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ABSTRACT

Five methods that detect human enteric virus contamination in lettuce were compared. To mimic multiple contaminations
as observed after sewage contamination, artificial contamination was with human calicivirus and poliovirus and animal calici-
virus strains at different concentrations. Nucleic acid extractions were done at the same time in the same laboratory to reduce
assay-to-assay variability. Results showed that the two critical steps are the washing step and removal of inhibitors. The more
reliable methods (sensitivity, simplicity, low cost) included an elution/concentration step and a commercial kit. Such devel-
opment of sensitive methods for viral detection in foods other than shellfish is important to improve food safety.

The importance of foodborne transmission in outbreaks
of viral origin is increasingly recognized (6, 8, 16, 18). At
present, diagnosis of such outbreaks relies mostly on epi-
demiological investigations coupled with identification of
the causative pathogen in persons with health complaints
following consumption and, occasionally, in food handlers
thought to be the source of infection. Final confirmation by
detection of the pathogens in food still remains a challenge
for various reasons. First, few methods have been devel-
oped for detection of viruses in foods, and methods that
isolate and detect viruses in complex food matrices are lim-
ited (7, 9, 27, 28). Second, most viral foodborne outbreaks
are caused by noroviruses. These RNA viruses, which can-
not be propagated in cell culture, are antigenically diverse,
making the use of immunological methods difficult, and
these methods are probably not sensitive enough to detect
viruses in foods (2, 11, 25). Moreover, the genetic diversity
of these viruses has made the selection of a consensus prim-
er set, and hence the use of reverse transcriptase PCR (RT-
PCR), more difficult (2, 30, 31).

Various types of food have been implicated in out-
breaks: shellfish, vegetables, fruits, delicatessen foods, and
bakery products (6, 16–18). Foods served raw can be a
transmission risk for viruses; lettuce, which is vulnerable
to contamination, has been implicated in gastroenteritis and
hepatitis A virus outbreaks (12, 15, 24, 26). Contamination
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can occur anywhere from the field to the table, and food
handler hygiene is an important parameter throughout (8,
12, 16, 28). A simple contact with soiled hands is sufficient
for contamination with high levels of virus, and the com-
mon enteric viruses can stay infectious for quite a long
time, even under modified atmosphere or after disinfection
(3, 4, 7, 14). Finally, the dose required for infection can be
as low as a few particles for noroviruses (13). Combined,
these factors provide a clear explanation for the great trans-
missibility via food of noroviruses and other nonenveloped
enteric RNA viruses, such as hepatitis A virus.

To improve microbial monitoring of food quality and
to assess the real role of food in viral transmission, stan-
dardized methods need to be developed for use in reference
laboratories. Although significant progress has been made
in detection of enteric viruses in shellfish, much needs to
be done for other foods before this goal can be reached.
The aim of this study was to compare methods for virus
detection in a high-risk food item for virus transmission
under controlled circumstances, mimicking multiple con-
taminations observed after sewage contamination. The
main criteria used to evaluate and compare these tests were
sensitivity, reproducibility, time, cost, and equipment needs.
Lettuce was selected as a high-risk food item because it is
eaten raw, it is handled extensively during harvest and
preparation, its leaves have a large surface area, and it can
become contaminated with soil or by irrigation with sewage
water.

Jo
ur

na
l o

f 
Fo

od
 P

ro
te

ct
io

n 
20

04
.6

7:
23

15
-2

31
9.

D
ow

nl
oa

de
d 

fr
om

 jf
oo

dp
ro

te
ct

io
n.

or
g 

by
 W

D
A

S 
C

ou
nt

ry
 A

cc
es

s 
C

on
so

rt
iu

m
 o

n 
08

/1
4/

18
. F

or
 p

er
so

na
l u

se
 o

nl
y.



J. Food Prot., Vol. 67, No. 102316 GUYADER ET AL.

TABLE 1. Overview of the different methods used to eluate and concentrate the enteric viruses and to extract and purify the nucleic
acidsa

Method Elution Concentration RNA extraction

A
B
C
D
E

PBS-Vertrel
Beef extract
Glycine-chloroform-butanol
PBS-Vertrel
Glycine buffer

PEG
Ultracentifugation
PEG
Ultracentifugation
Filtration

TRIzol, RNAMatrix
Guanidium, CsCl cushion
RNeasy Plant Minikit
RNeasy Plant Minikit
RNeasy Plant Minikit

a PEG, polyethylene glycol precipitation; CsCl, cesium chloride.

MATERIALS AND METHODS

Viruses. Three different types of viruses were used: polio-
virus Sabin strain type 2 (EV; kindly provided by A. Bosch, Uni-
versity of Barcelona, Spain); canine calicivirus strain no. 48
(CaCV; kindly provided by E. Duizer, RIVM, Bilthoven, The
Netherlands), which can be titrated by cell culture; and a human
stool RT-PCR positive for norovirus genogroup 2 (NoV GGII;
kindly provided by P. Pothier, CHU Dijon, France). Viruses were
extracted with the QIAamp Viral RNA Minikit (Qiagen, Courta-
boeuf, France) and titrated by RT-PCR (endpoint dilution). The
lowest dilution of extract that yielded a detectable product by RT-
PCR confirmed by hybridization was considered 1 RT-PCR unit.

Artificial contamination of lettuce. Sterile water (800 ml)
was artificially contaminated with the CaCV, EV, and NoV inoc-
ula. Approximately 80 g of freshly purchased lettuce (Lactuca
sativa) was cut into small pieces (;5 cm2) and immersed into the
contaminated water for 20 min at room temperature. Then the
lettuce was strained and left out to dry for about 1 h under laminar
flow. The lettuce was weighed, divided into 10 replicates of 8 g
each, and immediately analyzed by five different methods in du-
plicate.

To evaluate sensitivity of one method, the NoV-positive stool
suspension was diluted in sterile water, and 100 ml were spread
directly onto 10 g of lettuce. After a contact time of 15 min under
laminar flow, the extraction was performed as described. Replicate
experiments were done to evaluate the reproducibility of the meth-
od, including negative control lettuce samples.

Virus extraction and nucleic acid purification. The five
methods evaluated are summarized in Table 1. Methods were de-
veloped independently in the laboratories indicated and were
brought to the IFREMER laboratory for a workshop on compar-
ative evaluation. Each workshop attendee performed his own pro-
tocol.

Method A. The viruses were eluted by addition of 6 ml of
phosphate-buffered saline to the lettuce samples in a 50-ml poly-
propylene (pp) centrifuge tube (Falcon Corp., Franklin Lakes,
N.J.) and shaking for 5 min by hand. This step was repeated, and
one volume of Vertrel (1,1,1,2,3,4,4,5,5,5-decafluoropentane,
DuPont, Paris, France) was added before shaking for 5 min and
centrifuged for 10 min at 7,000 rpm and 48C. Lettuce was elim-
inated from the supernatant, and polyethylene glycol (PEG) 6000
(Sigma, St. Louis, Mo.) at a final concentration of 10% and 0.3
M NaCl were added. The mixture was incubated for 2 h at 48C
and centrifuged for 30 min at 9,500 rpm and 48C in a 50-ml pp
tube. The pellet was suspended in 2 ml of TRIzol (Invitrogen,
Cergy-Pontoise, France), incubated at room temperature for 5 min,
and centrifuged for 20 min at 12,000 rpm and 48C. The aqueous
phase was adsorbed onto RNAMATRIX (Bio101, Carlsbad, Ca-
lif.), mixed for 1 h at room temperature, and centrifuged for 2

min at 3,000 rpm. The matrix was washed three times with 400
ml of a wash solution and dried overnight. The RNA was eluted
with 100 ml of RNase-free water by heating for 10 min at 658C.

Method B. The viruses were eluted by addition of 21.3 ml
(1:3, wt/vol) of beef extract (3%, pH 9.5) and mixed for 20 min
at room temperature in a 50-ml pp tube. The aqueous phase was
collected (about 16.5 ml), distributed into four ultracentrifugation
tubes (polyallomer centrifuge tubes, Beckman, Palo Alto, Calif.),
and ultracentrifuged for 2 h at 200,000 3 g. The pellet was sus-
pended in 1 ml of sterile distilled water. For nucleic acid extrac-
tion, 334 ml (equivalent to one-third of the sample) was mixed
with 666 ml of solution D (4 M guanidinium thiocyanate, 25 mM
sodium citrate, 0.5% [wt/vol] sodium lauryl sarcosinate, and 0.1
M b-mercaptoethanol) (1), and 100 ml of CsCl (5.7 M solution
of CsCl in 25 mM sodium acetate, pH 5, refractive index 5
1.4000) was added (Baker Analyzed Reagent, J. T. Baker, Deven-
ter, Holland). After centrifugation for 20 min at 12,000 3 g, the
pellet was suspended in 1 ml of 70% ethanol and centrifuged for
5 min at 12,000 3 g. The pellet was then dried and suspended in
100 ml of RNase-free water.

Method C. The viruses were eluted by addition of 4 ml of
glycine (0.05 M)–NaCl buffer (9 g/liter, pH 9.5) and vortexed for
1 min before adding 3 ml of chloroform-butanol (1:1, vol/vol) and
0.5 ml of Cat-Floc (Calgon Corp., Ellwood City, Pa.) in a 50-ml
pp tube. After vortexing, the mixture was centrifuged for 20 min
at 12,000 3 g and 48C. PEG 6000 was added to the supernatant
to a final concentration of 8% (0.4 M NaCl) and rocked for 1 h
at 48C. After centrifugation for 30 min at 10,000 3 g and 48C,
the pellet was suspended directly in the lysis buffer of the RNeasy
Plant Minikit (Qiagen) and extracted according to the manufac-
turer’s protocol. The nucleic acid was eluted twice in 50 ml of
RNase-free water.

Method D. The viruses were eluted by addition of 5 ml of
phosphate-buffered saline in a 50-ml pp tube, vortexed, and in-
cubated and rotated for 5 min. After adding 5 ml of Vertrel
(DuPont), the mixture was rocked for 30 min at room temperature
and centrifuged 20 min at 13,000 3 g and 48C. The aqueous phase
was then ultracentifuged for 2 h at 200,000 3 g. The pellet was
suspended in 200 ml of phosphate-buffered saline, and the nucleic
acid was then extracted by the RNeasy Plant Minikit. The nucleic
acid was eluted twice with 50 ml of RNase-free water.

Method E. The viruses were eluted for 15 min by addition
of 5 ml of glycine buffer (pH 8.5) in a 50-ml pp tube. After gravity
settling of large particles, the supernatant was collected and clar-
ified by centrifugation for 20 min at 13,500 3 g. The supernatant
(3 ml) was then concentrated with a microconcentrator (Amicon,
Millipore Corp., Bedford, Mass.) until volume was reduced to 200
ml. The nucleic acid was extracted with the RNeasy Plant Minikit
and eluted twice in 50 ml of RNase-free water.
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TABLE 2. Detection of inhibitors and inoculated viruses on let-
tuce samples with five virus recovery and nucleic acid extraction
methodsa

Method Replicate
Inhibitor

detectionb Enterovirusc
Canine

calicivirusd Norovirusc

A

B

C

1
2
1
2
1
2

1 (2)
1 (2)
2 (2)
2 (2)
2 (2)
2 (2)

1 (1)
2 (1)
1 (2)
1 (2)
1 (1)
1 (1)

1 (1)
1 (2)
2 (2)
2 (2)
1 (1)
1 (1)

1 (2)
1* (2)
2 (2)
2 (2)
1 (1)
1 (1)

D

E

1
2
1
2

1 (2)
1 (2)
2 (2)
2 (2)

1 (1)
1 (1)
1 (1)
1 (1)

1 (1)
1 (1)
1 (1)
1 (1)

1 (1)
1 (2)
1 (1)
1 (1)

a Two replicates were analyzed for each method and the results
reported are for the undiluted nucleic acid extract and after a 1-
log dilution (in parentheses).

b The inhibitor removal was evaluated by amplification of 10 RT-
PCR units of an internal control (IC) mixed with 1 ml of the
nucleic acid extract undiluted and after a 1-log dilution (in pa-
rentheses). The presence (1) of inhibitors means no amplifica-
tion of the IC amplification; the absence (2) of inhibitors means
amplification of the IC, detected after gel electrophoresis.

c The enterovirus and the norovirus were detected by RT-PCR and
hybridization as described in ‘‘Materials and Methods.’’ All pos-
itive results were detected both after gel electrophoresis and con-
firmation by hybridization, except one (1*), which was positive
only after hybridization.

d The canine calicivirus was detected by RT-PCR.

TABLE 3. Detection of norovirus directly spread onto lettuce
samples at various concentrations by RT-PCR and hybridization
after extraction by method C (PEG precipitation and RNeasy
Plant Minikit extraction)

Stool inoculum
(RT/PCR units/g)

Positive samplesa

Undiluted nucleic acid 1-log dilution nucleic acid

100
10
1

2/5
6/10
0/3

5/5
9/10
0/3

a Results are indicated as number of positive replicates/number of
spiked samples tested.

RT-PCR. RT-PCR was performed as previously described
according to the instructions of the reverse transcriptase and Taq
polymerase supplier (Perkin-Elmer Corp., Foster City, Calif.) (21).
Primers used were P1-PV444 for EV (5), P110-NI for NoV (20),
and CaCV-3–CaCV-4 for the CaCV (10). Extracts were tested
undiluted (2 ml) and after a 1-log dilution (0.2 ml). For each prim-
er set, all nucleic acid extracts were assayed in one run, including
negative controls. RT-PCRs were performed according to the in-
structions of the murine leukemia virus reverse transcriptase and
Taq polymerase suppliers (Applied Biosystems, Foster City, Ca-
lif.). The reverse transcription was done for 30 min at 428C, and
the PCR amplification was performed for 40 cycles (948C for 30
s, 508C for 30 s, and 728C for 30 s) with final extension at 728C
for 7 min in a thermocycler (9600 or 2400 Cycler, Perkin-Elmer).
PCR products were visualized by electrophoresis on a 9% poly-
acrylamide gel and stained with ethidium bromide (21). Positive
and several negative controls were included in each RT-PCR run.

Hybridization. PCR products of EV and NoV were hybrid-
ized by the dot-blot method and chemiluminescence detection
(Roche Applied Science, Mannheim, Germany) (21). Specific
probes (P357 and NVp117, respectively) were used (5, 20).

Detection of inhibitors. Each nucleic acid extract, undiluted
and after a 1-log dilution, was coamplified with 10 RT-PCR units
of a calibrated single-strand RNA internal control (IC) (construct-
ed from the EV genome) (21). Briefly, 1 ml of an IC dilution was
mixed with 1 ml of each nucleic acid solution and subjected to
RT-PCR as described above. Detection of inhibitors after gel elec-
trophoresis meant no amplification of the IC dilution; the absence
of inhibitors meant amplification of the IC.

RESULTS

Artificial contamination. A titer was calculated for
each virus stock at 2.5 3 107 RT-PCR units per ml for the
poliovirus Sabin strain type 2, 1 3 107 RT-PCR units per
ml for the canine calicivirus strain, and 1 3 105 RT-PCR
units per ml for an NoV GGII–positive stool. The water
used for lettuce contamination was seeded at a final con-
centration of 3 3 104 RT-PCR units per ml for the CaCV
strain, 1 3 105 RT-PCR units per ml for EV, and 1.2 3
102 RT-PCR units per ml for NoV. A control, done after
the lettuce was removed, showed that less than 1% of vi-
ruses can be detected in the water (data not shown).

Inhibitor removal. The IC could not be amplified in
undiluted nucleic acid extracted by methods A and D, in-
dicating the presence of residual inhibitors. However, no
inhibition persisted after a 1-log dilution of the nucleic acid.
The three other methods (B, C, E) seemed to be more ef-
ficient in eliminating inhibitory compounds because the IC
was amplified in undiluted nucleic acid extracts (Table 2).

Virus detection. The EV strain was detected in all nu-
cleic acid extracts (Table 2). However, method B detected
the strain only in the undiluted extract and method A only
after dilution (confirming inhibitor detection). All results
observed on the gel were confirmed after hybridization.

For CaCV detection, positive results were observed af-
ter gel electrophoresis for all methods except B and for one
replicate after 1/10 dilution for method A. Unfortunately,
no probe was available for this RT-PCR to increase sensi-
tivity and confirm specificity.

For the NoV strain, in all instances except one, product
could be detected by both gel electrophoresis and hybrid-
ization. In one case (A2), product could not be detected by
electrophoresis but was indeed confirmed by subsequent
hybridization, and in an other case (D2), the virus was not
detected after a 1-log dilution. (Table 2).

Method C sensitivity study. On the basis of results
obtained for virus detection and evaluation criteria, method
C was selected for further evaluation. To evaluate repro-
ducibility and sensitivity, several replicate experiments
were done using stool sample dilutions spread directly onto
lettuce aliquots (Table 3). Of the 10 experiments that used
an inoculum of 10 RT-PCR units per g, 9 were positive and
1 failed to detect the virus. Among the nine positive ex-
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periments, inhibitors persisted in four, and the virus could
be detected only after dilution. The ability to detect virus
after a 1-log dilution suggests that the sensitivity of the
amplification method was about 1 RT-PCR unit. However,
this does not take into account the effect of inhibitors on
the overall detection limit of the assay, which is a function
of the combined effect of extraction and amplification ef-
ficiency.

DISCUSSION

Comparison of methods for food analysis is a difficult
challenge because of the scarceness of naturally contami-
nated food and the variability of food matrices and contam-
ination. For in vitro studies, artificially contaminated sam-
ples are more convenient to use provided they mimic the
natural mode of contamination. Lettuce contamination is
likely to be related to the use of sewage-contaminated water
in the fields or to washing before consumption. Similarly,
in the case of contamination by a food handler, the virus is
likely to be on the surface. Therefore, the immersion of
lettuce in water contaminated with different virus strains at
various concentrations, as was done here, can be considered
to mimic the real situation.

Multiple viruses can be found in food contaminated by
sewage, and the predominant strain is not always that de-
tected in a patient’s stool (17, 22, 23, 29). Because an ef-
ficient method should be able to detect a variety of patho-
genic viruses, we used poliovirus and human (NoV) and
animal caliciviruses (CaCV) for the seeding experiments,
with comparatively lower doses for the human norovirus
because of its high infectivity.

To optimize the reliability of the experiment and to
avoid any discrepancy in the results, possibly from storage
conditions, it was necessary to contaminate all the lettuce
samples in the same batch and to do all the extractions at
the same time. Therefore, all the extractions were done si-
multaneously in one laboratory, with all participants using
their own reagents. To eliminate any variation that could
interfere with the results, one person from the organizing
laboratory did the RT-PCR and hybridizations immediately
after extraction.

All methods proposed by the different laboratories con-
sisted of an elution step, followed by a concentration step
that used polyethylene glycol precipitation, ultracentrifu-
gation, or ultrafiltration. Whereas polyethylene glycol pre-
cipitation can be done very easily in any laboratory, the
ultracentrifugation step needs a more expensive apparatus
and a suitable rotor. This method was found efficient in a
previous study (7), which highlights the importance of com-
paring different methods under standardized conditions in
the same laboratory.

For nucleic acid extraction, three methods were pro-
posed. One method based on a cesium chloride cushion was
quite easy and fast but needed an experienced technician
and required the use of a toxic product (cesium chloride).
TRIzol lysis and nucleic acid purification by adsorption
used in method A is similar to the RNeasy kit principle but
is more time consuming and complicated to perform and
yielded a lower sensitivity. The RNeasy Plant Minikit in-

cluded in three methods is simple, user friendly, efficient
in eliminating inhibitors, and gave the best results. Residual
RT-PCR inhibitors hamper most published methods, as re-
viewed by Sair et al. (27), who reported that this kit was
less efficient than TRIzol with the QIAshredder homoge-
nizer but more sensitive than TRIzol alone or the guani-
dium isothiocyanate extraction method (27). Comparison of
sensitivity is difficult for noroviruses because it depends on
the strain and the primer set used. However, the detection
of about 10 RT-PCR units per g of lettuce obtained in this
study, with good reproducibility, is better than or similar to
previously described methods for lettuce analysis. For ex-
ample, Leggitt and Jaykus (19) and Dubois et al. (9) re-
ported about the same sensitivity, (i.e., $1.5 3 103 RT-
PCR units per 50-g food sample and 1.5 3 103 RT-PCR
units per 30-g food sample), whereas Sair et al. (27) re-
ported a sensitivity of 50 PCR units per 6 g of food sample
for NoV.

On the basis of the experiments described here, our
preferred methods for further evaluation are C and E. Both
methods (one elution per concentration step and a stan-
dardized commercial available product) are convenient and,
by minimizing error factors, are promising for the future
development of a competent viral quantification by real-
time RT-PCR. More work is needed to establish the virus
recovery more precisely, to extend the process to other en-
teric viruses, such as hepatitis A virus, and to compare cell
culture and RT-PCR analysis. To our knowledge, this is the
first study that used the cultivable canine calicivirus as a
surrogate for human norovirus detection in food analysis.

This study was done as part of an European project to
identify common sources of foodborne virus outbreaks in
Europe. It illustrates that it might be possible to develop
sensitive methods for virus detection in food other than
shellfish. Analysis of food samples in an outbreak investi-
gation will help to evaluate the true role of food in the
transmission of epidemic viral gastroenteritis. To determine
whether viral analysis of food samples is of practical value
in confirmation of foodborne outbreaks will require further
study. Method validation must be performed on foods im-
plicated in foodborne outbreaks by epidemiological sur-
veillance, which is the future focus of our work. The ad-
aptation of protocols for different food matrices (e.g., fruits,
liquids, meat products) will be needed before widespread
use. When these aspects have been addressed, analysis of
food samples for viral pathogens might become more fea-
sible and provide valuable information.
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