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Abstract Virus adsorption and the subsequent survival of viruses on fresh produce is of concern because of the increasing

amount of fresh produce consumed in Egypt. Because fresh produce is not cooked to the same extent as meat products,
vegetables provide an ideal vector for virus transmission. So, the objective of the present study was to determine the
prevalence of Hepatitis A virus (HAV) and Human norovirus (NoV) which are the most commonly documented enteric
viruses as contaminating vegetables. Therefore, may pose a risk to human health and causes many foodborne diseases. For
this purpose, a total of 135 fresh produce samples were collected from Giza, Kafr El-Sheikh, and Qalyubia governorates.
Since 45 samples from fields irrigated with water from Elmaryotia canal, 45 samples from fields irrigated with water from
Kitchener drain, and 45 samples from El-Gabal El-Asfar farm, respectively. Three fresh produce items (lettuce, spinach and
green onions) were chosen for this study, where 15 samples from each item. The obtained results revealed that fresh produce
samples which collected from the three governorates showed high contamination percentages by HAV and NoV. Samples
collected from the fields irrigated with water from Kitchener drain (Kafr El-Sheikh governorate) showed the highest
contamination percentages by 73.3%, 60% and 46.6% for lettuce, spinach, and green onion, respectively for HAV. Towards
NoV the percentages were 26.6%, 26.6% and 6.6%, respectively. As well as, the contamination percentages of the previous
three items collected from El-Gabal El-Asfar farm (Qalyubia governorate) for HAV were 60%, 40%, and 26.6%, respectively.
Whereas the percentages for NoV were 20% for both lettuce and spinach. NoV not detected in any samples examined of
green onion collected from this region. On the hand, samples of Elmaryotia canal (Giza governorate) showed the lowest
contamination percentages, where both viruses not detected in green onion examined samples. Further, HAV was only
detected in lettuce plant samples by 20%, while spinach samples showed contamination with HAV and NoV by 33.3% and
13.3%, respectively. Lettuce samples from the three regions showed the highest contamination percentages with HAV
followed by NoV. But in contrast, the green onion examined samples from the previous three regions showed the lowest
contamination percentages.
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1. Introduction
Viruses have been implicated in some foodborne illnesses
and have become a significant threat to public health [1, 2].
Among foodborne viruses, Norovirus and Hepatitis A virus
are the most important foodborne viruses, due to a large
number of outbreaks caused by Norovirus, and the severity
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of hepatitis a contributing to higher hospitalization and death
rates [3].
Hepatitis A virus (HAV) is one of the most widespread
foodborne pathogens and the cause of viral hepatitis. Fresh
foods can be considered as a vector of transmission for HAV
when contaminated by spoiled irrigation water or when
prepared by infected food handlers. HAV is among those
enteric viruses that can be transmitted by contaminated food.
Over 95% of HAV infections are transmitted by the
fecal-oral route [4], and person-to-person contact is
considered to be the primary mode of transmission [1].
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Recent food-borne outbreaks of hepatitis A have been
associated with different types of canned soft fruit like
strawberries [5], vegetables like green onions and lettuces [6]
and frozen berries [7]. HAV is considered one of the most
common illnesses through oral-fecal infection special in
children and old’s in the poor developing country [8].
Noroviruses (formerly named Norwalk-like viruses
(NVLs) or small round structured viruses (SRSVs)) are
commonly associated with most foodborne viral outbreaks.
The Center for Disease Control and Prevention (CDC)
estimates that more than 21 million cases of acute
gastroenteritis occur each year due to Noroviruses infection,
and 58% of all foodborne disease outbreaks can be attributed
to Noroviruses [9]. This makes Noroviruses the leading of
most common cause of gastroenteritis.
Noroviruses (NoVs), members of the Caliciviridae family,
are small, positive-polarity RNA viruses and were recently
recognized as the second most common cause of severe
childhood gastroenteritis [10]. Worldwide, NoVs are
responsible for almost 50% of AGE outbreaks and more than
90% of the non-bacterial gastroenteritis, considered the
major pathogens in outbreaks [11]. Human noroviruses and
Hepatitis A virus are now recognized as significant etiologies
causing produce-associated outbreaks [12]. However, fresh
produce, usually consumed raw or uncooked, can serve as
vehicles for the transmission of these viruses and may pose a
risk for human health and considered the sources of many
foodborne diseases. Therefore, the objective of the present
study was to determine the prevalence of HAV and NoV
from the most cultivated vegetable items (lettuce, spinach
and green onion) collected from different governorates in
Egypt which may pose a risk for human health to be taken.

2. Materials and Methods
2.1. Collection of Samples
A total of 135 fresh produce samples were collected from
three governorates [45 samples from fields irrigated with
water from Elmaryotia canal (Giza governorate), 45 samples
from fields irrigated with water from Kitchener drain (Kafr
El-Sheikh governorate), and 45 samples from El-Gabal
El-Asfar farm (Qalyubia governorate)]. Because of their
previous epidemiological association with foodborne HAV
and NoV outbreaks, three produce items (lettuce, spinach
and green onions) were chosen for this study, 15 samples
from each item. The samples of each item were kept in a
plastic bag and stored at (-20ºC) until use for examination
and further studies.
2.2. Isolation of Virus
2.2.1. Pre-Analytical Sample Processing
Fresh plant tissues (2 kg) were sterilized by soaking in
70% ethanol for 5 min then socked in 2% sodium
hypochlorite for 1 min, washed in sterilized distilled water
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for 2 min and dried. To investigate the presence of HAV and
NoV in the samples, fresh plant tissues of each sample was
cut and mixed in sterile distilled water and macerated using
an electric blender. The extraction was filtrated with two
layers cheesecloth. The crude sap was clarified by filter
paper (Whatman No 4) and stored at -20oC until used for
concentration.
2.2.2. Concentration of Virus
Primary concentration: Viruses were eluted and
concentrated from foods surface and crude sap samples via
150 ml of 10% (w/v) beef extract was added to 100 g raw
fresh foods and to 100 ml crude sap samples, the mixtures
were stirred for 30 min at room temperature and centrifuged
at 12000 rpm for 15 min at room temperature [13]. The pellet
was discarded, and the supernatant was then concentrated by
organic flocculation method.
Secondary concentration: All samples were secondary
re-concentrated using an organic flocculation method
according to Anonymous [5], Katzenelson et al. [14], and
Mäde et al. [15], then the elutes were acidified to pH 3.5
using HCl (5N), (Merck-Schuchardt) and centrifuged at
3000 rpm for 15 min. The supernatant was discarded, and the
pellet was dissolved in 1ml of Na2HPO4 (El Nasr
Pharmaceutical Chemical Co.). All samples were kept at
-70oC for further analysis.
2.3. HAV Detection
2.3.1. Reverse Transcription-PCR (RT-PCR)
Viral RNA was extracted directly from concentrated
extracts of vegetable samples using a QIAamp Viral RNA
Mini Kit (Qiagen, Hilden, Germany), following the
manufacturer’s instructions. RT-PCR amplified the VP1-2A
junction region of HAV with primers that flanked the
VP1-2A
junction
region
[16]:
HAV-F2808 5′GGTTTCTATTCAGATTGCAAATTA-3′
(nucleotides
2808–2831, position correspond to wild-type HAV,
GenBank accession number M14707), and HAV-R3292 5′AGTAAAAACTCCAGCATCCATTTC-3′
(nucleotides
3315–3292, position correspond to wild-type HAV,
GenBank accession number M14707). cDNA synthesis was
performed with about 100 ng of RNA using 0.1 μM of the
anti-sense HAV-R primer and the M-MLV RT enzyme
(Promega, Cat #), according to the manufacturer’s
instructions. PCR amplification was performed according to
Lee et al. [16] in a final volume of 25 μl as follows: 2.5 μl of
cDNA, 2.5 μl of 2.5 mM of dNTPs, 2.5 μl of 10X buffer, 2.5
μl of 25 mM MgCl2, 1 μl of each forward and reverse primers
at 10 μM, 0.2 μl Taq DNA polymerase, and water. Mixtures
were incubated for 2 min at 95°C, followed by 40 cycles of 1
min at 95°C, 1 min at 55°C and 1 min at 72°C, with a final
incubation of 10 min at 72°C, and then, the reaction was held
at 4°C. PCR products were visualized on an ethidium
bromide-stained 1.5% agarose gel.
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2.4. NoV Detection
2.4.1. RT-PCR
Viral RNA was extracted directly from concentrated
extracts of vegetable samples using a QIAamp Viral RNA
Mini Kit (Qiagen, Hilden, Germany), following the
manufacturer’s instructions. Extracted samples RNA were
analyzed by nested PCR using primers that flanked the RdRp
gene:
MR3/MR4
[17]
(MR34485
5′-CCGTCAGAGTGGGTATGAA-3′
and
MR44954
5′-AGTGGGTTTGAGGCCGTA-3′) for the first PCR, and
Yuri22F/Yuri22R
[18]
(Yuri22F4505
5′-ATGAATGAGGATGGACCCAT-3′
Yuri22R4877
5′-CATCATCCCCGTAGAAAGAT-3′) for the nested PCR.
RT-PCR amplification was carried out as described by
Kojima et al. [19]. PCR products were visualized on an
ethidium bromide-stained 1.5% agarose gel.
2.5. Statistical Analyses
All statistical calculations were done using SPSS
(statistical package for the social science version 25.00)
statistical program at the 0.05 level of probability [20].
Qualitative data were done using Chi-square and Pearson
correlation. The confidence interval was set to 95% and the
margin of error accepted was set to 5%. The P-value was
considered non-significant (NS) at the level of >0.05, and
significant at the level of <0.05.

contamination percentages were found in the fields irrigated
with water from Elmaryotia canal (Giza governorate), which
were 20% (3/15), 33.3% (5/15) in case of lettuce, and
spinach, respectively (Table 3 & Fig. 3). While HAV not
detected in green onion examined samples collected from the
fields irrigated with water from Elmaryotia canal (Table 3 &
Fig. 3). So, the highest prevalence of Hepatitis A virus was
found in Kafr El-Sheikh governorate by 60% (27/45),
followed by 42.2% (19/45) in Qalyubia governorate, and
17.8% (8/45) in Giza governorate with high statistically
significant difference between locations regarding HAV (p ≤
0.001) (Table 4 & Fig. 4). The results revealed no
statistically significant difference between HAV
contaminated plants irrigated with water from Kitchener
drain (Kafr El-Sheikh governorate), El-Gabal El-Asfar farm
(Qalyubia governorate), or Elmaryotia canal (Giza
governorate) (p > 0.05). On the other hand, the results
revealed the statistically significant difference between
locations regarding Hepatitis A virus present on lettuce (p ≤
0.05), and green onion plants (p ≤ 0.05), while the
non-significant difference between locations regarding HAV
present on spinach plants (p > 0.05).
3.2. Prevalence of Human norovirus (NoV)

The results showed that the highest prevalence
contamination percentages of lettuce, spinach and green
onion plants with Human norovirus were 26.7% (4/15),
26.7% (4/15) and 6.7% (1/15), respectively in the fields
irrigated with water from Kitchener drain (Kafr El-Sheikh
governorate)
(Table 5 & Fig. 5). Follows this the prevalence
3. Results
contamination percentage in the fields irrigated with water
A total of 135 leafy green vegetable samples from three from El-Gabal El-Asfar farm (Qalyubia governorate), which
governorates (Giza, Kafr El-Sheikh, and Qalyubia) were was 20% (3/15) in case of lettuce and spinach plants, while
collected to study the prevalence of enteric viruses (Hepatitis NoV not detected in green onion plants (Table 6 & Fig. 6).
A virus and Human norovirus) in Egypt. Since 45 samples Whereas the lowest prevalence contamination percentage
from fields irrigated with water from Elmaryotia canal was found in the fields irrigated with water from Elmaryotia
(Giza), 45 samples from fields irrigated with water from canal (Giza governorate), which was 13.3% (2/15) in case of
Kitchener drain (Kafr El-Sheikh), and 45 samples from spinach plants, while NoV not detected in lettuce and green
El-Gabal El-Asfar farm (Qalyubia). The vegetable items onion plants (Table 7 & Fig. 7). So, the highest prevalence of
which chosen from each studied region were lettuce, spinach, Human norovirus was found in Kafr El-Sheikh governorate
and green onions, where 15 samples from each item.
by 20% (9/45), followed by 13.3% (6/45) in Qalyubia
governorate, and 4.4% (2/45) in Giza governorate with no
3.1. Prevalence of Hepatitis A virus
statistically significant difference between locations
The results showed that the highest prevalence regarding NoV (p > 0.05) (Table 8 & Fig. 8). The results
contamination percentages of lettuce, spinach and green revealed no statistically significant difference between NoV
onion plants with Hepatitis A virus were 73.3% (11/15), 60% contaminated plants irrigated with water from Kitchener
(9/15) and 46.7% (7/15), respectively in the fields irrigated drain (Kafr El-Sheikh governorate), El-Gabal El-Asfar farm
with water from Kitchener drain (Kafr El-Sheikh (Qalyubia governorate), or Elmaryotia canal (Giza
governorate) (Table 1 & Fig. 1). Follows this the prevalence governorate) (p > 0.05). Also, the results revealed no
contamination percentages in the areas irrigated with water statistically significant difference between locations
from El-Gabal El-Asfar farm (Qalyubia governorate), which regarding Human norovirus present on lettuce (p > 0.05),
were 60% (9/15), 40% (6/15) and 26.7% (4/15), respectively spinach (p > 0.05), and green onion plants (p > 0.05).
(Table 2 & Fig. 2). Whereas the lowest prevalence
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Table 1. Comparison between HAV contaminated plants irrigated with water from Kitchener drain (Kafr El-Sheikh governorate)

Hepatitis A virus

+ve
-ve

Plants irrigated with water from Kitchener drain
(Kafr El-Sheikh governorate)
Lettuce
n (15)

Spinach
n (15)

Green onion
n (15)

N

11

9

7

%

73.3%

60.0%

46.7%

N

4

6

8

%

26.7%

40.0%

53.3%

Chi-square

P-value

2.222

0.329
NS

NS= Non-significant at P-value > 0.05

Figure (1). Comparison between HAV contaminated plants irrigated with water from Kitchener drain (Kafr El-Sheikh governorate)
Table 2. Comparison between HAV contaminated plants irrigated with water from El-Gabal El-Asfar farm (Qalyubia governorate)

Hepatitis A virus

+ve
-ve

Plants irrigated with water from El-Gabal El-Asfar farm
(Qalyubia governorate)
Lettuce
n (15)

Spinach
n (15)

Green onion
n (15)

N

9

6

4

%

60.0%

40.0%

26.7%

N

6

9

11

%

40.0%

60.0%

73.3%

NS= Non-significant at P-value > 0.05

Chi-square

P-value

3.462

0.177
NS
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Figure (2). Comparison between HAV contaminated plants irrigated with water from El-Gabal El-Asfar farm (Qalyubia governorate)
Table 3. Comparison between HAV contaminated plants irrigated with water from Elmaryotia canal (Giza governorate)

Hepatitis A virus

+ve
-ve

Plants irrigated with water from Elmaryotia canal
(Giza governorate)
Lettuce
n (15)

Spinach
n (15)

Green onion
n (15)

N

3

5

0

%

20.0%

33.3%

0.0%

N

12

10

15

%

80.0%

66.7%

100.0%

Chi-square

P-value

5.777

0.056
NS

NS= Non-significant at P-value > 0.05

Figure (3). Comparison between HAV contaminated plants irrigated with water from Elmaryotia canal (Giza governorate)
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Table 4. Comparison between locations regarding Hepatitis A virus
Fields irrigated with water from
Hepatitis A
virus

+ve
-ve

Elmaryotia canal
(Giza governorate)

Kitchener drain
(Kafr El-Sheikh
governorate)

El-Gabal El-Asfar
farm
(Qalyubia
governorate)

N

8

27

19

%

17.8%

60.0%

42.2%

N

37

18

26

%

82.2%

40.0%

57.8%

Chi-square

P-value

16.853

0.000
HS

HS= Highly significant at P-value ≤ 0.001

Figure (4). Comparison between locations regarding Hepatitis A virus
Table 5. Comparison between Human norovirus contaminated plants irrigated with water from Kitchener drain (Kafr El-Sheikh governorate)

Norovirus

+ve
-ve

Plants irrigated with water from Kitchener drain
(Kafr El-Sheikh governorate)
Lettuce
n (15)

Spinach
n (15)

Green onion
n (15)

N

4

4

1

%

26.7%

26.7%

6.7%

N

11

11

14

%

73.3%

73.3%

93.3%

NS= Non-significant at P-value > 0.05

Chi-square

P-value

2.500

0.287
NS
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Figure (5). Comparison between Human norovirus contaminated plants irrigated with water from Kitchener drain (Kafr El-Sheikh governorate)
Table 6. Comparison between Human norovirus contaminated plants irrigated with water from El-Gabal El-Asfar farm (Qalyubia governorate)

Norovirus

+ve
-ve

Plants irrigated with water from El-Gabal El-Asfar farm
(Qalyubia governorate)
Lettuce
n (15)

Spinach
n (15)

Green onion
n (15)

N

3

3

0

%

20.0%

20.0%

0.0%

N

12

12

15

%

80.0%

80.0%

100.0%

Chi-square

P-value

3.462

0.177
NS

NS= Non-significant at P-value > 0.05

Figure (6). Comparison between Human norovirus contaminated plants irrigated with water from El-Gabal El-Asfar farm (Qalyubia governorate)
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Table 7. Comparison between Human norovirus contaminated plants irrigated with water from Elmaryotia canal (Giza governorate)

Norovirus

+ve
-ve

Plants irrigated with water from Elmaryotia canal
(Giza governorate)
Lettuce
n (15)

Spinach
n (15)

Green onion
n (15)

N

0

2

0

%

0.0%

13.3%

0.0%

N

15

13

15

%

100.0%

86.7%

100.0%

Chi-square

P-value

4.186

0.132
NS

NS=Non-significant at P-value > 0.05

Figure (7). Comparison between Human norovirus contaminated plants irrigated with water from Elmaryotia canal (Giza governorate)
Table 8. Comparison between locations regarding Human norovirus
Fields irrigated with water from
Elmaryotia canal
(Giza governorate)

Kitchener drain
(Kafr El-Sheikh
governorate)

El-Gabal El-Asfar
farm
(Qalyubia
governorate)

N

2

9

6

%

4.4%

20.0%

13.3%

N

43

36

39

%

95.6%

80.0%

86.7%

Norovirus

+ve
-ve

NS= Non-significant at P-value > 0.05

Chi-square

P-value

4.980

0.083
NS
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Figure (8). Comparison between locations regarding Human norovirus

3.3. Correlation between Hepatitis A virus and Human
norovirus
As shown in tables (9, 10, 11, 12 & 13), there were
statistically significant positive correlations as the following:
First correlations were between Hepatitis A virus
contaminated lettuce plants with HAV contaminated spinach
plants (Fig. 9-A), with HAV contaminated green onion
plants (Fig. 9-B), with Norovirus contaminated lettuce plants
(Fig. 9-C), and with Norovirus contaminated spinach plants
(Fig. 9-D). Second correlations were between Hepatitis A
virus contaminated spinach plants with HAV contaminated
green onion plants (Fig. 10-A), with Norovirus contaminated

lettuce plants (Fig. 10-B), and with Norovirus contaminated
spinach plants (Fig. 10-C). Third correlations were between
Hepatitis A virus contaminated green onion plants with
Norovirus contaminated lettuce plants (Fig. 11-A), and with
Norovirus contaminated spinach plants (Fig. 11-B). Fourth
correlations were between Human norovirus contaminated
lettuce plants with Norovirus contaminated spinach plants
(Fig. 12-A), and with Norovirus contaminated green onion
plants (Fig. 12-B). Finally, the last correlation between
Human norovirus contaminated spinach plants with
Norovirus contaminated green onion plants (Fig. 13).

Table 9. Correlation between Hepatitis A virus contaminated lettuce plants with HAV contaminated spinach plants, with HAV contaminated green onion
plants, with Norovirus contaminated lettuce plants, with Norovirus contaminated spinach plants, and with Norovirus contaminated green onion plants
Hepatitis A virus contaminated lettuce plants (Lettuce + HAV)
Item

Pearson correlation coefficient

P. value

*Significance

Spinach + HAV

0.696

0.000

Significant

Green onion + HAV

0.556

0.000

Significant

lettuce + Norovirus

0.430

0.004

Significant

Spinach + Norovirus

0.489

0.001

Significant

Green onion + Norovirus

0.147

0.334

Non-Significant

*Correlation is significant at the 0.05, and 0.001 level
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Figure (9). Linear Pearson Correlation between Hepatitis A virus contaminated lettuce plants with HAV contaminated spinach plants (A), with HAV
contaminated green onion plants (B), with Norovirus contaminated lettuce plants (C), and with Norovirus contaminated spinach plants (D)
Table 10. Correlation between Hepatitis A virus contaminated spinach plants with HAV contaminated green onion plants, with Norovirus contaminated
lettuce plants, with Norovirus contaminated spinach plants, and with Norovirus contaminated green onion plants
Hepatitis A virus contaminated spinach plants (Spinach + HAV)
Item

Pearson correlation coefficient

P. value

*Significance

Green onion + HAV

0.636

0.000

Significant

Lettuce + Norovirus

0.480

0.001

Significant

Spinach + Norovirus

0.559

0.000

Significant

Green onion + Norovirus

0.169

0.268

Non-Significant

*Correlation is significant at the 0.05, and 0.001 level
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Figure (10). Linear Pearson Correlation between Hepatitis A virus contaminated spinach plants with HAV contaminated green onion plants (A), with
Norovirus contaminated lettuce plants (B), and with Norovirus contaminated spinach plants (C)
Table 11. Correlation between Hepatitis A virus contaminated green onion plants with Norovirus contaminated lettuce plants, with Norovirus contaminated
spinach plants and with Norovirus contaminated green onion plants
Hepatitis A virus contaminated green onion plants (Green onion + HAV)
Item

Pearson correlation coefficient

P. value

*Significance

Lettuce + Norovirus

0.755

0.000

Significant

Spinach + Norovirus

0.621

0.000

Significant

Green onion + Norovirus

0.265

0.078

Non-Significant

*Correlation is significant at the 0.05, and 0.001 level

Figure (11). Linear Pearson Correlation between Hepatitis A virus contaminated green onion plants with Norovirus contaminated lettuce plants (A), and
with Norovirus contaminated spinach plants (B)
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Table 12. Correlation between Human norovirus contaminated lettuce plants with Norovirus contaminated spinach plants, and with Norovirus
contaminated green onion plants
Human norovirus contaminated lettuce plants (Lettuce + Norovirus)
Item

Pearson correlation coefficient

P. value

*Significance

Spinach + Norovirus

0.858

0.000

Significant

Green onion + Norovirus

0.351

0.018

Significant

*Correlation is significant at the 0.05, and 0.001 level

Figure (12). Linear Pearson Correlation between Human norovirus contaminated lettuce plants with Norovirus contaminated spinach plants (A), and with
Norovirus contaminated green onion plants (B)
Table 13. Correlation between Human norovirus contaminated spinach plants with Norovirus contaminated green onion plants
Human norovirus contaminated spinach plants (Spinach + Norovirus)
Item

Pearson correlation coefficient

P. value

Significance

Green onion + Norovirus

0.302

0.044

Significant

*Correlation is significant at the 0.05, and 0.001 level

Figure (13). Linear Pearson Correlation between Human norovirus contaminated spinach plants with Norovirus contaminated green onion plants
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green onion and strawberry samples, which were irrigated
and washed with these drainage water. They found,
Some viral foodborne disease outbreaks associated with concentrated drainage water, strawberry, and lettuce fresh
the consumption of contaminated raw produce have occurred food samples irrigated and washed with drainage water from
over the last several years, presumably due to the combined Elmaryotia canal (Giza governorate) gave positive results.
effect of increased use and better epidemiological Whereas lettuce washed with drainage water from El-Gable
surveillance [21]. Of the viral agents, Hepatitis A virus Elasfar Qalyubia governorate) gave a positive result, while
(HAV) and Norovirus (NoV) are those most commonly strawberry and green onion gave negative reaction [26].
documented as contaminating fruits and vegetables.
Guevremont et al. [27] presented a protocol that involved
Adsorption and the subsequent survival of viruses on fresh direct RNA isolation from produce tissues without any
produce are of concern because of the increasing amount of pre-concentration scheme and was able to detect less than 1
fresh produce consumed in Egypt. Because fresh food is not PFU of HAV per g of cilantro. Dubois et al. [28] were able to
cooked to the same extent as meat products, lettuce, spinach detect as little as 7 TCID 50 of HAV from 100 g of fruits and
and green onion and provide an ideal vector for virus vegetables with an approach involving elution of virus with a
transmission [22-26].
high pH buffer, followed by an overnight 10% PEG
The obtained results showed that HAV and NoV precipitation and molecular detection by RT-seminested
contaminated the examined vegetable samples. Fresh PCR. As well as, Guevremont et al. [27] reported detection
produce samples which collected from three governorates limits of 1 TCID50 HAV per 25 g of fresh green onions when
showed high contamination percentages, especially the using a virus elution-concentration method.
samples collected from the fields irrigated from Kitchener
Fruits and vegetables are a major vehicle for transmission
drain (Kafr El-Sheikh governorate). Then the samples from of foodborne enteric viruses since they are easily
El-Gabal El-Asfar farm (Qalyubia governorate). The fresh contaminated at pre- and post-harvest stages and undergo
produce samples from fields irrigated with water from little or no processing. This allows for contamination
Elmaryotia canal (Giza governorate) also, showed anywhere from pre-harvest to post-harvest stages [29].
contamination percentages but in little values than the other Foods commonly contaminated with foodborne viruses
previous regions. As well as, our results showed that, the include shellfish, fresh produce, fruits and juices, and other
lettuce samples from the three areas showed the highest foods that do not undergo further thermal processing [30].
contamination percentage with HAV followed by NoV. The smooth texture of the lettuce and onion leaves leads the
Then the spinach samples; but in contrast, the green onion virus may have become bound or adsorbed to the leaves
examined samples from the previous three regions showed surface [30]. The smooth texture of the lettuce leaf leads
the lowest contamination percentages.
researchers to assume that virus particles can be easily
Our results are in matching with many other previous washed from the surface for detection. This may not be the
studies concerned with the detection of these viruses in fresh case; instead, the virus may have become bound or adsorbed
produce. Since Kamel et al. [22] recorded the prevalence of to the lettuce leaf surface [31].
enteroviruses, Noroviruses, and rotaviruses using RT-PCR
Virus survival rates were variable depending on the
with 22%, 18%, and 8.3%, respectively in seventy-two produce type and typically ranged from 0.5% to 13% of the
sewage samples of Greater Cairo collected from two initial titers of virus inoculated on produce. The rates of virus
wastewater treatment plants, which were obtained from survival can be affected by unique surfaces properties of
April 2006 through February 2007. El-Senousy et al. [23] produce items and by virus-specific properties [31].
reported that Norovirus still has a low prevalence in Significantly more viruses were removed with nylon brushes
Egyptian naturally contaminated irrigation water and fresh from honeydew melons than from cantaloupes. This may be
produce, where found rotaviruses are more frequent than due to the weak attachment of the virus to the smooth
Noroviruses in groundwater of rural areas of Giza surfaces of the honeydew melons or due to the physical
Governorate [24]. Also, El-Senousy et al. [25] recorded the features of the cantaloupe (roughness and absorptive nature)
prevalence of rotaviruses, astroviruses and Noroviruses in making it difficult to elute virus as previously discussed [32].
the raw sewage samples collected from Meet Khames Different interactions have been shown to be a factor
wastewater treatment plant (El-Mansoura city & El-Daqahlia affecting virus attachment to produce [33, 34]. For example,
governorates) from March 2008 to September 2009, where the electrostatic and hydrophobic interactions between
the percentages of detection of RNA enteric viruses were viruses and surfaces were observed [32, 35].
68.4%, 47.3%, and 5.2%, respectively using polyethylene
One major route with a high probability of contamination
glycol method as a secondary concentration step. On the is the use of contaminated water for irrigation or washing.
other hand, El-Dougdoug et al. [26] have detected a Contamination may also occur by infected workers handling
Hepatitis A virus using ELISA and RT-PCR in two outlet the food during harvesting, processing, or distribution. With
drainage water samples from Elmaryotia canal (Giza an increasing number of people striving to eat healthier by
governorate) and El-Gabal El-Asfar farm (Qalyubia increasing their consumption of fruits and vegetables, this
governorate), which collected in each month starting from has become a major public health concern [29]. The viruses
March 2015 over a period of 12 months. As well as in lettuce, inoculated to fresh produce were also found to
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cross-contaminate kitchen utensils, such as knives and
graters [36].
Use of wastewater for spray irrigation may be particularly
risky as this may facilitate virus attachment to product
surfaces [37]. Green onions and other select produce items
may also be particularly prone to virus contamination
because their surfaces are involved, allowing fecal matter
and other organic materials to adhere tenaciously [21]. The
survival of viruses on vegetables has been shown to be
dependent upon pH, moisture content, and temperature [38].
Since the Noroviruses and HAV have been associated with
some produce-associated outbreaks, it seems possible,
though not yet supported by studies, that these viruses can be
resistant to some of the virucidal substances naturally found
in produce such as organic acids, phenolic and sulphur
compounds [39].
Items such as green onions, which have recently been
implicated in HAV outbreaks in the U.S., may become
contaminated at any time during the production and
processing continuum by contaminated soils, water, or
human handling. However, as this particular product requires
extensive human handling during harvesting, it has been
suggested that human handling is perhaps the most likely
source of virus contamination [40].
Also, surface morphology and physiologic characteristics
of the produce item(s) certainly complicate disinfection
efficacy; leafy vegetables can be more difficult to
decontaminate because of their rough or wrinkled surfaces,
and small fruits like raspberries and blackberries have more
porous and complex surfaces that can entrap virus particles
[37].
Viral contamination also occurs when food handlers do
not practice proper hand hygiene. During food handling,
viruses from hands were found to transfer to stainless steel
surfaces and foods (blueberries, grapes, raspberries, ham),
and the transfer of viruses increased when hands were wet
[41].
Foods are also prone to viral contamination if exposed to
virally contaminated contact surfaces, with the highest risk
for foods that require minimal or no cooking before
consumption (lettuce, deli meats, etc.) [42].
The attachment of the virus to vegetables is dependent on
the pathogen itself, the type of fresh produce, and the
surfaces investigated. For leafy greens, the surface of the leaf
is easily contaminated by Norovirus, although uptake by the
roots of plants can potentially occur. Fruits may be directly
contaminated by Norovirus since there is no direct evidence
support that pathogens in roots can be transported into fruits.
There are six main pathways by which contamination may
occur: 1) direct contact of produce with the ground, 2) direct
contact of produce with human waste and animal
contaminants, 3) dislodgment of contaminated soil through
irrigation water splashing or rain onto produce, 4)
aerosolization of pathogens onto produce, 5) direct
application of contamination through spraying irrigation
water onto the produce, and 6) contamination of fresh
produce by farmers, processors, and food handlers [43].
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It is known that viruses and other pathogens attach to the
surface of produce, but the mechanism of how they attach is
still unclear. There have been some proposed mechanisms
including extracellular polymeric substances, whether
fimbriae are present or not, cell surface hydrophobicity,
divalent cationic bridges and surface charge of the pathogens
[44].
Many previous studies found that enteric viruses do not
employ specific cell-surface receptors to attach to the fresh
produce surface. Moreover, the non-specific adsorption of
enteric viruses to minimally processed fresh produce may
result in either large outbreaks or sporadic outbreaks which
would be difficult to trace. So, the identification of forces
critical for virus adsorption is important for vegetable and
fruit processing for viruses or as a preventive measure to
avoid foodborne disease caused by viral agents. Additionally,
other authors have found high levels of enteric viruses in
discharged water from wastewater treatment plants [45-47].
The ability of human pathogenic viruses to adsorb to lettuce
is of great concern given the amount of virus in waters that
may not be treated before irrigation.
For interpretation of the adsorption of viruses to the
different surfaces including vegetables, it was postulated that
two processes are involved in the formation of the adsorption
equilibrium with a solid surface namely, mass transport of
viruses close to the surface and secondly the immobilization
of the viruses to the surfaces by physical and chemical
interactions. Electrostatic interactions, van der Waals forces,
and hydrophobic effects are three primary forces that are
thought to be responsible for the interactions between virus
particles and solid substrates [48].
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