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nucleic acids extraction and multiplex Real-Time PCR: Allplex™ GI-Virus Assay and FTD Viral gastroenteritis.
The agreement was evaluated calculating Cohen's kappa and applying McNemar's test.

Results and conclusion: Allplex and FTD assays showed 100% overall agreement for Norovirus GI/GII and Sapovirus
(: 1.00), and 99% for Astrovirus (k: 0.66). A lower agreement was detected for Adenovirus (89%; k: 0.72) and
Rotavirus (91%, k: 0.53), owing to samples resulted positive only with FTD test. The discrepancies were attributed
to a different efficiency of extraction/amplification and to the different Adenovirus serotype specificity of the
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tests since Allplex detects only AdVF40 and AdVF41.
FTD test should be used when non enteric adenovirus could have a clinical significance.

© 2019 Elsevier Inc. All rights reserved.

1. Background

Gastrointestinal infections and diarrhea are a leading cause of mor-
bidity and mortality worldwide; although the global health community
is exerting great effort towards the prevention and control of this phe-
nomenon, in 2016 diarrheal disease was the eighth leading cause of
global death among all ages and the fifth among children younger
than 5 years (Troeger et al. 2018). Several viral pathogens, like Rotavirus
(RoV), Norovirus (NoV), human Adenovirus (AdV), human Astrovirus
(AsV), and Sapovirus (SaV), play a well-established role in acute
gastroenteritis onset, while the actual responsibility in disease of other
recently discovered enteric viruses is less clear (Oude Munnink and
Van der Hoek 2016).

Enteric viral infections are generally self-limiting but can be respon-
sible for severe disease in some high-risk patients. In children younger
than 5 years of age, for example, RoV is responsible for almost 40% of
hospital admissions and, in 2016, accounted for 128,000 deaths at a
global level (Banyai et al. 2018). The increase in diarrhea mortality in
over-70 patients, especially in high-income settings, has now become
a public health problem, and RoV and AdV are respectively the second
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and third cause of death in this category (Troeger et al. 2018). Moreover,
chronic infection can occur in immunocompromised patients of all ages
and was reported for NoV, RoV, AdV, AsV and SaV (Daniel-Wayman
et al. 2018; Ghosh et al. 2017; Petrignani et al. 2018; Roos-Weil et al.
2011; Wunderli et al. 2011; Ye et al. 2015).

Since the clinical identification of viral gastroenteritis can be mis-
leading, laboratory diagnosis is mandatory for the proper management
and treatment of gastroenteric disorders, especially for the high-risk pa-
tient groups mentioned above, as well as for the prevention of transmis-
sion during outbreaks. Several sensitive and effective molecular
methods have been developed, and laboratory practice is shifting to-
wards syndromic testing thanks to multiplex gastrointestinal panels
(Ramanan et al. 2018).

2. Objectives

The aim of this work was to evaluate and compare the performance
of 2 recently introduced molecular tests for the identification of gastro-
intestinal viral infections: the Allplex™ GI-Virus assay (Seegene, Seoul,
Korea) and the FTD Viral Gastroenteritis assay (Fast Track Diagnostics,
Luxembourg). Both tests are designed to identify NoV, RoV, AdV, AsV,
and SaV, but differ in AdV species detection, as Allplex assay is specific
for 40 and 41 serotypes (F species), while FTD detects all 57 accepted
human adenovirus types (HAdV-1-57) in seven species (A-G).
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3. Study design
3.1. Specimens

This study was performed at the Virology Units of Umberto I
University Hospital and Bambino Gesu Children's Hospital in Rome
(Italy). One hundred fecal samples from pediatric patients collected in
2017 were retrospectively analyzed. Samples were chosen randomly
among stools previously tested with a commercial RoV and AdV
immunochromatographic assay due to suspect gastroenteritis, and
then stored at —20 °C for eventual further analysis.

Patient records and information were anonymized and de-identified
prior to analysis. Ethical approval was obtained from the Institutional
Review Board (CE5283 n.114/19). Each sample was split into 2 aliquots
for subsequent extraction and molecular testing on 2 different analytical
platforms. Assays were performed according to the manufacturer's in-
structions, as follows. All sample extracts were stored at —80 °C to
allow subsequent analysis in case of discordant results.

3.2. Siemens workflow

Fecal samples were suspended in 400 pL PBS, homogenized by
vortexing and centrifuged at 13500 rpm for 2 minutes. Two hundred
microliters of supernatant were mixed with 600 pL of lysis buffer and
extracted (Versant SP 1.0 Reagents, Siemens Healthcare Diagnostics,
Tarrytown, NY). After elution in 50 pL, 10 pL of nucleic acid extract
were mixed with each of the three master mixes of the FTD Viral
Gastroenteritis kit (Fast Track Diagnostics, Luxembourg), in a final
volume of 25 pL. Extraction and amplification were performed on
Versant kPCR Molecular System (Siemens Healthcare Diagnostics,
Tarrytown, NY).

3.3. Seegene workflow

Stool samples were suspended in 1000 pL ASL Buffer and were proc-
essed by Allplex™ GI-Virus assay (Seegene, Seoul, Korea). Fifty microli-
ters of supernatant was extracted using the STARMag Universal
Cartridge kit (Seegene, Seoul, Korea) on automated Nimbus IV platform
and eluted in 100 pL of elution buffer. Real time PCR was performed on
CFX96 (Bio Rad) with Gastrointestinal panel assay kit, using 5 pL of
DNA/RNA in a final volume of 25 pL. The panel is made up of 1 mix.

An internal control was included in each sample to check both ex-
traction efficiency and PCR inhibition.

In every run, a negative control was used to monitor carry-over con-
tamination. The results were analyzed automatically using Seegene
software (Seegene Viewer V2.0).

3.4. Analysis of discordant samples

Sample extracts from Seegene or Siemens workflow showing
discrepant results for AdV were analyzed with the AdV R-gene
(bioMérieux) and submitted to sequencing analysis of the Adenovirus
hexon gene hyper-variable regions 1-6 as described by Lu and
Erdman (2006). For AdV positive stools with unidentified serotype
and for discrepant RoV samples extracts from Siemens and Seegene,
workflows were analyzed respectively with Allplex and FTD test.

3.5. Statistical analysis
The agreement of the 2 assays was evaluated by calculating Cohen's

kappa and its 95% confidence interval (CI), and by applying McNemar's
test, where possible.

Table 1
Comparison of Allplex and FTD assays.
Allplex/FTD Results Overall Cohen's k McNemar's
agreement [95% CI] test
P/P P/N N/P N/N P_value
Norovirus 3 0 0 97 100% 1.00 NA
Gl
Norovirus 19 0 0 81 100% 1.00 NA
GlI
Sapovirus 2 0 0 98 100% 1.00 NA
Adenovirus 6 0 9 85 91% 0.53 0.007*
[0.27-0.79]
Rotavirus 67 0 11 22 89% 0.73 0.002*
[0.58-0.87]
Astrovirus 1 0 1 98 99% 0.66 1.000
[0.04-1.00]

Abbreviations: P, positive; N, negative; NA, not applicable; *, P < 0.05.

4. Results

The overall agreement between Allplex GI-Virus and FTD Viral GE
assays was perfect (100%) for Norovirus GI, Norovirus Gl and Sapovirus,
and very high for Astrovirus (99%) (Table 1), with one discrepant sam-
ple that was positive only by FTD Viral GE analysis, probably owing to its
low viral load (C; value: 34.1).

For AdV and RoV the overall agreement was lower, and the results
obtained through the 2 assays differed significantly due to respectively
9 and 11 samples positive only with FTD test. Adenovirus discordant
samples were further analyzed using a specific Real-Time PCR that con-
firmed the positivity of all samples; C; values detected with FTD
workflow and Real-Time analysis were similar (Table 2). All 9 samples
were sequenced to identify AdV serotype. For 7 samples the AdV type
could be successfully assigned as non-F, thus explaining the negative re-
sults obtained by Allplex.

To assess whether discordant RoV results and the remaining AdV
discordant samples could be explained by different efficiency of the ex-
traction and/or amplification, FTD Viral GE multiplex PCR was per-
formed on extracts from Seegene workflow and vice versa. For RoV, all
11 discrepant samples had RoV positive results using Allplex GI-Virus
assay, with C¢ values ranging from 32.1 to 39.6; FTD Viral GE successfully
amplified 8/11 samples extracted by Allplex workflow, with C; values
between 26.8 and 38.4 (Table 3). The discordant RoV results were
then interpreted as true positive samples with low viral load. As
shown in table 3, Allplex did not amplify AdV in extracts from Siemens
workflow, which indicates that the discrepancy could be due either to
the different tests' specificity or to the low viral load. On the contrary
both extracts from Allplex workflow were amplified by FTD Viral GE.

Overall, the FTD assay detected 77 monomicrobic infections and 20
coinfections involving 2 (18/20) or three viruses (2/20), and the Allplex
assay detected 77 monomicrobic infections and 10 polymicrobic infec-
tions with 2 viruses. Allplex did not identify 8 Adenovirus, 1 Astrovirus,

Table 2
Results from Adenovirus R-gene test, FTD assay and genotyping performed on AdV discor-
dant samples.

Sample number  Result (C, value) Result (C, value) AdV genotype
Adenovirus R-gene test  FTD Viral GE
7 Positive (27.0) AdV Positive (28.9) 2C
16 Positive (30.0) AdV Positive (28.0) 1C
19 Positive (35.0) AdV Positive (33.8) /
32 Positive (31.8) AdV Positive (30.9) 2C
33 Positive (34.8) AdV Positive (33.0) /
34 Positive (25.8) AdV Positive (25.7) 31A
72 Positive (28.8) AdV Positive (26.9) 2C
82 Positive (22.4) AdV Positive (22.8) 1C
94 Positive (34.6) AdV Positive (33.6) 2C

Abbreviations: C; = threshold cycle; AdV = Adenovirus
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Table 3
Analysis of RoV and AdV discordant samples.

Sample Test FTD performed on Test Allplex performed on

number Seegene workflow extracts Siemens workflow extracts
Result (C;)

7 RoV Positive (28.94) RoV Positive (35.54)

8 RoV Positive (30.22) RoV Positive (38.30)

12 RoV Positive (30.50) RoV Positive (34.03)

13 RoV Positive (29.90) RoV Positive (38.61)

19 AdV Positive (33.65) AdV Negative

33 AdV Positive (32.36) AdV Negative

34 RoV Positive (26.89) RoV Positive (32.12)

37 RoV Negative RoV Positive (37.57)

39 RoV Negative RoV Positive (39.62)

40 RoV Positive (36) RoV Positive (33.36)

41 RoV Positive (36.76) RoV Positive (34.97)

42 RoV Negative RoV Positive (36.32)

43 RoV Positive (38.40) RoV Positive (36.78)

Abbreviations: C; = threshold cycle; RoV = Rotavirus

and 3 Rotavirus in coinfected samples (Table 4). Ten coinfections were
identified by both assays and all involved RoV, which in 9/10 cases
was detected with lower C; values in respect with the other coinfecting
virus (difference in C, values ranging from 1.95 to 23.88 for FTD and
from 1.27 to 23.56 for Allplex); in only one case of Rov-AsV infection,
the RoV C; value was higher for FTD, but lower for Allplex compared
to the AsV C; value. Among the remaining 10 coinfections detected by
FTD alone, NoV GII showed lower C; values than RoV and AdV (4/10, dif-
ference in C; values: 6.81-15.51), while RoV load was higher than AsV
and AdV (6/10, difference in C; values: 15.37-21.17). Overall, in 16/20
cases the coinfecting viruses displayed a difference in C; values higher
than 10.

5. Discussion and conclusion

The increasing availability of several syndromic panel-based tests
implies a careful evaluation in order to select the test more suited to
each diagnostic laboratory. In this work, we compare the performance
of 2 commercial multiplex molecular assays, Allplex GI-Virus and FTD
Viral GE, in terms of the detection, of enteric viruses usually associated
with gastrointestinal infection and diarrhea.

Our data shows a perfect agreement between the 2 assays for NoV
GI/GII, AsV and SaV, but a significant discordance was revealed in the
analysis of AdV and RoV. These findings are not consistent with a recent
study where an agreement higher than 99% was observed for all viruses
(Hirvonen 2019). Nonetheless, it is worth noting that in our population
a higher prevalence of RoV and AdV was found. This finding could be as-
cribed to several factors, such as a poor RoV vaccination coverage in our
country (Napolitano et al. 2019) and/or differences in RoV and AdV
strains' circulation among geographical regions (Lynch and Kajon
2016, Sadiq et al. 2018).

Table 4
Coinfections detected by FTD and Allplex assays.

Coinfection Number of coinfected ~Number of coinfected ~ Virus not
samples detected samples detected by ~ detected by
by FTD Allplex Allplex

AdV-RoV 6 1 Adv

AsV-RoV 2 1 AsV

NoV GI-RoV 3 3 -

Noro GII-RoV 4 3 RoV

Noro GII-AdV 1 0 AdV

RoV-Sav 2 2 -

Noro GII-AdV-RoV 2 0 AdV - RoV

Abbreviations: AdV = Adenovirus; RoV = Rotavirus; AsV = Astrovirus; NoV =
Norovirus; SaV = Sapovirus

In our study, a higher number of positive RoV and AdV samples were
identified by FTD. For RoV, this observation can be ascribed both to the
molecular assays' performance and to the different extraction yields of
the methods used. Indeed, the Allplex assay performed on Versant ex-
tracts from Siemens workflow produced positive RoV results for all
the discordant samples, with higher C; values compared to FTD test.
This data suggests a better performance of the Siemens workflow in
the detection of samples with low viral load.

A high analytical sensitivity is one of the main advantages of molec-
ular assays. However, on the other hand, the result interpretation can be
difficult for positive samples with high C; value, given the virus shed-
ding in stools for long periods following recovery from disease, and
the frequent detection of viruses in fecal samples from asymptomatic
subjects, especially children (Corcoran et al. 2014; Kapusinszky et al.
2012; Leva et al. 2016; Ye et al. 2017). Some authors suggest that the
semi-quantitative determination of viral load through C; values analysis
could be used to distinguish symptomatic from asymptomatic infec-
tions, and cut-off C, values were proposed for RoV and NoV (Bennett
et al. 2015; Phillips et al. 2009a; Phillips et al. 2009b; Trang et al.
2015). Unfortunately, the lack of patients' clinical data does not allow
us to study the correlation between C; values and severity of disease.

Another issue related to analytical sensitivity evidenced in this work
is the high number of coinfections observed, and remarkably FTD de-
tected more coinfected samples than Allplex. The high rate of coinfec-
tion is consistent with other laboratory-based studies focused on
molecular diagnosis of gastrointestinal viruses (Binnicker 2015;
Daniel-Wayman et al. 2018). Interestingly, in the majority of coinfected
samples (16/20 for FTD and 7/10 for Allplex) the C; value detected for
one of the viruses was substantially lower than the other, but again
we could not match our results with clinical or epidemiological data.
Further studies are needed to evaluate the correlation between viral
loads of coinfecting viruses and disease, given the misleading interpre-
tation that could be generated from multiple positivity for 2 or even
three pathogens.

In the choice of a RoV test, it is also important to take into account
that molecular assays are able to detect the attenuated RoV strains
used in the vaccines, and thus an overdiagnosis of RoV infections in pe-
diatric patients could occur. In a recent study C; values were signifi-
cantly lower for wild-type RoV compared to detectable Rotarix strain,
suggesting that in a vaccinated pediatric population a less sensitive
test could have higher specificity and negative predictive value
(Yandle et al. 2018). These observations highlight the importance that
diagnostic laboratories select C; cut-off values based on the specific mo-
lecular assay used in order to better aid clinical patient management.

In addition, when choosing a syndromic approach, the AdV serotype
specificity of the assay has to be considered. As shown by sequencing
analysis, and consistently with its AdV 40/41 specificity, the Allplex
test could not identify samples positive for non-enteric serotypes. Sim-
ilar results were reported in another work comparing Allplex and
genotyping assay (Hyun et al. 2018). Uncertainty remains about
whether AdV species known to cause infection in other districts can
be directly implicated in gastrointestinal disease, or rather reside phys-
iologically in the gut. Several studies highlighted the great AdV serotype
diversity in stool samples from both patients with diarrhea or healthy
controls (Afrad et al. 2018; La Rosa et al. 2015; Lekana-Douki et al.
2015; Liu et al. 2014; Lu et al. 2017; Mayindou et al. 2016; Moyo et al.
2014; Primo et al. 2018; Ye et al. 2017), and in a case-control study
Qiu et al. (2018) demonstrated that non-enteric AdV 3 was a high-risk
factor for diarrhea. A wide range of serotypes has been detected also
in stool samples from immunocompromised patients with a shift in pre-
dominance towards AdV-C species (Feghoul et al. 2015; McMillen et al.
2017; Mynarek et al. 2014); moreover, in this high-risk patient setting
infections sustained by both enteric and non-enteric AdVs have strong
clinical relevance for their ability to cause disseminated disease after re-
activation. This is particularly significant in pediatric patients, where the
frequency of invasive infection ranges from 6% to 42% after allogeneic
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hematopoietic stem cell transplantation (allo-HSCT), and can reach 38-
57% after solid organ transplantation depending on the transplanted
organ, reflecting the epidemiology of AdV infections that mainly occur
at a young age (Lion 2014). It is important to note that several studies
have brought forth evidence that in pediatric allo-HSCT recipients,
AdV proliferation preceding invasive infection occurs in the gastrointes-
tinal tract and, consequently, pre- and post-transplant molecular mon-
itoring of fecal AdV load can effectively predict the risk of
disseminated disease (Feghoul et al. 2015; Hum et al. 2018; Jeulin
et al. 2011; Kosulin et al. 2016; Kosulin et al. 2018; Lion et al. 2010). To-
gether, these findings strongly underline the importance of using broad-
spectrum AdV assays for the diagnostic screening of stool samples in im-
munocompromised pediatric patients. Furthermore, like for any other
diagnostic methods, the variability, and especially reassortment, of vi-
ruses should be considered when a new test is used, because it may po-
tentially lead to a different serotype not necessarily recognized by the
current assays.

In conclusion, the overall agreement between Allplex GI Virus assay
and FTD Viral Gastroenteritis assay was high for the detection of NoV,
SaV and AsV, but a lower concordance was evidenced for AdV and RoV.

This result may be due to 2 different reasons. First, our data suggest
that Siemens workflow has a better efficiency both in extraction and
amplification of samples, resulting in the identification of AdV and
RoV positive samples with low viral load, and in a higher number of
coinfections. It should be underlined, however, that, although our sam-
ple size was obtained accordingly to Bujang & Baharum in order to ob-
tain a 90% statistical power and an alpha value of 0.05 (Bujang and
Baharum 2017), to our opinion further studies, possibly with a higher
sample size, are needed to consolidate the better efficiency of Siemens
workflow compared to the Seegene workflow.

Second, the difference in AdV specificity between the assays did not
allow the detection by Allplex of non-F AdV. samples positive. Both
these observations may have important practical implications, since,
as stated above, the clinical significance of positive samples with high
C, values is not fully understood and further studies are needed for
their correct interpretation. Consequently, a more sensitive test could
provide results of difficult evaluation. On the other hand, the range of
AdV serotypes detected must be carefully considered, as the identifica-
tion of non-enteric species could be of clinical relevance. Specifically, in
immunocompromised pediatric patients the positivity for AdV in stools
could provide timely information on the risk of disseminated disease,
therefore multiplex assay, like FTD, able to recognize all AdV serotypes
have to be used in this clinical setting.
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