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Disclaimer

• This product may not be available in all markets and is subject to regulatory approval in regulated 
countries

Use of  this material
• The product is intended for use in the public sector – MOH, Government agencies, NGOs only 
• This material is for informational purposes only, and not to be used for the  promotion nor the 

commercialization of  the product.
• It is intended to provide information to key stakeholders in order to gather  data to support future in-

country evaluations & adoption requirements. 
• This material belongs to Abbott and should only be used by authorized Abbott employees or authorized 

staff of official distributors. 
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Background

INTRODUC TION

“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.”

• 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/

https://mesamalaria.org/resource-hub/resource-compilation-responding-threat-pfhrp23-deletions/
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WHO Surveillance template protocol

HRP2 DELETION SURVEILLANCE
https://www.who.int/publications/i/item/9789240002036

• 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.”

https://www.who.int/publications/i/item/9789240002036
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Outcome 1: The estimated proportion is lower than 5% and the upper limit of the 95% CI 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 2: The estimated proportion is higher than 5% and the lower limit of the 95% CI 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%.

Outcome 3: The statistical analysis shows that it is inconclusive (5% contained within the 95% CI) 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%

Outcomes and actions

HRP2 DELETION SURVEILLANCE
https://www.who.int/publications/i/item/9789240002036

Outcome 3: 

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

Outcome 2: 

”If outcome 2 is obtained, pfhrp2 deletions are found to be prevalent (lower 95% CI 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 […]”

Outcome 1: 

Repeat in 2 years

https://www.who.int/publications/i/item/9789240002036
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WHO threat maps

HRP2 DELETION SURVEILLANCE
https://apps.who.int/malaria/maps/threats

Online map to track planned, ongoing and completed surveys

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

HRP2 DELETION SURVEILLANCE
https://apps.who.int/malaria/maps/threats

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

Online map to track reported presence or absence of deletions

• “In the thirteen years since the first report 
of pfhrp2-deleted parasites in 2010, the 
World Health Organization (WHO) has 
found that 40 of 47 countries surveyed 
worldwide have reported pfhrp2/3 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
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Global risk of deletion selection and spread

HRP2 DELETION SURVEILLANCE
https://www.medrxiv.org/content/10.1101/2023.10.21.23297352v3.full.pdf

• “In the thirteen years since the first report of pfhrp2-
deleted parasites in 2010, the World Health 
Organization (WHO) has found that 40 of 47 countries 
surveyed worldwide have reported pfhrp2/3 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://www.medrxiv.org/content/10.1101/2023.10.21.23297352v3.full.pdf
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Conclusions

HRP2 DELETION SURVEILLANCE

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

• It is 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
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The emergence of pfhrp2/3 gene 
deletion for the escape of Plasmodium 
falciparum detection in Ethiopia
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The emergence of pfhrp2/3 gene deletion for the escape of plasmodium falciparum detection in 
Ethiopia
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Content outlines

 Malaria Overview in Ethiopia 

 pfHRP2/3 gene deleted parasite in Ethiopia: phase one

 Nationwide distribution of pfhrp2/3 gene deletion in Ethiopia: Phase two
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Malaria Overview in Ethiopia 

 In Ethiopia, P. falciparum and P. vivax are the most common malaria with a ratio 

of 60 vs 40%

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

 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)

16



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

❖ Challenges with RDTs

➢ Manufacturing (Lot & product 

quality) 

➢ Storage and transportation

➢ Operator error

➢ Parasite genetic change (Diagnostic 

target gene deletion)

17



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 

18



pfHRP2 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 

▪ Initial study, to assess the emergence of pfHRP2/3 gene deletion in Ethiopia

19



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

1. Carestart PfHRP2/PvPLDH and 

2. SD-Bioline Pf/Pf (HRP2/PLDH)RDTs

▪ Discordant and 20% of concordant Pf samples tested with: 

1. PCR assays and Luminex-based serological assay, 

2. whole-genome sequencing,

3. Molecular inversion probe (MIP) deep sequencing
20



Study sites in Tigray, Amhara and Gambella Regions

21



Result…

 A subset 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 qpcr assay)

 613 samples were confirmed for P. 

falciparum infection by qPCR and were 

eligible for qpcr pfhrp2/3 assay

22



qPCR result revealed

 135 samples (22%) were pfhrp2-/3-, 

 193 (32%) pfhrp3- only and ,

 28 (4.6%) pfhrp2- only

Result…

23



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 pfhrp3 by PCR 

(42%; 95% CI 37- 48)
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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% CI: 11-19)

 Amhara- 11%; 95% CI: 9-14 and,

 Gambella -1.2%; 95% CI: 0.6-2.4

25



Study Conclusion and recommendation 

 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

26



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 

27



By 2021, National PfHRP2 and HRP3 gene deletion survey 

in Ethiopia:  2nd Phase 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

28



phase two: HRP2/3 gene deletion survey site

Regions Number of 

selected 

facilities  

per regions 

Current 

Status 

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 
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Screening methods

1st phase

 Carestart Pf/Pv (HRP2/PLDH)

 SD-Bioline Pf (HRP2/PLDH) RDTs

Discordant

 Carestart Pf (HRP2)= Negative

 SD-Bioline pf/pf (HRP2/PLDH) = negative/positive

2nd phase

 Carestart Pf/Pv(HRP2/PLDH)

 Microscope

Discordant

 Pfhrp2= negative

 Microscope =pf positive

30



Results 

RDT/Microscopy discordant 

(n=144) 

The hrp2/3 PCR assay,

 68.7% (99/144) pfhrp2-/3-

 3.5% (5/144) pfhrp2-/3+

 14.5% (21/144) pfhrp2+/3- and 

 13.2 (19/144) hrp2+/3+

RDT/Microscopy concordant

samples (n=260)

The hrp2/3 PCR assay,

 2% (5/266) pfhrp2-/3-

 0.77% (2/260) pfhrp2-/3+

 51% (132/260) pfhrp2+/3-
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Results….

In 2nd phase study overall, the Pfhrp2 deletion in the total study

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

32



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

 pfhrp2/3 gene deletion was 7.1% prevalence

• Distribution was highly heterogeneous among Regions

 Policy change was recommended for the NMEP

33



Recommendations and Policy implementation

 By 2022, a policy brief was 

prepared, and the guideline 

was revised! 

 pfhrp2/ RDTs changed to 

Non-pfhrp2/3 RDTs 

 Currently, procurement and 

distribution of 

pfpldh/pvpLDH kits is on 

progress

34



Treatment and diagnostic resistance is positively correlated?
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Current status and way forward 

Other continuous activities 

 EPHI established multiplex qPCR  pfhrp2/3 gene deletion assay

 Surveillance: Monitoring and follow up of pfhrp2/3 gene deletion at 

selected sites: On progress 

 Evaluations of new non-pfhrp2/3 RDTs kits is on progress

36
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Thank you!
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