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Summary
Background: Molecular testing is considered the gold stan-
dard for the detection of SARS-CoV-2. This study aimed to
compare the performance of the P742H SARS-CoV-2
Nucleic Acid Multiplex Detection Kit in salivary samples,
with respect to the 732HF Novel Coronavirus (2019-nCoV)
Nucleic Acid Detection Kit and the TaqPath COVID-19 CE-
IVD RT-PCR Kit, used at University-Hospital of Padova,
Italy.
Methods: One hundred twenty-four salivary samples self-
collected by healthcare workers (HCW) during the screen-
ing program at University-Hospital of Padova, Italy, from
Oct to Nov 2022, were included in the study. RNA extrac-
tion was performed by Viral DNA and RNA Extraction Kit
(Technogenetics, Lodi, Italy) and amplification by P742H
and 732HF (Technogenetics, Lodi, Italy). RNA was extract-
ed using MagNa Pure 96 DNA and Viral NA Small Volume
Kit (Roche, Switzerland) for TaqPath analysis (Thermo
Fisher Scientific, USA).
Results: 94 samples were positive at P742H, while 30 were
negative; for 732HF, 96 samples were positive, while 28
were negative, with an overall agreement of 97.5%
(Cohen’s  = 0.930, p < 0.001). TaqPath gave 95 positive
samples, and 29 negative results, with an overall agree-
ment of 100% (Cohen’s = 1.0, p < 0.001) with respect
to P742H, and 97.5% (Cohen’s = 0.931, p < 0.001)
with respect to 732HF. Comparing cycle threshold (Ct)
between the P742H and 732HF, no statistically significant
differences were found (p = n.s.).

Kratak sadr`aj
Uvod: Molekularno testiranje se smatra zlatnim standard-
om za otkrivanje SARS-CoV-2. Ova studija imala je za cilj
da uporedi performanse kompleta za detekciju multipleksa
nukleinske kiseline P742H SARS-CoV-2 u uzorcima plju-
va~ke, u odnosu na komplet za detekciju nukleinske kise-
line 732HF novog koronavirusa (2019-nCoV) i TakPath
COVID-19 CE-IVD RT -PCR komplet, koji se koristi u
Univerzitetskoj bolnici u Padovi, Italija.
Metode: U studiju je uklju~eno 124 uzorka pljuva~ke koje
su sami sakupili zdravstveni radnici (ZR) tokom programa
skrininga u Univerzitetskoj bolnici u Padovi, Italija, od okto-
bra do novembra 2022. Ekstrakcija RNK je izvedena
pomo}u kompleta za ekstrakciju virusne DNK i RNK
(Technogenetics, Lodi, Italija), a amplifikacija pomo}u
P742H i 732HF (Technogenetics, Lodi, Italija). RNK je
ekstrahovana kori{}enjem MagNa Pure 96 DNK i Viral NA
Small Volume Kit (Roche, vajcarska) za TakPath analizu
(Thermo Fisher Scientific, SAD).
Rezultati: 94 uzorka bila su pozitivna na P742H, dok je 30
bilo negativno; za 732HF, 96 uzoraka je bilo pozitivno, dok
je 28 bilo negativno, sa ukupnim slaganjem od 97,5%
(Koenov  = 0,930, p < 0,001). TakPath je dao 95 pozi-
tivnih uzoraka i 29 negativnih rezultata, sa ukupnim sla-
ganjem od 100% (Koenov  = 1,0, p < 0,001) u odnosu
na P742H, i 97,5% (Koenov  = 0,931, p < 0,0032) u
odnosu na HF od 97,5%. Upore|uju}i prag ciklusa (Ct)
izme|u P742H i 732HF, nisu prona|ene statisti~ki
zna~ajne razlike (p = n.s.).
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Introduction 

For a long time, COVID-19 has been a world-
wide health problem, for political, social, and clinical
reasons, and therefore it has been treated with emer-
gency dispositions. Thanks to the development of
vaccines and the subsequent vaccine campaigns, the
pandemic emergency had an arrest, reaching a high-
er population immunity globally. The World Health
Organization (WHO) Emergency Committee agreed
that the COVID-19 pandemic might be reaching an
inflexion point, while still being a clinical issue that
continues to have an impact on morbidity and mortal-
ity (1). Nevertheless, the diagnosis of infected
subjects remains important especially in fragile
patients, to prevent the clinical complications and
pulmonary involvement, while screening strategies
may be of relevance in specific contexts, such as in
hospital settings and healthcare workers (HCW) mon-
itoring, to reduce the spread of the infection (2–4).

The gold standard method for diagnosis of
SARS-CoV-2 infection is based on the nucleic acid
amplification tests (NAAT). Real-time PCR enables
the detection and quantification of viral genes (5).
The analysis of the presence of RNA viral sequences
started with the extraction of nucleic acid from
nasopharyngeal swabs (NPS) or saliva samples, fol-
lowed by reverse transcription into cDNA and then by
PCR amplification. The outcome is given in terms of
positivity or negativity of infection based on the
threshold cycle that results from the analysis of each
gene analyzed in the panel, which could be automat-
ically detected by advanced software (6, 7). Other
laboratory methods, such as immunoassays, are used
to rapidly test SARS-CoV-2 presence in patients’ sam-
ples (8). Recently, there has been proving evidence
that NAAT integration with immunoassays detecting
SARS-CoV-2 viral antigens could represent a promis-
ing cost-effective strategy for confining COVID-19
spread. However, in some circumstances requiring
high sensitivity and specificity (e.g. patients receiving
organ transplant, medical surgery, elderly fragile peo-
ple), the utilization of NAAT can be favored with
respect to antigen testing. Indeed, in a recent meta-
analysis, it was demonstrated that rapid antigen tests
using nasal or NPS showed a steady decline in sensi-
tivity as the measures of sample viral load decline; the
average sensitivity ranged from 34.3% to 91.3% in
symptomatic participants, and from 28.6% to 77.8%

for asymptomatic subjects (9). These results under-
lined that rapid antigen tests can be useful in
detecting positivity of individuals with high viral load,
while sensitivity remains too low for other settings (9).

In addition to different laboratory procedures, a
variety of biological matrices can be used. Patients’
sampling is done through NPS collection, especially
for individuals with high tract respiratory infections.
However, NPS have some drawbacks that must be
considered. First of all, they cannot be performed
individually by patients themselves, but they require
expert HCW (10); secondly, they require the use of
adequate personal protecting equipment to protect
HCW, and they also may facilitate viral spread
between individuals who undergo testing. Saliva is a
valid alternative for several reasons, having the advan-
tage of being self-collected by patients and enabling
an easy sample handling (11). Moreover, saliva col-
lection is non-invasive and can enhance patients’
compliance and simplicity of collection, especially in
screening settings (8, 12), in addition to reducing the
total costs by 25–30% with respect to NPS (13).
Notably, some recent studies highlighted saliva results
were concordant with NPS results both in qualitative
and quantitative terms (8, 12, 13, 14). Differently, for
antigen detection rapid diagnostic test (Ag-RDT), sali-
va was described as less sensitive with respect to NPS
(15). Furthermore, SARS-CoV-2 antigen levels in sali-
va decrease more rapidly than in NPS when analyzed
with respect to the decline in viral load (8).

The aim of this study was to compare the per-
formances of a new fast molecular method to detect
the presence of SARS-CoV-2 in salivary samples of
patients, the Technogenetics SARS-CoV-2 Nucleic
Acid Multiplex Detection Kit (P742H), useful also as
a confirmatory test for screening programs, with
respect to two methods for NAAT, one from the same
manufacturer and the other one in use at University-
Hospital of Padova, Italy (AOPD).

Materials and Methods

Samples included in the analysis

For the aim of the study, 124 (43 males and 81
females) leftover salivary samples were randomly
selected from the HCW ongoing screening program
at AOPD, between October 24th 2022 and

Conclusion: The P742H method proved better perform-
ances than 732HF for salivary samples, both presenting
the same amplification time. In addition, P742H results
were comparable to those obtained through the high-
throughput method TaqPath.

Keywords: COVID-19, molecular testing, nucleic acid
amplification, salivary samples, SARS-CoV-2

Zaklju~ak: Metoda P742H pokazala je bolje performanse
od 732HF za uzorke pljuva~ke, pri ~emu su oba pokazala
isto vreme amplifikacije. Pored toga, rezultati P742H bili su
uporedivi sa onima dobijenim metodom visoke propusnosti
TakPath.

Klju~ne re~i: COVID-19, molekularno testiranje, ampli-
fikacija nukleinske kiseline, uzorci pljuva~ke, SARS-CoV-2
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November 21st 2022. Samples were self-collected
using Salivette® (Sarstedt, Germany), centrifuged for
5 minutes at 4000g, then tested for SARS-CoV-2 for
the screening program (as specified below) and, after
that, immediately stored at -80 °C until use.

Extraction and amplification procedures

The 124 samples were analyzed in two analytic
sessions, with half of the samples each, on the 17th

November and 24th November 2022 respectively.
Extraction and amplification were executed on the
same day. The obtained results were subsequently
compared with the respective results obtained from
the ongoing screening program.

After thawing samples at room temperature for
30 minutes, salivary samples underwent RNA extrac-
tion through the use of two extraction kits. The first
extraction was performed using Viral DNA and RNA
Extraction Kit (REF T014H version 1), provided by
Technogenetics (Lodi, Italy), following manufacturer’s
recommendations with a dedicated Nucleic Acid
Extractor machine (provided by Technogenetics). The
second RNA extraction was performed with MagNA
Pure 96 DNA and Viral NA Small Volume Kit (REF
06543588001 version 09) (Roche, Switzerland) in
the nucleic acid extractor Magna Pure 96 (Roche)
and then analyzed using the method used at AOPD
for HCW screening program.

RNAs extracted with the first method were
amplified using the two different kits, the SARS-CoV-
2 Nucleic Acid Multiplex Detection Kit (REF P742H
version 3.0) (P742H) and the Novel Coronavirus
(2019-nCoV) Nucleic Acid Detection Kit (REF
P732HF version 1.0) (732HF), both provided by
Technogenetics using a real-time PCR in Gentier 96
thermocycler (Technogenetics). Both amplification
reactions are real-time PCRs that exploit TaqMan
probes for the detection of the different genes includ-
ed in the assay. The SARS-CoV-2 Nucleic Acid
Multiplex Detection Kit (P742H) enables the recogni-
tion of three candidate genes and one internal control
(IC) gene, while the Novel Coronavirus (2019-nCoV)
Nucleic Acid Detection Kit (732HF) is based on the
detection of two genes and one IC gene. The IC gene
was used as a control of extraction and amplification
reaction performances: it should give positive results
for the samples to be included in the analysis. More
specifically, the genes included in the P742H were
RdRp gene, N gene and E gene, while the genes
included in the 732HF were ORF1ab gene and N
gene. For both kits, the amplification mix included a
Reaction Solution, an Enzyme Mix and a Primer and
Probe Mix. The amplification reaction was carried
with 20 mL of amplification mix and 5 mL of RNA
sample; each kit had a reaction profile of 45 amplifi-
cation cycles. Moreover, each kit included one
positive control and one negative control to confirm
both the assays gave correct results. After the ampli-

fication reaction, results were obtained from the
analysis software. Each sample was considered valid if
the internal control gene turned positive; moreover,
each sample was considered either positive or nega-
tive for the analysis if the genes were amplified before
or after cycle 43 respectively. For both P742H and
732HF, samples with negative IC and negative ampli-
fied genes were considered invalid. 

Moreover, results were compared to those
obtained through the method used at AOPD for
screening program. The amplification reaction was
carried out using TaqPathTM COVID-19 RT-PCR Kit
(Applied Biosystems, Thermo Fisher Scientific,
Massachusetts, USA) in QuantStudio5 thermocycler
(Applied Biosystems, Thermo Fisher Scientific). The
amplification reaction was a real-time PCR with
TaqMan probes for the detection of the different
genes included in the assay, which were ORF1ab
gene, N gene and S gene. The amplification mix
included the TaqPath 1-step Multiplex Master Mix
(4X) and the COVID-19 Multiplex (20X), an Enzyme
Mix and a Primer and Probe Mix. The amplification
reaction was carried with 6 mL of amplification mix
and 14 mL of RNA sample; the kit had a reaction pro-
file of 40 amplification cycles. Moreover, two positive
controls and one negative control were included to
confirm the results of the assay. After the amplifica-
tion reaction, results were obtained from the analysis
software. Each sample was considered positive for the
analysis if the genes were amplified before cycle 33.
In order to test the appropriateness of salivary sam-
ples, the amplification of RNaseP gene was
performed at the same time in the method routinely
used at AOPD. Preliminary sample processing was
the same, but the amplification reaction was specific.
More in detail, 14 mL of extracted RNA were ampli-
fied with 8 mL of reaction mix, which contained
home-designed Primers and Probes RNaseP mix
(20X), AgPath Buffer (2X) and AgPath (AgPath-IDTM

One-Step RT-PCR Kit) (Applied Biosystems, Thermo
Fisher Scientific) in QuantStudio5 thermocycler.

Statistical analyses

All statistical analyses were performed by Stata v
16.2 (StataCorp, Lakeway drive, TX, USA). Median
was used as descriptive statistics of Ct quantitative
data. Cohen’s kappa was used to measure interrater
agreement. The module »diagt« was used to calcu-
late sensitivity and specificity, and their 95%
confidence intervals (95%CI). 

Ethical statement

The study was conducted in accordance with
the Declaration of Helsinki, and the Institutional
Review Board of the University of Padova (protocol
no.27444).



Results

Analyzing the results obtained through the
SARS-CoV-2 Nucleic Acid Multiplex Detection Kit
(P742H), 94/124 (75.8%) samples were positive for
all genes RdRp, N and E, while 30/124 (24.2%) were
negative; as for the IC, 108/124 (87.1%) samples
were positive, while 16/124 (12.9%) were negative
(Table I). One sample (0.8%) resulted as invalid. For
the Novel Coronavirus (2019-nCoV) Nucleic Acid
Detection Kit (732HF), 96/124 (77.4%) samples
were positive for all genes ORF1ab and N, while
28/124 (22.6%) gave a negative result; as for the IC,
120/124 (96.8%) samples were positive, while
4/124 (3.2%) were negative (Table I). Four samples
(3.2%) resulted as invalid. Analyzing the results
obtained through the routine method used at AOPD
(TaqPath), 95/124 (76.6%) samples were positive for
genes ORF1ab and N, while 29/124 (23.4%) gave a
negative result. The frequency of positive samples for
the S gene is lower, since from April 2021 the
TaqPath test resulted in S gene dropout in samples
with a variant carrying the 69-70del mutation, as
declared by Thermo Fisher Scientific (Thermofisher
communication. The S gene advantage TaqPath
COVID-19 tests may help early identification of
B.1.17) (Table I).

The agreement between the different amplifica-
tion methods, highlighting the number of positive (P),
negative (N) and invalid (I) samples obtained for each
assay were reported in Supplementary Table I.

Between methods agreements were calculated
by excluding invalid results. From the comparison

between P742H and 732HF, the agreement was
97.5%, with a Cohen’s kappa of 0.930 (SE = 0.092,
z = 10.2, p < 0.001). From the comparison between
P742H and TaqPath, the agreement was 100%, with
a Cohen’s kappa of 1.0 (SE = 0.090, z = 11.1, p <
0.001). From the comparison between 732HF and
TaqPath, the agreement was 97.5%, with a Cohen’s
kappa of 0.931 (SE = 0.0913, z = 10.2, p < 0.001).

Using TaqPath as the reference method, P742H
and 732HF sensitivity and specificity values were esti-
mated excluding the invalid samples from the
analyses. For P742H, the sensitivity and specificity
were 100% (95%CI: 96.2%–100%) and 100%
(95%CI: 88.1%–100%), respectively, with a positive
and negative likelihood ratio of 59.7 (95%CI: 3.82–
932.4) and 0.01 (95%CI: 0.01–0.08). For 732HF,
the sensitivity and specificity were 98.9% (95%CI:
94.0%–100%) and 93.1 (95%CI: 77.2%–99.2%),
respectively, with a positive and negative likelihood
ratio of 14.3 (95%CI: 3.8–54.6) and 0.01 (95%CI:
0.01–0.08). 

Figure 1 shows the threshold cycles (Ct) values
of P742H, 732HF and TaqPath assays for all the eval-
uated genes. The Kruskall-Wallis test, adjusted by
Dunn’s method for multiple testing, underlined that
differences of Ct values exist only between the two
TaqPath genes and all the others genes of P742H and
732HF (p < 0.001 for all). There were not statistical-
ly significant differences across median Ct values of
P742H and 732HF genes.
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Table I Number and percentages of positive (POS) and negative (NEG) samples for the genes analyzed with P742H (SARS-CoV-
2 Nucleic Acid Multiplex Detection Kit, Technogenetics), 732HF (Novel Coronavirus (2019-nCoV) Nucleic Acid Detection Kit,
Technogenetics) and TaqPath amplification method.

P742H 732HF TaqPath

RdRp gene N gene E gene IC ORF1ab
gene N gene IC ORF1ab

gene N gene S gene

POS
(n, (%))

94, 
(75.8%)

94,
(75.8%)

94,
(75.8%)

108,
(87.1%)

96,
(77.4%)

96,
(77.4%)

120,
(96.8%)

95,
(76.6%)

95,
(76.6%) 7, (5.6%)

NEG
(n, (%))

30, 
(24.2%)

30,
(24.2%)

30,
(24.2%)

16,
(12.9%)

28,
(22.6%)

28,
(22.6%) 4, (3.2%) 29,

(23.4%)
29,

(23.4%)
117,

(94.4%)

P742H TaqPath TaqPath

P N I P N P N

732HF

P 89 2 1

P742H

P 94 0

732HF

P 90 2

N 1 27 0 N 0 29 N 1 27

I 4 0 0 I 1 0 I 4 0

Supplementary Table I Comparison of the results obtained through the three amplification methods, highlighting the positive
(P), negative (N) and invalid (I) samples for each method.
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Discussion

Despite the national and international efforts for
controlling and limiting the spread of SARS-CoV-2,
COVID-19 still permanently remains an established
infection in humans for a long time. The urgent need
of rapid diagnosis of infected subjects is pivotal in
order to limit viral spread and prevent deaths of frag-
ile subjects. NAATs are the gold standard methods for
SARS-CoV-2 molecular detection, because of their
elevated analytical sensitivity and specificity (16).
Lippi et al. pointed out some challenges in providing
routine molecular SARS-CoV-2 tests for screening
contexts, especially using NPS. Difficulties can be
attributed to recruiting staff for collecting NPS, and to
obtaining the supplies needed for a large number of
tests (17, 18). Therefore, alternative sampling proce-
dures have been tested. Self-collecting saliva was
demonstrated to have comparable sensitivity and
specificity to NPS (19, 20), in addition to being a
cost-effective and a simple way of specimen collec-
tion, thus enabling accurate large-scale SARS-CoV-2
surveillance testing (20).

Furthermore, in subjects with higher viral load,
in patients with critical conditions or waiting hospital-
ization at the emergency department, providing rapid
results could be important. Molecular testing typically
might require up to 4–6 hours to be completed (21).
In addition, it possibly leaves laboratories with a huge
backlog of samples to be processed when an elevated

number of tests are required simultaneously (17). The
implementation of novel rapid molecular tests may
help to overcome the challenges described above,
especially when patients’ conditions require it. In
addition, it has been demonstrated that strategies
based on antigen (Ag) test, performed with laboratory
equipment, coupled with real-time PCR testing in
case of a first negative result offer better performanc-
es than Ag test alone, with a decreased cost with
respect to real-time PCR alone (22).

In the present study, the SARS-CoV-2 Nucleic
Acid Multiplex Detection Kit (P742H) has been eval-
uated and tested with respect to the Novel
Corona virus (2019-nCoV) Nucleic Acid Detection Kit
(732HF). After an RNA extraction (around 20 min-
utes), both assays, supplied by Technogenetics,
require 60 minutes for giving qualitative (pos/neg)
and quantitative (genes Ct) results for 64 samples.
The two assays were further compared with a the
TaqPath assay, routinely used at AOPD and, thus,
considered as a reference method. Both assays were
tested using 124 samples (95/124 positive, 76.6%
for TaqPath assay); for P742H and 732HF one and
four samples resulted as invalid, respectively, and the
agreement was 97.5% (3 samples were discordant),
with a Cohen’s kappa of 0.930. Two of these samples
were negative and one positive at TaqPath (which was
exactly comparable to P742H). The efficiency in
probe and primer design may affect the system per-

Figure 1 Threshold cycles (Ct) for all samples for the genes analyzed with P742H, 732HF and TaqPath assay, highlighting the
median value for each gene. Maximum Ct values were 45 for P742H and 732HF and 40 for TaqPath. 
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