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ABSTRACT

Background and Objectives: Rapid and accurate identification of suspicious SARS-CoV-2 patients is essential in con-
trolling the infection. Numerous commercial kits are developed which target diverse regions of the SARS-CoV-2 virus ge-
nome. This systematic review addresses the lack of comprehensive analyses comparing the diagnostic value of commercial
kits for SARS-CoV-2 detection. We aimed to compare diagnostic value of commercial SARS-CoV-2 kits in clinical samples
using a systematic review and meta-analysis method.

Materials and Methods: A comprehensive search was conducted on main databases of Medline (PubMed), Embase, Web
of Science and Scopus from 2019 to October 2021 using the appropriate keywords. Systematic Reviews and Meta-Analysis
guideline PRISMA checklist was used to select eligible studies.

Results: The most frequent introduced kits were from USA (33 cases) and China (27). Among all studies, 11, 9 and 7 papers
had assessed FDA —-CDC, Sansure and Allplex Kits, respectively. The majority of the kits were based on RT-PCR (52 cases)
and the most frequent genes target was N protein (63 cases). The overall sensitivity of the kits was 80.5%. The lowest sensi-
tivity was reported for Daan Kit, while the highest sensitivity was seen for many kits. The specificity of the kits ranged from
87.9% t0 99.8% and the overall specificity was 97.9%. Both PPV and NPV of the kits ranged from 87.9% to 99.8% for PPV
and 82.9% to 99.8% for NPV.

Conclusion: Based on DOR obtained from three different formulas, GeneFinder, InBios, NXTAG, Simplexa and FDA-CDC
kit have better detection performance. The GeneFinder Kit appears to be among the more suitable options regarding cost-ef-
fectiveness for each reaction.
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INTRODUCTION

The COVID-19 pandemic still threatens many
countries’ system, and many measures have been
implemented to repel the pandemic. Prevention of
the disease transmission and the quick and accurate
identification of the affected patients are the most
important factors for the treatment of infection. Mis-
diagnosis and the existence of asymptomatic patients
are main” contributors to the transmission (1). The
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a positive-sense single-stranded
RNA virus with a genome size ranging from 29.8
to 29.9 kb. The genome consists of orflab encod-
ing polyproteins at the 5” end and structural genes
at 3’ end, which encode different proteins (2). Key
genes such as RARP gene (RNA-dependent RNA
polymerase gene), E gene, and the N gene exhibit
conserved sequences, making them suitable targets
for detection via reverse-transcription polymerase
chain reaction (RT-PCR) (3). While the World Health
Organization (WHO) does not endorse virus culture
for routine diagnostic procedures, nucleic acid-based
amplification tests (NAATSs) are recommended by
the WHO and the Centers for Disease Control and
Prevention (CDC) (4).

While several FDA-approved commercial Kits are
based on RT-qPCR, their diagnostic performance
does not seem to be consistent. Most previous studies
have only considered individual Kits and they large-
ly lacked a systematic comparison involving different
viral targets and sensitivities (5, 6). This discrepancy
has consequences in the reliability of diagnostic re-
sults, and such Kits need to be thoroughly evaluated
before clinical use (7).

This systematic review addresses the lack of com-
prehensive analyses comparing the diagnostic value
of commercial Kits for SARS-CoV-2 detection. The
aim of the study was a comparison of the diagnostic
performance of the kits for the detection of SARS-
CoV-2 RNA in clinical specimens.

MATERIALS AND METHODS

Search strategy. A comprehensive search was
conducted through the main electronic databases
PubMed, Embase, Web of Science and Scopus from
2019 to October 2021 using the following keywords:
“COVID”, “COVID-19”, “SARS-CoV-2”, “Corona-
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virus 20197, “New Coronavirus” “CoV-19”, “Coro-
navirus disease 2019”7, “COVID-19 Coronavirus”,
2019 Novel Coronavirus”, “Detection”, “Diagnosis”,
“Detection performance”, “Molecular detection”,
“gPCR”, “real-time PCR”, “real-time polymerase
chain reaction”, “PCR”, “Multiplex-PCR”, “quanti-
tative PCR”, “RT-PCR”, “Gold nanoparticle”, “Sil-
ver nanoparticle”, “Type of nanoparticle”, “LAMP”,
“Nano-LAMP”,  “RT-LAMP”,  “Loop-Mediated
Isothermal Amplification”, “Rapid colorimetric de-
tection”, “Direct RT-gPCR”, and “Next-generation
sequencing” (“AND” and/or “OR”). Search was
limited to English language. Systematic Reviews
and Meta-Analysis guideline PRISMA checklist was
used for selecting eligible studies (5). It is noted that
selection of English language articles may result in
language bias, potentially excluding noteworthy find-
ings from research conducted in other languages.

Inclusion/exclusion criteria and studies selec-
tion. Studies were screened and selected based on an
evaluation of their titles, abstracts, and full texts. Two
researchers independently reviewed the full texts of
eligible articles. Studies were included if they pro-
vided data on commercial SARS-CoV-2 detection
kits. The following publication types were excluded:
conference abstracts; narrative or systematic reviews;
letters to editors; notes; book chapters; cohort studies;
case reports; commentaries; protocols; and non-En-
glish articles. Extracted data included: Kit abbrevia-
tion and name, manufacturer and country, assay type,
target gene, sample type, number of samples and
positive samples, sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV),
limit of detection (LOD), positive Ct value, other test-
ed pathogens, cross-reactivity, and price per PCR re-
action. Data extraction was performed independently
by two teams, and any disagreements were resolved
by a third reviewer.

Data analysis. The diagnostic performance of the
kits, sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV), were as-
sessed using Comprehensive Meta-Analysis (CMA)
software (v2.2.064). Each parameter was treated as
an event rate with the corresponding sample size,
and the results were reported with 95% confidence
intervals. Due to significant heterogeneity among the
studies, as assessed by the Q-test and the 12 statistic,
a random-effects meta-analysis was performed. Ad-
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ditionally, sensitivity and specificity were calculat-
ed from true positive, false negative, false positive,
and true negative values using a bivariate model in
STATA V17.0, yielding paired performance estimates,
a coupled forest plot, and a summary receiver oper-
ating characteristic (SROC) curve. Publication bias
was not evaluated because there is no reliable method
for assessing bias in diagnostic test accuracy reviews
(6). The p-value <0.05 was considered significant in
all analyses. For further interpretation, additional
diagnostic metrics, including the positive likelihood
ratio (PLR), negative likelihood ratio (NLR), accura-
cy, Youden’s index, and diagnostic odds ratio (DOR),
were calculated based on published data (7).

RESULTS

The results of database searching. Of the 89,739
items screened, 58,220 duplicates were removed. Af-
ter applying the inclusion/exclusion criteria and con-
ducting detailed reviews, 48 studies were ultimately
included in the qualitative and meta-analyses (Fig. 1).
The features of the included studies are presented in
Table 1.

The included studies and their used kits were as
follows (the abbreviations were taken by us for easy
representation of kits in the text, figures and Tables
of the article): Guo et al. [Multiple Real-Time PCR
Kit (Beijing), Novel Coronavirus Real Time Multi-
plex RT PCR Kit (ZJ Bio-Tech)] (8), Freire-Paspuel
et al. [Viasure RT-gPCR kit (Viasure), FDA EUA
2019-nCoV CDC kit (FDA-CDC)] (9), Wang et al.
[Liferiver novel coronavirus nucleic acid detection kit
(Liferiver), Daan novel coronavirus nucleic acid de-
tection kit (Daan), Genekey novel coronavirus nucleic
acid detection kit (Genekey), Yaneng novel coronavi-
rus nucleic acid detection kit (Yaneng)] (10), Gold-
enberger et al. [cepheid® Xpress SARS-CoV-2 assay
(Cepheid), cobas® SARSCoV-2 assay (Cobas)] (11),
Nagura-lkeda et al. [SARS-CoV-2 direct detection
RT-gPCR kit (TaKaRa), Ampdirect 2019 novel coro-
navirus detection kit (Shimadzu), SARS-CoV-2 detec-
tion kit (Toyobo)] (12), Chen et al. [LightMix Sarbe-
coV E-gene kit (LightMix), NXTAG® CoV Extended
Panel (NXTAG)] (13), Matsumura et al. [FDA-CDC,
Roche E/N/RdARP kit (Roche), TagPath COVID-19
CE-IVD RT-PCR Kit (TagPath, BGI’s Real-Time Flu-
orescent RT-PCR Kit (BGI )] (14), Zhen et al. [The
New York SARS-CoV-2 RT-PCR Diagnostic EUA
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Panel (Wadsworth), Simplexa® COVID-19 Direct
Kit (Simplexa), GenMark ePlex SARS-CoV-2 assay
EUA (GenMark), Panther Fusion® SARS-CoV-2 As-
say (Panther)] (15), Kasteren et al. [RealStar® SARS-
CoV-2 RT-PCR Kit (RealStar), BGI, Viasure, RADI
COVID-19 Detection Kit (RADI ), COVID-19 gene-
sig® Real-Time PCR assay (Genesig), RIDA®GENE
SARS-CoV-2 test (RIDA), Allplex™ 2019-nCoV As-
say kit (Allplex)] (16), Lu et al. [Novel Coronavirus
Nucleic Acid Diagnostic Kit (Sansure), BioGerm nov-
el coronavirus nucleic acid detection kit (BioGerm)]
(17), Pasomsub et al. [Sansure] (18), Haq et al. [BGI]
(19), Freire-Paspuel et al. [AccuPower SARS-CoV-2
Multiplex RT-PCR kit (AccuPower), FDA-CDC]
(20), Freire-Paspuel et al. [Isopollo COVID-19 de-
tection kit (Isopollo), FDA-CDC] (21), Sarigul et al.
[Bio-Speddy R COVID-19 RT-gPCR Detection Kit
v2.0 (Bio-Speddy), Diagnovital R SARS-CoV-2 Re-
al-Time PCR Kit v2.0 (Diagnovital)] (22), Alcoba-Flo-
rez et al. [Real Accurate Quadruplex corona-plus PCR
Kit (PathoFinder), TagPath] (23), Zou et al. [Daan]
(24), Visseaux et al. [RealStar] (25), Kitagawa et al.
[Loopamp® 2019-SARS-CoV-2 Detection Reagent
Kit (Loopamp)] (26), Freire-Paspuel et al. [FDA-
CDC] (27), Wen et al. [BioGerm, Sansure, Cepheid]
(28), Sasaki et al. [Shimadzu] (29), Tedim et al. [Bio-
Rad SARS-CoV-2 detection kit (Bio-Rad), GeneFind-
er™ COVID-19 Plus RealAmp Kit (GeneFinder)]
(30), Mollaei et al. [TIB MOLBIOL Real Time PCR
kit (TIB), Sansure] (31), Lee et al. [Allplex, PCR 20 K
COVID-19 Detection kit (Optolane)] (32), Hernandez
et al. [QuantuMDx SARS CoV 2 RT PCR Detection
Assay (QuantuMDx), GeneFinder™ COVID-19 Plus
RealAmp Kit (GeneFinder), Allplex, Genesig, Novel
Coronavirus (2019-nCoV) Nucleic Acid Diagnostic
Kit (Sansure), Smart Detect™™ SARS-CoV-2 rRT-
PCR Kit (InBios), ProTect™ COVID 19 PCR Kit
(ProTect), PCL COVID19 Speedy RT-PCR (PCL),
MIRXES Fortitude Kit 2.1 (MiRXES)] (33), Chung
et al. [PowerCheckTM2019-nCoV (PowerCheck),
Allplex, DiaPlexQTMNovel Coronavirus Detection
Kit (DiaPlex), STANDARD M nCoV Real-Time De-
tection Kit (Biosenser), Real-Q 2019-nCoV Detection
kit (Bioseum)] (34), Roy et al. [Sansure] (35), Fu-
kumoto et al. [Shimadzu] (36), Freire-Paspuel et al.
[AccuPower, Allplex, FDA-CDC] (37), Reijns et al.
[TagPath, Abbott RealTime SARS-CoV-2 assay (Ab-
bott)] (38), Freire-Paspuel et al. [COVID-19 Nucle-
ic Acid Test Kit (eDiagnosis), Sansure, FDA-CDC]
(21), Freire-Paspuel et al. [Daan, GenomeCoV19 kit
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Fig. 1. PRISMA flow diagram of study selection

(ABM), FDA-CDC] (39), Lu et al.-2 [Liferiver] (40),
Alaifan et al. [SARS-CoV-2 kit (Un-Named)] (7), Hur
et al. [Allplex, PowerChek 2019-nCoV Real-time
PCR (PowerChek), Real-Q 2019-nCoV Detection
(Real-Q), Biosenser] (41), Tsang et al. [Cepheid]
(42), Moore et al. [FDA-CDC, Abbott, ID NOW™
COVID-19 assay (IDNOW)] (43), Gupta et al. [Light-
Mix] (44), He et al. [Daan] (45), Szymczak et al. [Ce-
pheid] (46), Goldfarb et al. [Cepheid] (47), Fan et al.
[BGI] (48), Nawattanapaiboon et al. [Sansure] (49),
Lim et al. [RealStar, Sansure] (50), Roumani et al.
[Allplex] (51), Schermer et al. [RealStar] (45), Huang
et al. [ZJ Bio-Tech] (52).

General data. The kits were made in the USA (32
cases), China (27 cases), South Korea (23 cases), Ger-
many (8 cases), Japan (6 cases), UK (3 cases), Spain
(2 cases), Canada (2 cases), Singapore (2 cases), Tur-
key (2 cases), and the Netherlands (1 case) (Table 1).
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The FDA —-CDC, Sansure, and Allplex kits were as-
sessed in 10, 9 and 7 reports, respectively.

The majority of the kits were based on RT-PCR (51
cases), while a few of other methods also existed (2
cases of RT-LAMP and one case of ddPCR, LOAA
dPCR, and NGS). Also, the gene targets of the Kits
were N (62 cases), E (50 cases), RdRp (41 cases),
ORF1ab (30 cases), S (12 cases), and ORF3a (1 case)
(Table 1). The Ct values considered positive were dif-
ferent based on the kits used, but most of them ap-
plied <40 as positive Ct value (Table 1).

Sensitivity, specificity, PPV, and NPV of the Kits.
Fifty-nine reports of kit sensitivity were included for
a random-effects model meta-analysis. The sensi-
tivities of the kits were presented as event rates and
Cls. The overall sensitivity of the kits was 90.4%
(CI 95%: 87.8-92.4) (Fig. 2). The lowest sensitivity
was reported for Daan Kit (mean 38.2%), while the
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2 g 'és § g é;- g highest sensitivity (about 100%) was seen for many
g 32 g 3 5 g @ kits. A significant heterogeneity between-studies were
:’: § % :’f § g : observed (Q-value of 116.03 and I-squared of 91.74)
5 fsE £ E 0 (e
g 8 g 8 g Forty-six reports were included for the assessment
® }c=> ® g 3 of the specificity indexes. The specificity of the Kits
® g ® a 3 ranged from 87.9% to 99.8% and the pooled speci-
° g © g a ficity was 98.3% (Cl 95%: 97.7-98.8) (Fig. 3). There
R ) - 3 g was significant heterogeneity between the studies re-
2 " i ,_i garding specificity (Q-value: 49.09, I-squared: 53.97)
< g 8 2| - (Fig. 3).
" o . o Only 19 appropriate reports existed for PPV and
S % S g NPV of the kits. Both PPV and NPV of the kits ranged
o from 87.9% to 99.8% for PPV and 82.9% to 99.8% for
8 2 S 5 NPV. Also, significant heterogeneity was observed be-
% 3 tween studies reporting PPV and NPV with Q-value of
© g - g 47.8 (for PPV) and 77.25 (for NPV) and I-squared of
e & 3 3 65.19 (for PPV) and 78.29 (for NPV/) (Figs. 4 and 5).
(@)
g g & :Z, Bivariate model analysis. A random-effects bivar-
_ 5 iate model analysis was applied for data analysis. The
S ) g g overall sensitivity and specificity were 0.99 (CI 95%:
© g g 0.95-1.00) and 0.99 (CI 95%: 0.98-1.0), respectively
o ) ° g (Fig. 6A). The heterogeneity between the sensitivities
> S ? ;%' and the specificities were 14.23%, 4.16%, respective-
- % < £ ly with the I-squared of 7.4%. The results of overall
. = ] % summary point, the confidence/prediction regions,
¢ o and the area under the curve (AUC) are also shown in
S 3 § gi, the SROC plot. The AUC was 1.00 (CI 95%: 0.99-1.0)
i (Fig. 6B).
o 2 - El Bivariate model analysis of the commercial kits for
o § 3 g the detection of SARS-CoV-2. A) A double forest plot
o s of sensitivity and specificity of the kits. B) SROC
§ % < % curve of sensitivity and specificity of the kits (Fig. 6).
[v] =
. ;3 ; Cross reactivity. Only in 13 studies the kits were
P %" 8 :g evaluated for detecting other pathogens rather than
h N SARS-CoV-2.
© é’ 9 2 There was no reported cross reactivity with other
" s @ ;-‘;' members of SARS-CoV-2 family and non- SARS-
2 5 ; CoV-2 viruses in any paper (Table 1).
i - Concordance of kits. Concordance between sam-
- z ples or methods was only reported for few kits so me-
© g ta-analysis was not applicable and only the average
N concordance is reported. The overall kit concordance
8 g between samples and methods was 95% and 92%, re-
= g spectively (Table 1). The lowest concordance between
5 Z samples was 89.2% and the lowest concordance was
R E g 72% (Table 1).
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Sensitivity of kits

Group by Study name Subgroup within study Statistics for each study Event rate and 95% CI
Subgroup within study _— - @@
Event Lower Upper

rate  limit limit Z-Value p-Value

ABM 0.970 0.824 0.996 3.528 0.000
AccuPower 0.600 0.317 0.829 0.680 0.496
Allplex 0973 0.919 0.992 6.000 0.000
Beijing 0.781 0.420 0.946 1.564 0.118
BGI 0.896 0.681 0.972 3.026 0.002
BioGerm 0.953 0.846 0.987 4.529 0.000
Biosenser 0982 0.860 0.998 3.584 0.000
Bioseum 0.982 0.860 0.998 3.584 0.000
Cepheid 0.979 0.881 0.997 4.068 0.000
Cobas 0.975 0.609 0.999 2.229 0.026
Daan 0.382 0.108 0.759 0.580- 0.562
DiaPlex 0.982 0.860 0.998 3.584 0.000
eDiagnosis 0.682 0.295 0.917 0.914 0.361
FDA-CDC 0.990 0.949 0.998 5.280 0.000
GeneFinder 0.995 0.885 1.000 3.214 0.001
Genesig 0.974 0.868 0.995 4.062 0.000
GenMark 0.960 0.789 0.994 3.350 0.001
InBios 0.995 0.885 1.000 3.214 0.001
Isopollo 0619 0.247 0.890 0594 0.553
LightMix 0.954 0.795 0.991 3.547 0.000
Loopamp 0.994 0.862 1.000 3.083 0.002
MIRXES 0.878 0.568 0.975 2.277 0.023
NXTAG 0.978 0.878 0.996 4.076 0.000
Panther 0995 0.895 1.000 3.276 0.001
PCL 0.944 0.736 0.990 3.069 0.002
PowerCheck 0.982 0.860 0.998 3.584 0.000
ProTect 0.790 0.417 0.952 1.565 0.118
QuantuMDx 0.956 0.770 0.993 3.235 0.001
RADI 0923 0476 0.994 1.887 0.059
RealStar 0.919 0.720 0.980 3.211 0.001
RIDA 0.964 0.515 0.999 1.997 0.046
Roche 0.681 0.455 0.845 1.584 0.113
Sansure 0.842 0.696 0.925 3.880 0.000
Shimadzu 0.786 0.410 0.951 1.530 0.126
Simplexa 0.995 0.895 1.000 3.276 0.001
TaKaRa 0.767 0.384 0.946 1.404 0.160
TagPath 0.853 0.529 0.968 2.100 0.036
Toyobo 0.505 0.161 0.844 0.023 0.981
Un-Named 0.997 0.938 1.000 3.631 0.000
Viasure 0.896 0.696 0.970 3.177 0.001
Wadsworth 0.995 0.895 1.000 3.276 0.001
ZJ Bio-Tech 0.826 0.490 0.959 1.912 0.056
Overall 0.904 0.878 0.924 16.888 0.000
-2.00 -1.00 2.00
Favours A Favours B
Q (total between): 116.03 (p-value: 0.000) I-squared: 91.74
Fig. 2. Sensitivity of the kits
DISCUSSION diagnostic Kits in January 2020, new diagnostic Kits

have been produced and introduced in the market
Development of simple and rapid SARS-CoV-2 (54), However, sensitivity, specificity, PPV, NPV
diagnostic method will indirectly reduce the global and other diagnostic indices have not been reviewed
incidence of COVID19 (43). The high rate of virus  systematically or meta-analyzed. The kits were pro-
transmission necessitates the development of sever-  duced mostly by the USA (33 cases), China (27 cas-
al protocols to control the infection. Many attempts  es), and South Korea (23 cases).
have been made to detect SARS-CoV-2 early by am- The sensitivity and specificity information of 42
plifying and identifying viral gene sequences (53). out of 55 studied kits was available. Out of 42 Kits,
After the supply of the first batch of SARS-CoV-2 28 diagnostic kits had sensitivity higher than 90%.
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Specificity of kits

Group by Study name Subgroup within study ~ Statistics for each study
Subgroup within study -
Event Lower Upper
rate limit  limit
ABM 0.995 0.920 1.000
AccuPower 0.992 0.943 0.999
Allplex 0.968 0.910 0.989
Beijing 0.996 0.979 0.999
BGI 0.997 0.943 1.000
BioGerm 0.996 0.927 1.000
Biosenser 0.995 0.911 1.000
Bioseum 0.995 0.911 1.000
Cepheid 0.979 0.896 0.996
Cobas 0.975 0.670 0.999
Daan 0.995 0.920 1.000
DiaPlex 0.995 0.911 1.000
eDiagnosis 0.995 0.912 1.000
FDA-CDC 0.997 0.975 1.000
GeneFinder 0.995 0.910 1.000
Genesig 0.979 0.895 0.996
GenMark 0.995 0.918 1.000
InBios 0.995 0.910 1.000
Isopallo 0.998 0.959 1.000
LightMix 0.998 0.968 1.000
Loopamp 0.976 0.877 0.996
MIRXES 0.978 0.894 0.996
NXTAG 0.998 0.958 1.000
Panther 0.960 0.861 0.989
PCL 0.957 0.851 0.989
PowerCheck 0.995 0.911 1.000
ProTect 0.879 0.703 0.957
QuantuMDx 0.961 0.858 0.990
RealStar 0.973 0.877 0.995
Roche 0.997 0.983 0.999
Sansure 0.974 0.924 0.991
Simplexa 0.995 0.918 1.000
TagPath 0.997 0.943 1.000
Viasure 0.997 0.944 1.000
Wadsworth 0.980 0.903 0.996
ZJ Bio-Tech 0.984 0.951 0.995
Qverall 0.983 0.977 0.988

Event rate and 95% CI

Z-Value p-Value
3.593 0.000
4.611 0.000
6.164 0.000
6.469 0.000
3.842 0.000
3.658 0.000
3.512 0.000
3.512 0.000
4.432 0.000
2428 0.015
3.593 0.000
3.512 0.000
3.526 0.000
5.433 0.000
3.505 0.000
4.462 0.000
3.573 0.000
3.505
4.077
4.240
4.176
4475
4.059
4.607
4.463
3.512
3.473
4.488
4.334
6.654
6.407
3.573
3.842
3.846
4.599
6.937
25.645

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-2.00 -1.00 0.00 1.00 2.00

Favours A Favours B

Q (total between): 49.09 (p-value: 0.05)
Fig. 3. Specificity of the kits

AccuPower SARS-CoV-2, Toyobo, and Isopollo Kits
had low sensitivity and poor performance compared
to the CDC EUA 2019-nCoV kit. The Isopollo kit
was unlicensed and should not be used in clinical
setting. The FDA-CDC kit had higher sensitivity and
other diagnostic indices comparing to DiaPlex, Bio-
sensor, PowerCheck, BioSewoom, Cepheid, and Nx-
TAG Kits, but lower sensitivity than the GeneFinder,
InBios, and Simplexa kits. The diagnostic indices of
the FDA-CDC kit were gathered from ten different
studies but many of them lacked data on the diag-
nostic indicators such as PPV and NPV and LOD.
Among commercial SARS-CoV-2 diagnostic Kkits,
GeneFinder, InBios, NXTAG, Simplexa and Wad-
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sworth Kits had higher sensitivity, specificity and di-
agnostic performances.

Among the analyzed Kits only Pro-Tect kit showed
specificity lower than 90%. Some of the diagnostic
kits were able to target multiple genes, but they had
low diagnostic performance.

Among the aforementioned commercial Kits, the
GeneFinder, InBios and Simplexa diagnostic kits had
higher DOR (39601) and FDA-CDC (29879) and Nx-
TAG (22182) kits had an acceptable DOR. GeneFind-
er, InBios and Simplexa diagnostic kits had higher
PLR, NLR, accuracy, Youden's index and PPV, but
it should be noted that the results of the GeneFinder
kit related to two studies and InBios and Simplexa
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PPV of kits

Group by

p Study name Subgroup within study  Statistics for each study
Subgroup within study T T

Event Lower Upper

Event rate and 95% ClI
Ppe
limit Z-Value p-Value

rate  limit
Alplex 0.995 0.921 1.000 3.697 0.000
Beijing 0.995 0.982 0.998 8.499 0.000
BioGerm 0.996 0.936 1.000 3.858 0.000
Cepheid 0.981 0.879 0.997 3.912 0.000
GeneFinder 0.995 0.921 1.000 3.697 0.000
Genesig 0.979 0.919 0.995 5.358 0.000
GenMark 0.960 0.900 0.985 6.351 0.000
InBios 0.995 0.921 1.000 3.697 0.000
LightMix 0.998 0.972 1.000 4.472 0.000
MIRXES 0.977 0.917 0.994 5433 0.000
Panther 0.995 0.929 1.000 3.769 0.000
PCL 0.957 0.892 0.984 6.094 0.000
ProTect 0.879 0.796 0.931 6.269 0.000
QuantuMDx 0.961 0.896 0.986 6.019 0.000 *
Sansure 0.979 0.806 0.998 3.119 0.002
Simplexa 0.995 0.929 1.000 3.769 0.000
Wadsworth 0.995 0.929 1.000 3.769 0.000
Overall 0.966 0.953 0.976 19.473 0.000 )

-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
Q (total between): 47.8 (p-value:0.000) I-squared: 65.19
Fig. 4. PPV of the kits
.

NPV of kits
Group by Study name Subgroup within study Statistics for each study Event rate and 95% Cl
Subgroup within study e

Event Lower Upper

rate limit limit Z-Value p-Value
Allplex 0.882 0.800 0.934 6.294 0.000
Beijing 0.829 0.793 0.860 13.290 0.000 *
BioGerm 0.990 0.942 0.998 4.967 0.000 L]
Cepheid 0.981 0.879 0.997 3.912 0.000
GeneFinder 0.938 0.867 0.972 6.355 0.000
Genesig 0.936 0.865 0.971 6.365 0.000 *
GenMark 0.995 0.929 1.000 3.769 0.000 *
InBios 0.950 0.883 0.980 6.222 0.000
LightMix 0.929 0.892 0.953 11.053 0.000 b
MIRXES 0.880 0.797 0.932 6.277 0.000 N
Panther 0.960 0.900 0.985 6.351 0.000 -
PCL 0.944 0.875 0.976 6.293 0.000
PraTect 0.995 0.921 1.000 3.697 0.000 -
QuantuMDx 0.995 0.921 1.000 3.697 0.000
Sansure 0.946 0.861 0.980 5.366 0.000
Simplexa 0.995 0.929 1.000 3.769 0.000 N/
Wadsworth 0.980 0.925 0.995 5.556 0.000
QOverall 0.895 0.878 0.909 25.602 0.000 \
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Q (total between): 77.25 (p-value:0.000)

Fig. 5. NPV of the kits

data were extracted from one study. The Wadsworth,
Panther, and Loopamp Kits had almost the same sen-
sitivity, but the results indicated that the Wadsworth
kit performed better in terms of specificity and other
diagnostic indicators than the others. DiaPlex, Bio-
sensor, PowerCheck and BioSewoom kits had exact-
ly the same diagnostic criteria. While the Biosensor
and PowerCheck kits were the results of the evalua-
tion of two studies and the DiaPlex and BioSewoom
were the results of the evaluation of one study.

The N and ORF3a gene were the most and the least
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gene targets, respectively. Because of SARS-CoV-2
genes diversity, a Kit targeting more genes is more
accurate, especially in detection of new variants.
According to the WHO recommendation, accurate
diagnosis is possible by targeting at least two viral
genes (N and RdRp or E and RdRp). Therefore, the
use of single-target kits such as Toyobo and Isopollo
are not recommended. It is found that 11 Kits had 3
gene targets, 25 kits had 2 gene targets, and 10 Kits
had 1 gene target. Of the 11 kits mentioned, 6 Kits
had sensitivity higher than 90% and only GeneFinder
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Kit Sensitiity (95% CI) Specificity (85% CI)
1 1
AccuPower _IF 1.00 (0.8, 1.00) —— : 056 (0.31,0.78)
AccuPower —_—— : 0.74 (0.60, 0.86) —+ 1.00 (0,89, 1.00)
Allplex —l® 100 (0.66, 1.00) —l 1.00(084, 1.00)
Allplex —In 1.00 (0.83, 1.00) —Io 1.00 (0.3, 1.00)
Allplex —q" 0.96 (0.88, 1.00) —.—: 054 (0.78, 0.99)
Beijing —— : 0.83(0.77, 0.87) -ql 0,98 (0.96, 1.00)
BioGerm —.:— 0.96 (0.80, 1.00) —+ 1.00 (084, 1.00)
BioGerm _.-:- 0.94 (0.73, 1.00) -Ib 1.00 (0.6, 1.00)
Biosenser —® 1.00(0.93, 1.00) — 1.00(0.83, 1.00)
Bioseum —Ip 1.00 (0.93, 1.00) —Io 1.00 (083, 1.00)
Cepheid —Ip 1.00 (0.87, 1.00) —Ip 1.00 (0.84, 1.00)
DiaPlex + 1.00 (0.93, 1.00) —+ 1.00 (083, 1.00)
GenMark —.JI- 0.96 (0.87, 1.00) —Ib 1.00 (0.93, 1.00)
Isopolio =@ 1.00(0.97, 1.00) —— I 045(0.36, 0.54)
Loopamp —.—: 0.94 (0.79, 0.99) —IO 1.00(0.82, 1.00)
MiCo D ———— : 0.67 (0.48, 0.82) —Ip 1.00 (0.84, 1.00)
NATAG + 1.00 (0.96, 1.00) -d 0.6 (0.94, 1.00)
Optolane _Ih 1.00 (0.72, 1.00) :‘ 1.00 (0.03, 1.00)
Panther =l@ 1.00(0.93, 1.00) —gd (.96 (0.87, 1.00)
PowerCheck —In 1.00 (0.93, 1.00) —-I 0,96 (0.90, 1.00)
Sansure —— : 0.83 (0.59, 0.96) -Ip 1.00 {0.96, 1.00)
sansure —0—; 0.90 (0.68, 0.96) —+ 1.00 (0.89, 1.00)
Simplexa —Ib 1,00 (0.93, 1.00) —Ib 1.00(0.93, 1.00)
Viasure -Ib 1.00 (0.95, 1.00) —_—— : 085 (0.76, 0.92)
Wadsworth =9 1.00(0.93,1.00) —®  0.98(0.90,1.00)
ZJ Bio-Tech — : 0.78 (0.72, 0.83) QI 1.00 (0.98, 1.00)
Un-Named —_—— : 0.78 (0.71, 0.86) —I, 1.00 (084, 1.00)
Overall Q 089 (0.95, 1.00) 4 0.99 (0.98, 1.00)

A 0 0

Sensitivity Specificity

o
®
o)
®

0.5

Sensitivity

Observed Data

Summary Operating Poir
SENS =%9§[0‘9é‘91‘0(
SPEC = 1.00 [0.98 - 1.0

¢ 0

SROC Curve
AUC =1.00[0.99 - 1.00]
— 95% Confidence Contou

95% Prediction Contour

0.0 T
1.0 0.5
B Specificity

Fig. 6. Bivariate model analysis of the commercial kits
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and InBios Kits had high sensitivity, specificity, DOR
and other diagnostic indicators. However, the Sim-
plexa kit is one of the kits with two gene targets.

The pooled sensitivity of kits was higher than the
sensitivity reported in the non-kit molecular tech-
nique study (76%) (55). The sensitivity of the kit was
comparable to other methods mentioned in another
meta-analysis article. In this study, pooled sensitiv-
ity of multiple techniques were reported including:
RT-PCR technique (94.5%), RT-LAMP (91.9%),
CRISPR (94.4%), 1gG-detecting ELISA (88.3%),
IgM-detecting ELISA (73.1%), IgA-detecting ELISA
(83.7%), Antiviral Neutralization Bioassay (95.6%),
Biosensors (96.4%), Chemiluminescence Immuno-
assay for 1gG (79.8%), 0. Chemiluminescence Im-
munoassay for IgM (61.7%), Chemiluminescence
Immunoassay for IgM-1gG (90.1%), Lateral Flow
Immunoassay for 1gG (87.3%), Lateral Flow Immu-
noassay for IgM (62.4%), Lateral Flow Immunoassay
for IgM-1gG (83.7%), Lateral Flow Immunoassay for
N Protein (74.7%), Chemiluminescent Microparti-
cle Immunoassay (90.3), and Fluorescence Immu-
noassay (64.4%). Specificity of these test was close
to 100% (56). Cost analysis was carried out on the
existing data of 18 diagnostic kits. Among them, the
TagPath ($5020 per 1000T/Kit) and the Cepheid kit
($149 per 10T/Kit) were the cheapest and expensive
kits, respectively. Despite the low price of the Tag-
Path Kit, it has a low sensitivity and DOR. On the
other hand, although the 5 kits have a lower price
than the GeneFinder kit, due to better accuracy of the
GeneFinder, it is still the recommended one.

Despite the significant heterogeneity between stud-
ies, the specificity of the kits was mostly high, rang-
ing from 87.9% to 99.8%. The differences in sensitiv-
ity and specificity may be attributed to differences
in the extraction kit and the target gene(s) used. Also,
the PPV and NPV of the kits were high and none of
the Kits had any cross-reaction with other respirato-
ry pathogens. Most of analyzed kits have been used
through RT-PCR as standard diagnostic methods to
confirm SARS-CoV-2 infection, and only in two cas-
es RT-LAMP was performed.

In summary, the results of the bivariate analysis
show that the overall sensitivity and specificity are
very high (close to 100%) and there is very little het-
erogeneity between the studies. In the present study,
it was found that AUC was equal to 1, which indi-
cates the high accuracy (result of high sensitivity and
specificity) of the kits.

678 IRAN. J. MICROBIOL. \Volume 17 Number 5 (October 2025) 669-681

Limitations: An important limitation was the un-
availability of sensitivity and specificity of some of
the diagnostic kits. In addition, the unavailability of
price and LOD of all kits was the other limitation for
further analyses. A key limitation to our work was
our focus on English-language publications, which
could introduce a language bias and hinder the ap-
plicability of our findings. It will be important for fu-
ture studies to consider literature published in other
languages to allow for an even more complete picture
of the area.

CONCLUSION

The results reveal superior performance of com-
mercial SARS-CoV-2 detection Kkits, includ-
ing GeneFinder, InBios, NXTAG, Simplexa, and
Wadsworth. Although the GeneFinder kit appears
to be a promising diagnostic test with respect to
cost-effectiveness per reaction, it is worth to point
out that this conclusion is derived from a few studies
only. These results need to be verified and compared
across different population with detailed data on
further studies. The data show that among the com-
mercial SARS-CoV-2 diagnostic kits, GeneFinder,
InBios, NXTAG, Simplexa and Wadsworth, have bet-
ter performance than others. But GeneFinder Kit is
more suitable than all Kits in terms of all diagnostic
performance and cost effective in each reaction.
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