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Abstract 

Background:  To overcome the limitations of conventional malaria rapid diagnostic tests (cRDTs) in diagnosing 
malaria in patients with low parasitaemia, ultrasensitive malaria rapid diagnostic tests (uRDTs) have recently been 
developed, with promising results under laboratory conditions. The current study is the first meta-analysis comparing 
the overall sensitivity, and specificity of newly developed ultrasensitive Plasmodium falciparum malaria RDT (Alere™ 
Ultra-sensitive Malaria Ag P. falciparum RDT) with the cRDT conducted in the same field conditions.

Methods:  PubMed, EMBASE, Cochrane infectious diseases group specialized register, and African Journals Online 
(AJOL) were searched up to 20th April 2021. Studies with enough data to compute sensitivity and specificity of uRDT 
and cRDT were retrieved. A random-effect model for meta-analysis was used to obtain the pooled sensitivity and 
specificity.

Results:  Overall, 15 data sets from 14 studies were included in the meta-analysis. The overall sensitivity of the Alere™ 
ultra-sensitive Malaria Ag P. falciparum RDT regardless of the reference test and the clinical presentation of partici‑
pants, was 55.5% (95% confidence interval [CI]: 45.5; 65.0), while the sensitivity regardless of the reference test and the 
clinical presentation of participants, was 42.9% (95% CI: 31.5; 55.2) for the cRDT performed in the same field condi‑
tions. When PCR was used as reference test, the sensitivity of uRDT was 60.4% (95% CI: 50.8; 69.2), while the sensitivity 
was 49.4% (95% CI: 38.2; 60.6) for the cRDT. The pooled specificity of uRDT regardless of the reference test and the 
clinical presentation of participants was 98.6% (95% CI: 97.1; 99.4), and the pooled specificity of cRDT regardless of the 
reference test and the clinical presentation of participants was 99.3% (95% CI: 98.1; 99.7). When PCR was used as refer‑
ence test the specificity of uRDT and cRDT was 97.5% (95% CI: 94.1; 98.9) and 98.2% (95% CI: 95.5; 99.3). Regardless of 
the reference test used, the sensitivity of Alere™ Ultra-sensitive Malaria Ag P. falciparum RDT in symptomatic patients 
was 72.1% (95%CI: 67.4; 76.4), while sensitivity of cRDT was 67.4% (95%CI: 57.6; 75.9).

Conclusion:  Findings of the meta-analysis show that Alere™ Ultra-sensitive Malaria Ag P. falciparum RDT compared to 
cRDT performed in the same field conditions has higher sensitivity but lower specificity although the difference is not 
statistically significant.

© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creat​iveco​
mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​mmons.​org/​publi​cdoma​in/​
zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Even though the global burden of malaria has been 
reduced since 2000, in 2018, nearly 228 million new cases 
of malaria were recorded globally, and there were close 
to 405.000 excess death caused by malaria [1]. Among 
those deaths, children [2] and pregnant [3] women rep-
resent the most vulnerable population. To reduce and 
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eliminate malaria infections, the World Health Organiza-
tion (WHO) recommends the use of the « Test, Treat and 
Track» strategy [4]. The aim of this strategy is to make 
sure that every suspected case is tested using a confirma-
tion test, and every confirmed case is treated with the 
appropriate anti-malaria medication [4].

In people living in areas where malaria is prevalent, and 
in pregnant women, malaria diagnosis can be challeng-
ing. In the former, because every suspected case must 
be diagnosed and treated, even those with parasitaemia 
below the detection threshold of conventional rapid diag-
nostic tests (cRDTs) for malaria, and in the latter, because 
of the ability of Plasmodium falciparum to bind to the 
placenta, which can lead to parasite densities in periph-
eral blood below the detection threshold of the most used 
cRDTs and light microscopy, hence the need for ultrasen-
sitive diagnostic tests (uRDTs) [5].

Currently, nucleic acid amplification tests are known to 
be sensitive to detect these low-density infections [6, 7]. 
Nonetheless, these methods are limited to well-equipped 
laboratory settings due to their inherent complexity and 
need for sophisticated laboratory facilities. Recently, to 
fulfil the demand for diagnostic tests that are cheaper, 
faster, with high-sensitivity and deployable in the field, 
uRDT was developed [8]. Like cRDTs, which detect 
proteins such as histidine-rich protein 2 (HRP2), aldo-
lase, and parasite lactate dehydrogenase (pLDH), they 
are based on the immunodetection of HRP2 and exhibit 
promising results when their performance is assessed in 
laboratory conditions [8].

However, no study has hitherto evaluated through 
meta-analysis the performance of uRDT under field con-
ditions. This first systematic review with meta-analysis 
aimed to compare the overall sensitivity, and specificity 
of newly developed ultrasensitive malaria RDT (Alere™ 
Ultra-sensitive Malaria Ag P. falciparum RDT) with the 
cRDT conducted in the same field conditions.

Methods
The review is conducted in accordance with the recom-
mendations for diagnostic test accuracy meta-analysis in 
the Cochrane Handbook for Systematic Reviews [9] and 
is reported with respect to the Preferred Reporting Items 
for Systematic Review and Meta-analysis of Diagnostic 
Test Accuracy Studies [10]. The current review is regis-
tration with PROSPERO CRD42021227784.

Search strategy
PubMed, EMBASE, Cochrane infectious diseases group 
specialized register, and African Journals Online (AJOL) 
were searched from inception up to 20 April 2021 
with the following terms: (“malaria[tiab]” OR “malaria 
[MESH]”) AND ("ultrasensitive"[tiab] OR "highly 

sensitive" [tiab] OR "hypersensitive"[tiab] OR "high-
sensitive"[tiab] OR "high sensitive"[tiab] OR "RDT"[tiab]). 
The search strategy used in PubMed which was adapted 
to fit with other databases is presented in Additional 
file 1: Table S1.

After bibliographic search, the titles and abstracts were 
screened for eligibility and duplicates were removed. 
Full texts of potentially eligible articles were retrieved 
and assessed for final inclusion independently by two 
reviewers, with discrepancy between both resolved by 
discussion.

Eligibility criteria
Both observational and experimental studies report-
ing enough data to compute sensitivity and specificity of 
uRDT and cRDT in the same setting and comparing both 
with the same reference test were included in the meta-
analysis. Only studies conducted on the field (not in the 
laboratory), regardless of the language and year of pub-
lication were retained. We excluded editorials, reviews, 
letters, commentaries, and studies lacking key data.

Quality assessment
The Quality Assessment of Diagnostic Accuracy Studies 
2 (QUADAS-2) was used independently by two review-
ers to assess the quality of included studies [11]. Disa-
greement between the two reviewers were resolved by 
discussion.

Data extraction
The following information was retrieved on a precon-
ceived data extraction form by one reviewer: the name 
of the first author, the country where the study was con-
ducted, the year of publication, the characteristics of the 
study population in terms of symptoms and age, the pres-
ence of pregnant women in the sample, the commercial 
name of the uRDT and reference test used in the study, 
the storage condition of the uRDT, the number of true 
positive (TP), true negative (TN), false positive (TP), 
false negative (FN).

Articles reporting on diagnostic performance of uRDT 
in different age categories (e.g., adults and children) or 
in which uRDT was compared with more than one ref-
erence test were divided in separated data sets. Thereaf-
ter, a second reviewer checked the concordance between 
data extracted and the content of the article prior to the 
data synthesis and analysis.

Statistical analysis
The “meta” package within R software version 4.0.2 was 
used for analysis [12, 13]. A random-effect model was 
used to obtain the overall summary effect of studies 
reporting enough data to compute the sensitivity, and 
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specificity. The Clopper-Pearson method was used to 
compute the confidence intervals and the maximum-like-
lihood estimator was used to estimate the between-study 
variance. The QUADAS-2 score was used to estimate 
the risk of bias in included studies. A P-value of 0.05 was 
considered statistically significant in all the analysis.

Results
Search results
The bibliographic search yielded 1440 articles. The 
screening based on title and abstracts and full text 
allowed to retain 15 data sets from 14 studies for the 
quantitative synthesis as depicted in the Prisma flow dia-
gram (Fig. 1).

Characteristics of the included studies
Studies were published between 2018 and 2021, with 9 
out of 14 conducted in sub-Saharan African countries. 
Two out of the 14 studies were from Myanmar [14, 15], 
two from Tanzania [16, 17], while Benin [18], Cam-
bodia [19], Ethiopia [20], Indonesia [21], Kenya [22], 
Mozambique [23], Papua New Guinea [24], Ghana [25], 

Colombia [26], and The Gambia [27] were represented by 
one study (Table 1).

Eight studies (57.1%) were conducted in patients 
regardless of the presence of symptoms, while two 
(14.3%) were conducted in symptomatic patients and 
four (28.6%) in asymptomatic patients. The mean/median 
age of the study population ranged from 4 to 36 years as 
reported by seven studies. Four (28.6%) studies were con-
ducted in pregnant women (Table 1). Plasmodium falci-
parum was the species targeted by the uRDT test in all 
the studies, and all the uRDT were from the same manu-
facturer (abbott Alere™ Ultra-sensitive Malaria Ag P. fal-
ciparum RDT). The reference test was mainly PCR (10 
data sets), and ultrasensitive PCR (4 data sets) (Table 1). 
The risk of bias in studies included in the review ranged 
from low to moderate and is summarized in Fig. 2.

Meta‑analysis of sensitivity and specificity
Sensitivity
Even if the difference was not statistically significant, the 
Alere™ Ultra-sensitive Malaria Ag P. falciparum RDT 
had a higher sensitivity than the cRDT performed in the 
same field conditions. The overall sensitivity of the uRDT 

Fig. 1  The PRISMA flow diagram
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was 55.5% (95% CI: 45.5; 65.0) while the figure was 42.9% 
(95% CI: 31.5; 55.2) for the cRDT (Fig. 3). The difference 
in terms of sensitivity between the Alere™ Ultra-sensitive 
Malaria Ag P. falciparum RDT and cRDT varies accord-
ing to the reference test used. When PCR was used as 
reference test, the sensitivity of Alere™ Ultra-sensitive 
Malaria Ag P. falciparum RDT was 60.4% (95% CI: 50.8; 
69.2) while it was 49.4% (95% CI: 38.2; 60.6) for the cRDT. 
When the ultra-sensitive PCR was used as reference test, 
sensitivity of uRDT was 60.3% (95% CI: 42.2; 75.9) and of 
cRDT was 44.1% (95% CI: 18.8; 72.8) (Table 2). 

The sensitivity of Alere™ Ultra-sensitive Malaria Ag 
P. falciparum RDT and cRDT in pregnant women was 
52.5% (95% CI: 31.3; 72.9) and 44.9% (95% CI:29.7; 61.2) 

respectively. Regardless of the reference test used, the 
sensitivity of Alere™ Ultra-sensitive Malaria Ag P. falci-
parum RDT in symptomatic patients was 72.1% (95%CI: 
67.4; 76.4), while sensitivity of cRDT was 67.4% (95%CI: 
57.6; 75.9). In asymptomatic patients the sensitivity of 
Alere™ Ultra-sensitive Malaria Ag P. falciparum RDT 
was 42.1% (95%CI: 26.5; 59.5), and sensitivity of cRDT 
was 26.0% (95%CI: 13.9; 43.4).

Specificity
The overall specificity of the Alere™ Ultra-sensitive 
Malaria Ag P. falciparum RDT was lower than the cRDT 
(statistically non-significant). The pooled specificity of 
Alere™ Ultra-sensitive Malaria Ag P. falciparum RDT 

Fig. 2  Quality assessment of studies included in the meta-analysis
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was 98.6% (95% CI: 97.1; 99.4), and of cRDT was 99.3% 
(95% CI: 98.1; 99.7). When PCR was used as reference 
test the specificity of uRDT and cRDT was 97.5% (95% 
CI: 94.1; 98.9) and 98.2% (95% CI: 95.5; 99.3) respectively, 
and when the ultra-sensitive PCR was used as reference 
test the specificity was 99.5% (95%CI: 98.9; 99.8) and 
99.8% (95% CI: 99.7; 99.9), respectively (Table 2).

The specificity of Alere™ Ultra-sensitive Malaria Ag 
P. falciparum RDT and cRDT in pregnant women was 
98.1% (95% CI: 91.5; 99.6) and 98.7% (95% CI: 90.9; 
99.8), respectively. Regardless of the reference test used, 
the specificity of Alere™ Ultra-sensitive Malaria Ag P. 
falciparum RDT in symptomatic patients was 99.5% 

(95%CI: 92.6; 100.0), and specificity of cRDT was 99.7% 
(95%CI:95.0; 100.0). In asymptomatic patients the speci-
ficity of Alere™ Ultra-sensitive Malaria Ag P. falciparum 
RDT was 98.4% (95%CI: 95.4; 99.5), and specificity of 
cRDT was 99.3% (95%CI: 96.8; 99.9).

Discussion
This meta-analysis assessing the field performance of 
malaria uRDT (Alere™ Ultra-sensitive Malaria Ag P. fal-
ciparum RDT) highlights the higher sensitivity of the 
Alere™ Ultra-sensitive Malaria Ag P. falciparum RDT 
compared to the cRDT when performed on the same 
field conditions and confirmed findings observed in 

Fig. 3  The forest plot of sensitivity and specificity

Table 2  Meta-analysis of diagnostic performance Alere™ Ultra-sensitive Malaria Ag P. falciparum RDT according to the reference test

PCR Polymerase chain reaction, RDT Malaria rapid diagnostic test, CI Confidence interval

N data sets Pooled sensitivity, % [95% CI] Heterogeneity for 
sensitivity (I2, %)

Pooled specificity, % [95% CI] Heterogeneity 
for
specificity (I2, 
%)

uRDT cRDT uRDT cRDT uRDT cRDT uRDT cRDT

According to reference test

 PCR 9 60.4 [50.8; 69.2] 49.4 [38.2; 60.6] 89.4 92.6 97.5 [94.1; 98.9] 98.2 [95.5; 99.3] 97.6 97.1

 Ultra-sensitive PCR 4 60.3 [42.2; 75.9] 44.1 [18.8; 72.8] 93.6 97.1 99.5 [98.9; 99.8] 99.8 [99.7; 99.9] 71.9 0.0
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the laboratory conditions [8]. Indeed, these results are 
promising for detection of malaria in patients with low 
parasitaemia, subclinical or asymptomatic infections 
and pregnant women. For the former because current 
cRDT available on the market and widely used in malaria 
endemic countries are not able to diagnose malaria in 
patients with a parasite density below 100 /μL while 
uRDT can, this may explain the relatively higher sensitiv-
ity of uRDT [28]. For the latter because they are in most 
countries under intermittent preventive treatment (IPT), 
which can strongly influence the parasite density, and 
because of pathophysiology of malaria during pregnancy.

Indeed, in pregnant women, red blood cells parasite 
by Plasmodium bind to the chondroitin sulfate portion 
of syndecan‐1 of both intervillous space and the syncy-
tiotrophoblast [5] leading to their sequestration into the 
placenta and explain a relative low blood parasite den-
sity [29, 30], and thus their capacity to escape to cRDT. 
Malaria in pregnancy is deleterious for both the mother 
[29] and the fetus [1]. For the mother, malaria can cause 
anaemia, severe disease, and death while for the fetus and 
newborn it contributes to stillbirth, preterm birth, and 
low birthweight [1, 5]. The WHO estimated that 822,018 
of cases of low birthweights in sub-Saharan Africa were 
related to exposure to malaria parasite during pregnancy 
in 2019. Given the tremendous burden of malaria in 
pregnant women, there is an urgent need of highly sensi-
tive method that can help in timely efficient diagnosing 
of malaria in this vulnerable population. Interestingly the 
current meta-analysis found that uRDT performed better 
than cRDT in this specific population, which may allow 
to capture and treat additional cases that may have been 
missed by cRDT.

Even if the specificity of uRDT seems to be slightly 
lower than cRDT it is estimated to 98.6% (95% CI: 97.1; 
99.4) and is higher than 95% regardless of the reference 
test used in blood. Importantly its specificity is not sta-
tistically significantly different from the one obtained for 
the cRDT in the current meta-analysis.

From a public health perspective, the findings of this 
study suggest that Alere™ Ultra-sensitive malaria Ag P. 
falciparum RDT is more sensitive than cRDT and could 
help to capture additional low parasite density malaria 
cases that escape the current cRDT. These results call for 
the assessment of additional criteria, namely the stability 
at high temperature, cost and shelf life of uRDTs, before 
Alere™ Ultra-sensitive malaria Ag P. falciparum RDT 
could be integrated into the already available malaria 
diagnostic arsenal. Furthermore, it is essential that a cor-
relation be established in the field between the parasi-
taemia observed in patients and the positivity of uRDTs 
to confirm the results obtained in the laboratory condi-
tions. Nevertheless, given that cRDTs typically do not 

consistently detect parasite densities lower than 100p/µL, 
the definition of an ultrasensitive malaria test needs to be 
clarified and the conditions to fulfil for a test to be con-
sidered ultrasensitive need to be consensually adopted to 
compliment the current WHO definition, which is based 
solely on the parasite density detection threshold (below 
100 parasites/μl) [28].

The results of the current study must be interpreted 
considering some drawbacks. Most of the studies were 
conducted in WHO African region (sub-Saharan Africa), 
which is the region with the highest burden of malaria. 
This can limit the generalizability of the results to other 
malaria endemic regions of the world. Data does not 
allow for stratified analysis according to parasite density, 
which is one of the key elements in the performance of 
malaria diagnostic tests. None of the studies specified the 
storage conditions of uRDT and cRDT, and only seven 
reported clearly that the test was conducted by trained 
laboratory technician/nurse, this may have impacted on 
the quality of the results. Several brands of cRDT with 
different performances were used as comparators to the 
Alere™ Ultra-sensitive Malaria Ag P. falciparum RDT in 
the current study. The diversity of these tests could be an 
additional source of heterogeneity in the results and may 
limit a direct comparison between Alere™ Ultra-sensitive 
Malaria Ag P. falciparum RDT and a specific brand of 
cRDT test. Nevertheless, this study is the first to assess by 
the mean of a meta-analysis, the performances of one of 
the most recent diagnostic tools of malaria diagnostic in 
the field conditions. Furthermore, recent guidelines were 
used for the assessment of quality of included studies and 
the reporting of the review.

Conclusion
Findings of the meta-analysis show that Alere™ Ultra-
sensitive Malaria Ag P. falciparum RDT compared to 
cRDT performed in the same field conditions has higher 
sensitivity but lower specificity although the difference is 
not statistically significant.
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