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ABSTRACT

Background: Malaria is a febrile illness caused by protozoans of the genes Plasmodium. It has global
distribution, but the burden is higher in the Sub-Saharan Africa. To decrease this burden, rapid diagnostic
tests are good alternative diagnostic methods in remote areas where there is no laboratory. Histidine-rich
protein-2 based rapid diagnostic tests have played a vital role in improving malaria case surveillance and
management particularly in Africa, where P. falciparum is predominant. However, their usefulness is
threatened by the emergence of Pfhrp2/3 gene deletion. Hence, monitoring of the deletion status at local
and national level is mandatory to make policy decisions regarding diagnostic approaches. Objective: The
study was aimed to assess the P. falciparum rapid diagnostic tests target gene (pfhrp2/3) deletion at
selected health facilities in Amhara region, Ethiopia.

Methods: An institution-based cross-sectional study was conducted in 28 selected health facilities from
January 2021 -2022 in Amhara region, Ethiopia among 1232 participants. A convenient sampling was
implemented to recruit consenting participants. A Structured questionnaire was used to collect
sociodemographic and clinical data. Capillary blood was collected to perform the laboratory diagnosis by
rapid diagnostic tests, microscopy and Polymerase chain reaction. Data were entered into “EPI Info
version 77 software and exported to SPSS version 20.0 for analysis. Descriptive statistics was analyzed to
explain study participants and rate of gene deletion.

Results: From a total of 7529 screened individuals, 1177 P. falciparum, 427 P. vivax, 55 mixed infection
were detected by light microscopy, while 1024, 432 and 60 participants were positive for P. falciparum,
P.vivax and mixed infection by rapid diagnostic tests, respectively. From 1232 (1177 mono and 55 mixed
infections) microscopy confirmed P.falciparum cases, 123 samples were suspected for Pfhrp2/3 gene
deletion (i.e. microscopy positive but rapid diagnostic test negative). These 123 and 87 samples from
discordant results (total 210) were recruited for molecular analysis. Of these, 158 (12.8%, 95%CI: 11.0-
14.8) samples were with either one or both of Pfhrp2 and Pfhrp3 gene deletions. The proportion of false-
negative Pfhrp2 rapid diagnostic test results due to pfhrp2/3 gene deletions was 106(9.0%, 95%CI: 8.4-
11.8).

Conclusions: The regional prevalence of Pfhrp2/3 gene deletion is above the WHO threshold rate (5%).

It informs the national malaria program to make informed policy decision on rapid diagnostic tests.

Keywords: RDT, P.falciparum, Histidine-rich protein 2/3, Gene deletion
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1. INTRODUCTION

1.1. Back ground

Malaria is a protozoan parasitic disease and remains a major cause of morbidity and mortality worldwide,
particularly in low income countries(WHO, 2019). It has been one of the greatest burdens to humankind,
which is caused mainly by five different Plasmodium species; Plasmodium falciparum, P. vivax, P.
malariae, P. ovale and P. knowelesi (Sastry and Bhat, 2018). Plasmodium falciparum and P. vivax are the
most dominant malaria parasites in the world. However, P. falciparum is the most pathogenic species
contributing for death in the world (Schicker et al., 2015).

As per world malaria report 2021, globally, there were an estimated 241 million cases in 2020 in 85 endemic
countries. The World Health Organization (WHQO) African region accounted for about 95% of cases and
deaths globally (WHO, 2021). The majority of cases were estimated due to P. falciparum resulting the
more dangerous death in all age groups (WHO, 2021). Over 90% of all malaria cases and deaths occurred
in Sub-Saharan Africa (SSA) (WHO, 2021). Children under 5 years of age are the most vulnerable groups
accounting for 67% (274, 000) of all malaria deaths worldwide in 2019 (Taffese et al., 2018; WHO, 2021).

In Ethiopia, P. falciparum and P. vivax co-exist accounting 69% and 30% of the cases, respectively (Dagne
etal., 2018 ). Around 75% of the country land mass is malarious where about 68% of the total population
lives (Taffese et al., 2018). Malaria is mainly transmitted by the bite of an infected female Anopheles
mosquito (Garcia-Bustos and Doerig 2017; WHO, 2017). The transmission in Ethiopia mainly occurs at
altitude below 2000 meter above sea level (Zhou et al., 2016). The major transmission season is after the
main rainy season between September and December in most parts of Ethiopia, and the minor transmission
period occurs after the end of a short rainy season (from April to June) (Ouedraogo et al., 2019). Due to
the unstable and seasonal transmission nature of malaria in the country, protective immunity of the
population is generally low and all age groups are at risk of malaria infection. Malaria can quickly become
life threatening by disrupting the blood supply to vital organs unless it not treated. Therefore, the WHO
recommends that anti-malarial treatment should be initiated after parasitological confirmation of suspected
cases (Yalew et al., 2017) by microscopy, rapid diagnostic tests (RDTs) or molecular techniques (Taffese
etal., 2018).



Malaria rapid diagnostic tests are widely used throughout malaria endemic areas, particularly in rural
settings (Laban et al., 2015). Rapid diagnostic tests are immune-chromatographic tests that are designed to
detect malaria antigens such as lactate dehydrogenase (LDH), aldolase and pfhrp2&3 (Murray and Bennet
2009). Of these, histidine rich protein 2&3 (Pfhrp2&3) are used for the detection of P. falciparum
specifically due to its exclusive expression in all blood stages of the parasite (Baker et al., 2011; Gillet et
al., 2011). Histidine-rich protein 2/3 is encoded by Pfhrp2 and Pfhrp3 genes located on chromosomes 8
and 13, respectively (Deme et al., 2014). The proteins are produced in great quantity on the surface of
infected red blood cells (RBCs) and exported by the parasite into the RBC cytosol (Lee et al., 2012) in the
asexual and early gametocyte stages of P. falciparum (Rubach et al., 2012; Bharti et al., 2017).

Malaria RDTSs are the most commonly employed malaria diagnostic tests, accounting for 75% of diagnostic
testing among suspected malaria cases. Use of RDTs have improved case management through health post
and community based diagnostic services (Alonso and Noor, 2017). The tests are relatively simple to
perform and interpret, they provide results rapidly, require little training, and allowed for the diagnosis of
malaria at a community level (Moody, 2002). Due to these advantages, RDTs are being used by health
extension workers at health post level in Ethiopia. However, their diagnostic performance vary significantly
across different geographical regions due to different factors, of which expansion of P. falciparum with
Pthrp2/3 gene deletion is the one (Eticha, 2016).



1.2. Statement of the problem

Poor performance of malaria RDTs might be attributived to procurement and use of poor-quality RDTS,
use of poor-quality microscopy for cross-checking, poor transport and storage conditions and sustained
exposure to high temperature (WHO, 2017). These can be resolved through following manufacturer
procedures and regular monitoring. Spread of Plasmodium strains with target protein encoding gene
deletion is a serious factor, which enforces to change diagnostic targets or approaches. Spread of Pthrp2/3
gene deleted P. falciparum strains causes an increased rate of false-negative RDT results and it is becoming
a threat for the usefulness of Pfhrp2 RDTs in the malaria diagnosis and elimination success (Gamboa et
al., 2010; Cheng et al., 2014).

The first P. falciparum parasite with large scale deletion of Pfhrp2(40%) and Pfhrp3(70%) came from Peru
(Gamboa et al., 2010). Later on, Pfhrp2/3 gene deletions ranging from 0.9% - 86.5% were reported in
Africa (Koita et al., 2012; Wurtz et al., 2013, Amoah et al., 2016; Beshir et al., 2017; Boush et al., 2020;
Iriart et al., 2020). The WHO recommends routine surveillance of pfhrp2 and pfhrp3 gene deletions in
countries that are neighboring to countries where deletions have been confirmed and/or where there are
reports of false negative RDTs (WHO, 2017; Bosco et al., 2020). Parasite pfhrp2/3 gene deletions have
been reported in countries neighboring Ethiopia, including Eritrean, Sudan and Djibouti (Beshir et al.,
2017; Boush et al., 2020; Iriart et al., 2020). In Ethiopia, two small scale studies reported the existence of
pfhrp2/3 gene deletions (Girma et al., 2019; Golassa et al., 2020). However, data based on large-scale
studies following the WHO protocol is lacking. Due to the focal spread of mutant strains, data from
different geographical settings is required to enforce policy decision. Therefore, the present study aimed to

assess the prevalence of pfhrp2 and pfhrp3 gene deletion in Amhara Region.



1.3. Literature Reviews

Many studies have been conducted in different parts of the world to investigate P. falciparum target gene
(pfhrp2&3) deletion. The following review shows variations in the accuracy of detecting Plasmodium
infections. On the other hand, only few studies have assessed RDTs target gene deletion in Ethiopia.
Currently used RDT in Ethiopia is SDBioline malaria HRP2/pLDH (Pf/pv) combo test, which is the focus
of the present study.

A retrospective study carried out in South America, Peru in 2010 showed the first false-negative
Pfhrp2based RDTs reported due to parasites lacking the pfhrp2 gene. This study performed on148
microscopy positive P. falciparum samples collected from the Amazon region of Peru near lquitos between
2003 and 2007. The study showed that 61 (41%) and 103 (70%) of the 148 samples lacked the pfhrp2 or
pfhrp3 genes respectively, with 32 (21.6%) samples lacking both genes. The proportion of parasites lacking
pfhrp2 increased from 20.7% in 1998-2001 to 40.6% in 2003-2005 in the Amazon Region of Peru (Karthik
et al.,2014). A Study carried in other parts of South America, Colombia between 2003 and 2012 among
365 P. falciparum dried blood samples collected at seven P.falciparum endemic sites and a high proportion
of pfhrp2 were detected at (15/39;38.5%). The pfhrp3-negative parasites (157/365,43%) were found in all

the sites and from each of the sample collection(Dorado et al., 2016).

A study was conducted in South America across the Brazilian Amazon Basin (Acre, Rondonia and Para)
among 198 isolates at six sites. Acre state and Rondonia account for the highest percentage of deletions for
pfhrp2 (31.2%) of 79 & 3.3% (2 out of 60 patients) respectively. Whereas isolates from Para region all
parasites were pfhrp2-positive and from all 3 states the pfhrp3-negative ranging from 18.3% (11 out of 60
samples) to 50.9% (30 out of 59 samples) and another similar study conducted in Bolivia at the same time
with Brazil collected at different times between 2010 and 2012. Among 25 isolates only one of 25 samples
(4%) tested had deleted pfhrp2 gene, while 68% (17 out of 25 samples) were pfhrp3-negative (Rachid
Vianaet al., 2017).

A study was conducted in three regions of Central American countries in order to demonstrate the presence
or absence of the pfhrp2 and pfhrp3 genes deletion by nested PCR from 128 patients with confirmed P.

falciparum. Overall, 25.8% of the isolates were negative for the partial coding region of pfhrp2 and 91.4%
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lacked pfhrp3.The highest proportion pfhrp2 deletions occurred in Nicaragua (30.9%) while the isolates
from Guatemala revealed the lowest number of deletions (14.3%). Results from Honduras showed the
highest proportion pfhrp3 deletion (96.2%). Both pfhrp2&3 gene deletion were detected in Honduras 13/52
(25%), followed by Nicaragua 11/55 (20%) and Guatemala 3/21 (14.3%) (Fontecha et al., 2019).

A cross sectional study carried out in Asia, China Myanmar border area of Thailand the deletion of pfthrp2
has been identified in 4.12% (4 out of 97) parasite isolates. In addition, three of the four parasites harboring
pfhrp2 deletion also had 75% pfhrp3 deletion, suggesting double deletions of both genes in these three
isolates. Analysis of two cases, which were P. falciparum -positive by microscopy and PCR but failed by
two pfhrp2-based RDTSs, did not find pfhrp2 deletion(Li et al., 2015).

A prospective field study carried out at 16 sites located in eight endemic states of India among 1521
microscopically positive P. falciparum samples screened;50 was negative by HRP2 base RDTs. A
molecular test was carried out by assuming that 1471 RDT positive samples carried pfhrp2&3. 1t was found
that 2.4% pfhrp2 , 1.8% pfhrp3 and both pfhrp2 &3 ranging from 0-8% gene deletion(Bharti et al., 2016).
The other cross-sectional study performed in eastern part of India, Odisha, from total 11058 patients
suspected for malaria, 384 microscopically confirmed for P. falciparum mono-infection and RDT failure
observed in 58 samples at varying proportion in different regions of the state. PCR genotyping of pfhrp2
and pfhrp3 in RDT negative samples showed 38/58 (65.5%) samples to be pfhrp2 negative and 24/58
(41.4%) to be pfhrp3 negative and dual negative in 17/58 (29.3)(Pati et al., 2018).

A systematic review and meta-analysis study in sub seharan Africa (Boush et al 2020.) In addition, India
indicates a relatively high proportion of both pfhrp2/3 genes deletions among false-negative malaria cases
using pfhrp2-based RDT. The pooled prevalence of pfhrp2 deletions was 5% and pfhrp3 was 4% gene
deletions in Africa and India, respectively. The pooled proportion of pfhrp2 gene deletions found among
false negative pfhrp2-based RDTs results was about 27.0 and 69.0% in Africa and India, respectively
(Kojom and Singh, 2020)

The existence of false-negative pfhrp2-based RDTSs, due to parasites lacking the pfhrp2 gene, happens

recently in Africa. A nationally representative cross-sectional study conducted in the Democratic
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Republic of Congo (DRC), among 783 subjects with RDT-/PCR+ results using PCR assays to detect and
confirm deletions of the pfhrp2 gene. The result showed that 149 P. falciparum isolates with a deletion of
the pfhrp2 gene, representing a country-wide prevalence of 6.4% (95% CI 5.1 — 8.0) (Parr et al., 2017).
Another study was conducted African region Dakar, Senegal from 2009-2011 for the study of pfhrp2 /3.The
result revealed that 2.4% pfhrp2 among 122 isolates with three deletion and 12.8% pfhrp3 among 109
isolates with 14 gene deletion (Wurtz et al.,2013). However rate of gene deletions were vary due to amount

of sample size and spread of the parasite.

A sample collected from Southern Mozambique among Plasmodium falciparum isolates (n = 1162) and
assessed by RDTs, microscopy and/or 18SrRNA QPCR. Pfhrp2 and pfhrp3 deletions were investigated in
isolates from individuals who were negative by RDT but positive by microscopy and/or gPCR (n = 69)
using gene-specific PCRs. Lack of pfhrp2 PCR amplification was observed in one of the 69 isolates
subjected to molecular analysis 1.45% (95% CI 0.3-7.8%) (Gupta et al., 2017).

An Observational study conducted in Rwanda, from April 2014 to April 2015 among 9226 patients at three
health centers and 370 samples with false-negative HRP2 RDT results for which PCR was performed, 140
(38%) were identified as P. falciparum by PCR. Of the isolates identified as P. falciparum by PCR, 32
(23%) were negative for the pfhrp2 gene based on PCR (Kozycki et al., 2017).

A study conducted in Ghana State in Accra and Cape Coast by extracting DNA from membrane of
CareStart™ Pfhrp2 RDT kits and dried filter paper blood blots using Chelex-100. Exon 2 of pfhrp2 and
pfhrp3 genes amplified by polymerase chain reaction (PCR) resolved by agarose gel electrophoresis and
visualized under UV light. Microscopic examination and PCR samples revealed that the pfhrp2 RDT
positive a parasite prevalence of 54/114 (47.4 %) and 2/26 (7.7 %) in Accra and Cape Coast, respectively.
PCR analysis increased parasite prevalence in the RDT positive samples to 94/114 (82.5 %) and 6/26 (23.1
%) in Accra and Cape Coast respectively. The exon 2 of the pfhrp2 gene deleted in 18/54 (33.3 %) of the
microscopy, confirmed and 36.2 % (34/94) of the PCR confirmed RDT positive samples collected in Accra.
No rapid diagnostic test sample, confirmed to contain parasites by either PCR or microscopy was negative
by pfhrp2 exon 2 PCR in Cape Coast(Amoah et al., 2016).



The study designed to determine the frequency of Plasmodium falciparum isolates pfhrp2 gene deletion as
a possible factor contributing to false negative result by RDTs in Nyala City, Western Sudan. A total 300
blood samples collected in seven health centers. Of the total sample, collected 113 were P. falciparum by
microscopy. One isolate 1/113(0.9%) had a pfhrp2 deletion (Boush et al., 2020).

A study Conducted in Djibouti to investigate the prevalence of the pfhrp2/3-deleted parasites, 378 samples
collected between January and May 2019 and seventy-nine isolate confirmed by quantitative

PCR. Malaria diagnosis by quantitative PCR confirmed the presence of Plasmodium falciparum for 20.9%
(79/378) samples while RDTs did not detect HRP2 antigen in 83.5% (66/79) of these samples.
Quantitative PCRs targeting the pfhrp2/3 genes confirmed the absence of both genes for 86.5% of P.

falciparum strains(lriart et al., 2020).

A study conducted Eritrea to investigated (pfhrp2/pfhrp3) status in 50 infected patients at 2 hospitals due
to increment false-negative results for Plasmodium falciparum Histidine-rich protein (HRP) 2—based rapid
diagnostic tests (RDTs). The result showed that 80.8% (21/26) of patients at Ghindae Hospital and 41.7%
(10/24) at Massawa Hospital infected with pfhrp2-negative parasites and 92.3% (24/26) of patients at
Ghindae Hospital and 70.8% (17/24) at Massawa Hospital infected with pfhrp3-negative parasites. All
pfhrp2 negative samples had no detectable HRP2/3 antigen and causes false negative HRP2-based RDTSs.
High prevalence of pfhrp2 negative parasites caused a high rate of false-negative results for RDTs (Berhane
et al.,2018).

As a border country, pfhrp2/3 gene deletion may found in Ethiopia. A study conducted in Ethiopia from
189 febrile patients was visited Adama malaria diagnostic center, sixty-four microscopically and
polymerase chain reaction (PCR)-confirmed P. falciparum clinical isolates were used to determine the
frequency of pfhrp2/3 gene deletions. Established PCR assays applied to DNA extracted from blood spotted
onto filter papers to amplify across pfhrp2/3 exons and flanking regions. However, analysis of deletions in
pfhrp2, pfhrp3, and flanking genomic regions was successful for 50 of the samples. The pfhrp2 gene
deletion was fixed with all 50(100%) isolates downstream towards the Pf3D7 0831900 (MAL7P1.230) gene
in 11/50 (22%) cases and only 2/50 (4%) of samples had deletions for the Pf3D7 0831700 (MALPI.228)
gene, upstream of pfhrp2. Also,100% pfhrp3 gene was deleted in all isolates with 40% of the deletion to
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the downstream flanking region that codes for Pf3D7 13272400 (MAL13P1.485) and 49/50 (95%) of the
isolates upstream to Pf3D7 081372100 (MAL13PI.475), exhibiting a complete absence of the locus(
Golassa et al., 2020). In another study conducted in Ethiopia by Girma et al., 2019 among 562

asymptomatic individuals only 4.8% of pfhr2 deletion noted. No evidence about the deletion of the flank
region and pfhrp3 (Girma et al., 2019).



1.4. Significance of the Study

The present study will have an important input for the local healthcare providers™ and federal ministry of
health (FMOH) on the performance of malaria RDTs. It would also guide the policy makers on the malaria
diagnostic methods. In addition, it used as a base line data for other researcher who wants to conduct a

research in this area.



2. OBJECTIVES

2.1. General objective

To assess the P. falciparum RDTSs target gene deletion at selected health facilities in Amhara region,
Ethiopia from January 2021 -2022

2.2. Specific objectives

To estimate frequency of pfhrp2/3 gene deletions from confirmed P. falciparum population
To estimate the proportion of false-negative Pfhrp2-based RDTs due to Pfhrp2/3 gene deletion

To determine the geographical distribution of pfhrp2/3 gene deletion in the region
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4. MATERIALS AND METHODS
Site selection, sample size calculation, sampling techniques and all other methods were performed based
on the WHO guideline ‘Master protocol for surveillance of pfhrp2/3 deletions and biobanking to support
future research™ (WHO, 2018).

4.1. Study Design, Area and Period
A facility based cross-sectional study was conducted from January 2021-2022 at twenty eight health

facilities and twenty eight districts within eleven zones in Amhara Regiona. The geographical study areas
were in Waghimira zone (Mesheha Health center (HC)), North Gondor (Ajirie and Asenga HC), south
Gondor (Wurgaja, Shumana, Hamusit Waji and Wanzaye HC), in North wollo (Golesha, Haro and Hara
HC), Awi zone (Bambulik HC), Central Gonder (Dogaw, Makisegnit, Lemiba and Guhala HC), West
Gonder (Metema and Midiregent HC). Oromia special zone (Gerbi HC), North Shewa (Shewa robit
Primary Hospital, Enat hospital and Remma HC) and West Gojjam (Tiss Abay, Andasa, Han, Woyinema
and Kuch HC) and in East Gojjam(Yelam Geji HC) were another study area.

Based on the 2012 the Central Statistical Agency of Ethiopia, the Amhara Region has an estimated total
population of 22,191,890 (9,110,481 males and 9,057,501 females). 87.4% of the population estimated to
be rural inhabitants, while 12.6% are urban dwellers (CSA, 2017) and the region had 82 Hospitals, 861
HCs and 3,565 Health Posts. Malaria is a common public health problem in the region, despite the
prevalence varied in time and place within a given geographical range. These are areas where current study

was conducted (Fig 1).
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Figure 1: Map of study areas in Amhara regional state, Ethiopia from January 2021 -2022 for malaria

RDT target gene deletion

3.2. Source population

All malaria suspected patients who lived permanently in Amhara region were source population.

3.3. Study population

Eligible individuals who visited selected health facilities during data collection period, and confirmed for

P. falciparum infection by microscopy.

3.4. Sample Size and Sampling Technique

3.4.1. Sample Size Determination

Sample size was determined based on the desire to obtain relatively precise estimates of false-negative

Pfhrp2-based RDTs due to Pfhrp2/3gene deletion at the survey domain regions.
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nzzeya” py-

Study participants: n=n 0O deft[]—Dz oo

O
Where n =sample size

z = 95% statistic for level of confidence (1.96)
P = previous prevalence d = margin of error
(degree of accuracy desired)

deft = sampling design effect = 1.5 (to account for observations correlated within HC
for Pfhrp2 gene deletion) and a probability of committing a type-1 error, such that the 95% confidence
interval does not overlap with the threshold of 5% (WHO, 2018 )
Considering estimated previous prevalence of 3.2% (WHO, 2018), (d=0.05) and 95% level of confidence
(z=1.96).

The sample size estimated to be:

[01.96%(0.032)(100.032)0

nO 1.5EIIZI 0.05:00 = nO370

Therefore, a minimum sample size of 370 P. falciparum infected individuals should have been recruited
from 10 health facilities (37 from each), according to the WHO protocol. However, in this study, 1232 P.

falciparum infected individuals were enrolled from 28 health facilities.

3.4.2. Sampling Technique

» 28 health facilities were selected based on O From each facility on average 37 Pf cases were

geographical representation and previous'ﬂ ed (1232 Pf confirmed cases)

year™s malaria report. ‘

DBS was collected from all discordant cases (pfhrp2 RDTs negative and microscopy positive) and
4 DBS samples from concordant in each health facility (pfhrp2 RDTSs positive and microscopy
positive) to detect molecular confirmation of Pfhrp2/3 deletion.
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Convenient sampling technique was followed to recruit consenting participants. After enrollment of a
minimum of 37 individuals with a P. falciparum infection at each facility, the proportion of P. falciparum
cases with Pfhrp2 false-negative results (indicating potential Pfhrp2 gene deletion) in the region was
calculated by using the formula below.

Number of Pfhrp2 RDT negative results (by Pf

Proportion of P. falciparum cases with
PLDH)/microscopy

false-negative Pfhrp2 RDT results = Number of confirmed P. falciparum cases by either

RDT/microscopy
3.5. Inclusion and Exclusion Criteria

3.5.1. Inclusion Criteria
Clinically malaria suspected patients
Positive by microscopy, negative by Pfhrp2 RDT for dis-cordants
Positive by both RDTs and microscope for con-cordants

patients who were able to give consent /assent

3.5.2. Exclusion Criteria

Negative on both Pfhrp2 diagnostic tests and non- Pfhrp2 RDTs/ microscopy

Children below 6 months

Critically ill patients who were unable to give consent and respond to research questions
Individuals who had taken anti-malaria, drugs within 4 weeks prior to data collection

Individuals who had taken any drug within 24 hours prior to data collection

3.6. Study Variables

Plasmodium falciparum target gene deletion prevalence
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3.7. Data collection and fieldwork

3.7.1. Socio-demographic and clinical data
Socio-demographic and clinical data were collected through face-to-face interview before blood sample
collection by principal investigator and trained laboratory personnel using a semi structured and pretested

questionnaires prepared.

3.7.2. Laboratory analysis

3.7.2.1. Sample Collections and processing
Each malaria suspected patients were sampled with about 500ul of capillary blood into well-labeled
capillary tubes by following standard operating procedure (SOPs) (see Annex-V). The collected sample
was used for malaria examination using RDT (5ul), thick (6ul) and thin (2ul) smear Giemsa microscopy
and dried blood spot (DBS). A minimum of three-dried blood spots (DBS) 50ul each spot was collected
from consented individuals. The filter papers were labeled with unique barcode (or patient ID) and kept in
clean dry area and allowed drying for 24 at room temperature. Once dry, it was placed in a filter paper
plastic zip log with desiccant and store the DBS in -20°% fridge. The questionnaire was completed for

enrolled participants and label with barcode.

3.7.2.2. Microscopic Examinations
Thick and thin blood smears were prepared from blood collected by capillary tube on the same slide and
labeled with sample number, Patient™s initials and date and let air-dried. The prepared thin blood smears
were fixed with absolute methanol and allowed to air dry. The smears were then stained with 10% Giemsa
solution and examined with light microscope following the standard protocols (Annex V). The quality of
Giemsa solution was cheeked by well-known positive and negative prepared blood smears. All blood films
were re-examined by an experienced microscopist at Ethiopian public health institute who was blind to

initial light microscopy, RDT and PCR results.

3.7.2.3. RDT Test
SD Bioline ™ malaria HRP2 (P.F) and PLDH (P.V) with REF (05FK80) rapid diagnostic tests were used
as a qualitative test for the differential detection of HRP2 of P.falciparum and pLDH specific to P.vivax.

Identification code for each RDTs device was given similar to the code used on the slide for each study
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subject. Then, 5 Ol of fresh blood sample was added onto the test device window using the sample loop
provided with the kit, followed by adding four drops of reagent buffer and the result was recorded as per

the instruction of the manufacturer (Annex V).

3.7.2.4. DNA Extraction and Polymerase Chain Reaction Analysis

DNA extraction and Polymerase Chain Reaction Analysis was performed by punching out three 3-mm
punches from DBS placed into a 1.5-mL Eppendorf tube. This punch was treated with ATL buffer,
proteinase K, and AL buffer with brief vortex and incubation with respective addition and the mixtures
were transferred in to Ql1Aamp Mini spin column with subsequent addition of wash buffer AW1 and
AW?2. Then after, the DNA was eluted in 100 pL of elution buffer, aliquoted and stored at -20°C until use.
Amplification of the Genus and P. falciparum multiplex was performed in a 20-ml reaction containing 10.0
pI2X ABI TagMan buffer, 200nM pl each forward and reverse primer for the Genus, 200nM forward and
200nM reverse primer P. falciparum and 2 pl of DNA template. Different primers were used to amplify
Pfhrp2 - exon 2 and Pfhrp2 - exon 3 as shown below in the table (Tablel). The correct fluorescence channel
was selected for each fluorescently labeled primer set and the cycle threshold values recorded at the end of
annealing step (Annex V).

Table 1: PCR assays, preparation and primers targeted gene sequences (pfhrp2 and pfhrp3) and cycle
conditions

Primers Reaction conditions and Primer’s sequences Cycle

name conditions
AmpliTaq Gold 360 Master Mix 94c¢ 10min 1x
F-primer 200nM 94c 50sec

Pfhrp2 - exon R-primer 200nM 55¢ 50sec 45x

2 Template 10ul 70c 60sec
Total volume 25ul 72c 7min 1x

F5'-3 CAAAAGGACTTAATTTAAATAAGAG

R5'-3 AATAAATTTAATGGCGTAGGCA

Pfhrp3 - exon AmpliTag Gold 360 Master Mix 94c¢ 10min 1x

2 F-primer 200nM 94c 50sec
R-primer 200nM 55¢ 50sec 45x
Template 10pl 70c 60sec
Total volume 25ul 72¢ 7min 1x

F5'-3 AATGCAAAAGGACTTAATTC

R5'-3 TGGTGTAAGTGATGCGTAGT
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Controls 3D7 pf positive, NTC, Dd2p fhrp2-negative, HB3
pfhrp3negative controls were used for PCR assays

3.8. Quality Assurance

Since assuring the quality of laboratory test results is necessary, all the requirement of patient preparation,
sample collection and sample handling was followed according to Parasitology sample collection-handling
and transport SOP, and the requirements related to proper use of all equipment™s, reagents and controls
were followed according to the standards on the manufacturer”s instructions. The quality of Gemisa regent
was checked by using positive and negative slides whereas the quality of RDT was checked by checking
its expired date and storage condition. Furthermore, control samples (3D7) pf positive, NTC, Dd2p fhrp2-
negative, HB3 pfhrp3-negative controls) were run with each set of patient samples for monitoring the
performances of gPCR machine and test procedures, interpretation of test results were performed according
to the precautions and instructions supplied by the manufacturer. The quality of data was assured by
properly designing the instrument for its simplicity, recording all necessary data on pre-designed
questionnaire and formats. During data collection proper categorization, coding of questionnaires, formats,

and the collected data was checked carefully on daily basis for their completeness, accuracy, and clarity.

3.9. Data Analysis

Data were entered into “EPI Info version 7 software and exported to SPSS version 20.0 (SPSS, Chicago,
IL, USA) for analysis. Descriptive statistics like mean, frequency and proportion were used to explain study

participants and to present the proportion of gene deletions.

3.10. Ethical Consideration

The study was undertaken as part of a large scale study that was undergoing at Ethiopian Public Health
Institute (EPHI) with a prior approval from the Ethics Review Committee of the EPHI. The specific study
protocol was reviewed and approved by the institutional review committee of College of Medicine and
Health Sciences, Bahir Dar University. Additionally, supportive letter was obtained from Amhara Public
Health Institute, and permission letter was obtained from each health center authorities. Additionally, after
explaining the importance, purpose and procedure of the study briefly, written informed consent and assent

was obtained from study participants and guardian in case of children under 18 years old. All study
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participants who were positive for malaria or other haemoparasites were linked to health facilities for

appropriate treatment.
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4. RESULTS

4.1. Socio-demographic characteristics and clinical data
A total of 7529 (4231 male and 3298 female), individuals were screened to identify 1232 confirmed

P.falciparum by light microscopy. Out of 1232 confirmed cases, 210 were recruited for molecular analysis

to assess the prevalence of Pfhrp2/3 gene deletion (Fig2).
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Figure 2: sample collection and laboratory analysis process. DBS (dry blood spot), Pf (plasmodium

falciparum), P. v (Plasmodium vivax), RDT (rapid diagnostic tests)
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Among 210 study participants subjected for molecular analysis, 143(68.1%) were male, and 176(83.8%)
live in a rural setting. The age of study participants ranges from 2-70 with mean of 25.09+£13.639 SD. Of
participants subjected for molecular analysis, 176(83.8%) and 195(92.9%) had fever in the past 24 hours
and at the time of sample collection, respectively. Moreover, they showed different sign and symptoms
such as headache 178(84.8), joint pain 107(51%), nausea and vomiting 107(51%), feeling cold 119(56.7%)
(table2).

Table 2: Socio-demographic characteristics and clinical data of participants in Amhara Region, Ethiopia
at 28 health facilities from January 2021 -2022 (n=210).

Variables Characheterstics  category Number (N) (%)
Sex Male 143 68.1%
_ _ Females 67 31.9%
Socio-demographic 5 5 10¢
variable Age <5 years A
5-14 years 43 20%
15-35 years 125 59.5%
>35 years 40 19%
Occupations Farmer 108 51.4%
Housewife 11 5.2%
Student 74 35.2
Merchant 7 3.3%
Civil servant 10 4.8%
Residence Rural 176 83.8%
Urban 34 16.2%
Fever Yes No 176 83.2%
Clinical data 34 16.2%
Headache Yes 178 84.8%
No 32 15.2%
Joint pain Yes 107 51%
No 103 49%
Chills Yes 119 56.7%
No 91 43.3%
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Nausea & vomiting Yes 107 51%

No 103 49%
History of malaria Yes 6 2.9%

No 204 97.1
Travelled outside Yes No 8 3.8%
residence 202 96.2%

4.2. Laboratory results

4.2.1. Microscopy and rapid diagnostic test results

From the total 7529 screened, 5871(78%) were negative and 1661 (22.06%) were positive for
hemoparasites by light microscopy. Of these, 1659 (22%) were positive for plasmodium species infection
while the rest 2 (0.026%) were positive for Borellia species. Out of Plasmodium species infected samples,
1177(15.6%), 427(5.6%) and 55(0.8%) were positive for P. falciparum, P.vivax, and mixed species,
respectively. Rapid diagnostic test results revealed that 1023(13.6%), 432(5.7%) and 62 (0.8%) were
positive for P. falciparum, P.vivax and mixed infections, respectively (Table 3).

Table 3: Laboratory results from total screened individual by microscopy and RDTs at Amhara Region,
Ethiopia in Eleven zones from January 2021 -2022

Laboratory result

Microscopy RDT

result Mixed PV Negative total result py, Mixed Negative total
Zone PF Pf
West Gojjam 191 9 86 1121 1497 145 93 6 1253 1497
North Gonder 92 3 32 328 456 82 34 3 336 456
Awi 37 0 11 310 352 30 10 5 307 352
Central gonder 158 1 29 705 893 140 29 1 723 893
North shewa 108 5 90 642 845 88 N 14 663 845
North wollo 108 14 30 187 342 107 10 13 190 342
Oromia 69 0 1 306 376 69 1 0 306 376
waghimira 37 0 10 298 345 28 10 1 306 345
West gonder 110 8 47 412 567 96 44 8 421 567
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South Gonder 206 4 33 1231 1474 174 35 2 1263 1474

[Eas{ Gojjam 38 13 75 172 208 30 75 18 175 298
Total 1177 55 42 5871 7529 1023 432 62 6012 7529

From the total samples collected, 123 samples were discordant (SD Bioline ™ negative but microscopy
positive) while the rest were con-cordants. The distribution of discordant data was ranging from 0%- 3.1%
in the region. No discordant was detected in Awi zone and Oromia special zone while highest discordant
was detected in West Gojjam zone, 38(3.1%). South Gonder and Central Gonder accounted 28(2.3%) and
14(1.14%) discordant results, respectively (Table4).

Table-4 : Zonal distribution of dis-cordant results in Amhara Region, Ethiopia from January 2021
2022(n=1232)

Number of Health
Zone Dis-cordants
facilities enrolled

Number Percentage

Awi 1 0 0
Central Gonder 4 14 1.14
East Gojjam 1 1 0.08
North Gonder 2 12 0.97
North shewa 3 13 1.1
North Wollo 3 5 0.41
South Gonder 5 28 2.3
Waghimira zone 1 5 0.41
West Gojjam 5 38 3.1
West Gonder 2 7 0.6
Oromia special zone 1 0 0
Total 28 123 10.0
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4.3. Molecular analysis result

The proportion of P. falciparum cases with suspected Pfhrp2/3 deletion was 10.0% (123/1232), considering
samples that were negative by RDT but positive by microscopy as ,,suspected for pfhrp2/3 gene deletion.

A total of 210 samples (123 discordant and 87 concordant) were analyzed for assessment of pfhrp2/3 gene
deletion. The 87 con-cordant samples were not suspected for gene deletion but included in the analysis for
two reasons. 1) To explore procedural errors while performing RDT. 2) To confirm the performance of the
PCR (as controls). However, 17 samples from concordant and 14 from discordant samples were excluded
due to insufficient DNA vyield. The overall gene deletion was detected among 158 samples. This provides
a total gene deletion prevalence of 12.8% (158/1232) in Amhara region. Dual pfhrp2 and Pfhrp3 deletion
was detected in 92(7.5%). Single deletion of pfhrp2 or pfhrp3 gene was detected in 4(0.3%) and 62(5.0%)

samples, respectively.

Among the concordant samples, 2(0.2%) were with dual pfhrp2/3 gene deletion while 17(1.4%) and
1(0.5%) were pfhrp2+/3+, pfhrp2-/3+ and pfhrp2+/3-, respectively. Whereas, 90(7.3%) and 4 (1.9%) were
pfhrp2-/3- and pfhrp2+/3-, respectively among the dis-cordants. Furthermore, 3(1.4%) and 9(4.3%) were
pfhrp2-/+, and pfhrp2+/3-, respectively among discordant samples (Table 5).

Table 5: Status of pfhrp2/3 gene deletion at 28 health facilities in Amhara Region, Ethiopia from January
2021 -2022

PCR final results

Insufficient DNA pfthrp2-/3-  pfhrp2-/3+  pfthrp2+/3-  pfhrp2+/3+ Total

N(%%6)
Concordat 14(1.1) 2(0.2) 1(0.1) 53(4.3) 17(1.4) 87
Discordant 17(1.4) 90(7.3) 3(0.24) 9(0.7) 4(0.32) 123
Total 31(2.5) 92(7.5) 4(0.32) 62(5.0) 21(1.7) 210
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The pfhrp2/3 gene deletion was distributed not only genetically but also in different geographical areas.
The pfhrp2/3 deletion was detected in 9 zones and 21 health facilities. The pfhrp2/3 deletion was detected
in 5/5 in West Gojjam, 1/2 in North Gonder, 0/1 in Awi zone, 4/4 in Central Gonder, 2/3 North shewa, 1/3
in north Wollo, 1/1 in Waghimira, 2/2 in west Gonder, 4/5 in South Gonder and 1/1 in East Gojjam health
facilities.

Highest pfhrp2 and Pfhrp3 deletion was detected in Andasa HC 16 (1.3 %) with (95% CI 0.3853-0.8162
and p=0.625) and in Ajirie HC 11(0.9%). Single pfhrp2 deletion was ranged from 0-0.2% in Guhala health
center, Rema health center, and Waji and Wanzaye health facilities. Whereas, a single pfhrp3 deletion was
ranged from 0-1.4% in Hara HC, Metema Yohanes HC, Midregenet HC, Shewa robit primarly hospital and
Shumana HC (Figure 3).
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Figure 3: Distribution of pfhrp2/3 gene deletion across health facilities in Amhara Region, Ethiopia from
January 2021 -2022
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Proportion of pfhrp2/3 gene deletion was varied across zones. Dual pfhrp2 and pfhrp3 deletion ranged
from 0% (0/1232) to 28/1232(2.3%) in Awi and west Gojjam zones, respectively. Dual pfhrp2 and pfhrp3
deletion was also detected in South Gonder 191232(1.5%), Central Gonder 11(%), North Gonder 11(0.9%)

(Figure 4).
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Figure 4: The geographical distribution of deleted pfhrp2/3 gene in zone of Amhara Regional state, Ethiopia

from January 2021 -2022(n=1232)

25




5. DISCUSSION

The World Health Organization (WHO) hosted a technical consolation on Pfhrp2/3 gene deletion and
drafted guidance for the investigation of false negative Rapid diagnostic kits (RDTs) to understand the
pattern of distribution and evolution of the mutant Pfhrp2/3 parasite( WHO, 2017; Bosco et al., 2020).

This study reveals that the proportion of P. falciparum cases with suspected Pfhrp2/3 deletion was 10%,
for RDT negative and microscopy positive samples. This study was greater than a study conducted in
democratic Republic Congo 6.4% (Parr et al.,, 2017), Senegal Dakar 3.3% (Wurtz et al.,2013),
Mozambique 1.45% (Gupta et al., 2017) and Sudan 0.9% (Boush et al., 2020). This might be because, the
current study was conducted including both con-cordant and dis-cordant results based on the WHO
protocol.

However, this proportion was lower than the proportion reported in (Peru) 21.6% (Karthik et al.,2014) and
Rwanda 23% (Kozycki et al., 2017), India: Odesha 29.3% (Pati et al., 2018) and Eritrea (Ghindae and
Massawa) the pfhrp2 gene deletion causing false negative result on HRP2 based RDT was 80.8 and 41.7%,
respectively (Berhane et al.,2018). This variation might be due to variation of sample size, methods to

identify the parasite and interpersonal variation to interpret the results.

The current study showed that pfhrp2/3 gene deletion from P. falciparum population confirmed by
molecular analysis was 12.8% in Amhara Region. This result is not compared with other studies due to the
absence of similar studies done so far. In this study, dual pfhrp2 and Pfhrp3 deletion was 7.5%. It was also
lower than a prevalence study in Peru 21.6% (Karthik et al.,2014), Djibouti 86.5%(lriart et al., 2020) and
India Odisha 29.3% (Pati et al., 2018). This might be due to the method variation (the current study used
gPCR vs they used conventional PCR) and hence, false positive results in conventional PCR might increase
the result. However, the prevalence of dual pfhrp2/3 deletion was higher than study conducted in China

2.06%(Li et al., 2015).This variation probably due to number of suspected dis cordant and sample size.

In this study, single pfhrp2 deletion from P. falciparum population confirmed by molecular analysis was
0.3 % (p=0.0032; 95%CI 0.0008-0.0082). This was lower than a study done in Sudan 0.9%(p
=0.0046,95%CI 0.0009-0.0096) (Boush et al., 2020), in Peru 41% (Karthik et al.,2014), Southern
Mozambique 1.45% (Gupta et al., 2017), Colombia 38.5% (Dorado et al., 2016), China 4.12%(L.i et al.,
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2015), India 65.5% (Pati et al., 2018). This also lower in Eritrea Masawa 41.7% & Gahandi 80.8%
(Berhane et al.,2018), Adama malaria diagnostic center Ethiopial00%( Golassa et al., 2020), (Girma et al.,
2019). This might be due to sample size variation and the methods used for analysis.

In addition, single pfhrp3 prevalence in this study was 5%, this prevalence was in line with the pooled
prevalence study in in Africa and India 5% (Boush et al., 2020). Nevertheless, this prevalence was much
lower than a study conducted from Peru 70% (Karthik et al.,2014), Colombia 43% (Dorado et al., 2016),
China 75%(Li et al., 2015), India 41.4% (Pati et al., 2018) , Eritrea Masawa 92.3% & Gahandi 70.8%
(Berhane et al.,2018) and Adama malaria diagnostic center in Ethiopial00%( Golassa et al., 2020). This
difference might be variation in sample size, epidemiological distribution of parasite and the methods to
identify the parasite (Wurtz et al.,2013).

The current study also reveals the distributed of Pfhrp2/3 gene deletion geographically in the study area.
From a total twenty-seven health facilities that study were conducted only twenty-one health facilities were
had both Pfhrp2 and Pfhrp3. The highest dual deletion was reported in Andasa health center 7.6% ) (95%
C10.3853-0.8162 with p=0.625) which was higher than a study conducted in India 4% (Bharti et al., 2016).

This difference is due to the number of health center enrolled for the study, sample size.

Single pfhrp2 and single pfhrp3 gene deletion was ranged from 0-0.5% and 0-3.8% across health facilities
respectively. This geographical based distribution was similar with a study conducted in Eritrea from two
health facilities( Gahandi and Masawa) (Berhane et al.,2018). However, the burden of single Pfhrp2 and
pfhrp3 ranged from 41.7% -80.8% and 70.8%-92.3%, respectively. This was higher than the above. It

might be due to they used limited site for study and small sample size.

The current study also demonstrate the prevalence of pfhrp2/3 in Zone level, so that dual deletion was
ranged from low 0% (0/92) p=0.00; 95%CI 0-0.701) to the highest prevalence 13.3 % (p=0.506; 95%ClI
0.3807-0.6362) in Awi and west Gojjam zones respectively. This highest prevalence study was comparable
with a study conducted in Central America in Guatemalan zone of 14.3% Central America (Fontecha et
al., 2019).
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Single deleted pfhrp2 gene was found in three zones raged from 0%- 1%. In South Gonder, the only pfhrp2
prevalence was 50% (2/4): p=0.048; 95% CI 0.0475-0.1701) The distribution was similar with a study
conducted in Brazil, amazon basin raged from 3.1%-31.2% in acre and Ronda (Rachid Viana et al., 2017)
and three region of central America 14.3%- 30.9% (Fontecha et al., 2019). However, they were varied in
magnitude. Furthermore, a single pfhrp3 gene deletion was ranges 0-8.1%. The highest detected in West
Gojjam 8.1% (95% CI1 0.3013-0.6013 with p=0.4473) that lower than Brazil 50.9% (Rachid Viana et al.,
2017) and the Honduras 96.2% (Fontecha et al., 2019). This variation probably due to small sample
incorporated in the study.
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6. LIMITATION
The limitation of this study was not access the parasite gene deletion by using all necessary primer including
forward, dawn ward and flanking region. In addition, the study was not incorporated two RDTs and it was

focused on symptomatic patients only.
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7. CONCLUSION

In conclusion, our study revealed that the prevalence of Pfhrp2/3 deleted was more than the WHO thresh

hold rate (5%). This pfhrp2/3 target gene deletion was also distributed geographically, in all 9 zones of and
21 health facilities in the study area.
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8. RECOMMENDATION

In this study, the rate of pfhrp2/3 gene deletion was beyond the WHO threshold rate. We strongly
recommend that continuing surveillance on the prevalence of pfhrp2/3 deleted parasites must needed in
the region. Hence, the pfhrp2/3 gene deletion almost all zones in the region, we strongly recommend that
never use RDTs at health facilities. In addition, further study on the cross reactivity of pfhrp2 and pfhrp3

must be conducted and further study on drug resistance biomarker on this mutant gene.
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ANNEXES

Annex I: Participant information sheet (English version)

Introduction: Hello, how are you? My name is Aderaw Adamu | came from Bahirdar. This was an
interview to be done with you for a study that was conducted at Bahirdar University, college of Medicine
and Health Science, Department of Medical Laboratory Sciences.

Title of the study: -"Plasmodium falciparum RDTSs target gene (pfhrp2/3) deletion study at a selected

health facility in Amhara regional state Ethiopia”

Purpose of the study: early and adequate diagnosis and prompt treatment was one of the main strategies
in malaria prevention, control and effective disease management. Reduction of malaria morbidity and drug
resistance intensity plus the associated economic loss of these two factors requires urgent scaling up of the
quality of parasite-based diagnostic methods. Moreover, an investment in anti-malarial drug development
or malaria vaccine development should be accompanied by a parallel commitment to improve diagnostic
tools and their availability to people living in malarias areas. Data on the sensitivity and specificity of
each test methods is important information to help guide test selection by national malaria control
programmers. We therefore ask your permission to participate in this study and also for long term storage
of samples from this study to determine deleted pfhrp2/3 gene by PCR.

Study procedures: You or your child was asked to donate a small finger prick blood sample at the
beginning of the study. We use the sample to determine the presence of malaria parasites in the blood. We
are aiming to enroll all malaria suspected individuals coming to the health center. We will also ask you
some questions related to malaria (risk factors for the disease). All individuals who have a fever and have
a positive test RDT s will be treated.

Voluntary participation: your decision not to participate or to withdraw from participation will not affect
the care you or your child will receive at the clinic in any way. Even if you do agree to become a study
participant, you can withdraw from the study at any time. If you chose not to participate, you have access
to the same level of clinical care.

Discomforts and Risks: you or your child might feel a small amount of discomfort during blood sampling
and you or your child may have a small amount of bruising or bleeding where the blood sample was taken.
This is considered not to be harmful. We will use sterile equipment to collect the blood sample and the

small wound that may arise from the procedure will be treated adequately. The volume of blood is less than
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half of a teaspoon and too small to influence you or your child“s health and the blood was quickly replaced
by your/your child“s body. There is no discomfort associated with the collection of samples from your or
your child®s finger.

Benefits: you or your child was received free clinical care for the duration of the study. You or your child
was not paid for participation in this study but given treatment of the disease if you or your child had the
parasite in your or your child™“s blood.

Confidentiality: The records concerning your/your child“s participation were used only for the purpose of
this research project. Your/your childs name was not used on labels on laboratory specimens or in any
report resulting from this study. At the beginning of the study, we were given you/your child a study
identification number and this number were used on the forms and on the laboratory specimens. Any
information obtained in connection with this study was kept strictly confidential and under lock and key.
Only senior members of the study team were hade access to information linking your/your child“s name
with your/your child*s study number.

Long term storage of samples: We were asked your consent to store your/your child“s blood samples for
long term storage. New techniques may become available to study the research questions we want to answer
in this study. We were anonymized your samples by removing the name and any identifying information.
If further studies are conducted on stored study material, ethics approval will be sought. Questions and
freedom to withdraw from the study: freedom to ask questions. If you have questions regarding this
study or would like to be informed of the results after its completion, please do not hesitate to contact: The
principal investigator

Aderaw Adamu

Cell phone: -0918181571/0966087311

Email: aaderaw0@gmail.com
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Annex Il. Informed assent agreement form (6 months - 1 8years)

" \Plasmodium falciparum RDTSs target gene (pfhrp2/3) deletion at a selected health facilities in Amhara
region, Ethiopia “

l, (PARTICIPANT"S NAME), having full

capacity to, do hereby consent to participation of my child in the research study entitled “Plasmodium

falciparum RDTSs target gene (pfhrp2/3) deletion study in the selected health facility Amhara region,

Ethiopia”, under the principal investigator Mr. Aderaw Adamu. The implications of my voluntary
participation, the nature, duration and purpose; methods and means by which it is to be conducted; and the
inconveniences and hazards which may reasonably be expected have been explained to me by

, and are set forth in the Informed Consent Explanation, which I have

signed. | have been given an opportunity to ask questions concerning this investigational study, and any
such questions have been answered to my full and complete satisfaction. If there are any further questions
that may arise, I may contact Mr. Aderaw Adamu (0918181571/0966087311) College of Medicine and
Health Science, Department of Medical Laboratory Sciences, Bahirdar University, Ethiopia. | understand
that I may at any time during the course of this study revoke my consent and withdraw my child from the
study without prejudice; however, my child may be requested to undergo further examinations if, in the
opinion of the physician, such examinations are necessary for his or her wellbeing.

I understand / do not understand the practical consequences of this study, asking me to provide small
finger prick blood samples (circle)

I approve / disapprove of part of the blood sample to be analyzed outside Ethiopia (circle)

I approve / disapprove of part of the sample to be stored for future analyses (circle). If studies are
conducted using stored study material, approval from ethics committees will be sought.

| agree / disagree to take part in this study (circle)

Thumb print if subject is unable
Guardian t*s name:

to sign
Guardian signature:

Impartial witness's name:

Impartial witness's signature:

Local investigator™s name and signature: Date.............
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Annex I11. Informed consent agreement form (18 years and above)

" Plasmodium falciparum RDTs target gene (pfhrp2/3) deletion study at a selected health facility in Amhara
region, Ethiopia "

l, (PARTICIPANT"S NAME), having full

capacity to, do hereby consent to my participation in the research study entitled" Plasmodium falciparum

RDTs target gene (pfhrp2/3) deletion study at a selected health facility in Amhara region, Ethiopia™ under
the principal investigator Mr. Aderaw Adamu. The implications of my voluntary participation, the nature,
duration and purpose; methods and means by which it is to be conducted; and the inconveniences and
hazards which may reasonably be expected have been explained to me by

, and are set forth in the Informed Consent Explanation, which | have

signed. | have been given an opportunity to ask questions concerning this investigational study, and any
such questions have been answered to my full and complete satisfaction. If there are any further questions
that may arise, | may contact Mr. Aderaw Adamu (0918181571/0966087311) College of Medicine and
Health Science, Department of Medical Laboratory Sciences, Bahirdar University, Ethiopia. | understand
that | may at any time during the course of this study revoke my consent and withdraw my participation
from the study without prejudice; however, | may be requested to undergo further examinations if, in the
opinion of the physician, such examinations are necessary my wellbeing.

I understand / do not understand the practical consequences of this study, asking me to provide small
finger prick blood samples (circle)

| approve / disapprove of part of the blood sample to be analyzed outside Ethiopia (circle)

I approve / disapprove of part of the sample to be stored for future analyses (circle). If studies are
conducted using stored study material, approval from ethics committees will be sought 1 agree / disagree

to take part in this study (circle)

Participant®s name: Thumb print if subject is unable

Participant™s signature: to sign

Impartial witness's name:

Impartial witness's signature:

Local investigator®s name and signature: Date
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Information Sheet (Amharic version)

1: - -

falciparum RDTs target gene (pfhrp2 / 3)

RDT s

42



-0918181571/0966087311

aaderawO@gmail.com

( )
(pfhrp2 / 3)”

(0918181571/0966087311)

(6

1 8years)
(pfhrp2 /
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. ( 18 )
(pfhrp2/3)

( ) “Plasmodium

falciparum RDTs target gene (pfhrp2 / 3)
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(0918181571/0966087311)

Annex IV: Questionnaire

BAHIRDAR UNIVERSITY COLLEGE OF MEDICINE AND HEALTH SCIENCES
DEPARTEMENT OF MEDICAL LABORATORY SCIENCE

Questionnaires are pleased for the determination of Plasmodium falciparum RDTSs target gene deletion
study in the selected health facility in Amhara region, Ethiopia.

Your honesty will help to get accurate information. You are not expected to tell your name and your
response will be kept confidentially. If you are voluntarily to participate in the study, I kindly request you
to provide your genuine response to the question.

General Instruction

The questionnaires contain close-ended questions so tell me the correct answer when interviewed.

You can ask the interviewer who facilitates these questionnaires if there is unclear

Part one: Socio Demographic Characteristics

Date: / / (dd/mml/yyyy)

1. Participant™s code: / /



Participant“s telephone number. ..
Dateof Birth: /[ (dd/mml/yyyy)

Age (in years) year

Gender: a. Male b. Female

Woreda (District) name:
Residency: a. urban b. rural

© N o a k~ wD

Household number:

Part two: Health related characteristics

9. Fever (measured by Thermometer)
a. Headache (Yes/No)
b. Joint Pain (Yes/no)

c. Nausea/ (yes/no) vomiting (yes/no)

d. Feeling cold_(yes/no)

10. Have you taken antimalarial drug in the past 2 weeks? (Yes/No)
a. If yes list the drug type?

b. Have you traveled outside your district in the past 30 days? (Yes/No)

d. If yes, where (district)? How long lived (in days)

Part I11: Laboratory Result Sheet:

Code:
1. Conventional diagnostic methods
1.1.RDT o Pf (HRP2) Positive [——] Negative C—J o PLDH
Positive ] Negative C—]

If positive P.fC—] pvC—] Both C—]

1.2. Microscopy Positive 1 Negative C—]

If positive P.fL 1 P ] Both C—1 Parasite load C——]

2. Molecular diagnostic methods
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2.1. PCR Positive 1 Negative —[——]

If positive P.f C—] pv[C—] Both C—]

Comments:
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Annex IV: Questionnaire Amharic version
IV:

falciparum RDTs
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1.1.

Pf (HRP2) / / PLDH

/ /

/| P.f /| P.v /
1.2. - /
/| Pf /| P.v /
2.
2.1. PCR - / /
/ P.f /| P.v /
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Annex V: Standard operating procedures (SOPS)
I. RDT working principle

RDTs for the detection of malaria antigens are based on the immunochromatographic test principle. These
RDTSs capture parasite antigen from peripheral blood using monoclonal antibodies prepared against a target
malarial antigen and conjugated to gold particles in a mobile phase. Test area contains immobilized
monoclonal antibody, which captures the Ag-Ab complex giving a visible line. If malaria antigen is present
in the blood sample, Ag-Ab complex was formed as it combines with the labeled Pfhrp2/Pv PLDH-specific
antibody present in the mobile phase. This Ag-Ab complex was migrate along the test strips, which was
captured by the specific antibodies present in the immobile phase (here T1 contains monoclonal antibodies
specific to P. falciparum i.e., HRP2 antigen and T2 contains plasmodium vivax specific antibody i.e.,
pLDH) thus producing a visible colored line.

Procedure

1. The test packet expiry date was checked

2. For each patient new glove was used
3. The test kit packet was opened and removed, test pad, capillary tube and Desiccant sachet.
4.  The patient™s ID was put on the test kit

5. The alcohol swab was opened; the 4th finger on the patient™s left hand was grasped. Clean the
finger with the alcohol swab. Allow the finger to dry before pricking.

6. The lancet was opened and Prick patient”s finger to get a drop of blood. Do not allow the tip of the
lancet to touch anything before pricking the patient™s finger.

7. The lancet was discarded in the Sharps Box immediately after pricking finger. Do not set the lancet
down before discarding it
8. The capillary tube was used to collect the drop of blood, the first drop will be removed and a drop

of blood was put into sample hole
9. The capillary tube was discarded in the Sharps Box
10. Two drops of buffer was added into the round buffer hole

11. Wait for 15-20 minutes after adding buffer depending on the manufacturer instruction.

12. The results was read (see below).
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13. The test results were recorded in register book and kit was disposed in non-sharps waste container.

Interpretation of the test results

In the Kit we were used, “T1’ test line is specific for P. falciparum, “T2,test line is Pv-specific and ‘C ,,is

the control line.

1. Alinein ‘T1,and aline in ‘C’ means the patient did have falciparum malaria. The test is Positive even

if the line in “T1,,is very faint.

2. Alinein “T2’and a line in ‘C’ means the patient did have non-falciparum malaria (P. vivax).

3. Linesin ‘T1,and ‘T2’ and a line in ‘C’ means the patient does have falciparum malaria monoinfection

or a mixed infection.

4. No linein “T1’ or “T2’ and a line in *C’ means the patient did not have either falciparum malaria or

non-falciparum malaria(pv)

5. The test was considered invalid when no control band appeared

Il. Preparation of Giemsa working solution

The stock Giemsa solution was filtered into a dry, dark or opaque bottle by using a funnel and filter
paper

The bottle was kept capped until the stain is used as moisture would cause the Giemsa stain to
deteriorate

The volume of diluted stain was determined (10% v/v) to be prepared i.e. one part of Giemsa stain
with 9 parts of buffered water(1:9)

The buffered water was transferred (about half of the final volume) to a measuring cylinder and add
the appropriate volume of stock stain solution

Complete the volume up to the level determined

I11.Giemsa staining procedure

The slides film was placed side up on a staining rack. Make sure the slides do not touch each other.
The slide was stained for 10 minutes by covering them completely with freshly prepared 10 % v/v
Giemsa solution. Note: If more than 10 slides are being stained at the same time, the timer should be
started after the first slide has been flooded with stain.

The slide was rinsed by flooding it with a gentle flow of buffered water until the stain is removed.
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The slide was allowed to dry completely, protected from dust. A drying box or a hair-dryer can be
used for this purpose. Slides can be read immediately after they are dry or stored in a cool, dry place

within a sealed box with ample desiccant

. Thin and thick blood film preparation procedures

The procedure to the patient and gain informed consent was explained

The pre-cleaned slides was labeled (preferably frosted-end) with the patient id number

70% alcohol was used to lean the lobe of the finger moistened cotton

sterile lancet was used to prick the finger and the first drop of blood was wiped away with clean
gauze

A 2 ul of blood was added to the center of the slide /for thin film/ and a 6ul for thick film to the
right

The thin film was immediately speeded using a smooth-edged slide spreader and the large drop of
blood was speeded in corner of another slide or an applicator stick in a circular pattern to make the
thick smear

The blood was allowed to air-dry with the slide in a horizontal position and placed in a safe place.
A small drop of absolute methanol was applied for fixing the thin film, making sure the methanol
The thick film was not touched

The films was covered by 10 % Gemisa stain and keep for 10 minutes

Then the film was washed well with distilled water and air dry

Immersion oil was added on the stained blood film and the film examined under microscope with

100x objective.
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V. Molecular Analysis

PCR principle

PCR makes it possible to obtain, by in vitro replication, multiple copies of a DNA fragment from an extract.

Matrix DNA can be genomic DNA as well as complementary DNA obtained by RT-PCR from a messenger

RNA extract (poly-A RNA), or even mitochondrial DNA. It is a technique for obtaining large amounts of

a specific DNA sequence from a DNA sample. This amplification is based on the replication of a double-

stranded DNA template. It is broken down into three phases: a denaturation phase, a hybridization phase

with primers, and an elongation phase.

DNA Extraction from DBS

The hole puncher was used to punch out three 3.0 mm discs from the dry blood spot sample. Make
sure the area taken for each punch is completely saturated with blood.

The cut pieces of nitrocellulose or the DBS punches will be placed into a 1.5 ml micro centrifuge tube
and add 180 pL of Buffer ATL. Incubate at 85°C for 10 min.

Centrifuge briefly to remove drops from inside the lid.

20 pL proteinase K stock solutions will be added. Mix by vertexing, and incubate at 56°C for 1hr.
Briefly centrifuge to remove drops from inside the lid.

200 pL Buffer AL to the sample will be added. Mix immediately and thoroughly by vertexing.

The sample will be incubated at 70°C for 10 min and briefly centrifuge to remove drops from inside
the lid.

200 pL ethanol (96-100%) to the sample will be added, and mix thoroughly by vertexing.

Briefly centrifuge to remove drops from inside the lid.

Carefully apply the mixture to the QlAamp Mini spin column (in a 2-ml collection tube) without
wetting the rim. Close the cap, and centrifuge at 6000 x g (8000 rpm) for 1 min.

The QIAamp Mini spin column will be placed in a clean 2 ml collection tube (provided in kit), and

discard the tube containing the filtrate.

The QIAamp Mini spin column will be opened and add 500 uL Buffer AW1 without wetting the rim.
Close the cap and centrifuge at 6000 x g (8000 rpm) for 1 min.
QIlAamp Mini spin column will placed in a clean 2 ml collection tube (provided in kit), and discard the

collection tube containing the filtrate.
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e QlAamp Mini spin column will placed and add 500 yL Buffer AW2 without wetting the rim. Close
the cap and centrifuge at full speed (20,000 x g or 14,000 rpm) for 3 min.

*  Place the Ql1Aamp Mini spin column in a clean 1.5 ml micro centrifuge tube (not provided) and discard
the old collection tube with the filtrate. Centrifuge at full speed (20,000 x g or 14,000 rpm) for 1 min.

*  Place the QIAamp Mini spin column in a clean 1.5 ml micro centrifuge tube (not provided), and discard
the collection tube containing the filtrate. Carefully open the Ql1Aamp Mini spin column and add 100
pL Buffer AE. Incubate at room temperature for 3 min, and then centrifuge at 6000 x g (8000 rpm) for

1 min.

»  After extraction, tubes are stored at 4°C for short term use and at —20°C for long-term storage. The

table shows PCR assays and preparation, parasites genus, and species-specific primers targeted gene sequences (pfhrp2

and pfhrp3) and cycle conditions.

Primers Reaction conditions and Primer’s sequences Cycle
name conditions
Pf genus SYBR Green Master mix 50c 2min 1x
(PfBTubulin) F-primer 200nM 95¢10min 1x
R-primer 200nM 95¢ 15sec
Template- 2ul 60c 1min 45x
Total volume 12 pl
F5'-3 AATAAATCATAATGATGTGCGCAAGTGATCC
R 5'-3' AATAAATCATAATCCTTTGTGGACATTCTTCCTC
Pfspecies F=primer 200nm 50c2min-1x
spec_lflc (P. ... R-primer 200nM 95¢10min 1x
falciparumspecific
pfldh) Probe 200nM 95c 15sec
Template 2ul 60c 1min 40x
Total volume 12ul

F5'-3' ACGATTTGGCTGGAGCAGAT

R 5'-3' TCTCTATTCCATTCTTTGTCACTCTTTC

Probe (5'-3") AGTAATAGTAACAGCTGGATTTACCAAGGCCCCA
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AmpliTaq Gold 360 Master Mix 94c¢ 10min 1x

F-primer 200nM 94c 50sec
Pfhrp2 - exon R-primer 200nM 55¢ 50sec 45x
2 Template 10ul 70c 60sec
Total volume 25yl 72c 7min 1x
F5'-3 CAAAAGGACTTAATTTAAATAAGAG
R5'-3 AATAAATTTAATGGCGTAGGCA
Pfhrp3 - exon AmpliTaq Gold 360 Master Mix 94c¢ 10min 1x
2 F-primer 200nM 94c 50sec
R-primer 200nM 55¢ 50sec 45x
Template 10ul 70c 60sec
Total volume 25ul 72c 7min 1x
F5'-3 AATGCAAAAGGACTTAATTC
R5'-3 TGGTGTAAGTGATGCGTAGT
Controls 3D7 pf positive, NTC, Dd2p fhrp2-negative, HB3

pfhrp3negative controls were used for PCR assays

Addition of DNA samples o A 5 pl of the unknown DNA samples will be added to the tubes with the
master mix according to the plate layout. Cap the tubes tightly after adding the samples. The total
volume of PCR reaction is 20.0 pl after addition of the template. o A positive control DNA will be
added to each positive control tube with master-mix. Cap the tubes after each positive control is added.
0 AJ5.0 ul of DNase-free H20 will be added to the tubes designated as the no-template control (NTC)

and close that tube tightly.
o0 The sample has been added to the correct tube and that all tubes are tightly capped.
o The tubes were centrifuged to remove any solution trapped in the tube walls. o Make sure there
are no bubbles in the tubes.
Running the PCR assay o Take the ready-to-run PCR tubes to the thermocycler room. Place the tubes
on the heat block in the real-time thermocycler. Be sure to follow the pattern designed in the plate
layout.

0 Close the lid over the tubes and shut the door to the thermocycler. Start the run.
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Results Interpretation o Cut off for
positive and negative:
Positive PCR: A positive sample produces a fluorescence signal above the threshold/noise level.
Positive samples are designated a Ct value 40.0 (<40).
Negative PCR: No fluorescence signal above the threshold/noise level. Negative samples have no
Ct or have a Ct value above 40.0.
0 The test should be repeated if:
-The NTC control has a positive Ct value.
-The positive control yields no positive results o If the calculated thresholds are located within the
background noise, they should be manually set to a level slightly higher than the background. Such

alterations should be done with only one dye displayed at the time.
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