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Abstract 

Background  One of the major roadblocks to the falciparum malaria elimination programme is the presence of a 
portion of the population, such as school children, with asymptomatic malaria infection. Targeting such reservoirs of 
infections is critical to interrupting transmission and enhancing elimination efforts. The NxTek™ Eliminate Malaria Pf 
test is a highly sensitive rapid diagnostic test (hsRDT) for the detection of HRP-2. However, knowledge gaps exist in 
Ethiopia on the diagnostic performance of hsRDT for the detection of Plasmodium falciparum in school children with 
asymptomatic malaria.

Methods  A school-based cross-sectional study was conducted from September 2021 to January 2022 on 994 
healthy school children (aged 6–15 years). Finger-pricked whole blood samples were collected for microscopy, hsRDT, 
conventional RDT (cRDT or SD Bioline Malaria Ag Pf/P.v), and QuantStudio™ 3 Real—Time PCR system (qPCR). The 
hsRDT was compared to cRDT and microscopy. qPCR and microscopy were used as reference methods.

Results  The prevalence of Plasmodium falciparum was 1.51%, 2.2%. 2.2% and 4.52%, by microscopy, hsRDT, cRDT and 
qPCR, respectively. Using qPCR as reference, the sensitivity of hsRDT was higher (48.89%) than the microscopy (33.3%), 
and showed 100% specificity and a positive predictive value (PPV). Microscopy showed similar specificity and PPV 
as hsRDT. Using microscopy as a reference, the diagnostic perforrmances of both hsRDT and cRDT were similar. Both 
RDTs demonstrated identical diagnostic performances in both comparison methods.

Conclusions  hsRDT has the same diagnostic performance as cRDT but improved diagnostic characteristics than 
microscopy for detection of P. falciparum in school children with asymptomatic malaria. It can be a useful tool for the 
national malaria elimination plan of Ethiopia.
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Background
Malaria continues to be a major public health prob-
lem putting nearly half of the world’s population at risk 
despite years of significant rollback efforts [1, 2]. A total 
of 241 million cases were reported from 85 endemic 
countries in 2020, the number of cases rose to further 
14 million with mortality rose from 534,000 to 602,000 
compared to 2019, with the most dominant species of 
these cases being attributed to Plasmodium falciparum 
[1].

In Ethiopia, malaria is a major public health prob-
lem with approximately 60% of the population is at risk 
[3]. The peak transmission occurs from September to 
December after the main rainy season (June–August), 
while the minor one is from March to June every year 
after a rain shower, and is typically endemic below an 
altitude of 2000 m above sea level. As a result, it is often 
characterized by localized and broader epidemic cycles 
[4–6].

Over the past decade, Ethiopia has committed to 
strengthened malaria control efforts and significant 
progress has been made in reducing malaria-related 
morbidity and mortality. In line with the Global Tech-
nical Strategy on Malaria 2016–2030 (GTS), the coun-
try adopted a National Malaria Elimination Roadmap 
(later launched as National Malaria Strategic Plan 
2021–2025) in 2016, envisaging a malaria-free Ethio-
pia by 2030 [3, 7]. To achieve the vision, the country’s 
key elimination strategies are to use conventional 
malaria diagnostic tools such as microscopy and 
malaria rapid diagnostic tests (RDTs), vector control, 
case treatment with artemisinin-based combination 
therapy (ACT), and use of a gametocytocidal agent, 
such as a single dose of primaquine [3]. However, a 
significant portion of the population is infected with 
P. falciparum malaria parasite, but is asymptomatic 
and is, therefore, invisible to the healthcare system 
and serves as a source of persistent transmission [8]. 
Among this segment of the population are a large 
number of asymptomatic school-age children, who 
have not received much attention and have benefited 
the least from universal malaria intervention [4–6]. 
It is one of the major challenges facing the national 
malaria eradication programme. The identification 
and targeting of such transmission reservoirs have 
major implications for the program. Currently being 
used successfully for clinical malaria diagnosis and 
immediate treatment, but are inherently unable to 
detect such a large population, which is suboptimal, 
allowing for sustained transmission of the disease 
to mosquitoes. For example, the limit of detection 
(LOD) for microscopy is 50–100 parasites/µL blood, 

reportedly missing 20–50% of infected individu-
als [9], while most conventional cRDTs fail to detect 
malaria when parasitaemia falls below the LOD 100–
200 parasites/µL in asymptomatic carriers [10], lead-
ing to misdiagnosis and clinical decisions.

On the other hand, among the highly sensitive molec-
ular tools for detecting low-density parasitaemias 
include the loop-mediated isothermal amplification 
method (LAMP) [11], conventional polymerase chain 
reaction (PCR), nested PCR and multiplex real-time 
PCR [12]. They are also important tools for detecting P. 
falciparum in areas where HRP2/3-based malaria RDTs 
are reported to be circumvented [13–15]. Unfortu-
nately, these tools are expensive, require highly skilled 
personnel and a continuous power supply [16], and are 
only operated in research settings [12].

Therefore, there is an urgent need for a malaria RDT 
that is highly sensitive to detect low-density parasi-
taemias, quality-assured, and easy to use in remote 
settings with limited resources [17, 18]. Recent scien-
tific recommendations also underlined the need to use 
such RDTs to identify asymptomatic infection reser-
voirs to achieve the goal of malaria elimination [19]. In 
this regard, the NxTek™ Eliminate Malaria Ag Pf [for-
merly Alere ultrasensitive Malaria Ag Pf RDT/Abbott 
Diagnostics Inc., Republic of Korea (05FK140)], is an 
hsRDT developed to detect P. falciparum HRP2 [20] 
in low-density infections. It has been prequalified by 
the World Health Organization (WHO), confirming 
its performance in detecting clinical malaria infections 
(parasitaemia > 200 parasites/µL) and the evaluation of 
this kit in population with asymptomatic malaria has 
not been validated [21]. A systematic review was con-
ducted on its field performance revealing the hsRDT 
had higher sensitivity than cRTDs [22]. Few studies 
conducted field evaluation of the kit in Uganda and 
Myanmar in detecting HRP2 among malaria infected 
individuals including asymptomatic population in vary-
ing geographical settings showed superior sensitivity of 
the hsRDT over conventional malaria diagnostic tools 
[20, 22, 23].

In the Gomma District of the Jimma Zone in Ethiopia, 
microscopy and SD Bioline Malaria Ag Pf (HRP2/ Pv 
pLDH) are the routinely used malaria diagnostic tools. 
In Ethiopia, hsRDT has never been used as malaria 
diagnostic tool and data on the extent of asymptomatic 
malaria in school children is scarce. So far, no work has 
been published on the diagnostic performance of the 
hsRDT in detecting P. falciparum in school children 
with asymptomatic malaria in Ethiopia.

This study aimed to evaluate the diagnostic perfor-
mance of the NxTek™ Elimination Malaria Pf Ag in 
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detecting P. falciparum malaria in asymptomatic school 
children in Gomma District, Jimma Zone, Ethiopia.

Methods
Study setting and design
A school-based cross-sectional study was conducted as 
part of the main project entitled “Asymptomatic malaria 
and its determinants in school children in Gomma dis-
trict, Jimma zone, Oromia, Ethiopia”. The study site was 
395  km southwest of Addis Ababa, Ethiopia and about 
45  km west of Jimma town, the capital of the Jimma 
Zone (Fig. 1). It is also located at 7 49 59.99 north lati-
tude and 36 39 59.99 east longitude and at an altitude of 
1,380–1,680  m above sea level. The district consists of 
42 administrative villages (known as Ganda, the lowest 
administrative level). Of the 80 schools in the district, 
five are high schools (9–12 grade) and 75 are primary 
schools (1–8 grade). There are 49 health facilities in the 
district. There are also 86 active health workers in the 
district [Jimma Zone Health Department, unpublished 
data]. The district receives rain all year-round and is 
endemic to malaria, primarily caused by P. falciparum 
(unpublished, Jimma Zone Health Department unpub-
lished data). Malaria is high immediately after the main 

rainy season and then gradually declines thereafter. Only 
two Plasmodium parasite species are prevalent in the 
area, with the dominant species P. falciparum followed 
by Plasmodium vivax. Malaria prevention and control in 
the district is active. According to malaria stratification 
of the country [7], Gomma is classified as an area of low 
malaria transmission based on the Annual Parasite Inci-
dence (API), i.e., API > 5 & < 10. Depending on the para-
site species, age and situation of the patient, primaquine 
is administered as a radical cure and transmission block-
ing, respectively.

Sample size and sampling technique
The sample size was calculated based on single popula-
tion proportion formula:

 where n = the sample size, z = 1.96 at 95% Confidence 
Interval (CI), d is the margin of error at 2% (to maxi-
mize sample size since asymptomatic malaria is a rare 
infection), p is the expected prevalence rate for falci-
parum malaria among asymptomatic school children 

n =

(

zα2
)2
p(1− p)

d2

Fig. 1  Map of study area and schools in Gomma district, Jimma Zone
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in the district was 6.8% [23]. Therefore, the calculated 
sample size (n) became 608. A non-response rate of 10% 
was added, resulting in 668. Finally, a design effect of 1.5 
was applied to estimate the total sample of 1002 school 
children included in this study. In this study, multi-stage 
sampling technique was used. That is, Gomma district 
was randomly selected as the primary sampling unit from 
the list of 21 districts in Jimma zone. Of the 75 primary 
schools (1st through 8th grade), five were not accessi-
ble, so 21 were also selected as secondary sampling units 
from the list of 70 schools. The sample size was then dis-
tributed proportionally to the individual primary schools 
and then to the individual grades and sections. Finally, 
each school child was selected as the final sampling unit 
using the lottery method from lists of student records 
(rosters) and then stratified by age (6–15 years) and grade 
level (1–4 and 5–8) according to methods described by 
Brooker et al. [24] and previous work [23, 25].

Inclusion and exclusion criteria
A school child aged 6–15  years whose family/guardian 
consented for and was not taking anti-malarial medica-
tion and had an auxiliary body temperature of  < 37.5 °C 
included in the study. School children who were on anti-
malarial medication within 1 month of recruitment, had 
a fever at the time of data collection, and were older than 
15 years were excluded from the study.

Demographic data and blood sample collection
Following collecting demographic data (age sex, grade 
level and place of residency), finger-pricked whole 
blood samples were obtained from each study partici-
pant at each study school. After labeling with each par-
ticipant’s identification code (ID), 5  µL of blood was 
used for field detection of P. falciparum with hsRDT 
and cRDT and testing was performed according to 
the manufacturer’s instructions [26]. For microscopic 
examination, a labelled slide with frosted ends was used 
for both thick and thin blood smear preparation, air-
dried and alcohol-fixed, and transported to the Medical 
Parasitology Laboratory at Jimma University, Institute 
of Health. Four drops of blood were also collected on 
Watmann filter paper-2 as dried blood spots (DBS), and 
stored at −20  °C in individual sterile plastic bags for 
PCR analysis.

Microscopic examination
Blood smears were stained with 10% buffer diluted 
Giemsa for 10  min and examined through a 100X oil 
immersion objective. Species identification and parasite 
density were determined after slide reading by experi-
enced laboratory technologists (who have experience 
in malaria microscopy as senior technicians at Jimma 

University), and each negative slide was declared after 
100 fields were thoroughly examined [26]. Asexual blood 
stage parasite counts (density) were determined from a 
thick blood smear using the standard WHO formula [27] 
as follows:
Parasites /µL of blood

=
No of asexual parasite couted∗8000White Blood Cells/µL

No of White Blood Cells counted

That is, the parasite count was performed against 500 
white blood cell (WBC) counts, assuming a mean WBC 
count of 8,000/L. Quality control was carried out at 
every step of the process. Each blood smear was read 
independently by two experienced microscopists, each 
blinded to the other reader’s results. Discordant results 
were resolved by a third expert microscopist who was 
blinded to the readings of the first two microscopists. 
And all the data collectors took training to ensure 
quality of the data as the study flowchart was followed 
(Fig. 2).

NxTek™ Eliminate Malaria Pf Ag test (hsRDT)
NxTek Eliminate Malaria Pf is an hsRDT (Product Code 
05FK140, Lot No. 05LDF009F, Expiry Date 22 Apr 01, 
manufactured by Abbott Diagnostics Korea Inc.) [21], a 
two-band test and a qualitative and differential test for 
the detection of P. falciparum HRP2 in human whole 
blood. 

The conventional RDT (cRDT)
SD Bioline Malaria Ag (Pf- HRP2 and Pv-pLDH) is a 
triple band (one for P. falciparum HRP2, one for P. vivax 
pLDH and a control band), manufactured by Standard 
Diagnostics Inc. (now Abbot Diagnostic Korea Inc.), 

Fig. 2  Study flowchar of diagnostic perormance of hsRDT in 
school children with asymptoatic malaria in Jimma zine, Southern 
Oromoa,Ethiopia
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LOT number: 05DDF011A and product code 05fk80, 
Korea), developed for routine diagnosis of both P. falci-
parum HRP2 and pLDH of P. vivax, was used as a com-
parator. The test provides results within 15 min and is 
routinely used in remote healthcare facilities in Jimma 
zone, Ethiopia.

The molecular assay
Approximately 3–5 mm diameter pieces of DBS were cut 
with a round hole puncher into a labeled 1.5 ml Eppen-
dorf tube. Parasite DNA was then extracted from DBS 
using the Chelex100 resin saponin method as previously 
described [28] and the purified DNA was then trans-
ferred to Nunc tubes (0.5 mL) and stored at −20 °C until 
used for the PCR assay. For this PCR assay, the TaqMan 
probe for species-specific detection of Plasmodium par-
asite was used. QuantStudio™ 3 Real-Time Multiplex 
PCR system (Thermo Fisher Scientific) was operated 
to amplify the 18S rRNA genes for detection of P. falci-
parum and P. vivax using a pair of forward and reverse 
primer sequences and probes. For P. falciparum specific 
primers (5’-3’) [29]: F-F (forward): TAT​TGC​TTT​TGA​
GAG​GTT​TTG​TTA​CTTTG and.

F-R (Revers): ACC​TCT​GAC​ATC​TGA​ATA​CGA​ATG​
C. And probe used was: Pf-fam (MGB): ACG​GGT​AGT​
CAT​GAT​TGA​GTT.

For P. vivax specific primers used [30] was: Pv-1 (for-
ward): CGC​TTC​TAG​CTT​AAT​CCA​CAT​AAC​TG, and 
Pv-2 (Reverse): AAT​TTA​CTC​AAA​GTA​ACA​AGG​ACT​
TCC​AAG​.

And the probe used was: Pv-probe (VIC-MGB): CGC​
ATT​TTG​CTA​TTA​TGT​. For quality control, DNA from 
P. falciparum and P. vivax isolates (Pf and Pv MR4(BEI)) 
were used as positive controls, while molecular grade 
water was used as a negative control. In brief, PerfeCTa® 
qPCR ToughMix® (Low ROX™, Quanta Bio vwr, cata-
log number: 97065–968) was used as qPCR master mix. 
Briefly, PCR amplification was performed in a total reac-
tion volume of 12 μL which contained 6 μL of PerfeCTa 
master mix, 0.5 μL(× 2) each of probe for P. falciparum 
(Pf-Fam) and P. vivax (Pv-vic), 0.4  μL(× 4) each of the 
forward and reverse primers, 2  μL extracted DNA and 
1.4 molecular grade water under the PCR cycling condi-
tions for 45 cycles. The initial denaturation was 50 ºC for 
2 min, followed by 45 cycles of amplification at 95 ºC for 
2 min, 95 ºC for 2 s and 60 ºC for 30 s with the total run-
time of 60 min.

Data analysis
Data were entered using Epi-data version 3.1, exported 
to Statistical Package for Social Sciences (SPSS) version 
26, and analysed. The sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV) and 

accuracy were first determined against microscopy. This 
because of microscopy is the gold standard for malaria 
diagnosis. Then, against the qPCR due to its higher sen-
sitivity to detect low-density parasitaemia. In all param-
eters, 95% CI was taken. Kappa values were used to assess 
the agreement between malaria diagnostic methods. 
The Chi-Square test was used to assess the association 
between characteristics of children and the positivity of 
each malaria diagnostic tool. A p-value of 0.05 was con-
sidered statistically significant.

Ethics statement
Ethical approval was obtained from the Jimma Uni-
versity Institute of Health Research and Ethical 
Review Committee/Internal Review Board (IRB) (Ref: 
IHRPED/550/2). In addition, letters of permission were 
obtained from the Gomma District Health and Educa-
tion Departments and presented for selected primary 
schools and local health departments. Information 
on the purpose, potential risks and benefits of the 
study was well addressed to each school child’s family/
guardian and presented in their own language. Finger-
stick blood samples were taken after obtaining written 
informed consent from the parents or legal guardians 
of each school child. All malaria-positive children were 
treated at a nearby health facilities in accordance with 
the Federal Ministry of Health’s malaria treatment 
guidelines after sending cover letters stating their name, 
age, gender, school and grade level. Confidentiality of 
each study participant’s data was maintained through-
out this project.

Results
Characteristics of the study participants
A total of 1002 healthy school children included in the 
study and eight were excluded after field works based 
on exclusion criteria (for anti-malarial drug treatment), 
resulting in a total of 994 participants with normal axil-
lary body temperature (< 37.5  °C) completing the study 
with the response rate is 99.2%. Of 994 school children 
who completed the study, as presented in Table 1, 52.4% 
(521/994) of them were males and 47.6% (473/994) were 
females with a mean age of 11.54 (± 2.5 std). The majority 
of students (77%) were from rural areas, while 23% were 
from semi-urban areas.

The diagnostic performances of malaria RDTs
Using microscopy as a reference method, the diagnos-
tic performances of the hsRDT were identical with the 
cRDT (Table 2). Accordingly, the sensitivity of the RDTs 
was 100% (95% CI 78.20, 100) and their specificity was 
99.28% (95% CI 98.53, 99.71). It also demonstrated a 
PPV of 68.20 (50.62, 81.77) and an NPV of 100% (95% CI 
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(99.60, 100). The RDTs also showed a strong agreement 
with results of microscopy at kappa value 81% (95% CI 
67.00, 94.69). Thus, the overall probability of the RDTs 
to correctly classifying a school child with asymptomatic 
malaria (accuracy) was 99.30% (95% CI 98.55, 99.72).

Using qPCR as a reference method (Table 3). The sen-
sitivity of the hsRDT was 48.89% (95% CI 33.70, 64.23) 
and that of the microscopy was 33% (95% CI 33.33 (20; 
48.95)]. The hsRDT demonstrated similar PPV 100% 
(95% CI 85.00, 100) and specificity [100% (95% CI 99.61, 
100)] with microscopy [specificity 100% (95% CI (99.61, 
100) and PPV of 100% (95% CI 79.60, 100)]. In contrast, it 
achieved a better NPV [70.51% (95% CI 64.25; 76.09) than 
the microscopy [64.71% (95% CI 59.86; 69.27)]. The RDT 
showed good level of agreement with results of qPCR at 
kappa value 64% (95% CI 51.25, 77.99). The microscopy 
on the other hand showed moderate level of agreement 
with qPCR results [kappa = 49% (95% CI 33, 64.3). The 
overall probability that a school child with asymptomatic 
malaria was correctly classified (test accuracy) by the 
new kit was 74.4% (95% CI 74.26, 79.58) than microscopy 
[66.7% (95% CI 67.04, 72.84).

Prevalence of asymptomatic P. falciparum malaria in school 
children using qPCR, RDTs and microscopy
Detection rates of asymptomatic falciparum malaria 
varied depending on the method used (Table  1). The 
overall prevalence of the infection was 4.52% (45/994) 

as determined by qPCR, of which 2.2% was detected 
by hsRDT/cRDT and 1.51% by microscopy. Across all 
malaria diagnostic tools, high infections were observed 
in males, grades 1–4, and children living in rural areas. 
There was statistically significant association between 
malaria positivity by conventional diagnostic tools 
(microscopy and RDTs) and sex of children (p < 0.0.05). 
Despite both RDTs had matching results, few cRDTs 
showed more fainter positive band lines than hsRDT 
(Fig.  3). On the other hand, the cRDT did not detect P. 
vivax in the current study population.

The Venn diagram (Fig.  4) shows a summary of the 
overall positive intersections of the malaria diagnos-
tic methods used in the current study. Of the 22 cases 
identified by hsRDT, microscopy missed seven as false 
negatives. Likewise, 67% of the 45 cases detected by 
qPCR were submicroscopic malaria infections, as 
microscopy missed 30 of them as false negatives. On 
the other hand, the hsRDT- based detection shows a 
false negative rate of 51.1% (23/45). These results reflect 
the superior advantage of the hsRDT over microscopy 
for diagnosing P. falciparum malaria, and a silently 
ongoing transmission of the disease among children in 
the study area.

Asexual parasite density was determined using micro-
scopic examination of Giemsa-stained thick blood smears 
using the microscope and ranged from 64 to 8080 para-
sites/µL and was divided into four categories (Table 4).

Table 1  Malaria diagnostic tools and characteristics of the participants

 + ve positive, -ve negative, qPCR quantitative Polymerase Chain Reaction, X2- test Chi-squared test, Total No.: Total number
* Statistically significant if the P value for a chi-square test is less than 0.05

Characteristics Total No Malaria diagnostic tools

Microscopy hsRDT (pfHRP2) cRDT (PfHRP2) qPCR

 + ve −ve  + ve −ve  + ve −ve  + ve −ve

994 15 979 22 972 22 972 45 949

Sex Male 521 (52.40) 12 (80.00) 509 (52.00) 18 (82.00) 503 (51.70) 18 (82.00) 503 (51.70) 29 (64.40) 492 (51.84)

Female 473 (47.60) 3 (20) 470 (48.00) 4 (18.00) 469 (48.30) 4 (18.00) 469 (48.30) 16 (35.60) 457 (48.16)

P-value 0.030* 0.005* 0.005* 0.61

Age 6–11 463 (46.60) 7 (46.70) 456 (46.58) 12 (54.50) 451 (46.40) 12 (54.50) 451 (46.40) 22 (48.90) 441 (46.47)

12–15 531 (53.40) 8 (53.33) 523 (53.42) 10 (45.50) 521 (53.60) 10 (45.50) 521 (53.60) 23 (51.10) 508 (53.53)

P-value 0.99 0.44 0.44 0.7507

Grade level 1–4 561 (56.40) 8 (53.33) 553 (56.50) 13 (59.10) 548 (56.40) 13 (59.10) 548 (56.40) 24 (53.30) 537 (56.59)

5–8 433 (43.60) 7 (46.67) 426 (43.50) 9 (41.90) 424 (43.60) 9 (41.90) 424 (43.60) 21 (46.70) 412(43.41)

P- value 0.8070 0.79 0.79 0.66

Residence Rural 765 (77.00) 13(86.70) 752 (76.80) 17 (77.27) 748 (77.00) 17 (77.27) 748 (77.00) 35 (77.80) 730 (77.00)

Semi-urban 229 (23.00) 2 (13.30) 227 (23.20) 5 (22.73) 224 (23.00) 5 (22.73) 224 (23.00) 10 (22.20) 219 (23.00)

P- value 0.36 0.97 0.97 0.89
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Discussion
As the Global Technical Strategy on Malaria 2016–
2030 envisions a malaria-free world by 2030 with the 
aim of a 90% reduction in the global malaria burden 
[31] is approaching, the role of HRP2-based malaria 
RDT is paramount in monitoring and steering the suc-
cess of the Strategy. The current study evaluated the 
field performance of the hsRDT for the detection of P. 
falciparum HRP2 antigen in whole blood from healthy 
school children with asymptomatic malaria. The results 
of this study confirmed the high sensitivity (100%) and 
specificity (99.28%) of hsRDT using microscopy as a 
reference method, which is consistent with the WHO 
prequalification report [21]. However, the study par-
ticipants in the report were symptomatic patients, 
and venipuncture blood was used for the analysis, as 
opposed to finger-prick blood samples collected from 
healthy school children in this study. The higher PPV 
(96.1%) and NPV (100%) in this this study is compara-
ble with the study conducted in Saudi Arabia [32] and 
Kenya [33].

When qPCR was used as a reference, the hsRDT had 
sensitivity (48.89%) than that of microscopy (33.3%) and 
same specificity and PPV (100%). It also demonstrated a 
higher NPV (70.51%) and accuracy (74.4%) in correctly 
classifying children with asymptomatic malaria infec-
tion. The lower sensitivity in the current study is com-
pared to the manufacturer’s report [21, 22, 26] though 
they used a composite sensitivity (microscopy + qPCR). 

The difference could be attributed to variations in study 
population, source of specimen, and disease status. The 
sensitivity of hsRDT is also lower compared to a study 
conducted in western Kenya (60.3%) in asymptomatic 
school-age children [34]. However, higher specificity 
and PPV were observed in the current study. The sen-
sitivity of hsRDT in this study is also lower compared 
to a recently reported meta-analysis which estimated 
a pooled sensitivity at 56.1% in asymptomatic popula-
tion and higher than that of cRDT (44.3%) in the report 
[20]. A similar performance of the hsRDT as cRDT in 
this study is consistent with those from Mozambique 
and Uganda [35] where the diagnostic performances of 
ultrasensitive RDT (uRDT) and cRDT are comparable. 
A study from Uganda and Myanmar [36] using samples 
from the general population with asymptomatic malaria 
reported that hsRDT showed a tenfold improvement in 
detecting HRP2 compared to the cRDT. On the other 
hand, Landier and colleagues [37] in East Myanmar 
reported that the sensitivity of hsRDT was two-fold 
higher than that of cRDT. The sensitivity of hsRDT in 
our study is slightly higher than that performed in a 
low-transmission setting in Myanmar (44%) and lower 
than that performed in a high-transmission setting in 
Ugandan children (84%). However, the new kit showed 
higher specificity (100%) than the Uganda report (95%) 
and is consistent with a report from Myanmar. Inter-
estingly, the same study reported that the cRDT had a 
sensitivity of 62% in Uganda and 0% in Myanmar [36]. 

Fig. 3  Plate 1 showing the differences in band line positivity of hsRDT and cRDT for detection of P. falciparum HRP2 from whole blood for detection 
of asymptomatic malaria of different study participants
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Existing evidences support these contradicting results, 
that might be attributed to differences in type and sen-
sitivity of qPCR sensitivity [38] and parasite density 
and transmission settings [39]. It is also important to 
recall that, mosquito bites are usually rare in low trans-
mission settings, so that the parasite’s main strategy 
is successful transmission with only a few bites, while 
the it becomes non-virulent [40, 41]. However, in high 
transmission settings, the mosquito bite is so frequent 
and the priority of the parasite is surmounting the host 
immunity [41].

The outperformance of the new kit over the established 
method suggests that it can be considered a replacement 
for microscopy in a resource-poor rural setting. The 
results of the current study confirmed that the new kit 
offers no added value over the existing malaria RDT in 
the study population. However, available evidences indi-
cate that the performance of HRP2- based malaria RDTs 
could be affected by the parasite density [42, 43], HRP2/3 
-gene deletions [44] and the prozone effect in PfHRP2 
[45].

Therefore, considering these points, in this study, the 
real comparison between the RDTs could have been com-
promised by all or any of these factors. In general, given 
that the cost and performance of the cRDT is compara-
ble, the hsRDT can be a useful tool to diagnose asympto-
matic malaria as part of the national malaria elimination 
programme.

In the current study, the proportion of infections 
detected by the RDTs was the same (2.2%, 22/994), higher 
than microscopy (1.5%, 15/994). Infection was higher in 
male school children and those from rural areas. This 
could possibly be due to male boys being more likely 
to play outdoors than female girls, and more mosquito 
bites in rural than urban areas. The proportion of detec-
tion of infection by RDTs [2.21% (22/994)] in this study 
is lower than a study conducted in Uganda [22] in which 
the hsRDT detected 24.9% (546/2,192) in school-age chil-
dren. A closer look at this data show that microscopy 
missed 31.8% (7/22) of the infected children identified 
by RDTs, confirming the diagnostic advantage of the 
RDTs over microscopy in detecting low-density malaria 
infections. Likewise, microscopy missed 66.7% (30/45) 
of infected children identified by qPCR. This reveals 
that asymptomatic submicroscopic falciparum malaria 
infection was prevalent among school children in the 
study area. This is reinforced by previous work by Okell 
and colleagues [9] who reported that microscopy misses 
20–50% of malaria infections in areas of low transmis-
sion and is responsible for all human-to-mosquito trans-
mission. Hence, the results of this study challenge the 
importance of light microscopy for malaria control and 
elimination. Likewise, both RDTs missed 51% (23/45) 
of infected children identified by qPCR. As explained 
above, this RDT-negative/PCR-positive samples could be 
partially explained as (1) possible prevalence of HRP2/3-
gene deletions in most samples or (2) due to low concen-
tration of circulating HRP2 antigens which could not be 
detected and result in false-negative results [44] and in 
individuals with rheumatoid arthritis, cross-reactivity of 
rheumatoid factors with HRP2 results in false-positive 

Fig. 4  Venn diagram showing P. falciparum positivity intersections 
or unique to the malaria diagnostic tool(s) in school children with 
asymptomatic malaria infection

Table 4  Distribution of asymptomatic P. falciparum density by sex, age group, grade level, and place of residence

N number

Participants n (%)

Parasite density/μL N Sex Age group Grade level Residence

Male Female 6–11 12–15 1–4 5–8 Rural Semi-urban

 < 200 5 3 (25%) 2 (67%) 2 (29%) 3 (38%) 2 (25%) 3 (43%) 3 (23%) 2 (100%)

201–200 3 2 (17%) 1 (33%) 1 (14%) 2 (25%) 1 (13%) 2 (29%) 3 (23%) 0 (0%)

501–2000 3 3 (25%) 0 (0%) 2 (29%) 1 (13%) 2 (25%) 1 (14%) 3 (23%) 0 (0%)

2001–9000 4 4 (33%) 0 (0%) 2 (29%) 2 (25%) 3 (38%) 1 (14%) 4 (31%) 0 (0%)
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results [46]. At this point it should be noted that the con-
ventional tool-based diagnosis underestimates the actual 
prevalence of falciparum malaria in the study population. 
In all cases, it was shown that there was silent and active 
transmission of the infection in the area.

Although the performance of both RDTs were identi-
cal in this study, differences in the intensity of the HRP2 
positive band lines were observed. For example, some 
cRDT tests showed very faint positive Pf band lines that 
was difficult to declare, but all were clearly visible with 
the new RDT. These differences could be attributed 
either to the assumption of a low concentration of cir-
culating HRP2 antigen in asymptomatic school children 
or the fluoresce material used. Briefly, both tests are lat-
eral flow immunochromatographic kits that allow for 
a qualitative diagnosis based on the detection of HRP2 
expressed by P. falciparum in the blood of infected indi-
viduals [47]. Available evidence shows that the limit of 
detection (LOD) for HRP2 by most cRDTs is estimated at 
800–1000  pg/mL when the parasitaemia is 100–200/µL 
[48] and the visibility of bands diminishes when the para-
sitaemia falls below 200 p/µL [49], indicating that para-
site density and HRP2 concentration are directly related.

Another plausible piece of evidence in support of this 
observations is a study on the analytical performance 
of hsRDT [50], which demonstrated better detection of 
HRP2 at a tenfold lower LOD than most RDTs, suggest-
ing that the new kit detects HRP2 better than cRDT in 
low-density parasitaemia. So far, there are only very few 
empirically published reports examining the HRP2 con-
centration and LOD of cRDT and HSRDT. For example, 
Jimenez and colleagues [48] compared both RDTs for 
their performance on samples with known HRP2 concen-
trations. The authors reported that the LOD of cRDT was 
800  pg/L compared to 8  pg/L LOD for uRDT. Further-
more, in this study, the true comparison between both 
RDTs might have been compromised by the presence of 
HRP2 gene deletions in most of the samples, as the qPCR 
result shows.

Conclusions
The current study reports the diagnostic performance 
of the NxTek™ Elimination Malaria Pf Ag test in detect-
ing P. falciparum in school children with asymptomatic 
malaria in Ethiopia. The hsRDT detected 7- fold more 
low-density P. falciparum malaria infections and provides 
a better measure of discriminating children with and 
without asymptomatic malaria (diagnostic value) than 
the malaria gold standard tool, microscopy. On the con-
trary, the new kit did not outperform the conventional 
RDT (SD Bioline Malaria Ag Pf. P.v) in the current study. 
The study provides significant numbers of asymptomatic 
submicroscopic P. falciparum infections. This active and 

silent transmission of malaria in school-age children is an 
alarm for the malaria control programme in the Gomma 
District of the Jima Zone for appropriate interventions. 
The results of the current study also underscore the 
importance of molecular tools for screening asympto-
matic populations to achieve malaria elimination goals.
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