
Am. J. Trop. Med. Hyg., 103(5), 2020, pp. 1902–1909
doi:10.4269/ajtmh.20-0485
Copyright © 2020 by The American Society of Tropical Medicine and Hygiene

Evaluation of PfHRP2 and PfLDH Malaria Rapid Diagnostic Test Performance
in Assosa Zone, Ethiopia

Gezahegn Solomon Alemayehu,1* Karen Lopez,2 Cheikh Cambel Dieng,3 Eugenia Lo,3 Daniel Janies,2 and Lemu Golassa1
1Aklilu Lemma Institute of Pathobiology, Addis Ababa University, Addis Ababa, Ethiopia; 2Department of Bioinformatics and Genomics,
University of North Carolina at Charlotte, Charlotte, North Carolina; 3Department of Biological Sciences, University of North Carolina at

Charlotte, Charlotte, North Carolina

Abstract. Inmalaria-endemic countries, rapid diagnostic tests (RDTs) targeting Plasmodium falciparum histidine-rich
protein 2 (PfHRP2) and lactate dehydrogenase (PfLDH) have been widely used. However, little is known regarding the
diagnostic performances of these RDTs in the Assosa zone of northwest Ethiopia. The objective of this study was to
determine the diagnostic performances of PfHRP2 and PfLDHRDTs usingmicroscopy and quantitative PCR (qPCR) as a
reference test. A health facility–based cross-sectional study design was conducted from malaria-suspected study par-
ticipants at selected health centers from November to December 2018. Finger-prick blood samples were collected for
microscopy, RDTs, and qPCRmethod. The prevalence ofP. falciparumwas 26.4%, 30.3%, and 24.1%as determined by
microscopy, PfHRP2RDT, andPfLDHRDT, respectively. Comparedwithmicroscopy, the sensitivity and specificity of the
PfHRP2RDTwere 96%and93%, respectively, and thoseof thePfLDHRDTwere 89%and99%, respectively. Compared
with qPCR, the specificity of the PfHRP2 RDT (93%) and PfLDH RDT (98%) was high, but the sensitivity of the PfHRP2
RDT (77%) and PfLDH RDT (70%) was relatively low. These malaria RDTs and reference microscopy methods showed
reasonable agreementwith a kappa value above 0.85 and provided accurate diagnosis ofP. falciparummalaria. Thus, the
current malaria RDT in the Ministry of Health program can be used in the Assosa zone of Ethiopia. However, continuous
monitoring of the performance of PfHRP2 RDT is important to support control and elimination of malaria in Ethiopia.

INTRODUCTION

Malaria is still a major public health problem in several de-
veloping countries.1 In Ethiopia, Plasmodium falciparum and
Plasmodium vivax account for 60% and 40%, respectively, of
the malaria infections.2 In the northwestern part of Ethiopia,
Assosa zone, P. falciparum is the dominant parasite species
causing most of the complicated malaria cases.3 Accurate
diagnosis and effective treatment are key to reducing mor-
bidity and mortality in malaria-endemic countries.4

Based on the WHO recommendation, all individuals sus-
pected of malaria should receive laboratory diagnosis before
antimalarial drug treatment to improve malaria case control
and management.5 The diagnosis of malaria can be made by
microscopy, rapid diagnostic test (RDT), and molecular meth-
ods. Microscopy and RDTs have been widely used in clinical
settings for many years, whereas molecular techniques are
rarely used for several reasons. Indeed, microscopy is the ref-
erence test, and RDTs are recommended in areas where mi-
croscopic examination cannot be performed.6,7

Among all malaria RDTs, histidine-rich protein 2 (HRP2) and
lactate dehydrogenase (LDH) are two commonly used
antigen-based tests for malaria diagnosis.6 In areas where
P. falciparum is dominant, the Plasmodium falciparum HRP2
(PfHRP2) RDT is preferred because HRP2 antigen is only
produced by P. falciparum, and cannot be used for the de-
tection of P. vivax or other human malarial parasites.4,8 By
contrast, the LDH antigen is commonly expressed in all
Plasmodium species.9 The amino acid sequences of LDH vary
between P. falciparum and other non–P. falciparum species,
which allows species-specific LDH to be designed and used
for diagnosis of different malaria parasites. For example, the

Plasmodium falciparum LDH (PfLDH) RDT is used for the di-
agnosis of P. falciparum, whereas the Pan-LDH RDT for de-
tection of mixed malaria infection.10 Approximately 10 million
PfHRP2RDTs are used for diagnosis of malaria in Ethiopia per
year.2 Because of their widespread use, it is vital to closely
monitor the sensitivity and specificity of these malaria RDTs
across different malaria-endemic settings and localities to
provide prompt treatment and effective case control.11

Studies on the performance of PfHRP2 and PfLDH RDTs
have been well documented in different malaria-endemic
countries.12–17 Several factors affect the performanceof these
malaria RDTs which include technical factors such as im-
proper storage and packaging, poor product design, and
operating error.18 Biological factors such as immunogenic
response of the hosts and genetic changes in the parasites
could also result in false-negative and false-positive results
and detrimentally impact the performance of malaria
RDTs.19,20 Plasmodium falciparum LDH antigen in clinical
malaria is used for early detection of P. falciparum and moni-
toring parasite responses to treatment,21,22 whereas PfHRP2
antigen can persist in blood for more than 3 weeks after an-
timalaria treatment and could result in false-positive detection
by the PfHRP2 RDT.23 However, the PfLDH RDT has been
shown with low sensitivity and could give false-negative re-
sults in infections with low parasitemia.8,10,20 Regardless of
the lower sensitivity of the PfLDH RDT, the use of this RDT
could be recommended as an alternative malaria RDT to re-
duce the false-negative results associated with pfhrp2 gene
deletion.19,24

Although previous research has documented the perfor-
mance of the malaria RDT in Ethiopia,15,17,25 to the best of our
knowledge, the performance of the PfLDH RDT has never
been investigated in rural and semi-urban areas of Assosa
zone. Thus, this study aimed to evaluate the performance of
PfHRP2 and PfLDH RDTs for diagnosis of P. falciparum
malaria against microscopy and quantitative PCR (qPCR) in
the Assosa zone in Ethiopia.
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MATERIALS AND METHODS

Study design and area. A cross-sectional health facility–
based study was conducted in the Assosa zone, northwest
Ethiopia, from November to December 2018. Assosa zone is
one of the four Zonal administrations in Benishangul-Gumuz
regional state and is located 687 km west of Addis Ababa,
Ethiopia. It consists of eight woredas, andmost of the woreda
have high malaria transmission intensity based on the 2016/
2017 report by the Health Information Management System
from the Benishangul-Gumuz regional state. The present
studywas performed at four selected health facilities: Assosa,
Bambasi, Kurmuk, and Sherkole health centers. The location
of the study site was taken by handheldGPS (Garmin GPS 73,
Olathe, KS) and the map generated using ArcGIS version
10.0 software (Figure 1).
Sample size and sampling technique. The sample size

was calculated based on a single population proportion for-
mula n= z2pð1�pÞ=d2,26 where n is the sample size, z is 1.96
at 95% CI, d is the margin of error, p is the expected malaria
prevalence rate in the locality which is 40% based on the as-
sumption of a microscopy-confirmed prevalence of malaria

among symptomatic patients according to the 2015 study,3

and d is the margin of error at 5% (standard value of 0.05). A
total of 406 study participants were enrolled in this study.
Four health facilities, including Assosa Health Centre,

Bambasi Health Centre, Kurmuk Health Centre, and Sherkole
Health Centre, were selected using a simple random sampling
technique among eight health centers in the Assosa zone. The
number of study participants recruited from each selected
health center was calculated based on the proportion of
confirmed malaria cases in each selected woreda and the
annual parasite incidence.2

Demographic data of study participants and blood
sample collection. The study participants were all self-
presenting clinically suspected malaria patients, whose ages
were older than or equal to 5 years, whowere attending at four
selectedhealth facilities. Individualswithahistoryof antimalarial
chemotherapy in the last month with severe illness were ex-
cluded. Demographic data were collected using an interview-
based structured questionnaire. Blood samples were collected
based on the methodological workflow described in Figure 2.
Microscopic blood film examination. Both thick and thin

blood smears were prepared on the same slide for each study

FIGURE1. Mapshowing thestudyarea inAssosazone. ThemapwasgeneratedusingArcGISversion10.0software. Thisfigureappears in color at
www.ajtmh.org.
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participant and were stained with 10% buffer-diluted Giemsa
stain working solution for 10 minutes and examined by ×100
oil immersion objective microscopy. The thick smear was
examined to detect and measure the density of the parasite.
Asexual parasite densities were determined against 200white
bloodcells (WBCs), assumingameanWBCcount of 8,000/μL,
as per the WHO recommendations.27 The thin smear was
examined to identifymalaria parasites species. Quality control
was maintained during specimen collection, processing, and
testing. Each blood smear was read by two independent
medical laboratory technicians, and there were no discrep-
ancies in the result.
Malaria RDTs. The CareStart™ malaria RDTs (Pf/

Plasmodium vivax [PV] [HRP2/Plasmodium lactate de-
hydrogenase (PLDH)] Ag Combo RDT with product catalogue
number RMVM-02591 [lot code MV 18C64], and Pf [HRP2/
LDH] Ag Combo RDTwith product catalogue number RMSM-
02591 [lot code MS 18H61] from Access Bio Ethiopia) were
used to evaluate their performance against microscopy and
qPCRas reference test. ThePf/PVRDT inour study is currently
used by the Ministry of the Health program in Ethiopia for
malaria diagnosis. For the Pf/PV (HRP2/PLDH) Ag Combo
RDT (product code RMVM-02591), LDH is specific for P. vivax
and HRP2 for P. falciparum. The PfLDH RDT with RMSM-
02591 product code is not currently used in Ethiopia. This
PfLDH RDT had a separate line for PfHRP2 and PfLDH. We
were evaluating this PfLDH RDT by reading only at PfLDH line
for the specific diagnosis ofP. falciparum.Thesemalaria RDTs
use immunochromatographic methods to detect parasite-
specific antigens produced by malaria parasites. Each
test was interpreted based on the manufacturer’s instructions
in the package insert.
Molecular assay. Malaria parasite DNA was extracted

from dried blood spots using the Chelex-saponin method as
described previously.28 SYBR Green qPCR assays were
performed to amplify the 18S rRNA gene for confirmation of
P. falciparum using of a pair of forward and reverse primer
sequences (P. falciparum–specific primers): FAL-18S-F:
AGTCATCTTTCGAGGTGACTTTTAGATTGCT and PLASMO-
R2:GCCGCAAGCTCCACGCCTGGTGGTGC.29,30 For the
quality control, DNA fromP. falciparum isolates 7G8 (MRA-926)
and HB3 (MRA-155) were used as positive controls, and water
and uninfected samples were used as negative controls in all
amplifications. In brief, qPCR amplification was carried out in a
total reaction volume of 20 μL containing 7 μL of nuclease free
water, 10 μL of SYBR Green master mix, 0.5 μL each of the
forward and reverse primers, and 2 μL of extracted DNA under

the following PCR cycling conditions: initial denaturation at
95�C for 3 minutes, followed by 45 cycles of amplification at
94�C for 30 seconds, 55�C for 30 seconds, and 68�C for 1
minute each.
Data collectors were trained, and close supervision was

conducted during the data collection period. Standard oper-
ating procedures were used for specimen collection, pro-
cessing, and testing for maintaining good quality data. Ten
percent of the samples were randomly selected and repeated
to ensure reproducibility.
Data analysis. The data were analyzed using Statistical

Package for Social Sciences (SPSS) version 20 (IBM Corp.,
Armonk, NY). The sensitivity, specificity, and predictive values
of each testwerecomputed.Kappavalueswere used toassess
the agreement between these malaria diagnostic methods.
Ethics statement. Ethical clearance was obtained from the

Institutional Review Board of the Aklilu Lemma Institute of
Pathobiology, Addis Ababa University, before data collection
(Ref number ALIPB/IRB006/2017/18). The project was also
reviewed and approved by the Institutional Review Board of
the University of North Carolina at Charlotte (IRB number 18-
0451). Permission was obtained from Benishangul-Gumuz
Regional Health Bureau. Information about the study, the
objective of the study, the possible risks, and benefits of the
study were explained to the participants or their guardians
using the local language. Finger-prick blood samples were
taken after obtaining written informed consent and assent
from parents or guardians in the case of children. Malaria-
positive patients were treated by health workers based on
national treatment guidelines. Confidentiality was maintained
throughout the study.

RESULTS

Study participants. Among a total of 406malaria-suspected
self-presenting febrile patients, 57.9% (235/406)were females
and the remaining were males. The mean age of the study
participants was 24.1 years. Sixty-four percent of the study
participants were from rural areas, whereas 36% were from
semi-urban areas (Table 1).
Microscopy, RDT, and qPCR results. The P. falciparum

positivity rate was 26.4% (107/406) using microscopy,
whereas 30.3% (123/406) and 24.1% (98/406) by PfHRP2 and
PfLDH RDTs, respectively (Table 1). Higher numbers of
P. falciparum, 33.5% (136/405), were detected by qPCR than
microscopy and the malaria RDTs. The infection rate of
P. falciparumwashigher inmales than females inbothPfHRP2
and PfLDH-based RDTs (Table 1). Participants aged 15–24
years showed the highest infection rate compared with those
younger than 15 and older than 25 years by all diagnostic
methods. Also, the incidence of P. falciparumwas the highest
in Bambasi compared with other study sites using all di-
agnostic methods (Table 1).
Microscopic parasite density ranged from 201 to 10,000

parasite/μL which was highest in the study participants living
in rural areas 59.8% (64/107) compared with participants in
semi-urban areas 28.9% (31/107). The level of parasitemia
varied with age-groups and gender of the study participants.
However, there was no statistically significant association of
the living area (P < 0.500), gender (P < 0.339), and age-group
(P < 0.780) of the study participants with microscopic parasite
density (Table 2).

FIGURE 2. Study flowchart for malaria rapid diagnostic test (RDT),
microscopy, and molecular assay.
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Sensitivity and specificity of malaria RDTs. Using mi-
croscopy as a gold standard, the sensitivity of PfHRP2 and
PfLDH RDTs was 96% (95% CI: 91–99) and 89% (95% CI:
81–93), respectively (Table 3). The corresponding specificity
rates were 93% (95% CI: 90–96) and 99% (95% CI: 97–100),
respectively. There was a good agreement between the two
RDTs (PfHRP2 RDT and PfLDH RDT) and reference micros-
copy method with kappa values above 0.85 (Table 3). When
qPCR was used as a reference test, lower sensitivity was
detected in both PfHRP2 RDT, 77% (95% CI: 70–83), and
PfLDHRDT, 70% (95%CI: 62–77).However, higher specificity
wasobserved in bothPfHRP2RDT, 93% (95%CI: 89–95), and
PfLDH RDT, 98% (95% CI: 91–99). The two RDTs (PfHRP2
RDTandPfLDHRDT) and qPCRalso showeda goodmeasure
of agreement with a kappa value of 0.70 (Table 3). The sen-
sitivity of PfLDH andPfHRP2 antigen bandwas improvedwith
the increasing level of parasitemia. The sensitivity of the
PfHRP2RDTwasobserved tobehigher than that of thePfLDH
RDT at almost all levels of parasitemia (Figure 3).
False-positive and negative RDTs. Using microscopy as

the gold standard, a higher number of false-positive rates of
the PfHRP2 RDT, 6.7% (20/299), were detected than the
PfLDH RDT, 1% (3/299), whereas the number of samples
missed by the PfLDH RDT, PfLDH false-negative rate of
11.2% (12/107), was three times higher than the PfHRP2 RDT
(Supplemental Table 1). When qPCR was used as a gold
standard, a higher false-negative rate was observed in both

PfHRP2 RDT, 23.5% (32/136), and PfLDHRDT, 30.1 (41/136),
whereas lower false-positive rate was shown in both PfLDH
RDT,1.1%(3/269),andPfHRP2RDT,7.1%(19/269) (Supplemental
Table 2).
Sensitivity and specificity of RDT by study sites. Using

microscopy as a gold standard, both the sensitivity and
specificity of the PfHRP2RDTwere slightly higher in rural than
semi-urban areas, whereas the sensitivity of the PfLDH RDT
was lower in rural (82%) than the semi-urban areas (97%). The
specificity of the PfLDHRDT (98%)was identical in both urban
and rural areas. When qPCRwas used as a gold standard, the
sensitivity of thePfHRP2RDTwaswithin the range of 93–95%
in both rural and semi-urban areas; similarly, the specificity of
PfHRP2 and PfLDH RDTs was greater than 95% in both rural
and semi-urban areas. On the other hand, the sensitivity of the
PfLDH RDT was lower to 67% in the rural area and further
lower to 61% in semi-urban areas (Table 4).
Sensitivity and specificity of RDT by age-group. Using

microscopy as the gold standard (Supplemental Table 3), the
sensitivity of the PfHRP2 RDT was high among participants
younger than 34 years (95–98%) and older than 34 years
(93%). The specificity of the PfHRP2 RDT was 96% among
participants at the age of 5–14 years and 92% for all other age
groups. The sensitivity of the PfLDH RDT was 88–91% for
most of the age-groups and was slightly lower at the age
greater than 34 years (80%); the specificity of the PfLDH RDT
was higher than 97% at all age-groups (Figure 4).

TABLE 1
Plasmodium falciparum positivity rate using different laboratory methods among study participants

Variable
Study

participants (No)
Microscopy
(No Pos, %)

Malaria rapid diagnostic test

†qPCR (No Pos, %)PfHRP2 (No Pos, %) PfLDH (No Pos, %)

Gender
Male 171 52 (30.4) 64 (37.4) 50 (29.2) 65 (38)
Female 235 55 (23.4) 59 (25.1) 48 (20.4) 71 (30.3)

P-value* – < 0.114 < 0.008 < 0.04 < 0.106
Age-group (years)
5–14 90 24 (26.7) 28 (31.1) 22 (24.4) 26 (28.9)
15–24 161 46 (28.6) 50 (31.1) 43 (26.7) 61 (37.9)
25–34 93 22 (23.7) 27 (29.0) 21 (22.6) 28 (30.1)
> 34 62 15 (24.2) 18 (29.0) 12 (19.4) 21 (34.4)

P-value – < 0.823 < 0.979 < 0.686 < 0.432
Study site
Sherkole 186 54 (29.0) 57 (30.6) 44 (23.7) 55 (29.6)
Bambasi 101 33 (32.7) 40 (39.6) 34 (33.7) 44 (44.0)
Kurmuk 74 17 (23.0) 23 (31.1) 17 (23.0) 28 (37.8)
Assosa 45 3 (6.7) 3 (6.7) 3 (6.7) 9 (20.0)

P-value – < 0.007 < 0.001 < 0.006 < 0.015
No = number; No Pos = number positive.
* Statistically significant when the P-value for a chi-square test is less than 0.05.

TABLE 2
Distribution of parasite density by gender, age-group, and living area

Study participants, No (%)

Gender Age-group (years) Living area

Parasite (density/μL) N Male Female 5–14 15–24 25–34 > 34 Rural Semi-urban

50–200 12 7 (58.3) 5 (41.7) 4 (33.3) 7 (58.3) 0 (0.0) 1 (8.3) 7 (58.3) 5 (41.7)
201–500 13 4 (30.8) 9 (69.2) 1 (7.7) 5 (38.5) 4 (30.8) 3 (23.1) 10 (76.9) 3 (23.1)
501–2,000 16 8 (50) 8 (50) 3 (18.8) 7 (43.8) 4 (25.0) 2 (12.5) 13 (81.3) 3 (18.8)
2,001–10,000 42 24 (57.1) 18 (42.9) 9 (21.4) 17 (40.5) 10 (23.8) 6 (14.36) 27 (64.3) 15 (35.7)
> 10,000 24 9 (37.5) 15 (62.5) 7 (29.2) 10 (41.7) 4 (16.7) 3 (12.5) 14 (58.3) 10 (41.7)

P < 0.339 P < 0.780 P < 0.500
N = total number examined; No = total number; rural = Sherkole + Kumruk; semi-urban = Bambasi + Assosa.
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When using qPCR as the gold standard (Supplemental
Table 4), the sensitivity of the PfHRP2 RDT was high among
participants aged 5–14 (96%) and 25–34 years (93%). The
sensitivity was lower among participants older than 34 years
(71%) and those aged 15–25 years (62%). The specificity of
the PfHRP2 RDT was higher at the age of 25–34 years (98%)
than specificity of those aged 5–14 (95%), those older than 34
(93%), and those aged 15–24 years (88%). Similarly, the
sensitivity and specificity of the PfLDH RDT varied among
different age-groups. The sensitivity of the PfLDH RDT was
81% at 5–14 years of age, and it decreased to 57% in adults
older than 34 years. The specificity of thePfLDHRDTwas high
(98–100%) at all age-groups. The specificity of both PfHRP2
and PfLDH RDTs increased with a higher positivity rate of
P. falciparum at different age-groups when using microscopy
as the gold standard (Figure 4).

DISCUSSION

This study determined the performance of PfHRP2 and
PfLDH RDTs for P. falciparum infections in a clinical setting.
Continuously monitoring the performance of the malaria RDT
in malaria-endemic areas is essential to support the global
effort ofmalaria control andeliminationprogram.4Ourfindings
on the performance of PfHRP2 and PfLDH RDTs for
P. falciparum infections in the Assosa zone of Ethiopia were
within the WHO detection limit of sensitivity (> 95%) and
specificity (> 90%). Thus, PfHRP2 and PfLDH RDTs could be
used for malaria diagnosis at the health post and other public
health facility levels in the absence of microscopy.31

In this study, thePfHRP2RDTshowedahighpositive rate of
P. falciparum (30.3%) compared with the PfLDH RDT (24.1%)

and microscopy (26.4%) but lower than qPCR (33.5%). This
finding using the malaria RDT was comparable with the report
from southwest Ethiopia (31%)32 and northwest Ethiopia
(23.8%).33 By contrast, this finding was relatively low com-
pared with Pawe district in northwest Ethiopia (51.5%)34 and
Wondo Genet district in southern Ethiopia (49.6%).35 This
differencemight be due to the current wide implementation of
interventionmeasures throughout themalaria-endemic region
in Ethiopia.2 However, the results of this study were higher
than those from the Tigray region in north Ethiopia (13.4%)25

and Butajira in south central Ethiopia (20.4%)17 using the
malaria RDT. High incidence ofP. falciparum in this study area
might be due to the geographical difference as the study area
is locatedat theborder areaof Ethiopiawheremalaria couldbe
imported andexportedbetweenSudanandEthiopia. Besides,
the highest incidence rate ofP. falciparumwasobserved in the
Bambasi district compared with other study sites. This might
be due to intensive and broad-scale outdoor agricultural ac-
tivities in the Bambasi district.
In this study, the infection rate ofP. falciparumwas higher in

males (37.4%, 64/171) than females (25%, 59/235) using the
PfHRP2 RDT (P < 0.008). This result was consistent with a
previous study conducted in the Pawe district in northwest
Ethiopia.36 One possible explanation why males are more af-
fected than females might be due to the fact that males may
spend more time outdoors for agricultural and mining activi-
ties, and thus have a higher exposure to infected mosquitoes
than females. There was no significant association of gender,
age-group, and living area (rural and semi-urban settings) with
microscopy-based parasite density. This finding is consistent
with previous studies.37However, it is not in linewith a study at
Uganda.38 This might be due to the difference in the age-
group and study participants, clinical malaria–suspected in-
dividuals, involved in the study.
Using microscopy as the gold standard, high negative

predictive value (NPV) (99%) and positive predictive value
(PPV) (84%) of the malaria RDT were detected in this study by
thePfHRP2RDT. This result is in linewith a study conducted in
Tigray region in north Ethiopia,25 Kenya,39 and Ghana.40

These high NPV and PPV revealed a low false-negative and
-positive ratesby thePfHRP2RDT, respectively. These results
confirmed that the PfHRP2 RDT has reasonable diagnostic
performance at peripheral health centers to correctly identify
malaria-free individuals as true negative and individuals with
malaria as true positive.41

The sensitivity of the PfHRP2 RDT was high (96%) com-
pared with the PfLDH RDT (89%) and showed a slightly lower
specificity (93%) than the PfLDH RDT (99%) against micros-
copy in our clinical samples. The PfHRP2 RDT also showed a
good agreement with reference microscopy, with kappa val-
ues above 0.86 in this study. The high sensitivity and

TABLE 3
Diagnostic performance of PfHRP2 and PfLDH RDTs using microscopy and qPCR as gold standard

Microscopy as gold standard qPCR as gold standard

Performance RDT PfHRP2 RDT PfLDH RDT PfHRP2 RDT PfLDH RDT

Sensitivity (95% CI) 96 (91, 99) 89 (81, 93) 77 (70, 83) 70 (62, 77)
Specificity (95% CI) 93 (90, 96) 99 (97, 100) 93 (89, 95) 98 (96, 99)
Positive predictive value (95% CI) 84 (76, 89) 97 (91, 99) 85 (77, 89) 97 (91, 99)
Negative predictive value (95% CI) 99 (96, 100) 96 (93, 98) 89 (85, 92) 66 (60, 70)
Kappa (95% CI) 0.86 (0.80, 91) 0.90 (0.85, 0.95) 0.71 (0.64, 0.79) 0.74 (0.67, 0.81)
PfHRP2 = Plasmodium falciparum histidine-rich protein 2; PfLDH = Plasmodium falciparum lactate dehydrogenase; qPCR = quantitative PCR; RDT = rapid diagnostic test.

FIGURE 3. Sensitivity of PfHRP2 and PfLDH RDTs by the level of
Plasmodium falciparum parasitemia. PfHRP2 = Plasmodium falcipa-
rum histidine-rich protein 2; PfLDH = Plasmodium falciparum lactate
dehydrogenase; RDT = rapid diagnostic tests. This figure appears in
color at www.ajtmh.org.
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specificity of the PfHRP2 RDT in the current study were
comparable with reports from Pawe district in northwest
Ethiopia,34 Tigray in north Ethiopia,25 Ghana,42 and western
Kenya.39 By contrast, slightly higher values of sensitivity and
specificity of the PfHRP2 RDT were found in comparison with
other studies.12 Thesedifferencesmight bedue to the fact that
most of the study participants in this study had detectable
microscopic parasite density (> 200 parasite/μL) based on the
detection limit of the PfHRP2 RDT.11

The high specificity of the PfLDH RDT (99%) in this study
was in line with the manufacturers’ report.11 A similar finding
was also observed in previous studies.20,43 Such a high
specificity of the PfLDH RDT in reference to microscopy
could minimize false-positive results in clinical malaria
detection.44–46 The sensitivity of the PfLDH RDT (89%) in this
study was much lower than that shown in the WHO product
testing of malaria RDT report (98%).11 This might be due to
less stability of the LDH antigen at high temperatures during
the transportation and storage of the PfLDH RDT as the
Assosa zone has relatively hotweather.47 The lower sensitivity
of the PfLDH RDT in this study, as well as in several other
studies,10,20 merits more investigations on how to improve its
sensitivity.
Using qPCR as the gold standard, a high specificity of the

PfLDH RDT (98%) was achieved in this study. This result was
similar to the previous report.10 However, a lower sensitivity of
both PfHRP2 (77%) and PfLDH (70%) RDTs was observed in
the present study. As a result, a relatively high number of false-
negative results were detected by PfHRP2 and PfLDH RDTs
(23.5%, 32/136; 30.1%, 41/136, respectively). These false-
negative results indicate that a considerable number of

malaria-infected patients were misdiagnosed. If these false-
negative individuals remain undetected and untreated, it is not
only bad for their health but also the patients can serve as
malaria reservoirs and may fuel onward malaria transmission
in the community.48,49 The low sensitivity of these malaria
RDTs compared with qPCR could be explained partly by
qPCR that can detect as low as 0.002 parasite/μL including
submicroscopic infection.50,51 Also, the sensitivity of the
PfHRP2 RDT could be potentially affected by the prozone
effect of PfHRP2antigen andbygenetic variation of thepfhrp2
gene, as reported in other studies.13,52

In the Assosa zone of Ethiopia, PfHRP2 and PfLDH RDTs
were shown to have high sensitivity and specificity with slight
variation among study sites and age-groups using micros-
copy as the gold standard. There was also no significant dif-
ferencebetween rural and semi-urban areas, althoughmost of
the participants living in rural areas had parasitemia greater
than 200 parasites/μL, higher than those living in semi-urban
areas. Our findings did not agree with the previous study that
showed malaria RDT performance may vary by malaria prev-
alence, rural and urban settings, and age-groups.53–55 This
discrepancy might be explained partly by the fact that all our
study sites in the Assosa zone are high-transmission areas,
and malaria-susceptible age-groups (i.e., infants and children
younger than 5 years) were not included in this study. Other
factors included differences in the infection status of the study
participants, the type and batch of test products, and the
referencemethodused tocompare thediagnosticmethods. In
addition, there was no noticeable variation in the socioeco-
nomic status and living conditions between rural and semi-
urban areas in our study areas.

TABLE 4
Sensitivity and specificity of RDT between study sites usingmicroscopy and qPCR as gold standard, Assosa zone, northwest Ethiopia, November
to December 2018

PfHRP2 RDT against
microscopy

PfLDH RDT against
microscopy PfHRP2 RDT against qPCR PfLDH RDT against qPCR

Value 95% CI Value 95% CI Value 95% CI Value 95% CI

Rural (n = 260)
Sensitivity 96 (88, 99) 82 (71, 89) 95 (88, 98) 67 (57, 77)
Specificity 94 (89, 96) 98 (95, 99) 99 (97, 100) 97 (94, 99)

Semi-urban (n = 146)
Sensitivity 94 (82, 98) 97 (86, 99) 93 (82, 98) 61 (48, 73)
Specificity 92 (85, 96) 98 (94, 100) 97 (91, 99) 96 (89, 98)
PfHRP2 = Plasmodium falciparum histidine-rich protein 2; PfLDH = Plasmodium falciparum lactate dehydrogenase; qPCR = quantitative PCR; RDT = rapid diagnostic test.

FIGURE 4. Sensitivity and specificity of RDT by age-groups. (A) Taking microscopy as the gold standard. (B) Taking qPCR as the gold standard.
Theblue line indicates thepositivity rateofmicroscopyandqPCR. Theorangeandgraybars indicate sensitivity and specificity for bothPfHRP2and
PfLDH at different age-groups, respectively. PfHRP2 = Plasmodium falciparum histidine-rich protein 2; PfLDH = Plasmodium falciparum lactate
dehydrogenase; qPCR = quantitative PCR; RDT = rapid diagnostic test; Sen = sensitivity; Spe = specificity. This figure appears in color at
www.ajtmh.org.
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LIMITATIONS

In the present study, we did not examine the accuracy of
PfHRP2 and PfLDHRDTs among asymptomatic individuals in
the community. The performance of these RDTs on low-
density asymptomatic infections is yet unclear. Second, the
potential causeof false-positive results suchascross-reactivity
with rheumatoid factor56 and thermal stability during trans-
portation andstoragewasnot assessed.31Third,pfhrp2/3gene
deletion,57,58 the cause of a considerable number of PfHRP2
RDT false-negative results, was not assessed in this study.
In conclusion, the sensitivity and specificity of the Care-

Start™PfHRP2 andPfLDHRDTs in this study complywith the
WHO limit of detection for routine diagnosis of clinical malaria.
There was good agreement between thesemalaria RDTs and the
reference microscopy for the diagnosis of clinical malaria in this
study. Hence, this currently used Pf/PV (HRP2/PLDH) Ag Combo
RDTcouldbeusedasanalternativediagnostic tool in theabsence
of microscopy. Furthermore, implementing both highly sensitive
PfHRP2 RDT and highly specific PfLDH RDT will improve the
accuracyofmalariadiagnosisandcasemanagement.Continuous
monitoring of the performance of the malaria RDT at local and
national scales as well as genetic changes in the parasites is im-
portant when considering the PfLDH RDT as an alternative test in
support of the control and elimination of malaria in Ethiopia.
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