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ABSTRACT

Forty samples of fresh produce collected from retail food establishments were examined to determine the occurrence of
Escherichia coli, F-specific coliphages, and noroviruses. An additional six samples were collected from a restaurant undergoing
investigation for a norovirus outbreak. Nineteen (48%) of the retail samples and all outbreak samples were preprocessed (cut,
shredded, chopped, or peeled) at or before the point of purchase. Reverse transcription–PCR, with the use of primers JV 12
and JV 13, failed to detect norovirus RNA in any of the samples. All six outbreak samples and 13 (33%) retail samples were
positive for F-specific coliphages (odds ratio undefined, P 5 0.003). Processed retail samples appeared more likely to contain
F-specific coliphages than unprocessed samples (odds ratio 3.8; 95% confidence interval 0.8 to 20.0). Only two (5.0%) retail
samples were positive for E. coli; outbreak samples were not tested for E. coli. The results of this preliminary survey suggest
that F-specific coliphages could be useful conservative indicators of fecal contamination of produce and its associated viro-
logical risks. Large-scale surveys should be conducted to confirm these findings.

Fresh produce has been recognized as a vehicle for the
transmission of foodborne illnesses (5, 6, 15–17), most re-
cently highlighted by several outbreaks of hepatitis A virus
infection associated with green onions (2, 4, 7, 13). This is
partly because viruses tend to be resistant to sanitizing treat-
ments that are effective against bacteria (1, 3, 6). Monitor-
ing produce and produce production environments for path-
ogenic viruses could reduce the risk of disease transmission
by helping to prevent the contamination of these commod-
ities or by limiting the use of contaminated products (1).
Because reliable methods for detecting noroviruses (NoVs)
on produce or in the environment are not yet available,
there is considerable interest in identifying an indicator that
would reliably indicate the presence of pathogenic viruses
on fresh produce and other types of ready-to-eat foods (14,
15).

The F-specific RNA phages have been proposed as
candidate indicators for the virological safety of food and
water because they resemble enteric viral pathogens, are
stable in the environment, and are resistant to treatment
processes in a way similar to enteric viral pathogens (5,
11). However, there is significant disagreement in the pub-
lished literature regarding the occurrence of F-specific co-
liphages in the environment, and studies that directly com-
pare their presence with the presence of enteric viral path-
ogens on fresh produce have not yet been reported (8).

In this preliminary study, we investigated the occur-
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rence of NoVs, F-specific RNA coliphages, and Escherich-
ia coli on a wide variety of fresh produce. Our aim was to
determine whether there was a correlation between the pres-
ence of NoVs and their potential indicators in the sampled
produce.

MATERIALS AND METHODS

Sampling. Forty samples of produce were obtained from re-
tail outlets (retail samples) throughout Minnesota. Another six
samples were collected at a restaurant during an investigation of
a NoV outbreak (outbreak samples). Where possible, samples
were collected in their original intact packaging, kept at 48C, and
prepared for microbiological testing within 6 h. The sampled
items were single unprocessed commodities, single preprocessed
commodities, or preprocessed salad mixes containing two or more
fruits or vegetables. The term ‘‘processed’’ is used here to describe
items that were cut, chopped, peeled, or shredded by a food work-
er before the item was sampled or purchased. None of the samples
were ‘‘processed’’ in our lab. The following data were recorded
for each sampled item: source (domestic or imported), preparation
method (processed or unprocessed), and growth method (organic
or fertilized). All samples were tested for E. coli, F-specific co-
liphage, and NoV, except for six samples from the NoV outbreak,
which were tested for F-specific coliphage and NoV only.

E. coli elution and detection. E. coli elution and detection
were performed with slight modifications according to the U.S.
Food and Drug Administration’s protocol for examining produce
(10). In brief, approximately 200 g of the sampled produce was
weighed into a Ziploc bag (S. C. Johnson & Son, Inc., Racine,
Wis.) containing 200 ml of buffered deionized water with 1%
Tween 80 (Difco, Becton Dickinson, Sparks, Md.). The bag was
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shaken for 3 to 5 min on each side on a rotary shaker (Lab-Line
Inc., Melrose Park, Ill.) to help loosen attached organisms. After
shaking, 36 ml of the rinse was used in a three-tube most-prob-
able-number (MPN) assay. First, 10 ml of undiluted rinse was
transferred to each of three vials of double-strength lauryl sulfate
tryptose broth (EM Industries, Gibbstown, N.J.). Next, 1 ml of
undiluted rinse was placed in each of three vials of lauryl sulfate
tryptose broth. Finally, 1 ml of a 1:10 dilution of the rinse was
placed in each of three vials of lauryl sulfate tryptose broth. Dur-
ham tubes were placed in all vials prior to the addition of the
rinse samples. The vials were incubated at 358C for 48 h, after
which, a loopful of suspension was transferred from vials showing
turbidity and gas formation to vials containing 10 ml of E. coli
broth (Difco) in vials along with the Durham tubes. After incu-
bation at 45.58C for 48 h, a loopful of suspension from positive
E. coli broth tubes (showing turbidity and gas formation) was
streaked on Levine’s eosin–methylene blue agar (EM Industries),
which was incubated at 358C for 18 to 24 h. Suspicious E. coli
colonies (dark centered and flat, with or without metallic sheen)
were transferred to brain heart infusion slants, and final identifi-
cation was performed with the automated Vitek 32 biochemical
assay (bioMérieux, Inc., Durham, N.C.) according to the manu-
facturer’s instructions. MPN calculations were based on the results
of final identification.

Virus elution. Approximately 50 g of the sampled produce
was placed in a sterile Ziploc plastic bag with 100 ml of sterile
3% beef extract solution (pH 8.5). The bag was massaged by hand
for 5 min, and the eluate was centrifuged at 1,000 3 g for 10 min
at 48C to pellet plant material and other debris. The supernatant
(;60 to 100 ml depending on produce) was recovered.

Virus enrichment. A 10-ml aliquot of the eluate was en-
riched with the use of a modified version of the U.S. Environ-
mental Protection Agency’s two-step enrichment method to in-
crease the likelihood of detecting F-specific coliphages (19). In
brief, we added 0.125 ml of a 4 M solution of MgCl2, 0.05 ml of
log phase E. coli Famp (ATCC 700891), 0.5 ml of 103 tryptic
soy broth, and 0.1 ml of an ampicillin-streptomycin stock solution
(containing 0.15 g of ampicillin and 0.15 g of streptomycin per
100 ml) to the 10-ml sample aliquot. This was mixed thoroughly
for 2 min and incubated for 24 h at 378C to allow enrichment of
the sample. Strict aseptic techniques were used in the handling of
all samples to minimize the likelihood of cross-contamination dur-
ing enrichment.

Virus concentration. Fifty to 90 ml of the sample eluate
(depending on produce) was concentrated to decrease sample vol-
ume. Briefly, polyethylene glycol (8% wt/vol) was added, and the
sample was stored overnight at 48C to allow precipitate formation.
After centrifugation at 4,500 3 g for 20 min, the supernatant fluid
was discarded and the pellet was resuspended in 1 ml of phos-
phate-buffered saline (pH 7.2). This suspension was tested for the
presence of F-specific RNA coliphages and NoV.

Coliphage detection. Both enriched and polyethylene gly-
col–concentrated samples were tested for F-specific coliphages.
For enriched samples, five 10-ml aliquots were spotted on pre-
poured lawns of E. coli Famp, which were dried at room temper-
ature for 30 min and then incubated for 24 h at 378C. Clear zones
of lysis on the E. coli Famp lawns indicated the presence of F-
specific RNA coliphages. For concentrated samples, a 0.5-ml al-
iquot of the sample was mixed with 100 ml of an exponential
culture of E. coli Famp and 3 ml of 0.75% tryptic soy agar. This
mixture was poured on top of a solidified bottom agar layer (1.5%
tryptic soy agar contained in a petri dish) and allowed to solidify.

The plates were then inverted and incubated at 378C and observed
for plaque formation after 24 h.

A 10-ml suspension of a purified MS2 (ATCC 13706-B1)
stock was spotted on bacterial lawn along with the samples to
verify the sensitivity of the host for F-specific coliphages. Steril-
ized media (103 tryptic soy broth) was enriched as a negative
enrichment control.

Method sensitivity. The methods for virus detection were
validated by applying 20 ml of a suspension of either F-specific
coliphage or feline calicivirus (as a NoV surrogate) on 200 g of
lettuce, 200 g of spinach, or 400 g of peeled carrots. An average
of 55% of feline calicivirus and 60% of MS2 was recovered by
the above methods.

NoV detection. Viral nucleic acid was extracted from con-
centrated eluate with the QIAamp viral RNA minikit (Qiagen,
Valencia, Calif.). In brief, 140 ml of sample was mixed with 560
ml of a lysis buffer, vortexed briefly, and incubated for 15 min at
room temperature. Next, 560 ml of absolute ethanol was added,
and the mixture was passed through a QIAamp spin column. The
column was then washed twice with 500 ml of washing buffers
(AWI-1 and AWI-2). RNA bound to the spin column cartridge
was eluted in 60 ml of QIAamp AVE elution buffer and was stored
at 2208C until use.

Detection of NoV was performed by reverse transcription–
PCR (RT-PCR) with the use of primers JV 12 (59-ATACCAC
TATGATGCAGATTA-39) and JV 13 (59-TCATCATCACCATA
GAAAGAG-39), which have been shown to be capable of de-
tecting a wide range of NoV genotypes (23). To minimize the
likelihood of cross-contamination, a single-tube RT-PCR method
was adopted with the use of the Qiagen single-tube RT-PCR kit.
Amplification was carried out in a reaction volume of 50 ml con-
taining 10 ml of 53 RT buffer, 2 ml of dNTP mixture (10 mM
of each dNTP), 2 ml of enzyme mix and 2 ml of Q solution, 1 ml
of each primer (50 pmol each), 10 ml of RNA, and 23 ml of
nuclease-free water to make the 50-ml reaction mixture. Reverse
transcription was carried out at 508C for 1 h followed by enzyme
inactivation at 958C for 15 min. PCR was carried out in a
GeneAmp PCR system 9600 machine (Perkin Elmer, Boston,
Mass.) for 40 cycles (denaturation at 948C for 1 min, annealing
at 538C for 1 min, and extension at 728C for 2 min) followed by
a final extension at 728C for 5 min. Electrophoretic separation of
PCR products was performed for 1 h at 101 V on a 3% agarose
gel in 13 TAE buffer, and products were stained with ethidium
bromide. The amplicons were visualized under a UV transillu-
minator. A 1-kbp DNA ladder (Invitrogen, Carlsbad, Calif.) was
used as a marker for estimating product length. Nucleic acid–free
water was run as a negative control and confirmed by RT-PCR; a
NoV-positive fecal sample was used as a positive control.

RESULTS AND DISCUSSION

Retail (n 5 40) and outbreak samples (n 5 6) of fresh
produce were examined in this study (Table 1). All items
were grown in or near the ground. Two thirds of the sam-
ples (67%) were grown in the United States and one third
(33%) were imported. Nineteen of the 40 retail samples
(48%) and all outbreak samples were preprocessed (cut,
chopped, peeled, or shredded) prior to being sampled.

NoVs were not detected in any of the samples (Fig. 1).
Only two (5%) unprocessed retail samples were positive
for E. coli (MPN . 0.03 per g). However, all of the out-
break samples (n 5 6) and 13 (33%) retail samples were
positive for F-specific coliphage (odds ratio undefined, P
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TABLE 1. Frequency table of sampled items by outbreak, preparation method, and test results

Samples positive forb:

Item Frequency
Association

with outbreak
Processed
samplesa E. coli

FRNAc

Concentrated Enriched

Artichoke
Brussels sprouts
Broccoli
Cabbage
Cactus leaves
Cantaloupe
Carrots
Cauliflower
Celery
Green beans
Green onions
Huauzontle leaves
Leeks
Lettuce

1
1
1
1
1
1
2
2
2
1
1
1
1

10

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
1
0
1
1
2
2
0
0
0
0
0
7

0
0
0
0
0
0
0
0
0
0
0
1
0
0

0
0
0
0
0
0
1
0
0
0
1
0
0
3

0
0
1
0
0
0
2
1
0
0
1
0
0
6

Melon
Mixed saladd

Onions
Peas
Peppers
Radishes
Spinach
Strawberries
Tomatillos
Tomatoes
Verdolaga leaves
Yellow squash
Zucchini

1
4
2
2
2
1
1
1
1
2
1
1
1

0
0
2
0
2
0
0
0
0
2
0
0
0

1
4
2
0
2
0
0
0
0
2
0
0
0

0
0
NTe

0
NT
0
0
0
0
NT
1
0
0

0
1
0
0
0
0
0
0
0
0
0
0
0

0
1
2
0
2
0
1
0
0
2
0
0
0

Total 46 6 25 2 6 19

a Cutting, peeling, shredding, etc.
b None of the samples were positive for norovirus as detected by RT-PCR of sample concentrates.
c F-specific RNA coliphages.
d Mixed salads contained two or more shredded, chopped, or peeled fruits or vegetables.
e Not tested for E. coli.

FIGURE 1. Ethidium bromide–stained 3% agarose gel showing
RT-PCR of nine produce samples for detection of norovirus with
the use of broadly reactive primer sets JV 12 (59-ATACCACTAT-
GATGCAGATTA-39) and JV 13 (59-TCATCATCACCATAGAAA-
GAG-39). Lane 1, 1-kbp DNA ladder; lanes 2–10, produce sam-
ples; lane 11, negative control (nucleic acid–free water); lane 12,
positive control. The expected product size is 326 bp.

5 0.003). Enrichment appeared to be more sensitive to co-
liphage detection because more than three times as many
samples were positive after enrichment as were positive af-
ter eluate concentration without enrichment, probably be-
cause enrichment results in multiplication of the coliphages
present in the rinse samples. Thus, even a few coliphages
would increase in numbers and be detected easily. Concen-
tration, on the other hand, does not result in phage multi-
plication and therefore could be less sensitive (18).

Among retail samples, processed samples appeared
more likely to be contaminated with F-specific coliphages
than unprocessed samples (odds ratio 3.8; 95% confidence
interval 1.8 to 21.0). This finding emphasizes the potential
usefulness of F-specific coliphages as indicators of enteric
viruses in food. As demonstrated in this survey, F-specific
coliphages can be more readily identified in an outbreak
than NoVs. Thus, if it could be ascertained that there is a
correlation between the presence of F-specific coliphages
and the presence of enteric viral pathogens in food, they
could play an important role in foodborne disease prevention.
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F-specific coliphages possess certain characteristics
that make them good candidate indicators of enteric viruses
(12, 13). For example, they are found only in the digestive
tract of warm-blooded animals, certain serotypes are strong-
ly associated with human waste, and they are relatively easy
to detect (1). The relative ease of detection of F-specific
coliphages was highlighted in this study when they were
detected in all six samples collected during a NoV outbreak,
although NoVs could not be detected. Given the epidemi-
ologic connection between the sampled items and illness
among patrons, the failure to detect NoVs is likely because
of the presence of low virus titers in the original samples.

Despite the positive attributes of F-specific coliphages
as candidate indicators of enteric viruses, there are several
questions about their suitability for this role. For example,
unlike NoVs, these organisms can be found in the intestinal
tract of both man and other animals; thus, their presence
does not necessarily indicate human fecal contamination.
Also, it has been reported that they occur in much lower
numbers than bacterial indicators in environmental samples
and are sensitive to heat (10).

Detection of F-specific coliphages in all outbreak sam-
ples and in 47% of preprocessed and 19% percent of un-
processed retail samples suggests a possible correlation be-
tween increased handling of produce and the presence of
F-specific coliphages. This type of association is plausible
because F-specific coliphages are shed in human feces, and
hand washing compliance among retail food workers is
known to be relatively low (20, 21). However, because of
the small number of samples examined in this survey, we
urge caution in making generalizations about the overall
occurrence of F-specific coliphages on fresh produce.

Indicator organisms have played a major role in the
prevention of food and waterborne diseases. Typically, the
need for an indicator organism arises because the pathogen
of interest is too difficult or costly to detect directly (22).
A lack of methods for routine detection of NoVs in non-
shellfish foods or the environment justifies the use of F-
specific coliphages as candidate indictors of these patho-
gens because coliphages are much easier to detect. How-
ever, inconsistent detection of F-specific coliphages in the
environment and a lack of data regarding the correlation
between the presence of enteric viral pathogens and F-spe-
cific coliphages have made their adoption as indicators con-
troversial (8). Regardless, F-specific coliphages have re-
mained attractive candidate indicators of enteric viruses be-
cause they have been shown to be similar to enteric viruses
in survival studies (9, 10). We recommend that more com-
prehensive surveys of market-ready fresh produce be con-
ducted to further investigate the occurrence of viral path-
ogens and their potential indicators on these commodities.
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