8 & |3

Globally, |
Reported in field
isolates in Amazon

basin (2010)

Now reported in

Africa, India & @

elsewhere



BACKGROUND
Malaria remains public health problem (MOH,2023)

Accurate diagnosis- is a key intervention

MOH policy recommends parasite-based diagnosis

» RDTs are the main diagnostic tools for malaria
» RDTs are threatened by pArp2 gene deletions

= Alternative RDTs exist (cost, sensitivity, stability)
* WHO recommends surveillance of gene deletions

* No routine surveillance system for deletions in most

Percentage of children age 0-59 months who tested positive for
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What’s the Problem?

» The emergence of pfhrp2/3 gene deletion threatens the utility of HRP2 RDTs.

* Yet HRP2 RDTs are the predominant malaria test- >85% of testing (DHIS2)

» Parasites with deletion do not express HRP2 Target Protein antigen

* In the absence of HRP2 expression, parasites are missed by HRP2 RDTs

* Missed diagnosis may lead to increased malaria transmission/morbidity/mortality

« Alternative RDTs exist (expensive, less sensitive, poor stability, are less abundant)

(a)



Global Threat Maps (WHO, 2023)

Global: spread and surveys conducted Africa: Spread and surveys conducted
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WHO Ref: https://apps.who.int/malaria/maps/threats/

pfhrp2 gene deletions
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Not detected

LAST DATA UPDATE: 28/08/2023

There are 128 surveys found with the
specified criteria
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Pfhrp2/3 Surveys in Uganda- (SURVEY 1)

) Survey
Design: Cross-sectional across 48 districts  Sites

Population: Symptomatic, 2-10 yrs

Tested: RDTs and Blood Smear, DBS

Discordant &
Concordant
Samples




HRP2 exon 2 Platel gel | 30052019-Agaba Oct/19

Lab assays for survey |

600bp

Parasite Pfhrp2 Pfhrp3

. 1000
strain status status

P.lDd2

P.fHB3

P. f3BD5

Human
negative

Ladder: NEB | kB Plus: PfHrp2 Exon 2 is 600 to 1000 bp; PfHrp3 exon 2 is 250 to 600 bp.






Proportion of Parasites with deletions in Survey |

Overall Blood Smear & PCR positive (7=300)
o Total RDT Negative RDT Positive PR95% Cl;  p-value
Gene deletion (N=300) N=165 N=135
n % (95%) n % (95%) n % (95%)
Any deletion 29 9.7 (6.6-13.6) 24 14.5(9.5,20.9) 5 3.7 (1.2, 8.4) 3.91 (1.5,10.0); 0.002
pfhrp2-/pthrp3+ 10 3.3 (1.6, 6.0) 9 5.5 (2.5, 10.1) 0.7 (0.0,4.1)  7.85 (1.0, 57.4); 0.021

pthrp2+/pfhrp3- 9 30(14,56) 5 30(.0,69 4  30(0874)  1.00(0.3,3.7); 1.000

ofhrp2-/pfhrp3- ( (1.6, 6.0) (6 (2.9, D 0(0,27) N/A 0.004

pfhrp2+/pfhrp3+ 186  61.7 (559, 67.2) 37.0 (29.6,345) 124 91.9(85.9,95.9) 0.40 (0.3, 0.5); 0.001

'Significant Proportion ( P=0.001) different from WHO recommend cut-off ( 5% ) @



Geographical Spread of
deletions

. DOUbIe deletions Gene deletions
(pfhrp2&3) clustered in 0 e

@ Pthrp2+/Pfhrp3- (9)

. e ®  Pfhrp2-/Pfhrp3+ (10)
mid and eastern Region o s st 126
/aterbodies

- Pfhrp2/3- single deletions
occurred in both regions

» Qverall, deletions were
more frequent in Eastern

I iro




Survey 2: Pfhrp2/3 Surveys in Uganda (WHO Protocol)

Surveillance Objectives

® Estimate prevalence of suspected false-negative HRP2 RDT results among symptomatic patients with £ f

® Determine prevalence of pfhrp2/3 deletions in symptomatic falciparum patients with a false negative RDT

® Estimate prevalence of non-falcjparum species that can lead to false negative results with HRP2-RDTs

Project sites

_Reglons

"I Lago
[ WestNile

Samples per region (n) Discordant: HRP2-/pLDH+

Region DBS(N) Positive (pLDH)

Acholi 549 378 (68.0%)
Lango 583 372 (63.8%)
W. Nile 676 386 (57.1%)

Karamoja 627 370 (59.0%)

Total 2,435 61.60%

= [ Other Regions
CrAcholi. 7%
[ Karamoja

Northern Region is ahigh
transmission setting

¢ Discordant/Concordant

B Concordant
Discordant

Incidence

[]19-185

[] 185293

[ 293 446

B 246 581

W 581 2367

<



Lab Assays- Survey 2: Real-time Multiplex qPCR Summary of Survey 2 Results

FEN A R A e | e Samples Samples with
'\’,' ‘\!/_' 'x!‘,' DNA extracted X N ‘\.)' '\. L Location Valid without confirmed pfhrp2
e, S from A RN LT PCR deletion gene deletion
{ Y X ] DBS 1 Y I ]
N T, W, \NWsr s W, n % n %
Acholi 93 93 100.0% 0 0.0%
Amplifies a fragment each of pfhrp2, pfhrp3, pfldh
and human tubumin (htb) genes simultaneously V;ﬁ“ 13 | 113 | 100.0% 0 0.0%
ile
Channel CY5 Channel ROX Channel FAM Channel JOE Karamoja 93 93 100.0% 0 0.0%
~ Human DNA ldh DNA hrp2 DNA Human DNA
0 Lango 17 16 99.1% I 0.86%
oen | Y Total 416 | 415 | 99.8% | 0.24%
qQPCR — - e
: _ **This sample also showed absence of HRP2 on ELISA
[T S eu— = e N — .
5 M E:‘vf DELE O 21:3;.;3 T ENE 0 );:Y:e k| L To conflrm absence of pfhrpz gene;
No defetion Positive Positive Positive Positive * Show presence of presence of parasite-pfldh
Deletion Positive Positive Negative Negative
No parasite Pasitive Negative Negative Negative * Prove non-expression of HRP2 protein
No hum DNA (Invalid) Negative - - - .pn .
controls gill all PfINT and HB3 PfINT and Dd2 ¢ Ampllflcatlon Of mspl and 2
Ref: Khalid * Controls must pass- 3D7, 3BD5, Dd2, HB3 @
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Sequence of steps followed to implement

» Stakeholder engagement

* |dentify survey areas/coverage

=  Quantify the need (resources, supplies, )

=  Resources mobilization

* Protocol (IRB, investigators, data tools
(questionnaires, consent, translations)

» Constitute survey teams **

= Lab testing — if available or shipment (MTA)

= Data analysis, Reporting & Dissemination




Barcode/Patient ID Place label

Important Field Considerations with the pfhrp2/3 Surveys

Percentage of children age 0-59 months who tested positive for
malarfa by microscopy

| Health centre | Pre-entered for each health centre on printed form or combined with survey ID

Name of health
worker/ lab assistant

wl & w| N e

RDT 1 {must include =
HRP2- National & =
f RD 'f programme RDT)
O S I a. Name: Box1
. Product Control ]
code: HRP2
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Potential hrp2 surveys implementation Bottlenecks

Deployment of alternative tests
» Capacity to run surveys and molecular testing alongside HRP2 in requires
efficient distribution system
» Surveys largely remain in “project” mode
» Communicating hrp2 deletion results where prev <5%

» Introduction of alternative tests alongside HRP2 RDTs |

» MTA processes for those intending to ship




Q

Potential issues to consider for
the future

RDTs alternative target antigens
Limited no. of approved non-HRP2 RDTs
Harmonize detection methods across countries

Integration into routine surveillance

Surveillance template protocol for
pfhrp2/pfhrp3 gene deletions

g‘"!? World Health
“*”3 ¥ Organization

\'l

% of articles

Area assessed WHO recommendation .
. : L oo that complied

Leverage on existing capacity within facilities

Design Cross-sectional 100
Adhere to WHO protocol Participants Symptomatic 357

Sampling Spread and distributed 438
Resources- grants and domestic resource Lab methods Assessed quality DNA 214

Reporting Both pfhrp2and pfhrp3

714
o




WHO international lab network to Plans to expand the network? If not what's
support pfhrp2/3 surveillance the implication?

. ) . Serclogical analysis to
BCRIGPC Molecular analysis to confirm gene deletions confirm lack of HRP2 Other molecular tests
q :
expression
Institute Country Lead SpRectiC;rtio
- . L K13
Conventional Multiplex - WGS/ Bead-based MOI/ Origin ;
n
PCR gPCR Digital PCR Genomics ELISA assay mutations
T 2
€ LSHTM UK Dr. Khalid Beshir Y Y Y N Y N N (not ro@
————
UNC USA Dr. Jonathan Parr Y Y Y N Y N (not roTltiner) Y Y
—————eese— L —————
Y
. . Y e —
DFMIDI Australia | Dr Qin Cheng Y (moved Y . N Y N Y Y
away) (not routinely) R,
— —
CDC USA Dr Eric Rogier/? Y Y N N N N Y Y Y
UCAD Senegal | Prof Daouda Y % % N % % Y % Y
Ndiaye
UPCH pery | Dr Dionicia Y Y N N Y Y Y Y Y
Gamboa
NIMR India Dr Praveen Bharti Y Y Y N Y Y N Y Y
AHRI Ethiopia Dr Fitsum Girma
UND USA Dr Christian Koepfli
LSHTM: London School of Hygiene and Tropical Medicine UPCH: Universidad Peruana Ca : .
. . . . : ‘ayetano Heredia .
UNC: Umvers.lty of North Carolina i X . . NIMR: National Institute of Malaria Research RE£ PrOf Qﬂ? et 3/, Pfhf‘p.?/.? COP
ADFMIDI: Australian Defence Force Malaria and Infectious Disease Institute

. P . ) | AHRI: Amauer Hansen Research Institute
cbe: Cer}tresl c’>r DISIE‘aSE (.ontro UND: University of Notre Dame
UCAD: Université Cheikh Anta Diop de Dakar
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