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Development of virus concentration methods for detection of rotavirus in bivalve shellfish
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ABSTRACT

Detection of enteric viruses in foods is of great importance for virological analysis in food safety. The
present study aimed to develop virus concentration methods for detection of rotavirus in various kinds of bivalve
shellfish by reverse transcription-nested polymerase chain reaction (RT-nested PCR). Virus concentration by
Methods A (adsorption - twice elution - extraction), B (adsorption - twice elution - precipitation - twice extraction),
and C (adsorption-twice elution-twice precipitation-twice extraction) gave the same sensitivity of RT-nested PCR
and could detect rotavirus at the lowest concentration of 5.69 copies/ml in concentrates of oysters, cockles, and
mussels. In seeding experiments, the detection limit of Methods A and B was equal (2.78 copies/4 g of each shellfish)
and lower than that of Method C. These findings suggest the most suitable Method A for rapid concentration of

rotavirus from bivalve shellfish.
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Introduction

Rotavirus is the leading cause of severe
diarrhea in infants and young children worldwide
(Umesh et al., 1998). Globally, acute diarrhea caused
by rotavirus is responsible for 527,000
deaths and 2.4 million admissions to hospital
each year among children under 5 years (Umesh et
al., 2006). In Thailand, the prevalence of rotavirus
infection is in the range of 27-50% among
hospitalized children (Pattara et al., 2007; Utcharee et
al., 2008) and 42% of all ages (Thitiluck, 2011).
Rotavirus, belonging to the family Reoviridae has
been classified into  seven groups (A to G) whereas
group A rotavirus comprises of important
pathogens of humans (Ulrich et al., 2005). The virus
is shed in feces in high numbers and transmitted via
fecal-oral route and may contaminate surface water
and foods (Walda et al, 2006). Food-borne
outbreaks caused by rotavirus are uncommon,
however, the findings of rotavirus present in various
kinds of bivalve shellfish may imply a health risk to
humans (Francgoise et al., 2000; Leera et al., 2008).
Viruses in sewage-containing water can accumulate
in bivalve shellfish through filter-feedings.
Rotaviruses have been detected in oysters, and
mussels (Rosanna et al., 2007; Frangoise et al.,
2008; Dongying et al., 2008). Although rotavirus
mainly infects young children, the rotavirus infected
adults can spread the virus through direct or
indirect to children and surrounding environments.
After consumption of shellfish contaminated with
rotavirus, the infected adults may transmit the virus to
children, leading to an outbreak.

A detection method for virus in food consists

of the concentration step and identification by

796

MMP12-2

polymerase chain reaction (PCR) based assay (David
and Gary, 2001; Leera et al., 2008). However, a low
viral load of contamination and an inefficient recovery
of virus during the concentration process pose a
problem for detection of virus in food. The aim of this
study was to develop virus concentration methods
for testing rotavirus in bivalve shellfish such
as oysters (Saccostrea commercialis), cockles (4rca

granulosa), and mussels (Perna viridis).

Materials and methods

Rotavirus positive control
A rotavirus-positive stoolsample determined
by quantitative real-time RT-PCR (5.69 x
10° copies/ml) was used as a positive control.
Concentration of virus from bivalve shellfish
The viruses in digestive tissues from
oysters, cockles, and mussels were concentrated by
three different methods. Method A (adsorption -
twice elution -extraction) includes the steps of acid
adsorption, alkaline elution, re-elution, and
chloroform extraction. Method B (adsorption - twice
elution - precipitation-twice extraction) includes the
steps of acid adsorption, alkaline elution, re-elution,
polyethylene glycol (PEG) precipitation, chloroform
extraction, and re-extraction. Method C (adsorption-
elution - twice

twice precipitation-twice

extraction) includes the steps of acid adsorption,
alkaline elution, re-elution, PEG precipitation I, PEG
precipitation II, chloroform extraction, and re-
extraction. The complete steps of Method C were as
follows: in brief, digestive tissues from bivalve
shellfish were removed by dissection. Chilled and
sterilized distilled water (150 ml) was added to

digestive tissues (4 g) and homogenized by blender at
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high speed twice for 45 sec each. Acid adsorption: the
homogenate was adjusted to pH 5 with 1 N HCI,
shaken at 200 rpm for 15 min on ice, and centrifuged
at 2,900 x g for 15 min at 4°C. Alkaline elution: the
pellet was suspended with 2.9% tryptose phosphate
broth containing 6% glycine, pH 9.0, shaken at 215
rpm for 15 min on ice and centrifuged at 10,000 x g
for 15 min at 4°C. Re-elution: the supernatant (S )
was collected and the pellet was resuspended with
one volume (wt/vol) of 0.5 M arginine-0.15 M NaCl,
pH 7.5. The suspension was shaken at 230 rpm for 15
min on ice and centrifuged at 10,000 x g for 15 min
at  4°C. The supernatant (Sz) was decanted,
combined with S, and adjusted to pH 7.5 with 1 N
HCI. PEG precipitation I: the virus was precipitated
by adding PEG 8000, 50% (wt/vol) solution in 7.5%
NaCl; 1:4 to obtain a final concentration of 12.5%
PEG and 1.9% NacCl to the supernatant. The mixture
was shaken at 120 rpm for 2 hr on ice, refrigerated
overnight, and then centrifuged at 10,000 x g for 1 hr
at 4°C. The pellet was resuspended in 0.05 M
phosphate-buffered saline (PBS), pH 7.5. PEG
precipitation II: the supernatant was precipitated
again with PEG-NaCl solution. The mixture was
shaken at 120 rpm for 2 hr on ice and then
centrifuged at 10,000 x g for 10 min at 4°C.
Extraction: the pellet was dissolved in 0.05 M PBS,
extracted with chloroform to a final concentration of
30%, and mixed by vortex. Then, the tube was
centrifuged at 3,000 x g for 15 min at 4°C. The top
layer of the aqueous phase (A,) was collected.
Re-extraction: the pellet was re-extracted with 0.5
volume of 0.5 M arginine- 0.15 M NaCl, pH 7.5,
and centrifuged. Then, the top layer of the aqueous
phase (Az) was collected, and combined with the A .

The volume of concentrates (A, + A,)) were
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reduced further to approximately 0.8 ml using
speedVac centrifugation at 4°C for 4-5 hr and stored
at -80°C until nucleic acid extraction. Methods A and
B were similar to Method C but shorter processing
steps were carried out.
Extraction of nucleic acids

Viral RNA in concentrates from bivalve
shellfish was extracted using the RNeasy® Mini kit
(QIAGEN GmbH,Hilden,Germany) following
the manufacturer’s instruction. In brief, a 200 pl of
shellfish concentrate was added with buffer RLT and
70% ethanol, and mixed by vortex. The samples were
applied to an RNeasy mini spin column, and
centrifuged. The RNeasy column was washed with
buffer RW1 followed by two washes with buffer
RPE. RNA was eluted from the RNeasy column using
60 ul of warmed RNase-free water, and stored at -
80°C until further use.

RT-nested PCR

The presence of rotavirus RNA in bivalve
shellfish samples were determined using RT-nested
PCR as described by Leera et al. (2008). The primers
specific to rotavirus were used for detection of VP7
(Michael et al., 1997). One-step RT-PCR was
performed in 50 pl of reaction volume. RNA extract
(2 pl) was heated at 94°C for 4 min, and spinned
briefly, then placed on ice for at least 10 min. The
denatured RNA was added into RT-PCR mixture (48
ul) consisting of 1X Reaction Mix (a buffer
containing 0.2 mM each of dANTP, 2 mM
MgSO0,), SuperScript' Il RT/Platinum” Tag Mix
(Invitrogen, Life technologies, Carlsbad, CA), 0.25
uM primer RV1 (5°-GTC ACA TCA TAC AAT TCT
AAT CTA AG-3’), 0.25 uM primer RV2 (5’-CTT
TAA AAG AGA GAA TTT CCG TCT G-3°) and
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nuclease-free water. The reaction tube was applied
into a thermocycler (Thermo Hybaid, Frankin, MA).
RT-PCR was carried out with following steps: RT at
41°C for 60 min; initial denaturation at 94°C for 2
min; PCR 25 cycles at 94°C for 30 sec, 55°C for 30
sec, 72°C for 1 min; and final extension at 72°C
for 3 min. Nested PCR was performed in 50 pl of
reaction volume. The RT-PCR amplification product
(1 L) was added into reaction mixture (49 ul): 1X
PCR buffer (20 mM Tris-HCI pH 8.4, 50 mM KCl),
3.5 mM MgCl,, 0.2 mM each of dNTP, 1.25 U of
Taq DNA polymerase (Invitrogen, Life technologies,
Carlsbad, CA), 0.5 UM primer RV3 (5’-TGT ATG
GTA TTG AAT ATA CCA C-3°), 0.5 UM primer
RV4 (5’-ACT GAT CCT GTT GGC CAW CC-3”);
W = A or T, and nuclease-free water. The reaction

tube was applied into a thermocycler. The conditions

were as follows: initial denaturation at 94°C for 1

Method A

Method B
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min; PCR 40 cycles at 94°C for 30 sec, 55°C for
30 sec, 72°C for 1 min; and final extension at 72°C
for 3 min. DNA fragment of 346 bp was considered

group A rotavirus.

Results

Naturally occurring rotaviruses in bivalve
shellfish were screened by RT-nested PCR and the
rotavirus-negative  shellfish  concentrates  were
inoculated with rotavirus from stool dilutions  10” -
107 (5.69 x 107~ 5.69 x 10 copies/ml). The rotavirus
from oyster, cockle, and mussel concentrates by all
three methods (A-C) could be detected by RT-nested
PCR at the endpoint dilution of 10™ or 5.69
copies/ml. The sensitivities of RT-nested PCR for

detection of rotavirus in oyster concentrates are

shown in Figure 1.

Method C

10% 10* 10° 10°% 10°

M 1 2 3 4

bp

1000

500
400
300

10° 10® 10° 10* 10° 10°
7 8 9 10 11 12

346 bp

Figure 1 Amplicons of rotavirus detected in oyster concentrates by RT-nested PCR. Lane: M, DNA marker

(100-bp DNA Ladder); 1-4, Method A; 5-8, Method B; 9-12 Method C: rotavirus in stool

dilutions 10-3-10%7, respectively. Gel electrophoresis of the RT-nested PCR product of rotavirus

showed 346-bp band.
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Three different methods for concentrating
rotavirus from oysters, cockles, and mussels were
for detection of

compared experimentally

contaminated rotaviruses. Various dilutions
of rotavirus-positive stool sample were seeded
in digestive tissues of those bivalve shellfish,
processed for concentration, and determined
for rotaviral RNA wusing RT-nested PCR. The
detection limit of rotavirus in oyster concentrates by

Method A was equal to Method B (11.12 copies/4 g

MMP12-5

of digestive tissues) and lower two times than
Method C (22.24 copies/4 g), as shown in Figure 2. In
seeding experiments of cockles, Method A gave the
lowest detection limit of 5.56 copies/4 g, whereas for
mussels Methods A and B could detect rotavirus at
the lowest detection limit of 2.78 copies/4 g. Method
A took a shorter time to complete the virus
concentrating process than Methods B and C (Table

D).

Method A Method B Method C
(copies/4 g) (copies/4 g) (copies/4 g) .
Negative
2224 11.12 5.56 1112 556 2.78 2224 1112 556 control
M 1 2 3 4 6 7 8 9 10

bp

1000

500
400
300

Figure 2

346 bp

Amplicons of rotavirus seeded in digestive tissues from oysters processed by three concentration

methods. Lane: M, DNA marker (100-bp DNA Ladder); 1-3, Method A seeded with rotavirus at

22.24,11.12, and 5.56 copies/4 g; 4-6, Method B at 11.12, 5.56, and 2.78 copies/4 g; 7-9, Method

C at 22.24, 11.12, 5.56 copies/4 g, respectively; 10, negative control of digestive tissues without

seeding rotavirus. Gel electrophoresis of the RT-nested PCR product of rotavirus showed 346-bp

band.
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Table 1 Limits of detection of three concentration methods for rotavirus seeded in different bivalve shellfish samples

Limit of detection*, copies/4 g

Method Processing time**
Oysters Cockles Mussels
A
11.12 5.56 2.78 11 hr
(adsorption-twice elution-extraction)

B

(adsorption-twice elution-precipitation-twice 11.12 22.24 2.78 1 day 9 hr
extraction)

C

(adsorption-twice elution-twice precipitation- 22.24 11.12 5.56 1 day 12 hr

twice extraction)

*By RT-nested PCR.

**For virus concentration.

Discussion
Sewage - contaminated shellfish

have been implicated in viral gastroenteritis
outbreaks (Won, 2000). For methodological
developments of virus detection in shellfish, a method
consists of the concentration process and molecular
identification of the virus. The present study
attempted to develop virus concentration methods for
detection of rotavirus in various kinds of bivalve
shellfish. Previously, a method for concentrating and
detecting rotavirus in oysters (Crassostrea belcheri)
was

successfully applied to examine rotavirus

contamination (Leera et al., 2008). This method

named adsorption-
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twice elution - twice precipitation - twice extraction
or Method C in this study was compared with two
modified methods (Methods A and B) with shorter
processing time. These three virus concentration
methods provided the same sensitivity for detection
of rotavirus in all three kinds of bivalve
shellfish including oysters (Saccostrea commercialis),
cockles (Arca granulosa), and mussels (Perna
viridis). PCR inhibitors have been shown to interfere
the sensitivity of RT-PCR (Robert et al., 1993). Of
interest, in the present study, there was no PCR
inhibitors in all shellfish concentrates for detection of
rotaviruses.

In contrast, the study of norovirus

demonstrated the presence ~ of PCR inhibitors
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in mussel concentrates (Anyarat, personal
communication). It seems that PCR inhibitors present
in mussel concentrates affected the reaction of
norovirus amplification but not for rotavirus. The
seeding experiments revealed the lowest detection
limit of rotavirus processed by Method A. Among
those virus concentration methods, Method A is the
most efficient protocol for rotavirus recovery since
the method is more rapid, simple, less time-
consuming, and easy to handle. In addition, high
concentrations of organic reagents as well as
extended processing steps are not included using
Method A. These findings indicate that the promising
Method A is appropriate to be applied for detection of

rotaviruses in naturally contaminated bivalve shellfish

using RT-nested PCR.

Conclusions

This study highlights the virus
concentration methods for detection of rotavirus
in oysters, cockles, and mussels by RT-nested
PCR. Methods A (adsorption - twice elution -

extraction), B (adsorption - twice elution-

precipitation - twice extraction) and ~ C (adsorption
- twice elution - twice precipitation - twice extraction)
provided the same sensitivity for rotavirus (5.69
copies/ml). Additionally, Methods A and B showed
the lowest detection limit of 2.78 copies/4 g of
shellfish in seeding experiments. Taken together,
Method A is the most appropriate method for

concentration of rotavirus since the method has high

sensitivity, rapid and simple to perform.
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