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Abstract
There is an upward trend of consumption of organic fresh vegetables due to consumer demand for healthy foods without 
chemical additives. On the other hand, the number of food borne outbreaks associated with contaminated fresh produce 
has raised, being human norovirus genogroup I (GI), GII and hepatitis A virus (HAV) the most commonly reported causa-
tive agents. This study aimed to detect the presence of these viruses in green leafy vegetables (watercress, leek, coriander, 
and parsley) and strawberry using quantitative reverse transcription polymerase chain reaction (RT-qPCR). Samples were 
collected from the Egyptian regions of Kalubia, Giza, and Mansoura. Overall HAV average occurrence in fresh strawberry 
was 48% with a mean concentration of 6.1 ×  103 GC/g; Also NoV GI overall average occurrence was 25% with a mean con-
centration of 9.7 ×  102 genome copies (GC)/g, while NoV GII was 40% with a mean concentration of 2.4 ×  103 GC/g. For 
strawberry collected directly from Kalubia farms, neither HAV nor HNoV GI & GII were detected. In green leafy vegetable 
samples, the occurrence of HAV was 31.2% with a mean concentration of 9.2 ×  104 GC/g, while occurrence of NoV GI and 
NoV GII were 20% and 30% with a mean concentrations of 1.1 ×  104 and 2.03 ×  103 GC/g, respectively. In conclusion, the 
importance of a virus surveillance program for soft fruits and fresh vegetables is highlighted by the outcomes of this study. 
Our findings should help with the management and control of microbial concerns in fresh foods, reducing the danger of 
consuming contaminated foods.
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Introduction

Foodborne viral infections are considered one of the most 
important public health threats all over the world that can 
pose a significant burden to the economies of the devel-
oped and developing countries, and It is likely to have 
serious adverse to food safety consequences. Unlike bac-
teria, viruses don’t grow or multiply in foods but foods 
may become contaminated with human enteric viruses and 

transmit infections. Among the major foodborne enteric 
viruses that can be responsible for gastroenteritis or other 
clinical manifestations include hepatitis A virus (HAV) 
and human noroviruses (HNoV), which are also the most 
frequently detected in the aquatic environment beside the 
human adenoviruses, rotavirus species A, hepatitis E virus, 
human astroviruses, and enteroviruses (Chen et al., 2007; 
Elmahdy et al., 2016, 2019, 2020; Fongaro et al., 2013; 
Mangeri et al., 2020; Pavoni et al., 2021; Ruscher et al., 
2020). HAV and noroviruses are currently recognized as the 
most causative agents related to foodborne diseases (FAO/
WHO, 2008a, 2008b; Newell et al., 2010; Terio et al., 2020; 
Dirks et al., 2021), which are included among the 31 food-
borne pathogens in US (Scallan et al., 2011). HNoV and 
HAV are non-enveloped enteric viruses, positive sense, and 
single-stranded RNA viruses of approximately 7.5 kilobases 
each and thus they are more stable in the environment than 
enveloped viruses (Alidjinou et al., 2019; Elmahdy et al., 
2018). They are primarily transmitted via the fecal–oral 
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route, either by person-to-person contact or ingestion of 
contaminated food or water; they may be also shed in vomi-
tus (Matthews et al., 2012; Kotwal & Cannon, 2014; Marti 
et al., 2016). Many developed countries, such as the United 
States and the European Union, have been forced to impose 
strict food safety regulations based on existing surveillance 
systems for viral contaminants in foods as a result of increas-
ing number of foodborne outbreaks (Aboubakr & Goyal, 
2019; Grace, 2015). Fresh fruits such as strawberry can be 
contaminated via the people handling, processing food and 
contaminated irrigated water source than environmental 
contamination (Koopmans & Duizer, 2004; Morin & Pico-
che, 2008; FAO/WHO, 2008a, 2008b; Jeong et al., 2013). 
Direct consumption of fresh produce (uncooked food) with-
out proper washing is risky as they are considered the most 
important vehicle for the foodborne transmission (Bassett 
& McClure, 2008; Li et al., 2015). Due to some challenges 
with cell culture, the recently published ISO standard tech-
nique for viral detection in food is based on the quantitative 
RT-PCR method rather than the cell culture method. (ISO 
15216-1:2017, 2017). Globally, the highest annual cases 
related to foodborne viral illness caused by norovirus were 
(124,803,946) infections with 34,929 deaths, indicating that 
it has a mortality rate of 0.028. HAV comes in the second 
place which causes 13,709,836 cases and 27,731 deaths with 
0.202 of fatality rate (WHO, 2015; Lee & Yoon, 2021). The 
main objective of the present study was to evaluate and 

investigate the presence of HAV, HNoV GI and GII in natu-
rally contaminated fresh vegetables. The samples of corian-
der, parsley, watercress, leek and strawberries were selected 
for this study to recommend safe practices for the produc-
tion and consumption of these soft fruits and leafy greens 
vegetables.

Materials and Methods

Study Area

Three governorates in Egypt were selected for sample 
collection in the current study two of these governorates 
(Giza, Dakahlia) are represented the big strawberry retail 
markets for human consumption while the third governo-
rate is Kalubia which contains the strawberry farms: (1) 
Giza governorate which is the third-largest city in Egypt 
and situated on the west bank of the Nile River, (2) Man-
soura city, It is the capital of the Dakahlia Governorate, 
on the east bank of the Damietta branch of the Nile River, 
in the Delta region, and (3) Kalubia Governorate Located 
in Lower Egypt. It is situated north of Cairo in the Nile 
Delta region as shown in Fig. 1.

Fig. 1  Field of strawberry and green leafy vegetables samples collection at different sites in Mansoura, Giza and Kalubia



180 Food and Environmental Virology (2022) 14:178–189

1 3

Sample Collection

Strawberry

Forty-eight strawberry samples unpackaged were col-
lected from six sites from two regions in Egypt (Giza and 
Mansoura, 24 samples from each region) to represent the 
end of the strawberry production chain handler for human 
consumption (i.e., retail establishments such as the popu-
lar vegetable markets). In addition, twenty-four strawberry 
samples were collected directly from two strawberry farms 
in Kalubia (12 strawberry samples from each farm), to rep-
resent the beginning of the strawberry production chain (i.e., 
directly from the field) over a period of 4 months (November 
& December 2019 and January & February 2020) according 
to the harvest season as shown in Fig. 1.

Green Leafy Vegetables

A total of 96 green leafy vegetables (Coriander, Parsley, 
watercress and Leek) were collected from cultivated land 
near the riverbed from two regions (Giza and Mansoura) 
directly from the farms. From each region, 48 green leafy 
vegetables (12 from each type) were collected over a period 
of 4 months (November & December 2019 and January & 
February 2020) as shown in Fig. 1.

Effect of Freezing on HNoV and HAV

All strawberry samples collected during this study were 
primarily divided into two subsamples (25 g each) when 
arrived at lab: (1) the first divided subsample was going 
directly for the viral genome concentration for HNoV and 
HAV detection, (2) The second divided subsample was 
freeze preserved at –20 °C for 1 week until further detection 
to show the effect of freezing on the virus genome.

Viral Concentration

The method defined in ISO 15216-1:2017 was used to 
detect HNoV and HAV concentrations in green leafy veg-
etables and strawberries samples (ISO 15216-1:2017, 
2017). Briefly, in a sterile plastic bag containing 50 ml of 
Tris–glycine buffer (TGBE: 100 mM Tris–HCl, 50 mM gly-
cine, and 1% beef extract, pH 9.5; in case of strawberry, 30 
units of pectinase from Aspergillus niger (Sigma-Aldrich, 
Germany) was added to TGBE to prevent jelly formation), 
25 g of each green leafy vegetable (in small parts) or straw-
berry samples was transferred in a sterile plastic bag, sepa-
rately. After 20 min of continuous rocking (approximately 
70 oscillations/min) at room temperature to detach the virus 
from the surface of the samples, the sample was divided 
and transferred into clean centrifuge tubes. The vegetable 

or strawberry matter was discarded after centrifugation at 
10,000×g for 30 min at 4 °C, and the eluates were trans-
ferred into clean tubes and changed to neutral pH (7. with 
1.0 N HCl. With gentle rocking at 4 °C for 60 min, the pH 
adjusted eluates were combined with 0.25 volume of 50 
percent (w/v) polyethylene glycol 8000/1.5 M NaCl. After 
centrifugation at 10,000×g for 30 min at 4 °C, the pellets 
were then dissolved in 500 µL of 10 mM Phosphate buffer 
solution (PBS) and stored at − 20 °C until use.

Viral RNA Extraction and Virus Detection 
by Real‑Time qPCR

The final processed samples were applied to the extrac-
tion of viral RNA nucleic acid using a QIAamp MiniElute 
Virus Spin Kit (Qiagen, Germany) as instructed by the 
manufacturer. To examine PCR inhibition and monitor the 
efficiency of extraction and viral recovery, a representative 
sample was taken from each type of green leafy vegetables 
samples and also strawberry samples collected during this 
study and inoculated with 4.7 ×  108 GC/ml of (MNV-1) as 
sample process control virus (SPCV) and as an external 
amplification control (EAC) as described in ISO 15216-
1. EAC added to an aliquot of RNA sample. The degree 
of RT-PCR inhibition in each tested sample is obtained by 
comparing these results with the results of EAC RNA in the 
absence of sample RNA to reveal the false negative results 
and no inhibitory effects could be observed. The amplifica-
tion efficiency (E) of the quantitative real-time RT-PCR was 
calculated using the slopes (S) of the regression lines. For 
molecular detection of (HAV), the qPCR was performed in 
accordance with Jothikumar et al. (2005), HNoV GI and GII 
were performed in accordance with Kageyama et al. (2003) 
and MNV-1 were performed in accordance with Lee et al. 
(2005), using one-step Rotor-Gene (RG) Probe RT-PCR Kit 
with thermal cycler profile as described in Table 1. Real-
time PCR mixture (25 μL) contained 5 μL RNA extract, 12.5 
μL 2 × RG PCR MM and RG RT-PCR MM reagents (Qia-
gen, Germany), 0.8 μM of each primer, 0.2 μM of TaqMan 
probe for each corresponding virus type, and nuclease-free 
water up to 25 μL. PBS was used as the negative nucleic acid 
extraction control. This qPCR mixture was transferred into 
the Rotor-Gene Q system. At the end of each stage of the 
annealing, fluorescence data are measured by the provided 
Rotor-Gene software. A serial tenfold dilution of nucleic 
acids was used to dilute the inhibitor and increase PCR 
efficiency. All amplifications were performed in duplicate. 
For each experiment, a positive control PCR amplicon was 
created by cloning the amplicon into a plasmid (pGEM-T 
Easy Vector (Promega) for HAV strain HM175; and pCR2.1-
TOPO vector for HNoV GI &GII), and amounts of purified 
plasmid DNA were determined using a Nano Drop spectro-
photometer. Standard curves were created by running tenfold 
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serial dilutions of plasmids. Each test used ultra-pure water 
as a non-template control to ensure that the assay was free 
of contamination. Standard HAV and HNoV curves were 
prepared with a tenfold serial dilution of the DNA standard 
ranging from 5 ×  101 to 5 ×  109 GC/reaction. Non-template 
controls (NTC) consisting of DEPC water were included 
in each assay. Table 1 lists all of the primers and probes 
used in this analysis, as well as the virus's thermal cycling 
conditions.

To investigate virus recovery in all virus detection assays, 
we used murine norovirus (MNV) as a process control virus 
in this study. A representative strawberry and vegetable sam-
ples (previously tested negative for MNV by RT-qPCR) were 
inoculated with murine norovirus 1 (MNV-1) suspension 
(4.7 ×  108 GC/mL) as a viral process control. Briefly, 25 g 
from each vegetable and strawberry sample was weighed 
separately and cut into small square pieces in case of veg-
etable samples. After, 100 μL of MNV-1 was distributed 
as drops on the surface of each sample. Then, all the sam-
ples were in biosafety cabinet and allowed to dry for 30 min 
followed by viral concentration process. The recovery per-
centages were obtained according to the following equa-
tion Recovery (%) = GC obtained titer / GC Spiked titer × 100%. 
Triplicates of these samples were made. Each experiment 
included non-contaminated strawberry samples that served 
as negative controls.

Statistical Analysis

Statistical analysis was carried out using GraphPad Prism 
version 5.0 (USA) technology. The critical P-value for the 
test was set at 0.05. The Pearson correlation was used to 
test the associations between viral distributions in different 

samples. A one-way variance analysis was used to compare 
the mean viral loads of the samples. To find discrepancies, 
student t-tests and ANOVA tests are used.

Results

Recovery rate and Limit of MNV‑1 Detection 
in Spiked Strawberry and Green Leafy Vegetables 
Samples

The qPCR limit of detection was determined using the max-
imum dilution at which virus quantification was possible 
(The detection limits for HAV were 2 ×  101 GC/g in 25 g 
of samples and whereas the detection limit for HNoV GI, 
HNoV GII, and MNV-1 were 3 ×  101 GC/g). In the spiked 
experiment a representative strawberry and vegetable sam-
ples (coriander, Parsley, watercress, and Leek); the MNV-1 
recovery was almost 2.7 ×  108 GC/g (57.4%), for strawberry 
and green leafy vegetables samples.

Detection of HAV and HNoV in Fresh Strawberry 
Samples

Table 2 shows the presence of HAV and HNoV GI and GII 
in fresh strawberry samples. HAV was detected in 46% 
(11/24) and 50% (12/24) of Giza and Mansoura collected 
samples, respectively. While HNoV GI was found in 21% 
(5/24) and 29% (7/24) of the samples collected in Giza and 
Mansoura, respectively, as shown in Table 3. Occurrence of 
HNoV GII was most common than HNoV GI with a percent-
age of 38% (9/24) and 42% (10/24) in the samples collected 
in Giza and Mansoura, respectively, as shown in Table 4. 

Table 1  Primers, probes, and thermal cycling conditions used in this study to amplify HAV, HNoV GI, HNoV G II, and MNV-1

Virus Primer and probe sequence 5′–3′ Thermal cycling conditions Source of references

HAV F: GGT AGG CTA CGG GTG AAA C 48 °C for 30 min, followed by 95 °C for 15 min, 
then 40 cycles of 95 °C for 10 s, 55 °C for 20 s 
and 72 °C for 15 s

Jothikumar et al. (2005)
R: GCG GAT ATT GGT GAG TTG TT
Probe: FAM-CTT AGG CTA ATA CTT CTA TGA 

AGA GATGC –TAMRA
HNoV GI F: CGY TGG ATGCGNTTY CAT GA 50 °C for 2 min, followed by 95 °C for 10 min, then 

45 cycles of 95 °C for 15 s and 56 °C for 1 min
Kageyama et al. (2003)

R: CTT AGA CGC CAT CAT CAT TYAC 
Probe: FAM -AGA TYG CGA TCY CCT GTC CA-

TAMRA
HNoV GII F: CAR GAR BCNATG TTY AGR TGG ATGAG 50 °C for 2 min, followed by 95 °C for 10 min, then 

45 cycles of 95 °C for 15 s and 56 °C for 1 min
Kageyama et al. (2003)

R: TCG ACG CCA TCT TCA TTC ACA 
Probe: FAM-TGG GAG GGC GAT CGC AAT CT-

TAMRA
MNV-1 F: ACG CTC AGC AGT CTT TGT GA 95 °C for 30 s. then 40 cycles of at 95 °C for 15 s 

and 60 °C for 45 s
Lee et al. (2015)

R: CTG GCC TCA GAG CCA TTG 
Probe: FAM-CGC TGC GCC ATC ACT CAT CC-

TAMRA
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None of the tested viruses could be detected by RT-qPCR 
in all samples from Kalubia, which is the direct original 
source of strawberry in their farms. On the other hand, the 
strawberry subsamples that were maintained in freezer -20 
also yielded the same results as shown in Tables 2, 3 and 4.

Detection of HAV and HNoV in Green Leafy 
Vegetables Samples

Table 5 shows the results of viruses analysis performed in 
fresh produce samples. Overall occurrence of HAV was 
31.2% with a mean concentration of 9.2 ×  104 GC/g. HAV 
was present in 42% (5/12) of watercress, 33% (4/12) of leek, 
33% (4/12) of coriander, 17% (2/12) of parsley, in Giza. In 
Mansoura, HAV was present in 58% (7/12) of watercress, 

33% (4/12) of leek, 17% (2/12) of coriander, 33% (4/12) of 
parsley. HAV genome copy number in these samples ranged 
from 2.1 ×  103 to 7.1 ×  104 GC/g.

The occurrence of NoV GI was 20% with a mean con-
centration of 1.1 ×  104 GC/g. HNoV GI was present in 
17% (2/12) of watercress, 25% (3/12) of leek, 17% (2/12) 
of coriander, 25% (3/12) of parsley in Giza, while in Man-
soura, HNoV G I was present in 17% (2/12) of watercress, 
25% (3/12) of Leek, 17% (2/12) of Coriander, 17% (2/12) 
of Parsley. HNoV GI genome copy numbers in these sam-
ples ranged from 2.3 ×  102 to 4.3 ×  103 GC/g. While occur-
rence of NoV GII was 30% with a mean concentrations of 
2.03 ×  103 GC/g. HNoV GII was present in 33% (4/12) of 
watercress, 33% (4/12) of leek, 33% (4/12) of coriander, 
17% (2/12) of parsley in Giza. While in Mansoura, HNoV 

Table 2  Detection of HAV in fresh and frozen strawberry samples

Virus Time of sample Sampling sites

Fresh strawberry Frozen strawberry

End of strawberry chain supply Beginning of 
strawberry chain

End of strawberry chain supply Beginning of 
strawberry chain

Giza (6 sites 
retails) (GC/g)

Mansoura (6 sites 
retails) (GC/g)

Kalubia (2 farms) Giza (6 sites 
retails) (GC/g)

Mansoura (6 sites 
retails) (GC/g)

Kalubia (2 farms)

Nov. 2019 3.6 ×  103 2.6 × 10 – 3.1 ×  103 2.4 ×  103 –
– – – – – –
4.3 ×  103 – – 4.2 ×  103 – –
– – – – – –
– 5.3 ×  103 – – 4.1 ×  103 –
5.1 ×  103 – – 3.7 ×  103 – –

HAV Dec. 2019 3.1 ×  103 2.1 ×  103 – 2.2 ×  103 1.7 ×  103 –
– – – – – –
– 3.1 ×  103 – – 1.1 ×  103 –
– – – – – –
4.2 ×  103 – – 3.6 ×  103 – –
– 2.4 ×  103 – – 1.9 ×  103 –

Jan 2020 – – – – – –
5.3 ×  103 4.1 ×  103 – 4.9 ×  102 3.5 ×  103 –
– – – – – –
3.6 ×  103 3.7 ×  103 – 3.2 ×  102 4.3 ×  103 –
4.1 ×  103 – – 3.6 ×  103 – –
– 4.3 ×  103 – – 3.6 ×  103 –

Feb. 2020 – 3.1 ×  104 – – 3.2 ×  104 –
3.1 ×  102 – – 2.9 ×  102 – –
2.5 ×  103 – – 2.2 ×  103 – –
– 2.3 ×  103 – – 2.1 ×  103 –
4.5 ×  102 3.3 ×  103 – 4.1 ×  102 2.9 ×  103 –
– 4.3 ×  104 – – 4.3 ×  104 –

Number 
of + ve 
samples

46% (11/24) 50% (12/24) 0% (0/24) 46% (11/24) 50% (12/24) 0% (0/24)

Average 3.3 ×  103 8.9 ×  103 2.2 ×  103 8.4 ×  103
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GII was present in 42% (5/12) of watercress, 33% (4/12) of 
leek, 33% (4/12) of coriander, 17% (2/12) of parsley. HNoV 
GII genome copy numbers in these samples ranged from 
1.4 ×  102 to 4.3 ×  103 GC/g (Table 5).

Discussion

Foodborne viruses pose a significant threat to global health, 
despite the fact these viruses have yet to be taken into 
account in food safety legislation. The globalization of the 
food supply has resulted in a rise in the circulation of fresh 
produce from unknown sources of unknown quality, which 
may lead to many outbreaks worldwide. The results outcome 
from this study and also other studies (Cheong et al., 2009; 

Shaheen et al., 2019; Victor et al., 2021) suggest possible 
contamination of green leafy vegetables and strawberries 
from external sources and may be this contamination origi-
nated from polluted water or handler of field-workers (Koop-
mans & Duizer, 2004; Cheong et al., 2009; Hall et al., 2012; 
Marti & Barrardi, 2016).

Norovirus (NoV) and HAV are two foodborne viruses 
that have been connected to several foodborne illness out-
breaks linked to fresh and frozen berries around the world 
(Bernard et al., 2012; Severi et al., 2015; Palumbo et al., 
2016; Ruscher et al., 2020). In the present study, we inves-
tigated four types of green leafy vegetables from two differ-
ent regions, also we evaluate the presence of these enteric 
viruses in strawberries collected directly from the farm 
region (Kalubia) where it's considered as a start point for 

Table 3  Detection of HNoV GI in fresh and frozen strawberry samples

Virus Time of sample Sampling sites

Fresh strawberry Frozen strawberry

End of strawberry chain supply Beginning of 
strawberry chain

End of strawberry chain supply Beginning of 
strawberry chain

Giza (6 sites 
retails) (GC/g)

Mansoura (6 sites 
retails) (GC/g)

Kalubia (2 farms) Giza (6 sites 
retails) (GC/g)

Mansoura (6 sites 
retails) (GC/g)

Kalubia (2 farms)

Nov. 2019 – – – – – –
– – – – – –
– 1.5 ×  102 – – 1.3 ×  102 –
4.4 ×  102 – – 3.7 ×  102 – –
– 1.9 ×  102 – – 1.4 ×  102 –
– - – – –

HNoV GI Dec. 2019 – 2.3 ×  102 – – 1.4 ×  102 –
– – – – – –
– – – – – –
– – – – – –
– 1.4 ×  102 – – 1.2 ×  102 –
2.1 ×  102 – – 2.0 ×  102 – –

Jan 2020 – – – – – –
– 2.5 ×  102 – – 2.7 ×  102 –
– – – – – –
– 5.1 ×  102 – – 4.2 ×  102 –
– – – – – –
2.2 ×  103 – – 2 ×  103 – –

Feb. 2020 3.4 ×  103 – – 3.1 ×  103 – –
– – – – – –
– – – – – –
– 1.6 ×  102 – – 1.2 ×  102 –
2.2 ×  103 – – 1.5 ×  103 – –
– – – – – –

Number 
of + ve 
samples

21% (5/24) 29% (7/24) 0% (0/24) 21% (5/24) 29% (7/24) 0% (0/24)

Average 1.7 ×  103 2.3 ×  102 1.4 ×  103 1.9 ×  102
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strawberry chain production from different region at Egypt 
with the same time strawberries samples were collected from 
two retail regions (Mansoura and Giza). Multiple controls, 
such as viral process control and EAC, must be utilized to 
confirm the absence of substances that leading to inhibit 
PCR amplification. According to ISO 15216, inhibition rates 
for RNA isolated from food samples must be less than 75%, 
and viral process control extraction yields must be better 
than 1%.In this work, the mean percentages of real-time 
quantitative inhibition RT-PCR were never more than 75%, 
and MNV-1 recovery was greater than 1% in 91% of the 
RNA extracts analyzed. According to the recommendations 
in ISO 15216, extraction/recovery efficiency must be deter-
mined in all tested samples, while some limitation in the 
current study regarding to representative samples from each 

type of tested food were tested for extraction and recovery 
efficiency. In the current study, NoV GI was detected in 25% 
(12/48) of the collected strawberry samples. Brassard et al. 
(2012) detected NoV GI in 27% of the strawberry samples 
that were collected in field-grown strawberries. Recently, 
contaminated strawberries have also been reported as a 
source of norovirus outbreaks in the United States (Hall 
et al., 2012). In Malaysia and Canada, NoV GI was detected 
in 13.33%, 3.33%, and 25% of green onions, red onions, 
and strawberries, respectively; with viral concentration 
between 3.0 ×  103 and 5.0 ×  101 particles/gram in strawber-
ries samples (Brassard et al., 2012; Hidayah et al., 2011). 
NoV GII was detected in 39.5% (19/48) of strawberry sam-
ples collected during this study from 2 regions (Mansoura 
and Giza). The occurrence of HAV and HNoV GI and II in 

Table 4  Detection of HNoV GII in fresh and frozen strawberry samples

Virus Time of sample Sampling sites

Fresh strawberry Frozen strawberry

End of strawberry chain supply Beginning of 
strawberry chain

End of strawberry chain supply Beginning of 
strawberry chain

Giza (6 sites 
retails) (GC/g)

Mansoura (6 sites 
retails) (GC/g)

Kalubia (2 farms) Giza (6 sites 
retails) (GC/g)

Mansoura (6 sites 
retails) (GC/g)

Kalubia (2 farms)

Nov. 2019 – – – –
– – – – – –
2.1 ×  103 – – 1.8 ×  103 – –
– – – – – –
– 3.1 ×  103 – – 2.7 ×  103 –
– 2.6 ×  103 – – 2.1 ×  103 –

HNoV G II Dec. 2019 2.9 ×  103 – – 2.6 ×  103 – –
– – – – – –
– – – – – –
– – – – – –
1.4 ×  103 3.3 ×  103 – 1.0 ×  103 3.1 ×  103 –
– 5.2 ×  103 – – 3.2 ×  103 –

Jan 2020 – – – – – –
– – – – – –
– 3.9 ×  102 – – 3.4 ×  102

4.8 ×  103 2.1 ×  102 – 4.5 ×  103 1.5 ×  102

3.4 ×  103 1.3 ×  103 – 2.9 ×  103 1.1 ×  103

2.6 ×  103 – – 2.1 ×  103 –
Feb. 2020 1.2 ×  102 – – 1.2 ×  102 – –

– 2.7 ×  103 – – 2.4 ×  103 –
2.2 ×  103 3.1 ×  103 – 2.0 ×  103 2.1 ×  103 –
– – – – – –
– 1.1 ×  103 – – 0.9 ×  103 –
3.2 ×  103 – 2.3 ×  102 – –

Number 
of + ve 
samples

38% (9/24) 42% (10/24) 0% (0/24) 38% (9/24) 42% (10/24) 0% (0/24)

Average 2.5 ×  103 2.3 ×  103 1.9 ×  103 1.8 ×  103
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all strawberry tested samples was similar in both fresh and 
frozen samples indicating that the Freezing for one week 
is not sufficient to inactivate or degrade RNA viral patho-
gens and may be longer periods has the ability to degrade 
virus genome (Koopmans & Duizer, 2004). Furthermore, the 
current study is also constrained by the lack of an infectiv-
ity test for positive samples by qPCR; however, the signifi-
cant abundance of these viruses in collected samples could 
imply that they are widely circulated. Finally, testing for 
viruses in commodities is difficult, and there is considerable 
debate over interpretation of findings from molecular assays, 
because these do not provide information on the viability of 
the pathogens detected (Baert et al., 2011). Although, other 
reports mentioned that frozen berries are also important 
source of NoV transmission (Dietrich et al., 2013; Maunula 
et al., 2009; Sarvikivi et al., 2012). HAV was detected in 
48% (23/48) of strawberry collected during the study from 
2 regions (Mansoura and Giza). HAV detected in Mansoura 
50% (12/24) more than in Giza 46% (11–24). In recent 
years, there have been numerous reports of hepatitis A out-
breaks connected to frozen berries (Fitzgerald et al., 2014; 
Guzman-Herrador et al., 2014; Ruscher et al., 2020; Wenzel 
et al., 2014). The findings of the investigations described 
here, and the detection of HAV in imported frozen strawber-
ries several weeks later, triggered an amendment of import 
regulations in the European Union (Marti et al., 2021) and 
African Countries (Faour-Klingbeil & Todd, 2020).

Fresh produce has been identified as an important vehicle 
for the foodborne transmission (Bassett & McClure, 2008; 
FAO/WHO, 2008a, 2008b). We also collected a total of 96 
green leafy vegetables (Coriander, Parsley, watercress and 
Leek) from two regions (Giza and Mansoura). HAV was 
detected in 64.5% (31/48) of the total (coriander, parsley, 
watercress, and leek) from Giza and Mansoura. The higher 
concentration of HAV was detected in watercress 50% (12/24) 
in comparison to the other vegetables, also HAV was detected 
to higher levels in Mansoura (33.3%) 16/48 than Giza (31.2%) 
15/48. Khan et al. (2014) detected HAV in all cultivated veg-
etables due to exposure to faecalis contaminated irrigation 
water. Regarding to organic food, a recent study done in Bar-
celona, Spain on organic lettuce, parsley, and strawberry and 
the enteric viruses were found in 33.3%, 37.7%, and 16.6%, 
respectively (Itarte et al., 2021). Furthermore, several HAV 
outbreaks associated with green leafy vegetables (as green 
onion) consumption at several restaurants were documented 
in 2003 at Monaca and Pennsylvania; in 2000 at Kentucky and 
Florida; in 2003 at Tennessee, Georgia, and North Carolina; 
and in 1999 at Ohio (Amon et al., 2005; Datta et al., 2001; 
Dentinger et al., 2001; Wheeler et al., 2005). Interestingly, 
Bidawid et al. (2000) reported that 9.2% of contaminated let-
tuce by infectious virus particles comes from contaminated 
hands. NoV GI was detected in 41.7% of total leafy green veg-
etable (coriander, parsley, watercress, and leek) from Giza and Ta
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Mansoura. NoV GII was detected in 60% (29/48) of total leafy 
green vegetable (coriander, parsley, watercress, and leek) from 
Giza and Mansoura. These findings were consistent with other 
worldwide studies, such as Terio and co-workers found that 
NoV GII was the most common enteric virus 74.8% of Ready-
To-Eat Salads samples (Terio et al., 2020). Watercress was 
the most contaminated vegetable with NoV GII by (37.5%). 
Raw vegetable crops (such as leafy greens) and fruits were 
responsible for 30% and 21%, respectively, of NoV foodborne 
outbreaks in the U.S. 2009 to 2012 (Hall et al., 2014). Con-
cerning fresh produce outbreaks, NoV was identified as the 
top cause of outbreaks (40%), according to a comprehensive 
survey of outbreaks with identified food sources in the U.S. 
(since 1990 to 2005) (Dewaal & Bhuiya, 2009). Recently, NoV 
GII was the most common pathogen found (89.50%) of all 
samples collected from different food categories throughout 
a 6-year survey in Italy (Pavoni et al., 2021). In recent Egyp-
tian study, Shaheen et al. (2019) detected NoV GI in 34.4%, 
40.6%, 31%, and 28% in watercress, green onion, lettuce, and 
leek samples, respectively, while the virus was detected in 
(31.2%) of surface irrigation water. A series of outbreaks of 
NoV GI and NoV GII gastroenteritis related to consumption 
of lettuce between 18 and 20 January 2010 was documented 
to Danish authorities (Ethelberg et al., 2010). In Canada and 
Malaysia, NoV GI was found in 13.33%, 3.33%, and 25% of 
green onions, red onions, and strawberries, respectively (Bras-
sard et al., 2012; Hidayah et al., 2011). Different prevalence 
rates of human NoV were found in leafy greens from sev-
eral countries; 2.9% in Italy (Purpari et al., 2019), 12.4–50% 
in France (Baert et al., 2011; Loutreul et al., 2014), 5.3% in 
United Kingdom (Cook et al., 2019), 33.3% in Belgium (Baert 
et al., 2011). HAV shows higher percentage during this study 
than HNoV, Approximately 50% of the Egyptian popula-
tion has already been exposed to the HAV by the age of 15, and 
in rural areas of Egypt, the prevalence of HAV reaches 100% 
(Meky et al., 2006). To examine the effect of handler of field-
workers on the transportation of these viruses by fresh produce 
or by strawberry to the public peoples, more studies need to be 
done to prove this route of contamination. Huvarova and co-
workers traced the presence of NoVs in vegetables and herbs 
samples that were collected from markets and farms. NoVs 
(including GI and GII) were detected in 3.2% and 1.2% from 
markets and farms, respectively in addition to the presence of 
these viruses on the hands and gloves of workers (Huvarova 
et al., 2018).

Conclusion

The findings of this study underline the significance of a 
viral surveillance program for soft fruits and fresh vegeta-
bles. We anticipate that our research will aid in the man-
agement and control of microbiological risks in fresh food, 

lowering the risk associated with consuming contaminated 
foods.

Acknowledgements Not applicable

Data Availability The authors declare that all data supporting the find-
ings of this study are available within the article.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest that could inappropriately influence this work.

References

Aboubakr, H., & Goyal, S. (2019). Involvement of Egyptian foods in 
foodborne viral illnesses: The burden on public health and related 
environmental risk factors: an overview. Food and Environmental 
Virology, 11, 315–339.

Alidjinou, E. K., Sane, F., Firquet, S., Lobert, P. E., & Hober, D. 
(2019). Resistance of enteric viruses on fomites. Intervirology, 
61(5), 205–213.

Amon, J. J., Devasia, R., Xia, G., Nainan, O. V., Hall, S., Lawson, B., 
Wolthuis, J. S., MacDonald, P. D., Shepard, C. W., Williams, I. T., 
& Armstrong, G. L. (2005). Molecular epidemiology of foodborne 
hepatitis A outbreaks in the United States, 2003. Journal of Infec-
tious Diseases, 192, 1323–1330.

Baert, L., Mattison, K., Loisy-Hamon, F., Harlow, J., Martyres, A., 
Lebeau, B., Stals, A., Van Coillie, E., Herman, L., & Uyttendaele, 
M. (2011). Review: Norovirus prevalence in Belgian, Canadian 
and French fresh produce: A threat to human health? International 
Journal of Food Microbiology, 151, 261–269.

Bassett, J., & McClure, P. (2008). A risk assessment approach for fresh 
fruits. Journal of Applied Microbiology, 104, 925–943.

Bernard, H., Faber, M., Wilking, H., Haller, S., Hohle, M., Schielke, 
A., Ducomble, T., Siffczyk, C., Merbecks, S. S., Fricke, G., Ham-
ouda, O., Stark, K., & Werber, D. (2012). Outbreak Investigation 
Team, 2014. Large multistate outbreak of norovirus gastroenteritis 
associated with frozen strawberries, Germany. Euro Surveillance, 
19, 20719–20727.

Bidawid, S., Farber, J. M., & Sattar, S. A. (2000). Contamination of 
foods by food handlers: Experiments on HAV transfer to food 
and its interruption. Applied and Environment Microbiology, 7, 
2759–2763.

Brassard, J., Gagné, M. J., Genereux, M., & Cote, C. (2012). Detec-
tion of human food-borne and zoonotic viruses on irrigated, field-
grown strawberries. Applied and Environmental Microbiology, 
78, 3763–3766.

Chen, C. H., Hsu, B. M., & Wan, M. T. (2007). Molecular detection and 
prevalence of enterovirus within environmental water in Taiwan. 
Journal of Applied Microbiology, 104, 817–823.

Cheong, S., Lee, C., Choi, W. C., Lee, C. H., & Kim, S. J. (2009). Con-
centration method for the detection of enteric viruses from large 
volumes of foods. Journal of Food Protection, 72, 2001–2005.

Cook, N., Williams, L., & D’Agostino, M. (2019). Prevalence of noro-
virus in produce sold at retail in the United Kingdom. Food Micro-
biology, 79, 85–89.

Datta, S. D., Traeger, M. S., & Nainan, O. V. (2001). Identification 
of a multi-state outbreak of hepatitis A associated with green 
onion using a novel molecular epidemiologic technique (abstract 
896). In Program and Abstract of the 39th Annual Meeting of 



188 Food and Environmental Virology (2022) 14:178–189

1 3

the Infectious Diseases Society of America. Infectious Diseases 
Society of America Vol. 192, Alexandra.

Dentinger, C. M., Bower, W. A., Nainan, O. V., Cotter, S. M., Myers, 
G., Dubusky, L. M., Fowler, S., Salehi, E. D., & Bell, B. P. (2001). 
An outbreak of hepatitis A associated with green onions. Journal 
of Infectious Diseases, 183, 1273–1276.

Dewaal, C. S., & Bhuiya, F. (2009). Outbreaks by the numbers: fruits 
and vegetables 1990–2005. Center for Science in the Public Inter-
est. Retrieved August 22, 2015, from http:// www. cspin et. org/ foods 
afety/ IAFPP oster. pdf

Dietrich, M., Katja, T., Eckehard, N., Marina, H., & Reimar, J. (2013). 
Detection and typing of norovirus from frozen strawberries 
involved in a large-scale gastroenteritis outbreak in Germany. 
Food and Environmental Virology, 5(3), 162–168.

Dirks, R. A. M., Jansen, C. C. C., Hagele, G., Zwartkruis-Nahuis, A. J. 
T., Tijsma, A. S. L., & Boxman, I. L. A. (2021). Quantitative lev-
els of norovirus and hepatitis A virus in bivalve molluscs collected 
along the food chain in the Netherlands, 2013–2017. International 
Journal of Food Microbiology, 344(2021), 109089.

Elmahdy, E. M., Fongaro, G., Schissi, C. D., Petrucio, M. M., & Bara-
rdi, C. R. M. (2016). Enteric viruses in surface water and sediment 
samples from the catchment area of Peri Lagoon, Santa Catarina 
State, Brazil. Journal of Water and Health, 14, 142–154.

Elmahdy, M. E., El-Liethy, M. A., Abia, A. L. K., Hemdan, B. A., & 
Shaheen, M. N. (2018). Survival of E. coli O157:H7, Salmonella 
Typhimurium, HAdV2 and MNV-1 in River water under dark 
conditions and varying storage temperatures. Science of the Total 
Environment, 648, 1297–1304.

Elmahdy, E. M., Ahmed, N. I., Shaheen, M. N. F., Mohamed, E., & 
Loutfy, S. L. (2019). Molecular detection of human adenovi-
rus in urban wastewater in Egypt and among children suffering 
from acute gastroenteritis. Journal of Water and Health, 17(2), 
287–294.

Elmahdy, M. E., Shaheen, M. N. F., Rizk, N. M., & Saad-Hussein, A. 
(2020). Quantitative detection of human adenovirus and human 
rotavirus group A in wastewater and El-Rahawy drainage canal 
influencing River Nile in the North of Giza, Egypt. Food and 
Environmental Virology, 12, 218–225.

Ethelberg, S., Lisby, M., Böttiger, B., Schultz, A. C., Villif, A., Jensen, 
T., Olsen, K. E., Scheutz, F., Kjelsø, C., & Muller, L. (2010). 
Outbreaks of gastroenteritis linked to lettuce, Denmark, January 
2010. Euro Surveillance, 15(6), 19484.

FAO/WHO (Food and Agriculture Organization of the United Nations/
World Health Organization). (2008a). Microbiological hazards in 
fresh leafy vegetables and herbs: meeting report. In Microbiologi-
cal Risk Assessment Series No. 14. Rome (p. 151).

FAO/WHO. (2008b). Viruses in food: Scientific advice to support risk 
management activities: meeting report. In Microbiological Risk 
Assessment Series No. 13, ISSN 1726–5274.

Faour-Klingbeil, D., & Todd, E. C. D. (2020). Prevention and control 
of foodborne diseases in Middle-East North African Countries: 
Review of National Control Systems. International Journal of 
Environmental Research and Public Health, 17, 70.

Fitzgerald, M., Thornton, L., O’Gorman, J., O’Connor, L., Garvey, 
P., Boland, M., Part, A. M., Rogalska, J., Coughlan, H., Mac-
Diarmada, J., Heslin, J., Canny, M., Finnegan, P., Moran, J., & 
O’Flanagan, D. (2014). Outbreak of hepatitis A infection asso-
ciated with the consumption of frozen berries, Ireland, 2013—
linked to an international outbreak. Euro Surveillance, 19(43), 
20942. https:// doi. org/ 10. 2807/ 1560- 7917. ES2014. 19. 43. 20942

Fongaro, G., do Nascimento, M. A., Rigotto, C., Ritterbusch, G., da 
Silva, A., Esteves, P. A., & Barardi, C. R. (2013). Evaluation and 
molecular characterization of human adenovirus in drinking water 
supplies: Viral integrity and viability assays. Virology Journal, 
10, 166–175.

Grace, D. (2015). Food safety in low and middle income Countries. 
International Journal of Environmental Research and Public 
Health, 12(9), 10490–10507.

Guzman-Herrador, B., Jensvoll, L., Einoder-Moreno, M., Lange, H., 
Myking, S., Nygard, K., Stene-Johansen, K., & Vold, L. (2014). 
Ongoing hepatitis A outbreak in Europe 2013 to 2014: Imported 
berry mix cake suspected to be the source of infection in Norway. 
Euro Surveillance Weekly, 19(15), 20775. https:// doi. org/ 10. 2807/ 
1560- 7917. ES2014. 19. 15. 20775

Hall, A. J., Eisenbart, V. G., Etingue, A. L., Gould, L. H., Lopman, B. 
A., & Parashar, D. U. (2012). Epidemiology of food borne noro-
virus outbreaks, United States, 2001–2008. Emerging Infectious 
Diseases, 18, 1566–1573.

Hall, A., Wikswo, M., Pringle, K., Gouldd, L., & Parashar, U. (2014). 
Vital Signs: Foodborne norovirus outbreaks—United States, 
2009–2012. MMWR Morbidity and Mortality Weekly Report, 63, 
491–495.

Hidayah, N., Tuan, Z. C., Pui, C. F., Noorlis, A., Noor-Eliza, M. R., 
Naziehah, M. D., Ghazali, F. M., Cheah, Y. K., Nakaguchi, Y., 
Nishibuchi, M., & Son, R. (2011). Occurance of norovirus GI in 
green and onion. International Food Research Journal, 1(2), 18.

Huvarova, V., Kralik, P., Vasickova, P., Kubankova, M., Verbikova, 
V., Slany, M., Babak, V., & Moravkova, M. (2018). Tracing of 
selected viral, bacterial, and parasitic agents on vegetables and 
herbs originating from farms and markets. Journal of Food Sci-
ence, 83(12), 3044–3053. https:// doi. org/ 10. 1111/ 1750- 3841. 
14385

ISO 15216-1:2017. (2017). Microbiology of food and animal stuffs 
horizontal method for detection of hepatis A virus and norovirus 
in food using real-time RT-PCR. International Organization for 
Standardization.

Itarte, M., Martínez-Puchol, S., Forés, E., Hundesa, A., Timoneda, 
N., Bofill-Mas, S., Girones, R., & Rusiñol, M. (2021). NGS tech-
niques reveal a high diversity of RNA viral pathogens and papillo-
maviruses in fresh produce and irrigation water. Foods, 10, 1820. 
https:// doi. org/ 10. 3390/ foods 10081 820

Jeong, A. Y., Jeong, H. S., Lee, J. S., Park, Y. C., Lee, S. H., Hwang, I. 
G., Kim, Y. J., Kim, Y. J., Jo, M. Y., Jung, S., Kim, K., & Cheon, 
D.-S. (2013). Occurrence of norovirus infections in asymptomatic 
food handlers in South Korea. Journal of Clinical Microbiology, 
51, 598–600.

Jothikumar, N., Cromeans, T. L., Sobsey, M. D., & Robertson, H. 
(2005). Development and evaluation of a broadly reactive TaqMan 
assay for rapid detection of hepatitis A virus. Applied and Envi-
ronment Microbiology, 71, 3359–3363.

Kageyama, T., Kojima, S., Shinohara, M., Uchida, K., Fukushi, S., 
Hoshino, F. B., Takeda, N., & Katayama, K. (2003). Broadly reac-
tive and highly sensitive assay for Norwalk-like viruses based 
on real-time quantitative reverse transcription-PCR. Journal of 
Clinical Microbiology, 41, 1548–1557.

Khan, W., Irshad, M., Rehman, G., & Hussain, A. (2014). HAV in fresh 
vegetables: A hidden health risk in district Mardan, Pakistan (Vol. 
3, p. 675). Springer.

Koopmans, M., & Duizer, E. (2004). Foodborne viruses: An emerging 
problem. International Journal of Food Microbiology, 90, 23–41.

Kotwal, G., & Cannon, J. L. (2014). Environmental persistence and 
transfer of enteric viruses. Current Opinion in Virology, 4C, 
37–43.

Lee, S.J., Si, J., Yun, H.S. & Ko, G. (2015). Effect of temperature 
and relative humidity on the survival of foodborne viruses dur-
ing food storage. Applied and Environmental Microbiology, 81, 
2075–2081.

Lee, H., & Yoon, Y. (2021). Etiological agents implicated in foodborne 
illness world wide. Food Science of Animal Resources, 41(1), 1–7.

http://www.cspinet.org/foodsafety/IAFPPoster.pdf
http://www.cspinet.org/foodsafety/IAFPPoster.pdf
https://doi.org/10.2807/1560-7917.ES2014.19.43.20942
https://doi.org/10.2807/1560-7917.ES2014.19.15.20775
https://doi.org/10.2807/1560-7917.ES2014.19.15.20775
https://doi.org/10.1111/1750-3841.14385
https://doi.org/10.1111/1750-3841.14385
https://doi.org/10.3390/foods10081820


189Food and Environmental Virology (2022) 14:178–189 

1 3

Lee, M., Seo, D. J., Seo, J., Oh, H., Jeon, S. B., Ha, S.-D., Myoung, J., 
Choi, I.-S., & Choi, C. (2005). Detection of viable murine noro-
virus using the plaque assay and propidium-monoazide-combined 
real-time reverse transcription-polymerase chain reaction. Journal 
of Virological Methods, 2015(221), 57–61.

Li, D., Keuckelaere, A. D., & Uyttendaele, M. (2015). Fate of food-
borne viruses in the ‘Farm to Fork’ chain of fresh produce. 
Comprehensive Reviews in Food Science and Food Safety, 14, 
755–770.

Loutreul, J., Cazeaux, C., Levert, D., Nicolas, A., Vautier, S., Le Sau-
vage, A. L., Perelle, S., & Morin, T. (2014). Prevalence of human 
noroviruses in frozen marketed shellfish, red fruits and fresh veg-
etables. Food and Environmental Virology, 6, 157–168.

Mangeri, L., Filipello, V., Galuppini, E., Righi, F., Rubini, S., & Losio, 
M. N. (2020). Monitoring and genotyping of Norovirus in edible 
shellfish in Northern Italian seas (2018–2020). European Journal 
of Public Health. https:// doi. org/ 10. 1093/ eurpub/ ckaa1 66. 221

Marti, E., & Barrardi, C. R. M. (2016). Detection of human adenovi-
ruses in organic fresh produce using molecular and cell culture-
based methods. International Journal of Food Microbiology, 230, 
40–44.

Marti, E., Ferrary-Americo, M., & Barrardi, C. R. M. (2016). Detection 
of potential infectious enteric viruses in fresh produce by (RT)-
qPCR preceded by nuclease treatment. Food and Environmental 
Virology, 2017(9), 444–452.

Marti, L., Puertas, R., & García-Álvarez-Coque, J. M. (2021). The 
effects on European importers’ food safety controls in the time of 
COVID-19. Food Control, 125, 107952.

Matthews, J. E., Dickey, B. W., Miller, R. D., Felzer, J. R., Dawson, 
B. P., Lee, A. S., Rocks, J. J., Kiel, J., Montes, J. S., Moe, C. 
L., Eisenberg, J. N., & Leon, J. S. (2012). The epidemiology of 
published norovirus outbreaks: A review of risk factors associ-
ated with attack rate and genogroup. Epidemiology and Infection, 
140, 1161–1172.

Maunula, L., Roivainen, M., Keranen, M., Makela, S., Soderberg, K., 
Summa, M., von Bonsdorff, C. H., Lappalainen, M., Korhonen, T., 
Kuusi, M., & Niskanen, T. (2009). Detection of human norovirus 
from frozen raspberries in a cluster of gastroenteritis outbreaks. 
Euro Surveillance Weekly, 14, 1424–1427.

Meky, F. A., Stoszek, S. K., Abdel-Hamid, M., Selim, S., Abdel-
Wahab, A., Mikhail, N., El-Kafrawy, S., El-Daly, M., Abdel-Aziz, 
F., Sharaf, S., Mohamed, M. K., Engle, R. E., Emerson, S. U., 
Purcell, R. H., Fix, A. D., & Strickland, G. T. (2006). Active 
surveillance for acute viral hepatitis in rural villages in the Nile 
Delta. Clinical Infectious Diseases, 42(5), 628–633.

Morin, T., & Picoche, B. (2008). Enteric viruses: Current knowl-
edge and control methods in the agri-food industry. Bulletin De 
L’académie Vétérinaire De France, 161(2), 111–118.

Newell, D. G., Koopmans, M., Verhoef, L., Duizer, E., Aidara-Kane, 
A., Sprong, H., Opsteegh, M., Langelaar, M., Threfall, J., Scheutz, 
F., van der Giessen, J., & Kruse, H. (2010). Food-borne diseases 
the challenges of 20 years ago still persist while new ones con-
tinue to emerge. International Journal of Food Microbiology, 
139(1), S3-15.

Palumbo, M., Harris, L., & Danyluk, M. (2016). Outbreaks of food-
borne illness associated with common berries, 1983 through May 
2013. Food Science and Human Nutrition Department, UF/IFAS 
Extension. FSHN13-08.

Pavoni, E., Bertasi, B., Galuppini, E., Mangeri, L., Meletti, F., Tilola, 
M., Carta, V., Todeschi, S., & Nadia-Losio, M. (2021). Detection 

of hepatitis A virus and norovirus in different food categories: A 
6-year survey in Italy. Food and Environmental Virology. https:// 
doi. org/ 10. 1007/ s12560- 021- 09503-y

Purpari, G., Macaluso, G., Di Bella, S., Gucciardi, F., Mira, F., Di 
Marco, P., Lastra, A., Petersen, E., La Rosa, G., & Guercio, A. 
(2019). Molecular characterization of human enteric viruses in 
food, water samples, and surface swabs in Sicily. International 
Journal of Infectious Diseases, 80, 66–72.

Ruscher, R., Mirko, F., Dirk, W., Klaus, S., Julia, B., Kai, M., Daniel, 
S., Wenzel, J., & Julia, E. (2020). Resurgence of an international 
hepatitis A outbreak linked to imported frozen strawberries, Ger-
many, 2018 to 2020. Euro Surveillance Weekly, 25(37), 1900670. 
https:// doi. org/ 10. 2807/ 1560- 7917. ES. 2020. 25. 37. 19006 70

Sarvikivi, E., Roivainen, M., Maunula, L., Niskanen, T., Korhonen, 
T., Lappalainen, M., & Kuusi, M. (2012). Multiple norovirus out-
breaks linked to imported frozen raspberries. Epidemiology and 
Infection, 140, 260–267.

Scallan, E., Hoekstra, R. M., Angulo, F. J., Tauxe, R. V., Widdowson, 
M., Roy, S. L., Jones, J. L., Patricia, M., & Griffin, P. M. (2011). 
Foodborne illness acquired in the United States—Major patho-
gens. Emerging Infectious Diseases, 17(1), 7–15.

Severi, E., Verhoef, L., Thornton, L., Guzman-Herrador, B. R., Faber, 
M., Sundqvist, L., Rimhanen-Finne, R., Roque-Afonso, A. M., 
Ngui, S. L., Allerberger, F., Baumann-Popczyk, A., Muller, L., 
Parmakova, K., Alfonsi, V., Tavoschi, L., Vennema, H., Fitzger-
ald, M., Myrmel, M., Gertler, M., … Rizzo, C. (2015). Large and 
prolonged food-borne multistate hepatitis A outbreak in Europe 
associated with consumption of frozen berries, 2013 to 2014. Euro 
Surveillance, 20(29), 21192.

Shaheen, M. N., Elmahdy, E. M., & Chawla-Sarkar, M. (2019). Quan-
titative PCR-based identification of enteric viruses contaminating 
fresh produce and surface water used for irrigation in Egypt. Envi-
ronmental Science and Pollution Research, 26(21), 21619–21628.

Terio, V., Lorusso, P., Mottola, A., Buonavoglia, C., Tantillo, G., Bon-
erba, E., & Di Pinto, A. (2020). Norovirus detection in ready-
to-eat salads by propidium monoazide real time RT-PCR assay. 
Applied Sciences, 10, 5176. https:// doi. org/ 10. 3390/ app10 155176

Victor, C. P., Ellis, K., Lamar, F., & Leon, J. S. (2021). Agricultural 
detection of norovirus and hepatitis a using fecal indicators: A 
systematic review. International Journal of Microbiology, 2021, 
6631920.

Wenzel, J. J., Schemmerer, M., Oberkofler, H., Kerschner, H., Sinha, 
P., Koidl, C., & Allerberger, F. (2014). Hepatitis A outbreak in 
Europe: Imported frozen berry mix suspected to be the source 
of at least one infection in Austria in 2013. Food and Envi-
ronmental Virology, 6(4), 297–300. https:// doi. org/ 10. 1007/ 
s12560- 014- 9165-1

Wheeler, C., Vogt, T. M., Armstrong, G. L., Vaughan, G., Weltman, 
A., Nainan, O. V., Dato, V., Xia, G., Waller, K., Amon, J., & Lee, 
T. M. (2005). An outbreak of hepatitis A associated with green 
onions. New EngIand Journal of Medicine, 353, 890–897.

WHO. (2015). WHO estimates of the global burden of foodborne dis-
eases: Foodborne diseases burden epidemiology reference group 
2007–2015 (pp. 2007–2015). WHO.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1093/eurpub/ckaa166.221
https://doi.org/10.1007/s12560-021-09503-y
https://doi.org/10.1007/s12560-021-09503-y
https://doi.org/10.2807/1560-7917.ES.2020.25.37.1900670
https://doi.org/10.3390/app10155176
https://doi.org/10.1007/s12560-014-9165-1
https://doi.org/10.1007/s12560-014-9165-1

	Detection of Norovirus and Hepatitis A Virus in Strawberry and Green Leafy Vegetables by Using RT-qPCR in Egypt
	Abstract
	Introduction
	Materials and Methods
	Study Area
	Sample Collection
	Strawberry
	Green Leafy Vegetables
	Effect of Freezing on HNoV and HAV

	Viral Concentration
	Viral RNA Extraction and Virus Detection by Real-Time qPCR
	Statistical Analysis

	Results
	Recovery rate and Limit of MNV-1 Detection in Spiked Strawberry and Green Leafy Vegetables Samples
	Detection of HAV and HNoV in Fresh Strawberry Samples
	Detection of HAV and HNoV in Green Leafy Vegetables Samples

	Discussion
	Conclusion
	Acknowledgements 
	References




