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Abstract
Berries have been implicated as the probable vehicle of infection in multiple outbreaks of norovirus and hepatitis A virus 
(HAV). These foods often receive minimal or no processing and may be exposed to virus contamination at each stage of 
production. In an increasingly globalized world, berries have a wide distribution and can give rise to the spread of diseases in 
distant parts of the world. With the aim of describing the virological quality of the berries cultivated in Argentina, a total of 
184 soft fruits of different varieties (strawberries, blueberries, raspberries, blackberries, currants, pomegranate arils, cassis, 
and elder) were collected during the periods 2016–2018 and 2020. Viral particles were eluted and concentrated by polyeth-
ylene glycol precipitation according to ISO 15216-2:2019 guidelines. Genome detection of norovirus (NoV) genogroups 
I (GI) and II (GII), HAV, rotavirus, and enterovirus was performed by real-time RT-PCR with TaqMan probes. Positive 
samples were amplified by conventional RT-PCR and the amplicons were purified and sequenced in both directions. Phylo-
genetic analysis was performed using the Neighbor-Joining method based on the evolutionary model Kimura-2-parameters. 
NoV GII.6 was detected in 1/184 (0.5%) of the soft fruits, corresponding to a raspberry sample obtained during the fall of 
2017. No presence of other human enteric viruses was found in the other berries analyzed. The collected data are the first in 
Argentina in relation to the prevalence of enteric viruses in berries and is useful as reference data for a risk assessment of 
soft fruits as vehicles of foodborne pathogenic viruses.
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Introduction

Fruits and vegetables have important health benefits, how-
ever, sometimes these foods that are eaten raw contain 
microorganisms like viruses, parasites, bacteria, or fungi, 
which can cause damage to the health of those persons who 

eat them. The World Health Organization (WHO) estimated 
that each year around 600 million people in the world fall ill 
(almost 1 in 10 inhabitants) from eating contaminated food 
and that 420,000 die due to foodborne hazards, resulting in a 
global burden of foodborne diseases of 33 million Disability 
Adjusted Life Years (DALYs) (WHO, 2015). The majority 
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of foodborne illnesses result from viral pathogens, such as 
norovirus, succeeded by bacterial and parasite pathogens 
(Gould et al., 2013; WHO, 2015). The burden of foodborne 
diseases is supported by individuals of all ages, but par-
ticularly by children under 5 years of age and by people 
living in low-income subregions of the world (WHO, 2015). 
Foodborne illness may be caused by contaminated fruits and 
vegetables. In the United States (US), from 2004 to 2013, 
36% of cases of foodborne illnesses resulted from consump-
tion of contaminated produce (Fischer et al., 2015). Moreo-
ver, data reported to the US Centers for Disease Control 
and Prevention's Foodborne Disease Outbreak Surveillance 
System during 1998–2013 showed that the percentage of 
outbreaks attributed to raw produce (among outbreaks with 
a food) increased from 8% during 1998–2001 to 16% during 
2010–2013; being raw produce outbreaks most commonly 
attributed to vegetable row crops (38%), fruits (35%), and 
seeded vegetables (11%) (Bennett et al., 2018). An actual-
ized literature review of healthcare-associated foodborne 
outbreaks revealed that frequently reported implicated foods 
were vegetables and fruits (25%), and these food matrices 
were the food vehicles associated with the highest number of 
case-patients (1308/3802 case-patients; 35%) (Boone et al., 
2021).

In recent years, the consumption of berries such as rasp-
berries, blueberries, blackberries, and currants has substan-
tially increased (Evans & Ballen, 2017; Farruggia et al., 
2016; Li et al., 2017). Berries come from a variety of plant 
types (low-growing, ground-based bushes, small shrubs, 
or as aerial crops from taller plants) that are grown under 
a variety of agricultural systems. Because soft fruits have 
high juice content and are fragile, they are sensitive to han-
dling and damage, and therefore, they are usually harvested 
by hand, rather than by mechanization. Moreover, berries 
are generally consumed fresh and are not subject to further 
processing to eliminate pathogenic microorganisms such as 
viruses (Gao et al., 2019; Ryu et al., 2015). Therefore, good 
agricultural practices and hazard analysis and critical control 
point (HACCP) systems are essential in the berry producing 
industry to minimize the risk of microbial contamination and 
ensure food safety.

Viral contamination of berries may occur at several points 
on the farm-to-fork pathway, starting from the use of con-
taminated water for irrigation, contact with human feces 
during cultivation (wastewaters) or contaminated harvesting 
equipment, from unhygienic practices of berry pickers in the 
production field, packing shed or supply chain, and also from 
consumers while on the shelf prior to consumption (Bozkurt 
et al., 2021). Even though enteric viruses cannot grow in 
or on foods, they are environmentally stable, can survive 
adverse conditions, and are resistant to the extreme pH and 
enzymes of the gastrointestinal tract (D’Souza et al., 2007). 
Moreover, human enteric viruses are highly infectious and 

it has been estimated that 1–10 viral particles are enough 
to infect humans. Therefore, contamination of foods with 
microscopic amounts of infected feces can cause outbreaks 
and illnesses (Atmar et al., 2014; Purcell et al., 2002).

In recent decades, berries (both fresh and frozen) have 
been implicated as the probable vehicle of infection in mul-
tiple outbreaks of hepatitis A virus (HAV) and human noro-
virus (NoV) belonging to genogroups I (GI) and II (GII) 
(CDC, 2018). Other enteric viruses such as rotavirus (RV) 
and enteroviruses (EV), that represent a great impact on 
health, have also been detected in food; however, there are 
still no reports of foodborne outbreaks due to these agents 
(Maunula et al., 2013; Parada-Fabian et al., 2016).

In an increasingly globalized world, fresh produce is 
widely distributed and can lead to the spread of disease to 
distant parts of the planet (Nasheri et al., 2019). In order to 
promote good health, access to safe and nutritious food in 
sufficient quantities is essential.

Argentina produces a total of 58,700 tons of berries per 
year. The main berry varieties produced are strawberries 
(36,000 tons) and blueberries (20,000 tons), and to a lesser 
extent raspberries, blackberries, and currants, among others 
(RSA-CONICET, 2016). These fruits are mostly produced 
for export to other countries in America, Europe, and Asia 
(RSA-CONICET, 2016). In this context, the objective of 
this study was to determine the virological quality of various 
types of berries cultivated in Argentina, through the detec-
tion and characterization of enteric viruses with an impact 
on human health.

Materials and Methods

Background and Sample Collection

During January 2016–December 2017 and January–Decem-
ber 2020, a total of 184 samples of berries of different spe-
cies: Fragaria × ananassa (strawberries, n = 75), Vaccinium 
myrtillus (blueberries, n = 68), Rubus idaeus (raspberries, 
n = 10), Morus rubra (blackberries, n = 12), Ribes rubrum 
(currants, n = 8), Punica granatum (pomegranate arils 
n = 6), Ribes nigrum (cassis, n = 3), and Sambucus canaden-
sis (elder, n = 2), were collected from production plants 
(n = 157) or retail markets (n = 27) throughout Argentina. 
Table 1 depicts the Argentine regions and provinces where 
the samples were collected. All the samples were directly 
transported to the laboratory of Food Microbiology (CIATI) 
in individual sterile containers at 4–8 °C, where they were 
processed for viral elution and concentration within 24 h.
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Elution and Concentration of Viruses from Berries

Viral extraction from berry samples was done from 25 g 
of product following the guidelines of the ISO 15216-
2: 2019 standard with slight modifications and using 
feline calicivirus (FCV), a non-enveloped, positive sense 
RNA genome virus (Etherington et al., 2006) member 
of the Caliciviridae family, as a process control virus. 
Each soft fruit sample was processed by duplicate. The 
FCV stock (Generon S.p.A, San Prospero, Italy) used 
had a titer of approximately 2 × 106 PFU/mL. Briefly, 
25 g of berries were placed into a mesh filter bag, 10 μL 
of FCV and 40 mL of Tris Glycine Beef Extract buffer 
(TGBE; Sigma-Aldrich, USA) solution supplemented 
with 1140 U of Aspergillus aculeatus pectinase (Novo-
zym® 33,095, Argentina) were added. The samples were 
shaken at 60 rpm for 20 min at 25 °C (pH was kept at 
9.0–9.5, adjusted with 1 N NaOH every 10 min). Then, 
the filtered liquid was transferred into a centrifuge tube 
and centrifuged at 10,000×g for 30 min at 4  °C. The 
supernatant was transferred into a clean tube, the pH was 
adjusted to 7.0 with 1 N HCl, and polyethylene glycol 
(PEG) 6000 and NaCl were added to the supernatant until 
a final concentration of 10% PEG 6000 (Sigma, USA) 
and 0.3 M NaCl was attained. The samples were shaken 
at 60 rpm for 60 min at 4 °C, followed by centrifugation 
at 10,000×g for 30 min at 4 °C, and the pellet was centri-
fuged again at 10,000×g for 5 min to compact. Then the 
pellet was resuspended in 500 μL PBS and transferred 
to a chloroform-resistant centrifuge tube with 500 μL 
chloroform-butanol. The mixture was incubated at room 
temperature for 5 min and then centrifuged at 10,000×g 
for 15 min at 4 °C. The aqueous phase was transferred to 
a fresh tube and retained for RNA extraction.

Virus Genome Detection and Characterization

Nucleic Acid Extraction

200 μL of the viral concentrates were subjected to RNA 
extraction using the commercial kit Direct-zol RNA 
MiniPrep (Zymo Research, CA, USA) to obtain 25 μL of 
RNA extract, according to the manufacturer's instructions. 
Extracted RNA was stored at − 80 °C until testing.

Enteric Virus Detection

RNA was detected using standardized one-step real-time 
RT-PCR procedures with primers and Taqman probes spe-
cific for the following enteric viruses: norovirus genogroups 
I (GI) and II (GII) (da Silva et al., 2007; Kageyama et al., 
2003; Loisy et al., 2005; Svraka et al., 2007), HAV (Cos-
tafreda et al., 2006), RV (Zeng et al., 2008), EV (Read & 
Kurtz, 1999), and FCV (Di Pasquale et al., 2010). TaqMan 
RT-PCR assays were carried out in 20–25 μL of a reaction 
mixture comprising 5 μL of extracted RNA and 15–20 μL 
of master mix. Commercial kits were used in all cases: 
WHATfinder Norovirus Type I ID (Generon S.p.A., Italy) 
for norovirus GI; WHATfinder Norovirus Type II ID (Gen-
eron S.p.A., Italy) for norovirus GII; WHATfinder HAV ID 
(Generon S.p.A., Italy) for HAV detection; G-DiaNota™ 
(Diagenode, Belgium) for NoV GI, NoV GII, and RV; 
O-DiaENT™ (Diagenode, Belgium) for EV; and WHAT-
finder Recovery Efficiency Kit (Generon S.p.A., Italy) 
for FCV. Real-time RT-PCR amplifications were run in a 
Stratagene Mx3005P system (Stratagene, CA, USA) in a 
96-well format under the following conditions: (i) 10 min 
at 50 °C for reverse transcription, 95 °C for 3 min for initial 
denaturation and Taq activation, then followed by 45 cycles 

Table 1   Localization data of the soft fruits collected in Argentina during the periods January 2016–December 2017 and January–December 
2020

Region Province Soft fruits Total

Strawberries Blueberries Raspberries Blackberries Currants Pomegran-
ate arils

Cassis Elder

Northeast Tucumán 4 15 1 0 2 6 1 1 30
Pampeana Buenos Aires 37 5 3 2 0 0 1 0 48

Córdoba 0 0 0 1 0 0 1 0 2
Entre Ríos 2 36 0 0 0 0 0 1 39
Santa Fe 9 5 0 0 0 0 0 0 14

Patagonia Chubut 1 1 2 2 0 0 0 0 6
Neuquén 9 5 4 6 6 0 0 0 30
Río Negro 13 1 0 1 0 0 0 0 15

Total 75 68 10 12 8 6 3 2 184
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of amplification with denaturation at 95 °C for 10 s, and 
annealing and extension at 60 °C for 45 s, for the kits from 
Generon S.p.A.; and 30 min at 50 °C for reverse transcrip-
tion, 95 °C for 10 min for initial denaturation then followed 
by 45 cycles of amplification with denaturation at 95 °C for 
15 s, and annealing and extension at 55 °C for 30 s and 68 °C 
for 30 s, for the kits from Diagenode.

Positive and negative controls were included in each real-
time RT-PCR run. All the amplification reactions were run 
in duplicate in two independent assays. When no signal of 
the process control virus was observed, a ten-fold dilution of 
the cDNA was analyzed. A sample that had a cycle threshold 
(Ct) value below 43, with no evidence of amplification in the 
negative control (threshold not reached after 45 cycles) was 
considered positive.

Extraction Efficiency of FCV

The process control FCV was quantified from a stand-
ard curve generated using undiluted process control virus 
RNA and ten-fold serial dilutions of the viral RNA stock 
(10–1–10–3), according to the indications of ISO 15216-
2:2019 standard. The Cq values for the process control FCV 
assay from each of the tested samples were used to estimate 
the process control virus recoveries by reference to the pro-
cess control virus RNA standard curve.

Norovirus Characterization and Sequence Analysis

Norovirus positive sample was re-amplified by RT-hemi-
nested PCR with primers targeting ORF1/ORF2 junction 
and 5’ region of VP1 protein gene (Kitajima et al., 2010). 
Extracted RNA was reverse-transcribed into cDNA using 
random hexamer primers and M-MLV reverse transcriptase 
(Promega, Wisconsin, USA) according to the manufacturer's 
instructions. The first PCR was performed in 10 μL of reac-
tion volume containing 2 μL of cDNA, GoTaq Buffer 5×, 
10 μM of COG2F and G2SKR primers, 10 mM of dNTPs 
and 0.5 U of GoTaq DNA polymerase (Promega, Wisconsin, 
USA). The amplification was performed under the following 
conditions: initial denaturation at 94 °C for 3 min, followed 
by 40 cycles of amplification with denaturation at 94 °C for 
30 s, primer annealing at 50 °C for 30 s, extension reaction 
at 72 °C for 1 min, and then a final extension at 72 °C for 
7 min. The second PCR was performed in 10 μL of reaction 
volume containing 1 μL of the first PCR product, GoTaq 
Buffer 5×, 10 μM of G2SKF and G2SKR primers, 10 mM 
of dNTPs, and 0.5 U of GoTaq DNA polymerase (Promega, 
Wisconsin, USA). PCR amplification with 35 cycles was 
performed under conditions identical to those for the first 
PCR. The RT-hemi-nested-PCR was run in a Mastercycler® 
gradient (Eppendorf, Hamburg, Germany).

Hemi-nested PCR amplicon for norovirus GII was puri-
fied and sequenced in both directions with primers G2SKF/
G2SKR, using the dideoxynucleotide chain terminator 
method with Big Dye TM terminator version 3.1 cycling 
conditions on an automated sequencer (model 3730XL; 
Applied Biosystems, Foster City, CA, USA) by Macro-
gen Inc. (Seoul, South Korea). The editing, alignment, and 
comparison of the nucleotide sequence obtained were per-
formed using the MEGA-X program (Molecular Evolution-
ary Genetic Analysis) version 10.1 (Kumar et al., 2018). 
The consensus sequence obtained was compared with the 
sequences of standard strains published in the GenBank, 
using the BLAST program. Multiple sequence alignment 
was performed with the Clustal W program. Phylogenetic 
relationships were calculated using the Kimura-2-parame-
ter method (Kimura, 1980) as a model of substitution. The 
statistical significance of the inferred phylogenies was esti-
mated using the Neighbor-Joining method to construct the 
phylogenetic tree with a bootstrap of 1000 pseudo-replicate 
data sets. The GenBank accession number for the sequence 
obtained in this study was MW420919.

Results

Viral contamination was detected in 1 out of 184 (0.5%) 
of the berry samples analyzed, corresponding to a rasp-
berry sample collected in April 2017 from a production 
plant located in the province of Buenos Aires, Argentina. 
Norovirus GII was identified in the contaminated raspberry 
sample. No presence of norovirus GI, HAV, RV, or EV was 
detected in the strawberry, blueberry, raspberry, blackberry, 
currant, pomegranate aril, cassis, and elder samples analyzed 
(Table 2). The process control FCV was recovered from all 
the viral concentrates with a mean efficiency of 23 ± 12%, 
revealing that no sample showed total inhibition of PCR 
and that there was no total loss of the viral particles at any 
point in the process. In those cases where the efficiency was 
lower than 1%, dilutions were made, and after that, in all 
cases FCV was recovered with efficiencies higher than 1%. 
Thus, the performance of the technique complied with the 
criteria described in the ISO 15216-2:2019 standard, which 
stipulates higher than 1% extraction efficiency.

The phylogenetic analysis of the norovirus strain detected 
in the raspberry sample revealed that it belongs to geno-
group II genotype 6 (Fig. 1).

Discussion

Control and prevention of viral diseases transmitted by foods 
that are eaten raw is challenging. In relation to the berries 
producing industry, the first step for the prevention of viral 
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transmission is to know the virological quality of the fruits 
in the preharvest or harvest stage in order to implement con-
trol measures to reduce viral contamination.

The results obtained from our study revealed a low 
prevalence of enteric viruses in berries produced in Argen-
tina (0.5%). Worldwide, there is limited data regarding the 
prevalence of enteric viruses in raw soft fruits. Belgium and 
France were the first countries to provide data about the 
prevalence of norovirus on fresh soft red fruits, reporting 
a prevalence of 34.5% and 6.7%, respectively (Baert et al., 
2011). However, sequence confirmation was not successful 
for the majority of the samples tested. A recent study by 
Cook et al. (2019) reported the prevalence of NoV in 2.3% 
and 3.6% of the fresh and frozen raspberries marketed in the 
United Kingdom, respectively. Also, 15.2% of the tested soft 
fruits in Mexico were positive for rotavirus (Parada-Fabian 
et al., 2016). De Keuckelaere et al. (2015) found norovirus 
in 8.6% of the tested raspberries from the Netherlands. Fur-
thermore, Li et al. (2018) detected foodborne viruses (NoV 
GI, NoV GII, and HAV) on 0.3% of berry samples from 
different countries including Germany, Bulgaria, France, 
Poland, Switzerland, Czech Republic, USA, Spain, Russia, 
and Turkey, and also recorded human adenovirus presence in 
0.9% of the tested samples. Prevalence differences between 
the studies might be explained by the relatively low number 
of samples tested in some studies and the difficulties linked 
to low numbers of heterogeneously distributed viruses which 
can lead to false-negative results (Butot et al., 2014). This 
might be overcome by improving the efficiencies of viral 
extraction and detection techniques.

Although the worldwide prevalence of enteric viruses in 
berries is relatively low, numerous reports demonstrated the 
association of viral foodborne outbreaks with the consump-
tion of contaminated berries (Bozkurt et al., 2021; Gao et al., 
2019; Torok et al., 2019). During the period 2008–2018, 
Nasheri et al. (2019) reported a total of 12 outbreaks of 
HAV and 40 outbreaks of norovirus related to frozen berries. 
Overall, norovirus infections comprised a higher number 
of total cases, except in 2013, when multiple outbreaks of 

Table 2   Prevalence of enteric 
viruses in Argentinean berries 
(periods 2016–2018 and 2020)

Berry type n Enteric viruses detection

NoV GI NoV GII HAV RV EV

Strawberry 75 0 0 0 0 0
Blueberry 68 0 0 0 0 0
Blackberry 12 0 0 0 0 0
Raspberry 10 0 1 0 0 0
Currant 8 0 0 0 0 0
Pomegranate aril 6 0 0 0 0 0
Cassis 3 0 0 0 0 0
Elder 2 0 0 0 0 0
Total 184 0 1 0 0 0

Fig. 1   Phylogenetic tree based on the capsid-gene nucleotide 
sequence of norovirus GII (251 nt) strain. The tree was constructed 
by the Neighbor-Joining method and the Kimura-2-parameter model. 
Bootstrap values above 70% are given at branch nodes. The scale bar 
represents 20% genetic distance. The strain isolated in this study is 
indicated by a black circle (GenBank accession number MW420919)
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HAV associated with different frozen fruits were reported in 
Europe and North America. Italy experienced a large HAV-
1A outbreak with approximately 1800 reported cases, asso-
ciated with frozen berries in 2013 (Scavia et al., 2017). Also, 
during 2013, an outbreak occurred in the USA with 165 
confirmed cases of HAV-1B that was attributed to imported 
frozen pomegranate arils (Collier et al., 2014). Moreover, 
during the same year, cases of HAV infections were reported 
simultaneously in three countries of the European Union due 
to the consumption of frozen soft fruits (Macori et al., 2018). 
Reports revealed that, in general, the vehicles for most HAV 
outbreaks were frozen strawberries and frozen pomegran-
ate arils, whereas frozen raspberries were indicated as the 
source of the majority of the norovirus outbreaks (Nasheri 
et al., 2019).

In our study, only norovirus GII.6 was detected in Argen-
tinean berries, corresponding to a raspberry sample. This 
result is in agreement with the worldwide higher prevalence 
of norovirus in this soft fruit matrix. During the last 2–3 
decades, symptomatic infection in humans has been mostly 
linked to a single norovirus genotype, GII.4 (Eden et al., 
2013). However, more recently, novel non-GII.4 strains have 
been observed as predominant genotypes in children hospi-
talized due to acute gastroenteritis (Diakoudi et al., 2019). 
In this context, in the last years there have been some gas-
troenteritis outbreaks associated with norovirus GII.6 strains 
(Luo et al., 2015; Sharma et al., 2020; Zhang et al., 2020), 
and also some places reported the sustained circulation of 
norovirus GII.6 strain in the population (Diakoudi et al., 
2019). Therefore, the prevalence of norovirus GII.6 requires 
attention.

Numerous risk factors are considered to be responsible 
for the contamination of berries, such as the type of cultural 
techniques (i.e., traditional soil or hydroponic cultivations) 
and the type of irrigation (i.e., lowered well-water or flooded 
surface channel water) (Macori et al., 2018). In addition, it 
has been reported that the main source of contamination of 
berries with enteric viruses could be the lack of appropriate 
hygiene facilities and unsafe hygiene practices, as the har-
vesting of small fruits mostly takes place by hand, a dem-
onstrated vehicle by which human pathogenic viruses enter 
the berry fruit chain (El-Senousy et al., 2015; Macori et al., 
2018; Parada-Fabian et al., 2016). Therefore, in the berries 
production process there are key stages that will result in a 
reduction in viral contamination, for example controlling the 
irrigation water quality, the management of the manure and 
the worker's health and hygiene.

Most of the samples analyzed in this manuscript corre-
spond to soft fruits collected at the farm level. A follow-up 
study looking at the prevalence of viruses on soft fruits on 
farms will be interesting in order to ascertain whether viral 
contamination originates at the production site. Moreover, it 
would also be interesting to increase the number of samples 

obtained from retail markets, including fruit stalls on the 
street, in order to evaluate the prevalence of enteric viruses 
under these conditions.

The results obtained in the present study showed a low 
viral contamination of soft fruits produced in Argentina, 
indicating that probably good farming practices and HACCP 
are followed at the different production units throughout the 
country. Anyway, it must not be ruled out that viral loss dur-
ing extraction and detection techniques and also low viral 
concentrations in the samples might be causes of low viral 
detection in the Argentinean soft fruits analyzed.
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