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Abstract: It is known that the transmission of different foodborne viruses can occur either via dis-
charge of contaminated water close to the production environment or via close contact with animal
feces. Cranberries are intimately associated with water throughout their production cycle, and blue-
berries grow close to the ground which could lead to contact with wildlife. The aim of this study
was to evaluate the prevalence of human norovirus (HuNoV GI and GII), hepatitis A virus (HAV)
and hepatitis E virus (HEV) in two berries produced commercially in Canada. The detection of
HuNoV and HAV on RTE cranberries and of HEV on wild blueberries was evaluated using the ISO
method 15216-1:2017. Only 3 of 234 cranberry samples tested positive for HuNoV GI (3.6, 7.4, 5.3
genome copies/g, respectively) and all were negative for HuNoV GII and HAV. PMA pre-treatment
and sequencing confirmed the absence of potential intact HuNoV GI particles on cranberries. None
of the 150 blueberry samples tested positive for HEV. Overall, the prevalence of foodborne viruses
in RTE cranberries and wild blueberries harvested in Canada is low, making these products rela-
tively safe for consumers.
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1. Introduction

Every year in Canada, more than four million individuals suffer from at least one
foodborne illness. Half of these infections are due to viruses [1], intracellular infectious
agents that can persist on surfaces, in water or on food for several days or years [2,3]. The
most common foodborne viruses are human norovirus (HuNoV) and hepatitis A virus
(HAV), with hepatitis E virus (HEV) considered as an emerging pathogen.

HuNoV is mainly transmitted via the fecal-oral route and causes gastroenteritis [4].
As many as 10 HuNoV genogroups have been recognized, but those mostly frequently
implicated in foodborne illness are HuNoV GI and HuNoV GII [5]. Also spread via the
fecal-oral route, HAV, which causes liver damage, can be transmitted via blood and sex-
ual relations [6]. The transmission of these viruses via food is usually due to poor hygiene
practices. Contaminated potable water or irrigation water can also lead to food contami-
nation [7]. Canada is the world’s second largest producer of cranberries [8], a berry that
is harvested after flooding the fields [9]. They are in close contact with water year-round
through irrigation and frost protection, and then through flooding at harvest time [10,11].
To our knowledge, there are no data on viral contamination of RTE cranberries in Canada.

In industrialized countries, HEV causes sporadic cases of hepatitis through zoonotic
transmission via HEV-3 and HEV-4 genotypes. Swine are the primary host of HEV, and
virions are transmitted mainly through the consumption of raw or undercooked pork [12].
However, HEV contamination of vegetables and fruits has also been demonstrated
[13,14]. Wildlife, and especially deer in Canada, are known carriers of HEV-3 and HEV-4
[15] and could contaminate crop fields or irrigation water with feces [16]. Bacterial
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contamination of strawberries via deer feces has been documented in the United States
(USA) [17]. In Canada, blueberries and especially wild blueberries carry the risk of HEV
contamination because they are grown close to the ground, in fields near forests with
wildlife that could eat these fruits. However, data on HEV in berries are scarce.

Only a few studies have been conducted on the prevalence of foodborne viruses on
berries in Canada [18,19]. In this study, we investigated the occurrence of viruses in ready-
to-eat (RTE) cranberry and wild blueberry production. The prevalence of HuNoV GI,
HuNoV GII and HAV was examined in a pilot study of RTE cranberries harvested by 44
producers in the province of Quebec, followed by a study of HEV on blueberries har-
vested by the five largest producers in Quebec and New Brunswick. For both studies, the
virus was eluted from the samples using ISO method 15216-1:2017(E) [20]. Viral RNA was
detected by performing RT-qPCR and when samples were positive, additional testing was
performed with a propidium monoazide (PMA) pre-treatment followed by Sanger ge-
nome sequencing.

2. Materials and Methods
2.1. Sampling

Due to the lack of data on the prevalence of viruses in cranberries and the fact that
no outbreak of viral illness has ever been reported in association with this product in Can-
ada, our statistical hypothesis was established by considering these facts. So, we pre-
sumed a prevalence of less than 5% for HuNoV and HAV and expected about 2% in RTE
cranberries grown in Quebec. For the cranberry study, 234 samples, each weighing 25.0 +
0.3 g, were collected randomly from different lot numbers representing 44 Quebec pro-
ducers during the autumn 2021 harvest (28 September to 21 November), covering a har-
vest area equivalent to 15% of that of Quebec [21]. The number of samples collected from
each producer was proportional to the number of cultivated acres and hence to actual total
production. The samples were representative of fresh, RTE cranberries and were sanitized
at the distribution center, with a peracetic acid solution (50 to 80 ppm), and frozen for
preservation.

To study the presence of HEV on blueberries, the choice for the number of samples
was based on an expected prevalence of 2%, based off the biggest study to date mention-
ing this virus in association with fruits and vegetables [16]. A total of 150 samples (25.0 +
0.3 g each) were collected from 5 producers of wild blueberries in the provinces of Quebec
and New Brunswick during the 2021 harvest (16-30 August). These 5 producers were se-
lected because their blueberry fields were near forested areas with known wildlife activ-
ity.

All cranberry and blueberry samples were stored at —30 °C until processing.

2.2. Sample Processing Control

In accordance with ISO method 15216-1:2017(E), Mengo virus strain vMC0 was used
as a positive processing control. The viral titer was 7.41 x 10¢ genome copies/uL for cran-
berries and 2.16 x 10¢ genome copies/pL for blueberries.

2.3. Virus Concentration and Nucleic Acid Extraction

Cranberries and blueberries were processed frozen for analysis and treated as de-
scribed in ISO method 15216-1:2017(E) [20]. Briefly, the entire sample (25.0 + 0.3 g) was
placed in a mesh filter bag (Biomérieux, Marcy-1'Etoile, France) to which 10 uL of Mengo
virus suspension (1.0 x 105 genome copies/uL) [22], 40 mL of tris (Sigma-Aldrich, St-Louis,
MO, USA), glycine (Bio-Rad, Hercules, CA, USA), beef extract buffer (Life Technologies
Corporation, Thermo Fisher Scientific, Waltham, MA, USA) and 1 mL of pectinase (from
Aspergillus aculeatus, Sigma-Aldrich, Saint-Louis, MO, USA) were added, followed by
shaking at 60 oscillations/min for 20 min at room temperature. The eluate was clarified by
centrifuging at 10,000x g for 30 min at 4 °C, and the supernatant was mixed with 0.25
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volume of 5X polyethylene glycol/NaCl solution (Fisher Chemicals, Thermo Fisher Scien-
tificc Waltham, MA, USA), adjusted to pH 7.0 £ 0.5, shaken at 60 oscillations/min for 60
min at 4 °C and concentrated by centrifuging at 10,000x g for 30 min at 4 °C (the superna-
tant was discarded). For cranberries, the pellet was resuspended with 500 uL of phos-
phate-buffered saline (PBS). For blueberries, the pellet was thicker, and 1 mL of PBS was
needed. The same volume of chloroform/butanol (1:1) was added and the mixture was
held at room temperature for 5 min before being centrifuged at 10,000x g for 15 min at 4
°C, and the aqueous phase was transferred to a clean tube for RNA extraction. All pro-
cessed samples were analyzed immediately or stored at 4 °C for no more than 24 h. A
negative processing control with reagent only (target pathogen-free non-matrix sample)
was used in all experiments and run in parallel with the samples.

Samples were lysed with 2 mL of NucliSENS lysis buffer (Biomérieux, Marcy-1'Etoile,
France) at room temperature for 10 min and then centrifuged at 1800x g for 2 min at 4 °C.
Viral RNA was extracted on the semi-automated platform eGENE-UP (Biomérieux,
Marcy-1'Etoile, France) and eluted using 100 uL of NucliSENS buffer 3. All samples and
dilutions were stored at —80 °C until RT-qPCR analysis. The negative extraction control
consisted of 2 mL of lysis buffer.

2.4. Real-Time Reverse-Transcriptase PCR

Virus (Mengo virus, HuNoV genotypes GI and GII, HAV and HEV) was detected
using an adaptation of a protocol described previously [23]. Viral genome was amplified
using the iTaq Universal Probe One-step (Bio-Rad, Hercules, CA, USA). The primers and
probes are listed in Table 1 and were used as described in the ISO method or elsewhere in
the case of HEV [24,25]. For HuNoV, HAV and HEV, a standard curve was obtained using
the MiniGene pIDTSMART-AMP+ plasmid generated by IDT (Integrated DNA Technol-
ogies, Coralville, IA, USA), in triplicate at each titer, from 105 genome copies/uL to 10!
genome copies/pL. The selected insert for HuNoV GI, GII and HAV are adapted from the
ISO method (Annex G) and the sequence of the insert for HEV is
GTTCCGGCGGTGGTTTCTGGGGTGACCGGGCTGATTCTCAGCCCTITCG-
CAATCCCCTATATTCATCCAACCAACCCCTTCGCCCCCGA, based on the original
genome (NCBI Ref. Seq. NC_001434.1). For Mengo virus, the standard curve was per-
formed in duplicate analyses of serial dilutions as described by the ISO method. RT-qPCR
reactions were performed in 96-well clear PCR microplates (Applied Biosystems, Thermo
Fisher Scientific, Waltham, MA, USA) and sealed with an optical adhesive film (Applied
Biosystems, Thermo Fisher Scientific, Waltham, MA, USA). The ABI7500 real-time PCR
thermal cycler (Applied Biosystems, Thermo Fisher Scientific, Waltham, MA, USA) was
used as follows: 50 °C for 10 min, 95 °C for 3 min and 45 cycles of 95 °C for 15 s and 60 °C
for 30 s. All analyses were performed using SDS Software v1.5.1 (Applied Biosystems,
Thermo Fisher Scientific, Waltham, MA, USA). ROX was used as a reference dye. Each
sample was analyzed simultaneously in duplicate and was diluted 1:10 to check for inhib-
itors using the ACq method. The negative control, consisting of RNase-free water (VWR,
Avantor, Radnor, PA, USA), was duplicated in all cases. All standard curves had an R?
over 0.985 and an efficiency of between 90% and 110%.

Table 1. Primers, probe sequences, quencher and dye used for detection of virus by RT-qPCR.

Target Sequence References
Mengo Virus
Forward primer GCGGGTCCTGCCGAAAGT [26]
Reverse primer GAAGTAACATATAGACAGACGCACAC [26]
Probe 6FAM-ATCACATTACTGGCCGAAGC-MGBNFQ [26]
HuNoV GI
Forward primer CGCTGGATGCGNTTCCAT [27]

Reverse primer CCTTAGACGCCATCATCATTTAC [28]
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Probe 6FAM-TGGACAGGAGAYCGCRATCT-TAMRA [28]
HuNoV GII
Forward primer ATGTTCAGRTGGATGAGRTTCTCWGA [29]
Reverse primer TCGACGCCATCTTCATTCACA [30]
Probe 6FAM-AGCACGTGGGAGGGCGATCG-TAMRA [29]
HAV
Forward primer TCACCGCCGTTTGCCTAG [31]
Reverse primer GGAGAGCCCTGGAAGAAAG [31]
Probe 6FAM-CCTGAACCTGCAGGAATTAA-MGBNEFQ [31]
HEV
Forward primer CGGTGGTTTCTGGGGTGAC [24]
Reverse primer AAGGGGTTGGTTGGATGAATATAG [24]
Probe 6FAM-TGATTCTCAGCCCTTCG-MGBNFQ [25]

2.5. Extraction Efficiency

Mengo virus recovery was calculated for each method to confirm the effectiveness of
the elution. A recovery of higher than 1% was required for the results to be considered.
The extraction efficiency was calculated as per the ISO method, using the following equa-
tion:

RNA recovery rate (%) = ; [RNAJsampte o 109

RNA]pDSitiue control
where [RNA] is the number of copies per sample.

2.6. Confirmation of the Presence of Virus

If one well tested positive at the first RT-qPCR, a second RT-qPCR was performed,
making the analysis triplicate, again with a 1:10 dilution to check for inhibitors. If the sam-
ple tested positive again, it was considered positive. The infectious state of the virus was
then tested using a pre-treatment with propidium monoazide (PMA). Finally, endpoint
PCR was performed, and the product was sequenced using the Sanger method.

2.6.1. Propidium Monoazide

PMA pre-treatment was conducted before the lysis step, according to an adaptation
of a protocol described elsewhere [32]. Another sample (25.0 + 0.3 g) from the same lot
was weighed, and the ISO method was followed. Just before lysis, the supernatant was
mixed with PMAxx™ Dye (Biotium, Fremont, CA, USA) at 20 mM in H20 (50 pM final
concentration) in a clean tube. The PMA treatment was performed according to the man-
ufacturer’s instructions. Finally, 2 mL of lysis buffer was added, and viral RNA extraction
was performed as described in Section 2.3.

2.6.2. Endpoint PCR and Sequencing

Each extracted RNA sample (10 puL) was first transcribed to cDNA with 4 pL of 5X
iScript reaction mix, 1 uL of reverse transcriptase and 5 pL of PCR-grade water (iScript
cDNA Synthesis kit, Bio-Rad, Hercules, CA, USA) with the thermocycler (Eppendorf®
Mastercycler gradient, Millipore Sigma, Darmstadt, Germany) at 25 °C for 5 min, 46 °C
for 20 min and 95 °C for 1 min. In total, 5 uL of the resulting cDNA was mixed with 10 uL
of iQ Supemix, 1 puL each of forward and reverse primer (both 10 uM) and 3 pL of PCR
water (iQ Supermix, Bio-Rad, Hercules, CA, USA) and amplified under the following con-
ditions: 95 °C for 5 min, 45 cycles of 95 °C for 30 s, 55 °C for 30 s and 72 °C for 1 min, and
when the cycles were terminated, a final elongation at 72 °C for 10 min occurred. The
primers are listed in Table 2. All samples were then stored immediately at —80 °C until
processing.
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Prior to sequencing, the cDNA was purified by performing electrophoresis on aga-
rose gel (2%) with tris acetate EDTA buffer 1X and SYBR® Safe (0.01%, Invitrogen, Thermo
Fisher Scientific, Waltham, MA, USA). The sample was mixed with 6X TriTrack DNA
loading dye (Thermo Scientific, Thermo Fisher Scientific, Waltham, MA, USA) on each
well according to the manufacturer’s instructions and was compared to the DNA 100 bp
ladder (Thermo Scientific, Thermo Fisher Scientific, Waltham, MA, USA) after 45 min of
migration at 120 V. A UV photograph was taken using the ChemiDoc™ MP imaging sys-
tem (Bio-Rad, Hercules, CA, USA) and processed using Quantity One® software (Bio-Rad,
Hercules, CA, USA).

PCR products were Sanger-sequenced on the IBIS Genomic Analysis Platform at Uni-
versité Laval (Quebec City, QC, Canada) in accordance with their standard procedure
[33].

Table 2. Specific primers used for endpoint PCR and Sanger sequencing.

Target Sequence References
HuNoV GI
Forward primer G1SKF CTGCCCGAATTYGTAAATGA [34]
Reverse primer G1SKR CCAACCCARCCATTRTACA [34]

2.7. Statistical Analysis

The number of collected samples was calculated using PASS software with a bino-
mial enumeration approach. The values used for RTE cranberries were based on the real
prevalence being lower than 5% with an expected prevalence of 2%, a power of 80% and
a type 1 error probability of 5%. For blueberries, the expected prevalence was 2% with a
statistical test power of 95% and a type 1 error probability of 5%.

3. Results
3.1. Prevalence of HuNoV Genotypes I and Il and HAV in Cranberries

RNA from HuNoV GI was detected in 3 of the 234 cranberry samples (1.28%),
whereas neither HuNoV GII nor HAV were detectable (Table 3). The three positive sam-
ples were from the same region of Quebec. All positive samples had a low number of
genome copies detected per gram (3.6, 7.4, 5.3, respectively). The prevalence of HuNoV
and of HAV in the cranberries harvested was indeed below 5.0%, confirming our pre-
sumption prior to the pilot study. The RT-qPCR results for the positive samples are sum-
marized in Table 4. The average percentage of Mengo virus recovery is 28.7%, and the
recovery of this control virus is greater than 1% for all samples (1.2-86.9) (Table 3), which
respects the validity limit of the ISO method.

Table 3. Summary of HuNoV GI, HuNoV GII and HAV detection in RTE cranberries harvested in
Canada.

Total No. of Virus No. of Positive Samples Mengo Virus Recove.ry‘Standard
Samples Recovery (%) Deviation (%)
HuNoV GI 3 (1.28%, 95% CI 0.27-3.70%)
234 HuNoV GII 0 (95% CI 0.00-1.56%) 28.7 1.2-86.9
HAV 0 (95% CI 0.00-1.56%)
Table 4. Summary of HuNoV-positive cranberry sample results*.
Viral RNA
Date of Harvest Detected 1st RT-qPCR 2nd RT-qPCR
Mengo Virus

Undiluted Diluted Undiluted Diluted

Recovery (%)
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5 October 2021 HuNoV GI  3.6* (1/2) ** (0/2) ** 35.2 (0/3) ** 53.6* (1/3) **
6 October 2021 HuNoV GI  (0/2) ** 7.4% (1/2) ** 223 39.5 %% (1/3) % 39.5%* (1/3) **
10 October 2021 HuNoV GI  (0/2) ** 5.3* (1/2) ** 21.3 4.8* (1/3) ** (0/3) **

* Values are presented as genome copies/g. **Represents the number of wells containing a positive
sample. *** Both values were combined, and we are representing the average genome copies/g .

3.2. HuNoV GI Sequence Analysis and Genotyping

The sample lots that led to positive results were analyzed again but with a PMA
treatment to confirm the potential infectiousness of the detected virus [35], information
that the ISO method does not provide. The positive samples were also Sanger-sequenced
to identify the HuNoV GI genotype. Since no single sample could be analyzed twice, a
negative PMA test result meant that the second sample from the positive lot did not con-
tain infectious virus. Furthermore, the three PCR products sent for Sanger-sequencing
were found to be negative for HuNoV GL

3.3. Prevalence of HEV in Blueberries

Of the 150 blueberry samples collected, none tested positive for HEV RNA (Table 5).
The prevalence of HEV in Canadian blueberries harvested in Quebec and New Brunswick
was thus considered to be between 0.00 and 2.43%, within the range estimated by the
statistical plan. The Mengo virus was recovered from each method and each sample, with
an average of 35.6% recovery. As for cranberries, the recovery of the Mengo virus was
greater than 1% for all the samples (17.0-54.2) (Table 5).

Table 5. Summary of HEV detection in blueberries harvested in Canada.

. . Recovery Standard
- 00
Total No. of Samples No. of HEV-Positive Samples Mengo Virus Recovery (%) Deviation (%)
150 0 (95% CI 0.00-2.43%) 35.6 17.0-54.2

4. Discussion

Viral contamination of cranberries could occur before, during or after harvest. These
berries are in close contact with water throughout the year. Water is used for irrigation
and to facilitate harvesting, since the berries float. Irrigating the fields also protects them
against freezing [10,11]. The water used comes mainly from rainfall accumulation and
snowmelt but can also come from nearby streams [10]. After the harvest, cranberries are
usually sent to a receiving station where they are washed and, in some cases, disinfected
with peracetic acid or chlorine water before processing [36,37]. The degree of disinfection
may vary depending on the receiving station; there is no mandatory control of viral con-
tamination on cranberries in Canada [38]. Contamination could also occur after disinfec-
tion if food handlers fail to follow good hygiene practices [7]. Even though cranberries do
not have a porous surface like strawberries or raspberries, the abundant use of water from
various sources during growth puts this matrix at risk for viral contamination before and
during harvest [39]. Two outbreaks of HuNoV involving the contamination of cranberries
are on record in the USA [40,41]. Despite studies showing the contamination of fresh and
frozen berries by HuNoV and HAV, cranberries were never analysed [18,42-45]. To our
knowledge, the only viral surveillance studies to have included cranberries is a study of
HuNoV conducted in China in 20162017, which found that 0.83% (1/120 samples) of fro-
zen and 4.12% (5/120 samples) of fresh domestic retailed cranberries were contaminated,
while no exports, fresh or frozen, were contaminated [46]. The other study would have
considered dried cranberries as the cause of a hepatitis A virus outbreak. However, the
source of the outbreak could not be confirmed, and the investigation led to the conclusion
that blackberries and shrimps may have been the cause [47]. There are no data on the level
of viral contamination of RTE Canadian cranberries, even though Canada is the second
largest cranberry producing country in the world [8].
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Our results suggest that the risk of contamination of RTE Canadian cranberries by
HuNoV or HAV is low to non-existent. The low prevalence (below 5%) is consistent with
a previous study of the presence of foodborne viruses on fresh and frozen fruit (blackber-
ries, blueberries, raspberries, strawberries, and pomegranate arils) in Canada, in which
0.36% of samples were positive [18]. Our present results indicate a prevalence of between
0 and 2% (1.28%), which is lower than expected. The number of samples chosen for this
pilot study was arbitrary but nevertheless led to a plausible result. It is important to note
that the cultivation method, irrigation and harvesting practices all influence the preva-
lence of foodborne viruses on berries and that prevalence could therefore differ from one
country to another. The proximity of cranberry fields to cities or inadequate treatment of
sewage could also increase the likelihood of contamination of irrigation water or harvest
water [48]. Knowledge of, and insistence on, good hygiene practices and the generaliza-
tion of sewage treatment in Canada no doubt also reduce the risk of viral contamination.

Pretreatment of virus with PMA and Sanger sequencing made it possible to rule out
the presence of potentially infectious HuNoV GI particles on cranberries [35]. In this case,
the PMA pre-treatment had to be done on a different sample from the same lot number.
Sanger sequencing may not have worked if there was a strong degradation of the frag-
ment. Indeed, the length of the sequenced product is equivalent to 329 bp while the frag-
ment detected by RT-qPCR is only 46 bp. Thus, the presence of free RNA could explain
the detection of HuNoV GI RNA in RT-qPCR and degradation of the fragment could ex-
plain why it was not detected during sequencing. The low number of genome copies per
gram detected in samples could be due to the applied sanitation and may also explain
why the sequencing did not work [49]. Further studies are needed to investigate the pres-
ence of foodborne viruses in cranberry harvest water and to evaluate the efficiency of viral
inactivation methods on cranberries, such as peracetic acid.

In the case of Canadian blueberries, HEV type 3 or 4 contaminations could occur
through direct contact of the fruit with feces of wild animals (e.g., deer) since some blue-
berry fields are located near forested areas. Although seroprevalence is low in wildlife in
most countries [50,51], the possibility of transmission from wild species to humans needs
to be investigated since foodborne transmission of HEV is still poorly understood [16].
Here, we attempted to reveal the potential for transmission of HEV through blueberries,
especially since Canada is the world's third largest producer of blueberries, and the largest
exporter of wild blueberries [52].

Our results suggest that HEV contamination of wild blueberries is very rare or even
non-existent in Quebec and New-Brunswick, and that the risk of transmission of this virus
to humans through ingestion of contaminated blueberries may be considered minimal in
these two regions. A sampling plan including more producers, larger growing areas, and
other provinces would provide additional information about the safety of blueberries in
Canada. Although not investigated in our study, our results are consistent with HEV se-
roprevalence and viremia reported for the Canadian cervid population [15]. In other coun-
tries, HEV has been found in vegetables, fruits, and water [14,53], and a study conducted
in Sicily showed that 1.4% of sampled vegetables and 4.3% of water samples were positive
for HEV RNA [44]. However, fruit and vegetable cultivation and harvesting techniques,
sources of water [48], and the surrounding environment vary considerably from one coun-
try to another, and likely affect the results obtained. The use of pig manure as fertilizer
also must play a role in HEV type 3 or 4 transmissions since swine are the main hosts of
this virus and seropositivity is widespread in pigs in industrialized countries and in Can-
ada [54,55]. Investigations of other products grown close to the ground are needed to pro-
vide a better understanding of HEV epizoology and epidemiology in Canada.

The ISO method of detecting foodborne viruses may underestimate the actual
amounts of virus present because of the presence of inhibitors that may interfere with the
elution of virions from the sample [56]. Indeed, the high variability of recovered Mengo
virus may be explained by the presence of inhibitors. Furthermore, the fruit itself and/or
the presence of damage at its surface could lead to an increase in inhibitors and induce
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variability. Another consideration is that viruses on berries are usually soiled by contam-
inated water, in which case virions may be highly diluted and thus missed by the sam-
pling method. [57]. A negative result does not mean a viral-free sample. Furthermore,
when a viral genome is detected by RT-qPCR, positive confirmation by PMA pretreatment
should also be required, as is cell culture (excluding HuNoV) or other means to provide
information on the infectious status of the virus, which is as important as detection.

In conclusion, the prevalence observed for HuNoV Gl is 1.28%, for both HAV and
HuNoV GlI it is below 5% in RTE cranberries and for HEV it is under 2.43% in blueberries.
Overall, the prevalence of foodborne viruses in Canadian berries is very low, making
these products safe to eat for consumers. To our knowledge, this is the first study of the
potential contamination of Canadian RTE cranberries and wild blueberries with food-
borne viruses (HuNoV, HAV and HEV). Additional studies are required to learn more
about the potential presence of foodborne viruses on vegetables and other fruits produced
in significant quantities in Canada that are grown close to the ground or near potentially
contaminated water.

Author Contributions: Conceptualization, E.C., KM.-F., E]J., V.G.-B. and ].J.; methodology, E.C.
and K.M.-F,; validation, E.J., V.G.-B. and ].J.; formal analysis, E.C. and K.M.-F.; investigation, E.C.
and K.M.-F,; resources, E.C. and K.M.-F.; data curation, J.J.; writing —original draft preparation, E.C.
and K.M.-F.; writing —review and editing, E.C., KM.-F., EJ., V.G.-B. and ].J.; visualization, E.]. and
V.G.-B.; supervision, E.J., V.G.-B. and ].].; project administration, E.J.,, V.G.-B. and ].J.; funding ac-
quisition, J.J. All authors have read and agreed to the published version of the manuscript.

Funding: This study was conducted within the framework of the VIROCONTROL research chair
funded by Ministere de 1’Agriculture, des Pécheries et de I’Alimentation (MAPAQ—PIA08) and
Natural Sciences and Engineering Research Council of Canada (NSERC —RDCPJ 538872-19).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank Stephen Davids for the correction of this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Government of Canada. Yearly food-borne illness estimates for Canada. 2016. Available online:
https://www.canada.ca/en/public-health/services/food-borne-illness-canada/yearly-food-borne-illness-estimates-canada.html
(accessed on 5 July 2016).

Cook, N.; Knight, A.; Richards, G.P. Persistence and Elimination of Human Norovirus in Food and on Food Contact Surfaces:
A Critical Review. J. Food Prot. 2016, 79, 1273-1294. https://doi.org/10.4315/0362-028x.]fp-15-570.

Kauppinen, A.; Miettinen, I.T. Persistence of Norovirus GII Genome in Drinking Water and Wastewater at Different
Temperatures. Pathogens 2017, 6, 48. https://doi.org/10.3390/pathogens6040048.

Ahmed, S.M.; Hall, A.].; Robinson, A.E.; Verhoef, L.; Premkumar, P.; Parashar, U.D.; Koopmans, M.; Lopman, B.A. Global
prevalence of norovirus in cases of gastroenteritis: A systematic review and meta-analysis. Lancet Infect. Dis. 2014, 14, 725-730.
https://doi.org/10.1016/51473-3099(14)70767-4.

Villabruna, N.; Lara, R.W.I; Szarvas, ].; Koopmans, M.P.G.; De Graaf, M. Phylogenetic Investigation of Norovirus Transmission
between Humans and Animals. Viruses 2020, 12, 1287. https://doi.org/10.3390/v12111287.

Pint6, R.M.; Pérez-Rodriguez, F.-].; Costafreda, M.-I.; Chavarria-Mird, G.; Guix, S.; Ribes, E.; Bosch, A. Pathogenicity and
virulence of hepatitis A virus. Virulence 2021, 12, 1174-1185. https://doi.org/10.1080/21505594.2021.1910442.

Hazards, E.P.0.B. Scientific Opinion on an update on the present knowledge on the occurrence and control of foodborne viruses.
EFSA]. 2011, 9, 2190. https://doi.org/10.2903/j.efsa.2011.2190.

Agriculture and Agri-Food Canada. Crop Profile for Cranberry in Canada, 2019; Agriculture and Agri-Food Canada: Ottawa, ON,
Canada, 2021.

APCQ. Growing Cranberries. 2022. Available online:
http://www .notrecanneberge.com/Content/SubPage/Cranberries/Growing-Cranberries/Seasonal-Work ~ (accessed on 28
October 2022).



Foods 2023, 12, 723 9 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Fruit d'Or. Everything You Need to Know About Organic Cranberry Cultivation. n.d. Available online:
https://fruitdor.ca/en/blog/cranberry-cultivation/ (accessed on 16 November 2022).

Fruit d'Or. The Cranberry Harvest Process in Quebec. n.d. Available online: https://fruitdor.ca/en/blog/cranberry-harvest/
(accessed on 16 November 2022).

Wang, B.; Meng, X.-J. Hepatitis E virus: Host tropism and zoonotic infection. Curr. Opin. Microbiol. 2021, 59, 8-15.
https://doi.org/10.1016/j.mib.2020.07.004.

Maunula, L.; Kaupke, A.; Vasickova, P.; Séderberg, K.; Kozyra, I; Lazic, S.; van der Poel, W.H.; Bouwknegt, M.; Rutjes, S.;
Willems, K.A.; et al. Tracing enteric viruses in the European berry fruit supply chain. Int. J. Food Microbiol. 2013, 167, 177-85.
https://doi.org/10.1016/j.ijfoodmicro.2013.09.003.

Terio, V.; Bottaro, M.; Pavoni, E.; Losio, M.; Serraino, A.; Giacometti, F.; Martella, V.; Mottola, A.; Di Pinto, A.; Tantillo, G.
Occurrence of hepatitis A and E and norovirus GI and GII in ready-to-eat vegetables in Italy. Int. ]. Food Microbiol. 2017, 249, 61—
65. https://doi.org/10.1016/j.ijfoodmicro.2017.03.008.

Weger, S.; Elkin, B.; Lindsay, R.; Bollinger, T.; Crichton, V.; Andonov, A. Hepatitis E Virus Seroprevalence in Free-Ranging Deer
in Canada. Transbound. Emerg. Dis. 2017, 64, 1008-1011. https://doi.org/10.1111/tbed.12462.

Kokkinos, P.; Kozyra, L; Lazic, S.; Bouwknegt, M.; Rutjes, S.; Willems, K.A.; Moloney, R.; Husman, A M.D.R.; Kaupke, A;
Legaki, E.; et al. Harmonised Investigation of the Occurrence of Human Enteric Viruses in the Leafy Green Vegetable Supply
Chain in Three European Countries. Food Environ. Virol. 2012, 4, 179-91. https://doi.org/10.1007/s12560-012-9087-8.

Laidler, M.R.; Tourdjman, M.; Buser, G.L.; Hostetler, T.; Repp, K.K.; Leman, R.; Samadpour, M.; Keene, W.E. Escherichia coli
0157:H7 Infections Associated With Consumption of Locally Grown Strawberries Contaminated by Deer. Clin. Infect. Dis. 2013,
57, 1129-1134. https://doi.org/10.1093/cid/cit468.

Steele, M.; Lambert, D.; Bissonnette, R.; Yamamoto, E.; Hardie, K.; Locas, A. Norovirus GI and GII and hepatitis a virus in berries
and pomegranate arils in Canada. Int. ]. Food Microbiol. 2022, 379, 109840. https://doi.org/10.1016/j.ijffoodmicro.2022.109840.
Baert, L.; Mattison, K.; Loisy-Hamon, F.; Harlow, J.; Martyres, A.; Lebeau, B.; Stals, A.; Van Caoillie, E.; Herman, L.; Uyttendaele,
M. Review: Norovirus prevalence in Belgian, Canadian and French fresh produce: A threat to human health? Int. ]. Food
Microbiol. 2011, 151, 261-9. https://doi.org/10.1016/j.ijfoodmicro.2011.09.013.

ISO 15216-1: 2017; Anonymous, Microbiology of the food chain—Horizontal method for determination of hepatitis A virus and
norovirus using real-time RT-PCR—Part 1: Method for quantification. International Organization for Standardization: Geneva,
Switzerland, 2017.

MAPAQ, Sector Profile of the Horticultural Industry in Quebec. 2022. Available online:
https://statistique.quebec.ca/fr/document/profil-sectoriel-de-lindustrie-horticole-au-quebec (accessed on 13 January 2023).
Biomérieux. Ceeramtools Mengovirus Kit. 2023. Available online: https://biomerieuxdirect.com/industry/c/ceeramtools-
mengovirus-kit/p/kmg (accessed on 17 January 2023).

Trudel-Ferland, M.; Jubinville, E.; Jean, J. Persistence of Hepatitis A Virus RNA in Water, on Non-porous Surfaces, and on
Blueberries. Front. Microbiol. 2021, 12, 618352. https://doi.org/10.3389/fmicb.2021.618352.

Martin-Latil, S.; Hennechart-Collette, C.; Delannoy, S.; Guillier, L.; Fach, P.; Perelle, S. Quantification of Hepatitis E Virus in
Naturally-Contaminated Pig Liver Products. Front. Microbiol. 2016, 7, 1183. https://doi.org/10.3389/fmicb.2016.01183.

Germer, J.J.; Ankoudinova, I; Belousov, Y.S.; Mahoney, W.; Dong, C.; Meng, J.; Mandrekar, J.N.; Yao, ].D. Hepatitis E Virus
(HEV) Detection and Quantification by a Real-Time Reverse Transcription-PCR Assay Calibrated to the World Health
Organization Standard for HEV RNA. ]. Clin. Microbiol. 2017, 55, 1478-1487. https://doi.org/10.1128/jcm.02334-16.

Pint6, R.M.; Costafreda, M.I.; Bosch, A. Risk Assessment in Shellfish-Borne Outbreaks of Hepatitis A. Appl. Environ. Microbiol.
2009, 75, 7350-7355. https://doi.org/10.1128/AEM.01177-09.

Da Silva, AK,; Le Saux, J.-C.; Parnaudeau, S.; Pommepuy, M.; Elimelech, M.; Le Guyader, F.S. Evaluation of Removal of
Noroviruses during Wastewater Treatment, Using Real-Time Reverse Transcription-PCR: Different Behaviors of Genogroups I
and II. Appl. Environ. Microbiol. 2007, 73, 7891-7897. https://doi.org/10.1128/ AEM.01428-07.

Svraka, S.; Duizer, E.; Vennema, H.; de Bruin, E.; van der Veer, B.; Dorresteijn, B.; Koopmans, M. Etiological Role of Viruses in
Outbreaks of Acute Gastroenteritis in The Netherlands from 1994 through 2005. J. Clin. Microbiol. 2007, 45, 1389-1394.
https://doi.org/10.1128/JCM.02305-06.

Loisy, F.; Atmar, R.; Guillon, P.; Le Cann, P.; Pommepuy, M.; Le Guyader, F. Real-time RT-PCR for norovirus screening in
shellfish. J. Virol. Methods 2005, 123, 1-7. https://doi.org/10.1016/j.jviromet.2004.08.023.

Kageyama, T.; Kojima, S.; Shinohara, M.; Uchida, K.; Fukushi, S.; Hoshino, F.B.; Takeda, N.; Katayama, K. Broadly Reactive and
Highly Sensitive Assay for Norwalk-Like Viruses Based on Real-Time Quantitative Reverse Transcription-PCR. . Clin.
Microbiol. 2003, 41, 1548-1557. https://doi.org/10.1128/JCM.41.4.1548-1557.2003.

Costafreda, M.L; Bosch, A.; Pintd, RM. Development, Evaluation, and Standardization of a Real-Time TagMan Reverse
Transcription-PCR Assay for Quantification of Hepatitis A Virus in Clinical and Shellfish Samples. Appl. Environ. Microbiol.
2006, 72, 3846-3855. https://doi.org/10.1128/AEM.02660-05.

Fongaro, G.; Herndndez, M.; Garcia-Gonzélez, M.C.; Barardi, C.R.M.; Rodriguez-Lazaro, D. Propidium Monoazide Coupled
with PCR Predicts Infectivity of Enteric Viruses in Swine Manure and Biofertilized Soil. Food Environ. Virol. 2016, 8, 79-85.
https://doi.org/10.1007/s12560-015-9225-1.

IBIS. Genomic Analysis Platform. 2022. Available online: https://www.ibis.ulaval.ca/en/services-2/genomic-analysis-platform/
(accessed on 28 October 2022).



Foods 2023, 12, 723 10 of 11

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Kojima, S.; Kageyama, T.; Fukushi, S.; Hoshino, F.B.; Shinohara, M.; Uchida, K.; Natori, K.; Takeda, N.; Katayama, K.
Genogroup-specific PCR primers for detection of Norwalk-like viruses. J. Virol. Methods 2002, 100, 107-114.
https://doi.org/10.1016/s0166-0934(01)00404-9.

Karim, M.R; Fout, G.S.; Johnson, C.H.; White, K.M.; Parshionikar, S.U. Propidium monoazide reverse transcriptase PCR and
RT-qPCR  for detecting infectious enterovirus and norovirus. J. Virol. Methods 2015, 219, 51-61.
https://doi.org/10.1016/j.jviromet.2015.02.020.

Government of Canada. Use of Cholrinated Wash Water; Government of Canada: Ottawa, ON, Canada, 2018.

Zoellner, C.; Aguayo-Acosta, A.; Wasim Siddiqui, M.; Davila-Avifia, J.E. Chapter 2-Peracetic Acid in Disinfection of Fruits and
Vegetables. In Postharvest Disinfection of Fruits and Vegetables, Siddiqui, M.W., Eds; Academic Press: Cambridge, MA, USA, 2018;
pp- 53-66.

Government of Quebec. Guidelines and Standards for the Interpretation of Analytical Results in Food Microbiology; Government of
Quebec, Quebec, Canada: 2019; p. 58.

Yeargin, T.; E Gibson, K. Key characteristics of foods with an elevated risk for viral enteropathogen contamination. J. Appl.
Microbiol. 2019, 126, 996-1010. https://doi.org/10.1111/jam.14113.

Centers for Disease Control and Prevention. National Outbreak Reporting System (NORS). 2022. Available online:
https://wwwn.cdc.gov/norsdashboard/ (accessed on 2 April 2022).

Bozkurt, H.; Phan-Thien, K.-Y.; Van Ogtrop, F.; Bell, T.; McConchie, R. Outbreaks, occurrence, and control of norovirus and
hepatitis a virus contamination in berries: A review. Crit. Rev. Food Sci. Nutr. 2021, 61, 116-138.
https://doi.org/10.1080/10408398.2020.1719383.

FDA. Microbiological Surveillance Sampling: FY 19-22 Frozen Berries (Strawberries, Raspberries and Blackberries). 2022.
Available online: https://www.fda.gov/food/sampling-protect-food-supply/microbiological-surveillance-sampling-fy-19-22-
frozen-berries-strawberries-raspberries-and (accessed on 16 November 2022).

Oteiza, ].M.; Prez, V.E.; Pereyra, D.; Jaureguiberry, M.V.; Sanchez, G.; Sant’Ana, A.S.; Barril, P.A. Occurrence of Norovirus,
Rotavirus, Hepatitis a Virus, and Enterovirus in Berries in Argentina. Food Environ. Virol. 2022, 14, 170-177.
https://doi.org/10.1007/s12560-022-09518-z.

Purpari, G.; Macaluso, G.; Di Bella, S.; Gucciardi, F.; Mira, F.; Di Marco, P.; Lastra, A.; Petersen, E.; La Rosa, G.; Guercio, A.
Molecular characterization of human enteric viruses in food, water samples, and surface swabs in Sicily. Int. ]. Infect. Dis. 2019,
80, 66-72. https://doi.org/10.1016/j.ijid.2018.12.011.

Government of Canada. 2014-2016 Viruses in Fresh Berries and Frozen Fruits. 2017. Available online:
https://inspection.canada.ca/food-safety-for-industry/food-chemistry-and-microbiology/food-safety-testing-bulletin-and-
reports/viruses-in-fresh-berries-and-frozen-fruits/eng/1506954705347/1506954705706 (accessed on 16 November 2022).

Gao, X.; Wang, Z.; Wang, Y.; Liu, Z.; Guan, X;; Ma, Y.; Zhou, H.; Jiang, Y.; Cui, W.; Wang, L.; et al. Surveillance of norovirus
contamination in commercial fresh/frozen berries from Heilongjiang Province, China, using a TagMan real-time RT-PCR assay.
Food Microbiol. 2019, 82, 119-126. https://doi.org/10.1016/j.fm.2019.01.017.

Smith, C.R.; Kershaw, T.; Johnson, K.; Meghnath, K. An outbreak of hepatitis A in Canada: The use of a control bank to conduct
a case-control study. Epidemiology Infect. 2019, 147, €300. https://doi.org/10.1017/50950268819001870.

Kokkinos, P.; Kozyra, I.; Lazic, S.; Soderberg, K.; Vasickova, P.; Bouwknegt, M.; Rutjes, S.; Willems, K.A.; Moloney, R.; Husman,
AM.D.R; et al. Virological Quality of Irrigation Water in Leafy Green Vegetables and Berry Fruits Production Chains. Food
Environ. Virol. 2017, 9, 72-78. https://doi.org/10.1007/s12560-016-9264-2.

Vimont, A.; Fliss, I; Jean, J. Study of the Virucidal Potential of Organic Peroxyacids Against Norovirus on Food-Contact
Surfaces. Food Environ. Virol. 2015, 7, 49-57. https://doi.org/10.1007/s12560-014-9174-0.

Thiry, D.; Mauroy, A.; Saegerman, C.; Licoppe, A.; Fett, T.; Thomas, I.; Brochier, B.; Thiry, E.; Linden, A. Belgian Wildlife as
Potential Zoonotic Reservoir of Hepatitis E Virus. Transbound. Emerg. Dis. 2017, 64, 764-773. https://doi.org/10.1111/tbed.12435.
Palombieri, A.; Robetto, S.; Di Profio, F.; Sarchese, V.; Fruci, P.; Bona, M.C.; Ru, G.; Orusa, R.; Marsilio, F.; Martella, V.; et al.
Surveillance Study of Hepatitis E Virus (HEV) in Domestic and Wild Ruminants in Northwestern Italy. Animals 2020, 10, 2351.
https://doi.org/10.3390/ani10122351.

Government of Quebec. Culture Du Bleuet. 2022. Available online: https://www.quebec.ca/agriculture-environnement-et-
ressources-naturelles/agriculture/industrie-agricole-au-quebec/productions-agricoles/culture-bleuet (accessed on 1 December
2022).

Randazzo, W.; Vasquez-Garcia, A.; Bracho, M.A_; Alcaraz, M.J.; Aznar, R.; Sanchez, G. Hepatitis E virus in lettuce and water
samples: A method-comparison study. Int. ]. Food Microbiol. 2018, 277, 34—40. https://doi.org/10.1016/j.ijfoodmicro.2018.04.008.
Li P, Ji, Y.; Li, Y.; Ma, Z,; Pan, Q. Estimating the global prevalence of hepatitis E virus in swine and pork products. One Heal.
2022, 14, 100362. https://doi.org/10.1016/j.onehlt.2021.100362.

Yoo, D.; Willson, P.; Pei, Y.; Hayes, M.A.; Deckert, A.; Dewey, C.E.; Friendship, R.M.; Yoon, Y.; Gottschalk, M.; Yason, C.; et al.
Prevalence of Hepatitis E Virus Antibodies in Canadian Swine Herds and Identification of a Novel Variant of Swine Hepatitis
E Virus. Clin. Diagn. Lab. Immunol. 2001, 8, 1213-1219. https://doi.org/10.1128/cdli.8.6.1213-1219.2001.



Foods 2023, 12, 723 11 of 11

56. Bartsch, C.; Szabo, K.; Dinh-Thanh, M.; Schrader, C.; Trojnar, E.; Johne, R. Comparison and optimization of detection methods
for noroviruses in frozen strawberries containing different amounts of RT-PCR inhibitors. Food Microbiol. 2016, 60, 124-130.
https://doi.org/10.1016/j.fm.2016.07.005.

57. Lowther, J.; Bosch, A.; Butot, S.; Ollivier, J.; Made, D.; Rutjes, S.; Hardouin, G.; Lombard, B.; Veld, P.I,; Leclercq, A. Validation
of EN ISO method 15216 - Part 1 — Quantification of hepatitis A virus and norovirus in food matrices. Int. J. Food Microbiol. 2019,
288, 82-90. https://doi.org/10.1016/j.ijfoodmicro.2017.11.014.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



