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SUMMARY

Background: Viral gastroenteritis is a significant global health concern. An effective, rapid, and easy-to-use diag-
nostic tool is essential for screening causative viruses.

Methods: Forty-eight samples, known to be infected with one of the following viruses: norovirus, group A rotavi-
rus, astrovirus, adenovirus, and sapovirus determined by reverse transcription-PCR and nucleotide sequencing,
were evaluated by the Fast Track Diagnostics (FTD) viral gastroenteritis assay.

Results: The assay demonstrated 100% specificity for all viruses and matched the RT-PCR sensitivity for norovi-
rus Gl, classic human astrovirus, adenovirus, and sapovirus. It identified norovirus Gll and rotavirus with 87.5%
and 85.7% sensitivity, respectively. However, its sensitivity for detecting novel human astrovirus MLB and VA
was lower, at 35%.

Conclusions: The FTD viral gastroenteritis assay can effectively screen simultaneously for norovirus Gl, GllI,
group A rotavirus, adenovirus, and sapovirus in clinical settings. The study also suggests that improved detection
methods are necessary for novel astrovirus strains.
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INTRODUCTION

Viral gastroenteritis is the most common disease affect-
ing all ages, especially children under 5. It remains a
significant contributor to global morbidity and mortali-
ty. Numerous viruses have been identified as causative
agents of the disease. Notably, group A rotavirus
(RVA), norovirus (NoV), adenovirus (AdV), and sapo-
virus (SaV) are the primary agents frequently found in
most cases of the illness [1]. Rotavirus, a member of the
Reoviridae family, comprises at least ten groups desig-
nated as A to J. RVA is a significant pathogen causing
diarrhea in humans, with a notable impact on young
children [2]. NoV and SaV are members of the Calici-
viridae family and are recognized as a significant etio-
logical agent of both outbreaks and sporadic cases of
acute gastroenteritis (AGE) across various age groups.
A distinctive feature of NoV is the considerable amino
acid sequence variation in the VP1 region, leading to
the classification of ten genogroups (GI-GX). Among
these genogroups, Gl and GII are the most prevalent
and are associated with human diseases. They can be
further divided into nine genotypes (GI.1-G1.9) and 26
genotypes (GII.1-Gll.14, GII.16-GI11.27), respectively
[3]. Currently, SaV is divided into 19 genogroups (Gl to
GXIX). Among these, GI, Gll, GIV, and GV infect hu-
mans, with Gl subdivided into seven genotypes (GI.1 to
G1.7) and GlI into eight genotypes (GII.1 to GII.8) be-
ing the most predominant genotype [4]. AstV is one of
the common causes of viral gastroenteritis, following
norovirus and sapovirus. At present, numerous geno-
types of the classic HAstV (HAstV1 to -V8), as well as
novel MLB HAstV genotypes (MLB1 to -3) and VA
HAstV genotypes (VAL to -5), have been identified [5].
AdV, a member of the Adenoviridae family, is widely
acknowledged as a significant pathogen capable of in-
fecting individuals across all age groups, with a partic-
ularly high incidence among children [6].

There has been a consistent need for the development of
efficient and reliable diagnostic methods for identifying
primary AGE viruses, including NoV, RVA, AstV,
AdV, and SaV. While various laboratory techniques are
available for the detection of these viruses, PCR-based
methods are widely regarded as the gold standard due to
their sensitivity and specificity [7,8]. In this study, we
evaluated the effectiveness of the FTD Viral GE, a mul-
tiplex real-time PCR kit from Fast Track Diagnostics,
Luxembourg, using samples previously confirmed to be
infected with NoV, RVA, AstV AdV, and SaV, by re-
verse transcription (RT)-PCR and nucleotide sequenc-

ing.

MATERIALS AND METHODS

The samples were collected from pediatric outpatients
in Japan diagnosed clinically with AGE by pediatricians
in six prefectures: Hokkaido, Tokyo, Shizuoka, Kyoto,
Osaka, and Saga, in which 35 samples were mono-in-

fection including NoV: 7 (GI: 1 and GlI: 6), RVA: 5,
AstV: 15, AdV: 2, and SaV: 6, 13 samples were co-in-
fection including NoV Gl and GII: 1, NoV Gll and
RAV: 1, NoV Gll and AstV: 8, AstV and AdV: 1, AstV
and SaV: 1, and RVA and SaV: 1. All samples were
stored at -30°C until use. The study received approval
from the Ethics Committee of the Nihon University
School of Medicine in Tokyo, Japan (29-9-0, 29-9-1,
29-9-2).

The viral RNA was extracted from 140 pL of a 10% fe-
cal suspension using the QlAamp viral RNA Mini kit
(QIAGEN GmbH, Hilden, Germany), following the
manufacturer’s instructions. Subsequently, the RNA un-
derwent multiplex real-time PCR analysis utilizing the
FTD viral GE kit to detect NoV GI, NoV Gll, AstV,
RVA, AdV, and SaV [9,10]. The assay employed three
tubes, each containing one set of primers and probe mix
targeting different viruses: NoroPP for NoV Gl and
NoV GlI, ARA PP for AstV, RV, and AdV, and Sapo
PP for SaV. Briefly, 10 pL of RNA extract was mixed
with 15 pL of each of the three master mixes of the
FTD viral solutions in a final volume of 25 pL. The as-
say was performed on a QuantStudio5 Real-Time PCR
System (Applied Biosystems, MA, USA) with the fol-
lowing thermal cycling conditions: 42°C for 15 minutes,
94°C for 3 minutes, 40 cycles of 94°C for 8 seconds,
and 60°C for 34 seconds. In addition, a positive control
and a negative control were included for each assay.

RESULTS AND DISCUSSION

Of the 48 samples positive with NoV, AstV, RVA,
AdV, and SaV determined by RT-PCR and sequence
analysis, 35 were single infections, and 13 showed co-
infection (Table 1 and 2). It is worth noting that no false
positive results were reported across all the tested vi-
ruses, indicating the high specificity of this kit (100%).
Among the NoV samples, 17 were identified, with one
belonging to NoV GI, specifically genotype 6 (GI.6),
and 15 samples belonging to GII. This included five
samples with single infections of genotype 2 (GI1.2) and
1 sample of genotype 3 (GII.3), along with nine samples
of genotype 4 (Gll.4) co-infections with AstV (8 sam-
ples) and RVA (1 sample). Additionally, one sample ex-
hibited mixed NoV Gl and GII infections (Gl.2 and
Gl1.2). Regarding AstV, out of the 25 samples analyzed,
15 were single infections, while 10 showed co-infec-
tion. Classic HAstV accounted for 11 samples compris-
ing HAstV1 (8 samples), HAstV2 (1 sample), and HA-
stV3 (2 samples). Additionally, novel MLB AstV was
12 (including MLBL1: 6, MLB2: 4, and MLB3: 2), along
with novel VA2 in 2 cases. Out of 7 RVA samples, 5
were single infections, comprising G1 (2 samples) and
G2, G8, and G9 (1 sample each), 2 were co-infection in
which one sample with NoV Gl1.4 (G4 and NoV Gll.4)
and the other with SaV (G2 and SaV GI.2). Among the
3 AdV samples, 2 HAdV-F41 were single infections,
and the remaining one, HAdV-C5 was co-infection with
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Table 1. Detection of single infection of norovirus, rotavirus, astrovirus, adenovirus, and sapovirus in clinical stool samples

using FTD viral gastroenteritis Kit.

Noro PP ARA PP SERE FTD positive/negative
Virus iigstlie NoV | NoV - NoV | NoV
ol | o | AtV | RVA | Adv | sav | T2 Gl | AtV | RVA | AdV | sav
NoV GI 1/0
NovGle | 1 | 1 | | | | 1/0
NoV Gl 5/1
NoV GIl.2 5 4 411
NoV GI1.3 1 1 1/0
RVA 5/0
Gl 2 2 2/0
G2 1 1 1/0
G8 1 1 1/0
G9 1 1 1/0
AstV 10/5
HAstV1 5 5 5/0
HAStV2 1 1 1/0
HAstV3 2 2 2/0
MLBL1 2 1 11
MLB2 2 1 11
MLB3 1 0 0/
VA2 2 0 0/2
AdV 2/0
AdV-FaL | 2 | ] | | 2/0
sav 6/0
Gl1 2 2 2/0
Gl 1 1 1/0
GIl3 2 2 2/0
Gl.8 1 1 1/0
Total 35 1/0 51 | o6 5/0 200 | 6/0

HASstV1. In the case of 7 SaV samples, 6 were single in-
fection, comprising Gl.1 (2 samples), GIl.1 (1 sample),
GI1.3 (2 samples), and GI11.8 (1 sample). The remaining
sample (G1.2) presented a co-infection with RVA G2.
To assess the sensitivities of the FTD viral GE kit, all
samples were tested by utilizing FTD viral GE assay,
and the result was compared with those of the conven-
tional RT-PCR, as shown in Tables 1 and 2. In total, the
FTD viral GE kit successfully detected all 13 instances
of single and co-infection involving NoV GI (2 sam-
ples), AdV (3 samples), and SaV (8 samples), exhibit-
ing comparable sensitivity to that of the RT-PCR assay.
For detecting NoV GllI, out of 16 samples tested, in-
cluding six single infections and ten co-infections, 14
were positive, yielding a sensitivity of 87.5%, and the
remaining two samples (one NoV Gl1.2 single infection
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and one co-infection of NoV GIl.4 and RVA) tested
negative. The sensitivity of the test was calculated at
85.7% for RVA, seven rotavirus samples underwent
testing, encompassing RVA strains G1 (2 samples), G2
(2 samples), G4 (1 sample), G8 (1 sample), and G9 (1
sample). Among these, six tested positive for rotavirus
using the FTD viral GE kit, while one sample of G4
tested negative. For the 25 AstV samples, as presented
in Table 3, the FTD viral GE kit successfully identified
all 11 classic HAstV strains (HAstV1: 8, HAstV2: 1,
and HAstV3: 2). However, it failed to detect 7 out of 12
novel HAstV MLB strains and all 2 novel VA2 strains.
It should be noted that FTD viral GE kit could detect
several genotypes of classic HAstV, including HAstV1,
HAstV2, and HAstV3. However, the Kkit's sensitivity
was lower for novel HAstV MLB and VA, accounting
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Table 2. Detection of co-infection of norovirus, rotavirus, astrovirus, adenovirus, and sapovirus in clinical stool samples using

FTD viral gastroenteritis kit.

Noro PP ARA PP SERE FTD positive/negative
virus U D = NoV | Nov
ol | oy | AstY [RVA | Adv | sav | 27| ST | AstV | RVA | AdV | Sav
NoV Gl + NoV Gl 1o | 10
NovGle+Gl2 | 1 | 1 | 1 | | | | 10 | 10
NoV Gl + RVA 01 0L
NoVGIL4+RVAG4 | 1 | | o | | o | \ 01 01
NoV GII + AstV 80 | 6/2
NoV Gl1.4 + HAstV1 2 2 | 2 20 | 200
NoV Gll.4 + MBL1 3 3 1 30 | 12
NoV Gll.4 + MBL2 2 2 | 2 20 | 200
NoV Gll.4 + MBL3 1 1 1 1o | 110
AstV + AdV 1/0 1/0
HAstVI+Adv-C5 | 1 | \ | 1| | 1 | 1/0 1/0
AstV + SaV 0/1 1/0
MBLL+SavGll | 1 | | | o | | B 0/1 1/0
RVA + SaV 1/0 1/0
RVA G2 + SaV GI.2 1 1 1/0 1/0
Total 13 wo | on [ 73 | 11 [ wo | 20

Table 3. Evaluation of the FTD viral gastroenteritis assay for the detection of astrovirus types.

. FTD viral gastroenteritis kit
Astrovirus types RT-PCR — - -
positive negative % detected by FTD viral GE
Classic HAstV
HAstV1 8 8 100
HAstV2 1 1 100
HAstV3 2 2 100
Total 11 11 100
Novel MLB
MLB1 6 2 4 333
MLB2 4 3 1 75
MLB3 0 2 00
Novel VA
VA2 2 0 00
Total 14 5 35.7%

for 35.7%. This inefficiency may be due to genetic dif-
ferences between classical and non-classical astrovirus-
es, potentially affecting the conserved regions targeted
by the primers and probes. These findings are slightly
different from those of the previous studies, which ob-
served a high sensitivity of the FTD Viral GE assay for

detecting NoV, SaV, and AstV, but lower sensitivity for
AdV and RVA [10]. Additionally, perfect agreement
was noted for RVA, SaV, and NoV, substantial agree-
ment for AdV, and moderate agreement for AstV [11].
This study assessed the FTD viral GE kit for detecting
NoV Gl and GlI, AstV, RVA, AdV, and SaV. The kit
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showed high specificity and identified effectively single
and co-infections, with performance comparable to con-
ventional RT-PCR. While the kit was effective for clas-
sic AstV genotypes, a reduced sensitivity for novel
AstV MLB and VA strains was noted. These findings
highlight the kit’s utility for screening primary causa-
tive viruses in clinical samples but suggest that future
research should focus on improving its sensitivity and
specificity for all viral strains.

Acknowledgment:
We are grateful to Drs. Shuichi Nishimura, Masaaki
Kobayashi, Kumiko Sugita, Tsuneyoshi Baba, Atsuko
Yamamoto, Hideaki Kikuta, and Eiichi Nakayama of
the Japan viral gastroenteritis research group for collect-
ing stool samples.

Sources of Support:

This work was supported by Grants-in-Aid for Japan
Agency for Medical Research and Development
(AMED) (grant number JP23fk0108668, JP24fk 01086
68), Japan Society for the Promotion of Science (JSPS)
(grant no. 24K11007), the Nihon University Research
Grant for 2022, and the Research Center for GLOBAL
and LOCAL Infectious Diseases, Oita University (2024
B02).

Declaration of Interest:
All authors have no conflicts of interest to declare.

References:

1. Buss SN, Leber A, Chapin K, et al. Multicenter evaluation of the
BioFire FilmArray gastrointestinal panel for etiologic diagnosis
of infectious gastroenteritis. J Clin Microbiol 2015;53:915-25.
(PMID: 25588652)

2. Esona MD, Ward ML, Wikswo ME, et al. Rotavirus Genotype
Trends and Gastrointestinal Pathogen Detection in the United
States, 2014 - 2016: Results From the New Vaccine Surveillance
Network. J Infect Dis 2021;224:1539-49. (PMID: 33822119)

3. Cannon JL, Bonifacio J, Bucardo F, et al. Global Trends in Noro-
virus Genotype Distribution among Children with Acute Gastro-
enteritis. Emerg Infect Dis 2021;27:1438-45. (PMID: 33900173)

4. de Oliveira-Tozetto S, Santiso-Bellon C, Ferrer-Chirivella JM, et
al. Epidemiological and Genetic Characterization of Sapovirus in
Patients with Acute Gastroenteritis in Valencia (Spain). Viruses
2021;13(2):184. (PMID: 33530573)

5. Vu DL, Bosch A, Pinto RM, Guix S. Epidemiology of Classic
and Novel Human Astrovirus: Gastroenteritis and Beyond. Vi-
ruses 2017;9(2):33. (PMID: 28218712)

6. Shieh WJ. Human adenovirus infections in pediatric population -

An update on clinico-pathologic correlation. Biomed J 2022;45:
38-49. (PMID: 34506970)

Clin. Lab. 1/2025

7.

10.

11

Thongprachum A, Khamrin P, Pham NT, et al. Multiplex RT-
PCR for rapid detection of viruses commonly causing diarrhea in
pediatric patients. J Med Virol 2017;89:818-24.

(PMID: 27735999)

Vinje J. Advances in laboratory methods for detection and typing
of norovirus. J Clin Microbiol 2015;53:373-81.
(PMID: 24989606)

Niendorf S, Ebner W, Marques AM, et al. Rotavirus outbreak
among adults in a university hospital in Germany. J Clin Virol
2020;129:104532. (PMID: 32650277)

Sciandra I, Piccioni L, Coltella L, et al. Comparative analysis of 2
commercial molecular tests for the detection of gastroenteric vi-
ruses on stool samples. Diagn Microbiol Infect Dis 2020;96:
114893. (PMID: 31677959)

Moudjahed H, Pincon C, Alidjinou K, Dewilde A, Goffard A.
Comparison of three molecular assays for detection of enteric vi-
ruses in stool samples. J Virol Methods 2017;250:55-8.

(PMID: 28966035)



