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Abstract
Bivalve molluscan shellfish like clams and oysters, etc., are capable to bioaccumulate surrounding contaminants from waters 
into their digestive systems and posing serious threats of food poisoning. Detection of rotaviruses (RVs) in shellfish is of 
particular importance because RVs are prone to genome reassortment resulting in the emergence of new RV variants that may 
compromise vaccine safety. Herein, we have detected the wild-type RVs and Rotarix/RotaTeq vaccine strains in freshwater 
clams collected on the riverside, Kawasaki city, from July 2019 to January 2020 and correlated the detected genotypes with 
that of gastroenteritis cases of nearby clinics to understand the transmission of RVs in the environment. The wild-type RVs 
were detected in 62 (64.6%) out of 96 freshwater clams in every study month: July, September, November, and January that 
are considered as off-season for RV infections. The most frequent genotypes were G2 (42.9%), G8 (28.6%), G3 (14.3%), 
G1 (7.1%), and G10 (7.1%), which remained comparable with genotypic distribution found in the clinical samples over the 
last few years indicating that these RVs may accumulate in clams since a long time. However, G10 genotype was detected 
in clam but not in clinical samples suggesting the presence of asymptomatic infection or RVs could be carried out from 
a long distance. Importantly, vaccine strains, RotaTeq (1%) but not Rotarix (0%), were also detected in a clam. Attention 
must be paid to monitoring the potential transmission of wild-type and vaccine RV strains in the environment to prevent the 
emergence of new variants generated from genome reassortment with vaccine strains.
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Introduction

Rotavirus (RV) still remains the most common cause of 
severe diarrhea among children under 5 years of age that 
could be fatal due to serious dehydration caused by extensive 
diarrhea and vomiting (Araki et al., 2016; WHO, 2019). To 
prevent severe RV illness, two live attenuated oral RV-vac-
cines, Rotarix (GlaxoSmithKline, Rixensart, Belgium) and 
RotaTeq (Merck & Co., Whitehouse Station, NJ, USA) were 
recommended by World Health Organization (WHO) to be 
introduced in every country since 2009 (WHO, 2019). Yet, 
RVs were found responsible, mostly in developing countries, 
for an estimated 258 million diarrheal cases and 128,515 
deaths annually worldwide among children < 5 years while 
228,047 deaths among all ages (GBD, 2016 Diarrhoeal Dis-
ease Collaborators, 2018). However, the death toll remained 
as high as 453,000 among children younger than 5 years in 
2008 when RV-vaccines were not implemented widely (Tate 
et al., 2012; WHO, 2019). In fact, RV-vaccines played a 
dramatic role in reducing disease severity, hospitalizations, 
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and mortality in RV infection through providing a broad 
heterotypic immunity because of RV’s cross-reactivity (Bur-
nett et al., 2017; Hoque et al., 2018a, 2018b; Kawata et al., 
2021). However, RV infection yet remains unpreventable not 
only because of RV’s genotype diversity and reassortment 
capability but also for its highly contagious nature (Hoque 
et al., 2018a, 2018b, 2019a, 2019b). Not only children but 
also adults could be infected and can spread the virus though 
the illness may remain less severe or asymptomatic in adults 
(Anses, 2012; Snelling et al., 2011). A large number of RVs 
are shed through the stool of infected persons and spread 
out easily via contaminated food, unwashed hands, and con-
taminated inanimate objects like toys, towels, etc. (Stanford 
Children's Health, 2021; Victoria et al., 2014).

Bivalve molluscan shellfish like clams and oysters are 
commonly eaten raw or undercooked are capable to accu-
mulate enteric viruses from their surrounding waters and 
bioconcentrate them within their digestive systems and, 
thus, have been reported for some large outbreaks of enteric 
viruses like norovirus and hepatitis A (Meghnath et al., 
2019; Richards, 2016; Upfold et al., 2021). Detection of RVs 
in sewage water (Hoque et al., 2019a, 2019b; Thongprachum 
et al., 2018) and in shellfish (Ito et al., 2021; Keller et al., 
2019; Kittigul et al., 2014; Quiroz-Santiago et al., 2014) has 
been shown scattered in some studies. However, the seasonal 
variation of RV detection in shellfish or its association with 
gastroenteritis epidemics is not yet clear. Particularly, the 
detection of RV-vaccine strains in shellfish has been barely 
reported.

The current national immunization program in Japan 
includes BCG, PCV (Pneumococcal Vaccine), DTP-IPV 
(Diphtheria, Tetanus and Pertussis and Injectable Polio), 
MR (Measles and Rubella), Japanese Encephalitis, chick-
enpox, Hib, HPV, hepatitis B, while rotavirus (Rotarix 
from November 2011 and RotaTeq from July 2012), sea-
sonal influenza, mumps, hepatitis A, meningococcal vac-
cines were introduced as voluntary vaccination (JHI, 2021). 
Recently, rotavirus vaccines (2 doses of Rotarix or 3 doses of 
RotaTeq) have been included in the national vaccination pro-
gram of Japan from October 1, 2020 (Kawata et al., 2021). 
The average RV-vaccine coverage was 47.6% until the end 
of 2014 which has been increased gradually in the follow-
ing years (Kawata et al., 2021). Rotarix is administered in 
2 oral doses: 1st at 6–14 weeks and with 4 weeks’ interval 
2nd within 24 weeks, while RotaTeq is administered in 3 
oral doses: 1st at 6–14 weeks and with 4 weeks’ interval 
from each 2nd and 3rd doses by 32 weeks. These are live 
vaccines that can replicate in vaccinees and are shed in feces 
which is more common after the first dose from 1 to 15 days 
post-vaccination (Anderson, 2008). This shedding could be 
prolonged as long as 360 days after the last dose in immuno-
compromised patients (Patel et al., 2010). RV-vaccine strains 
have been shown highly stable in the aquatic environment 

(Gautam et al., 2014). Therefore, shedding of the vaccine 
viruses may cause transmission of live vaccine viruses from 
vaccinated to unvaccinated children resulting in a potential 
threat of vaccine-associated diseases, especially, in immu-
nocompromised individuals (Yen et al., 2011). Previously, 
RotaTeq vaccine-acquired RV infection was reported among 
children with severe combined immunodeficiency disorder 
(Werther et al., 2009). Again, vaccine viruses may reassort 
with other strains to produce reassortants that may remain 
associated with acute gastroenteritis (AGE) (Gautam et al., 
2014). Such reassortants derived from the RotaTeq vaccine 
strain and wild-type human RV strains have been detected 
in AGE cases (Bucardo et al., 2012). Accumulation of RV-
vaccine viruses in shellfish thus possess potential health risk 
and needs to be investigated.

In this study, we intended to detect wild-type RVs and 
RV-vaccine viruses in freshwater clams (Cyrenidae) col-
lected in different seasons from the Tokyo Bay area near 
Kawasaki City Institute for Public Health. The genotypes 
of RVs in clams, in relation to genotypes in RV-associated 
gastroenteritis cases detected in Kawasaki City Institute for 
Public Health of two sentinel clinics, were also investigated.

Methods

The freshwater clams (Cyrenidae) of size about 3–4 cm long 
were collected from the Tokyo Bay area near Kawasaki City 
Institute for Public Health at the riverside of the mouth of 
the Tama River with 2 months’ interval from July 2019 to 
January 2020. These clams were natural and rare that were 
collected with permission. Therefore, a limited number of 
clams were collected for investigation. In each study month, 
24 clams were collected at a time from the same area. The 
clams were kept on ice and transferred to the laboratory 
where these were shucked and the digestive tissues were 
excised from clams. These were then stored into microtubes 
at − 80 °C until analysis.

For virus extraction from the clams, we followed the 
standard method as instructed in Food hygiene inspection 
guidelines: Standard methods of analysis in food safety 
regulation (JFHA, 2015). In brief, the mid-gut digestive 
tissue was excised from a single clam and taken in a tube, 
weighed, added 9 times weight of α-amylase (2.8 mg/ml 
in PBS), and crushed well with a bio-masher. Since we 
aimed to detect wild-type/vaccine RV strain from individ-
ual clams, we did not use the pooling method here. It was 
then incubated for 1 h at room temperature and centrifuged 
at 10,000 rpm at 4 °C for 20 min. The supernatant was col-
lected carefully and mixed with an equal volume of poly-
ethylene glycol (PEG) solution (16 g PEG 6000 + 4.2 g 
NaCl in 100 ml deionized water), and stirred overnight 
at 4 °C. The next day, it was centrifuged at 10,000 rpm at 
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4 °C for 20 min, and the supernatant was discarded. The 
pellet was finally dissolved in 300 µl of distilled deionized 
water to prepare a single virus concentrate sample from 
a single clam.

Viral RNA was then extracted from the concen-
trated sample using QIAamp Viral RNA Mini Kit and 
RVs were detected by real-time RT-PCR using primers 
and probes designed to target the non-structural protein 
region 3 (NSP3) of RVs: forward primer JVKF (5ʹ-CAG 
TGG TTG ATG CTC AAG AT GGA-3ʹ; positions 17-39), 
reverse primer JVKR (5ʹ-TCA TTG TAA TCA TAT TGA 
ATA CCCA-3ʹ; positions 147-123), and TaqMan probe 
JVKP (FAM-5ʹ-ACA ACT GCA GCT TCA AAA GAA GWG 
T-3ʹ Black Hole Quencher; positions 96-72), as described 
elsewhere (Jothikumar et al., 2009). Vaccine-specific real-
time RT-PCR was done for all real-time RT-PCR-positive 
samples to detect NSP2 and VP6 regions of Rotarix and 
RotaTeq strains, respectively (Gautam et al., 2014). The 
real-time RT-PCR was performed for 45 cycles, with a 
Ct (cycle threshold) value of 40 as the detection limit. 

Amplifications were confirmed using positive (oligo DNA 
containing target sequences) and negative external ampli-
fication controls.

G-genotypes were determined by sequence-based analysis 
of the VP7 region after conventional RT-PCR (Hoque et al., 
2020).

Total 47 stool samples from RV-positive children (tested 
RV-positive by immunochromatographic-based rapid diag-
nosis kits in the clinic) were collected from 2 sentinel clinics 
in Kawasaki city from January 2017 to January 2020 for 
genotyping at Kawasaki City Institute for Public Health by 
conventional RT-PCR followed by sequenced based analysis 
as described elsewhere (Hoque et al., 2020).

Results

As shown in Table 1, twenty-four clams were collected per 
study month and investigated for wild-type RVs and RV-
vaccine strains. Among total 96 clams, wild-type RVs were 

Table 1  Cycle threshold (Ct) values of real-time PCR for RV detection in river clams

Serial July, 2019 September, 2019 November, 2019 January, 2020

Wild-type RotaTeq Rotarix Wild-type RotaTeq Rotarix Wild-type RotaTeq Rotarix Wild-type RotaTeq Rotarix

1 33.1 – – 35.4 – – 32 – – 33.5 – –
2 31.6 – – – – – 34.6 – – 31.9 – –
3 32.1 – – – – – 32.6 – – – – –
4 32 – – 35.4 – – 31.8 – – 32.6 – –
5 33.2 – – 35.4 – – 33.9 – – 32.3 – –
6 – – – – – – 33.1 36 – – – –
7 30.8 – – – – – 33.6 – – 34.5 – –
8 31.4 – – – – – – – – 35.5 – –
9 32 – – – – – 34.3 – – 36.5 – –
10 32.6 – – – – – 34.9 – – – – –
11 31.1 – – – – – – – – 35.7 – –
12 32.8 – – 35 – – 33.9 – – – – –
13 31.7 – – 35.3 – – 35.4 – – – – –
14 30.9 – – 35.1 – – 32.7 – – – – –
15 32.4 – – – – – 34.1 – – 36 – –
16 31.8 – – – – – 33.7 – – 35.1 – –
17 32.3 – – – – – 36 – – – – –
18 32 – – – – – 35.8 – – – – –
19 35 – – 35.1 – – 34.8 – – – – –
20 – – – – – – – – – – – –
21 32.2 – – 34.4 – – 33.9 – – 33.3 – –
22 32.9 – – 32.9 – – – – – 33.4 – –
23 32 – – – – – – – – – – –
24 34 – – – – – – – – 35.2 – –
Number of 

RV-positives 
(%)

22 (91.7) 0 0 9 (37.5) 0 0 18 (75.0) 1 (4.1) 0 13 (51.2) 0 0
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detected in 62 (64.6%): the maximum 91.7% (22 out of 24 
clams, average Ct value ± standard deviation was 32.2 ± 0.9) 
clams were detected RV-positive in July 2019 followed by 
75% (18 out of 24, Ct: 33.95 ± 1.2) in November 2019, 
51.2% (13 out of 24, Ct: 34.2 ± 1.5) in January 2020, and 
37.5% (9 out of 24, Ct: 34.8 ± 0.8) in September 2019. How-
ever, the detection of vaccine strain did not correlate with 
the number of wild-type viruses detected. Single clam posi-
tive for RotaTeq vaccine virus was detected in November 
2019 (Table 1) with Ct value 36 indicating clearly positive. 
The copy number was separately evaluated in this clam and 
determined 1–2 copies/clam. No Rotarix vaccine strain was 
detected in the study.

G-genotyping analysis suggested that RVs detected in 
clams were of G1, G2, G3, G8, and G10 genotypes (Fig. 1). 
To find out the relationship between RVs in clams and gas-
troenteritis cases, we collected the information of the last 
few years of RV detection in the children of nearby Kawa-
saki City Institute for Public Health. As shown in Fig. 1, 
the RV season in clinical samples existed from February to 
June, while RVs were detected in clams from July to January 
(Table 1). The most frequent genotype in clams were G2 (6 

out of 14, 42.9%), followed by G8 (4 out of 14, 28.6%), G3 
(2 out of 14, 14.3%), G1 (1 out of 14, 7.1%) and G10 (1 out 
of 14, 7.1%). Interestingly, similar genotypic distribution 
was observed in the clinical samples of nearby clinics when 
investigated from 2017 to 2020: G2 (16 out of 47, 34.0%), 
followed by G8 (14 out of 47, 29.8%), G3 (10 out of 47, 
21.3%), G9 (4 out of 47, 8.5%) and G1 (3 out of 47, 6.4%). 
Thus, the predominating genotypes in clams and clinical 
samples of the last few years seem associated. However, 
the genotypes predominated in the clinical samples in that 
particular study year (2019–2020) were G8 (13 out of 22, 
59.1%) followed by G3 (4 out of 22, 18.2%), G9 (3 out of 22, 
13.6%), G1 (1 out of 22, 4.5%) and G2 (1 out of 22, 4.5%), 
not looked properly associated with the genotypes in clams.

Discussion

The aim of this study was to detect RVs, both wild-type and 
vaccine strains, in shellfish and correlate the genotypes of 
RVs detected in shellfish with that of gastroenteritis cases 
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of nearby clinics to understand the transmission/circulation 
of these pathogens in the environment.

Here, we detected RVs from freshwater clams harvested 
from nature. Herein, clams were collected with 2 months’ 
intervals from July 2019 to January 2020. Although this 
study was planned to continue at least one year to understand 
the year-round scenario of RV’s accumulation in clams, the 
COVID-19 pandemic situation halted the study in mid-
way and existing data suggested that wild-type RVs were 
detected in clams in these months also (Table 1) although 
RV season in Japan is considered from February to May with 
a peak in April (Hoque et al., 2020). The detection of RVs 
in clams in all detection months (July, September, Novem-
ber, and January) suggested that RVs may remain present 
in shellfish in all seasons including the off-season of RV 
infection. Recent evidence suggested that the concentration 
of RVs in oysters was significantly correlated with that in 
sewage with a lag-time of − 6 to 0 weeks which is required 
for viral transportation from wastewater treatment plants to 
oysters (Ito et al., 2021).

Detection of RotaTeq vaccine strain in clams remained 
another major finding of the present study. Very recently, 
the detection of RV-vaccine strains in oysters has been 
shown for the first time by Ito et al. (2021). According to 
their findings, the positive rates of wild-type RVA, RotaTeq, 
and Rotarix in oysters were 54, 31, and 14%, respectively, 
which remained comparable with those of wild-type RVA 
(57%), RotaTeq (35%), and Rotarix (0%) in sewage water 
(Ito et al., 2021). In the present study, we detected wild-type 
RV (64.6%), RotaTeq (1%) but not Rotarix (0%) viruses in 
freshwater clams. The detection rate may have varied due to 
the differences in the methodology and sensitivity of prim-
ers. Here, we did not use the pooling method because we 
aimed to detect wild-type/vaccine RV strain from individual 
clams. The primers and probes used here for selective detec-
tion of Rotarix and RotaTeq vaccine strains were very spe-
cific to Rotarix NSP2 and RotaTeq VP6 genes, respectively, 
that were developed and validated by Gautam et al. (2014) 
exhibiting 100% sensitivity, 98.6–99% specificity, 92.5–96% 
PPV, 99–100% NPV with 91–94% efficiency and 1–2 copies 
limit of detection toward selectively detecting target vaccine 
strains. Here, the Ct value of the single RotaTeq-positive 
clam was 36 indicating clearly positive and the copy num-
ber was evaluated 1–2 copies in the clam. RV-vaccines are 
used in all months. So, vaccine strain could be found at any 
month. Nevertheless, vaccine strains were detected fewer 
than wild-type strains, probably because disposable baby 
diapers are widely used in developed countries for infants 
younger than 6 months when vaccine doses are administered.

Herein, RVs were detected in clams by real-time RT-
PCR as well as by conventional RT-PCR during genotypic 
analysis. However, conventional RT-PCR remained less 
sensitive than real-time RT-PCR, and all RV-positive 

samples did not yield clear amplicons of the VP7 region 
for sequence-based genotyping. Genotypes detected in 
clams remained comparable with those detected in AGE 
cases of nearby clinics of the last few years but not with 
that particular year only. However, the G10 genotype 
detected in clams was not found in clinical samples. Thus, 
the data of genotypic analysis of clams and clinical sam-
ples raised several possibilities: 1. RV strains of previous 
years may persist in clams for a long time, 2. strains from 
asymptomatic infected individuals can be accumulated, 
3. RVs, not only from nearby areas but also from a long 
distance across, may be carried away by river water and 
accumulate in the clams in bay areas.

Bivalve mollusks like clams, oysters, mussels, and scal-
lops are popularly eaten in different types of foods. Similar 
to clams, other bivalve mollusks also may remain contami-
nated similarly in all seasons and may cause the spread of 
RV infection from food handlers, or asymptomatic adult 
carriers to vulnerable children aged < 5 years.

Bivalve mollusks may contain PCR-inhibitors, therefore, 
lack of internal process control in the detection technique 
remained a limitation of this study. Nevertheless, frequent 
detection of RV-positive clams indicated that the method 
was sensitive enough to detect RV after minimizing the 
effect of inhibitors. Lack of quantitative analysis and viabil-
ity testing remained some other limitations of this study.

In conclusion, this short communication remains very 
important to understand the spread of RVs. Our data sug-
gest that RVs from infected patients, either symptomatic 
or asymptomatic, or from long distances can be accumu-
lated in bivalve mollusks and can persist for a long time. 
The shellfish of off-season also may remain contaminated 
with RVs and may remain responsible for the next seasonal 
RV outbreak. Furthermore, we provided evidence of the 
accumulation of vaccine strains in bivalve mollusks that 
pose a threat of unexpected infections and virus genomic 
reassortments. Although the detection rate of vaccine 
strains in clams remained low in Japan, it may vary in 
other countries. Further studies are required to understand 
the viability and whether this bioaccumulation and biocon-
centration of bivalve mollusks have any stimulating role in 
genetic reassortment.
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