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Summary
Epidemiological data linked to cases of food-borne infection from fresh produce are scarce and usually underestimated. The present study reports the occurrence of food-borne pathogens such as viruses (norovirus, hepatitis A virus)
and protozoa (Giardia intestinalis, Cryptosporidium parvum/hominis) in 175 samples of fresh-cut vegetables, frozen
vegetables and sprouts that originated in the Czech Republic and in other European countries, as detected using realtime PCR and reverse transcription real-time PCR. In addition, samples were analysed for Escherichia coli as an indicator of fecal contamination and for Staphylococcus aureus as an indicator of possible contamination by food handlers,
using conventional culture methods. Norovirus was detected in two samples (1.1 %) of rocket and frozen mixed vege
tables. G. intestinalis was detected in two samples (1.1 %) of mixed fresh vegetable salads and mixed frozen vegetables.
The occurrence of norovirus did not correlate with E. coli presence. Staph. aureus was detected in 3 samples (1.7 %)
but without genes for classical enterotoxins production. Our results highlight the need for microbiological analysis of
food of non-animal origin for specific protozoan and viral agents, which are being less frequently monitored in these
food category types, but their presence may pose risk for consumers.
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Ready-to-eat vegetables and sprouts pose
a higher risk of food-borne infections resulting
from consumption of fresh produce as they are
more commonly contaminated with infectious
pathogenic agents than processed foodstuffs [1, 2].
Although in the past, attention was mainly focused
on the study of bacterial pathogens contaminating
foodstuffs, in the last few years, more attention
has been paid to viruses and, most recently, also to
parasites [2–5].
Norovirus (HuNoV) is the most common cause
of non-bacterial gastroenteritis worldwide [6]. The
virus is highly infectious with an incubation period
of one to three days and only several units or tens
of viral particles are necessary to elicit an infection [7]. This is in contrast with the long incubation period of two to four weeks for hepatitis A

virus (HAV) infection, which further complicates
tracking of infection sources for contaminated
food. The World Health Organization identified
both HuNoV and HAV in fresh produce including
vegetables as a priority virus/commodity combination for which control measures should be con
sidered [8].
Protozoan diseases are widely distributed in
developing countries [9, 10] but food-borne parasites are increasingly being recognized as a cause
of health problems in humans in high-income
countries as well [11]. This is due to cosmopolitan
markets with food, changes in climate and agriculture, and the increasing number of immunocompromised humans worldwide [4]. Cryptospo
ridium spp. and Giardia intestinalis (syn. G. lamblia
or G. duodenalis) are ranked among the most
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commonly reported enteric protozoa in developed
countries. The most often affected patients are
young children and immunocompromised patients
who experience clinical disease more frequently
and with higher severity. Cryptosporidiosis is the
second most common diarrheal infection in infants under two years in developing countries
[12]. In industrialized countries, reported cases of
cryptosporidiosis are not so frequent. However the
number of diagnosed cases is increasing, likely due
to improved laboratory diagnostics and physician
education. In the European Union, 10 915 cases
of cryptosporidiosis were confirmed in 2015,
which was by 41 % more than reported in 2014
[13]. In the same year, giardiasis was confirmed in
18 031 cases with an increase of 4.4 % from 2014
[14]. Out of Cryptosporidium spp., C. parvum and
C. hominis are responsible for vast majority of
human cases [2]. Both infections are transmitted
via the fecal-oral route when people may be infected via ingestion of cysts/oocysts through the
consumption of contaminated food or water, or
during direct contact with infected humans and
animals.
Unfortunately, epidemiological data linked
to cases of alimentary infections originating from
fresh produce are scarce and likely underesti
mated. Therefore, the current study aimed to
assess the preliminary data on presence of viral
and protozoan food-borne pathogens, particularly HuNoV, HAV, G. intestinalis and C. par
vum/hominis in leafy greens, frozen vegetables and
sprouts collected from supermarkets in the Czech
Republic. To correlate the results with conven
tional methods, Escherichia coli as an indicator of
fecal contamination and Staphylococcus aureus as
an indicator of contamination by food handlers
were assessed by conventional culture methods.

Materials and methods
Sample collection

A total of 175 samples from 32 producers were
collected from February to November 2014 from
eight supermarket chains in the Czech Republic.
Samples were collected according to availability
in various seasons usually in two runs per month.
Samples included minimally processed vegetables
such as packed fresh vegetable mixed salads and
leafy greens (97 samples; e.g. rocket, spinach,
lamb’s lettuce), frozen vegetables (43 samples;
e.g. peas, carrots, maize and mixed) and sprouts
(35 samples; alfalfa sprouts, mung bean sprouts,
radish sprouts, lentil sprouts; Tab. 1). Seventysix samples originated from the Czech Republic,

75 samples originated from other European Union
countries, namely, Austria, Belgium, France, Italy,
Germany, Netherlands, Poland and Slovakia, two
samples were from United Kingdom, six samples
from Israel and no country of origin was specified
for 16 samples. Information about processing from
the producer was available only for few samples
of fresh vegetable mixed salads and leafy greens.
Sixteen samples were labelled as washed or
processed but no further information was added.
Thirteen samples were labelled as non-washed or
washing before consumption was recommended.
All samples were transported to the laboratory in
a cool boxes, stored in a refrigerator at 6 ± 2 °C or,
in case of frozen vegetables, in a freezer at –18 °C.
Samples were processed within 24 h from purchase, all during the expiration period.
Viral and protozoan detection

To reduce the cost and time of preparation,
a unified procedure for processing of samples for
both viral agents and protozoa was applied [15].
Initially, 100 g of each sample was homogenized
in Trizma base [2-amino-2-(hydroxymethyl)-1,3propanediol] glycine beef extract (TGBE washing
buffer; 12.1 g Trizma base, 3.8 g glycine, 10 g beef
extract dissolved in 1 l of distilled water, pH 9.5,
prepared in house) and centrifuged. The supernatant was used for further analyses focusing on
the presence of food-borne viruses and the sediment was used for detection of protozoan agents.
The presence of viral agents in samples was determined according to ISO/TS 15216-2:2013 [16]
with slight modifications regarding the amount
of supernatant at the beginning of the analysis

Tab. 1. Collected vegetable samples.
Produce
type
Fresh
pre-cut
products

Number

Sample

Number

97

Vegetable mixed salads
Spinach
Rocket
Lamb’s lettuce
Frozen vegetable mix
Green peas
Carrot
Frozen corn
Spinach
Green beans
Mung bean sprouts
Mix of mung beans, alfalfa
and lentil sprouts
Mix of mung beans, pea
and lentil sprouts
Radish sprouts

57
19
12
9
22
9
4
3
3
2
19
11

Frozen
vegetables

43

Sprouts

35

4
1
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(200 ml of supernatant was used instead of the
recommended 40 ml to ensure rinsing of the entire sample). RNA isolation was carried out with
the NucliSENS Magnetic Extraction Reagent
(BioMérieux, Marcy-l‘Étoile, France) according
to the manufacturer’s instructions with a final repeated elution resulting in 100 µl of nucleic acid
solution. The isolated nucleic acids were assayed
immediately.
Detection and identification of HuNoV (HuNoV GI and HuNoV GII) and HAV genomes
were carried out by one-step duplex reverse
transcription real-time PCR (RT-qPCR) as described by ISO/TS 15216-2:2013 [16] with utilization of an internal amplification control (IAC)
[17]. Protozoan DNA was isolated from the sediments using PowerSoil DNA isolation kit (MoBio Laboratories, Carlsbad, California, USA)
following the manufacturer’s instructions. Detection of G. intestinalis and C. parvum/hominis
was performed using two separate duplex qPCR
assays, both including IAC [15] to facilitate identification of false negative results. The primers
and probes used for the detection of G. intestina
lis (targeting β-giardin gene) and C. parvum/ho
minis (targeting hsp70 gene) were adopted from
a previous study [18]. The primers for C. parvum/
hominis have broader specificity, they are able to
detect primarily C. parvum and C. hominis, which
are responsible for vast majority of human cases,
but also other species related to human infection,
e.g. C. meleagridis, C. ubiquitum and C. viatorum.
The PCR mixture contained 1× LightCycler 480
Probes Master (Roche, Mannheim, Germany),
250 nmol·l-1 of each primer, 100 nmol·l-1 of each
probe, 1 U of uracil DNA glycosylase (EC 3.2.2.28;
Sigma, St. Louis, Missouri, USA), 5 × 102 copies
of IAC and 5 μl of DNA solution in a total reaction volume of 20 μl. Detection of viral and protozoan agents was performed in LightCycler 480
(Roche), the subsequent analysis of results was
carried out using the “Fitpoint analysis” option of
the LightCycler 480 Software release 1.5.0 (version 1.5.0.39, Roche). Quantification of process
control virus (PCV) as well as calculation of the
virus extraction efficiency (estimate of PCV recovery) for viruses was done in the same way as in the
previous study [19]. Samples with a processing efficiency lower than 1% were not considered valid
results and were not included in further analyses.
The limit of detection (LOD) and the efficiency of
protozoan DNA isolation was determined by testing hexaplicates of 10-fold serially diluted suspension of G. intestinalis cysts, which ranged from 105
to 101 cysts per 100 g of mixed leafy greens. LOD
was specified as the lowest concentration of cysts
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that could be detected with 95% probability. The
efficiency of protozoan DNA isolation from vegetable samples ranged between 41.1 % and 60.8 %,
LOD was determined as 65 cysts per gram. Positive, negative and isolation controls of qPCR were
included in each analysis run.
Detection and enumeration of Staph. aureus

For enumeration of coagulase-positive staphylococci, a portion of 25 g of sample was homogenized in 225 ml of buffered peptone water
(BPW; Oxoid, Basingstoke, United Kingdom)
using a stomacher homogenizer. According to
ISO 6888-1(1999) [20], 200 μl of the suspension
was directly streaked onto Baird-Parker medium
(BioRad, Hercules, California, USA) in triplicate
and incubated at 37 °C for 18–24 h. To increase
detection sensitivity, the homogenized suspension was further incubated at 37 °C overnight and
then inoculated on Baird-Parker medium. After
incubation at 37 °C for 18–24 h, the occurrence
of colonies with morphology typical for coagulase-positive staphylococci was assessed. Three
typical colonies were plated on blood agar (LabMediaServis, Jaroměř, Czech Republic) and incubated overnight at the same conditions. Species
identity was confirmed using MALDI-TOF mass
spectrometry equipment AutoFlex speed (Bruker
Daltonics, Bremen, Germany) with the use of
Biotyper software (version 3.1, Bruker Daltonics)
with a score above 2.0. Detection of genes encoding production of classical enterotoxins (sea-see)
in Staph. aureus was performed using PCR as described previously [21].
Detection and enumeration of E. coli

Detection of E. coli was performed after homogenization of 10 g sample in 90 ml of BPW and
enrichment at 37 °C overnight, followed by culture
on tryptone bile glucuronic (TBX) agar (BioRad)
simultaneously at 44 °C and 37 °C for 24 h. For
enumeration, homogenized samples were directly decimally diluted and streaked in triplicate on
TBX agar plates and incubated at 44 °C and 37 °C
for 24 h. Characteristic colonies were subcultured
on MacConkey medium (BioRad). Identity of
E. coli was confirmed by detection of uidA gene by
qPCR as described previously [22].
Statistical analysis

Statistical analysis was performed to confirm
association between produce type and occurrence
of E. coli using Fisher-Freeman-Halton exact test.
Differences were considered statistically significant if P < 0.05.

* – ready to eat product such as fresh leafy green salads, spinach, rucola or lamb’s lettuce (one sample of rucola was positive for norovirus, one sample of fresh leafy green mixed salads
was positive for Giardia intestinalis and one sample of fresh leafy green mixed salads Staphylococcus aureus)
** – mixed frozen vegetables, frozen peas, frozen maize or frozen spinach (one sample of mixed frozen vegetables was positive for norovirus and one sample of mixed frozen vegetables
was positive for Giardia intestinalis, two samples from different producers were positive for Staphylococcus aureus).
HAV - hepatitis A virus; HuNoV – norovirus (NoV GI).

51.4
12.0
18
21
54.3
14.3
19
25
74.3
43.4
26
76
0.0
1.7
0
3
0.0
1.1
0.0
0.0
0
0

0
2

0.0
0
0.0
0
39.5
17
4.7
2
2.3
1
0.0
0

Bacteria
Escherichia
Escherichia coli
coli
>102 CFU·g-1
Number
[%]
Number
[%]
33
34.0
6
6.2
Staphylococcus
aureus
Number
[%]
1
1.0
Protozoa
Cryptosporidium
Giardia
parvum/hominis
intestinalis
Number
[%]
Number
[%]
0
0.0
1
1.0

Viruses
Total
number
HAV
HuNoV
of
samples Number
[%]
Number
[%]
Fresh pre-cut
97
0
0.0
1
1.1
products*
Frozen
43
0
0.0
1
2.3
vegetables**
Sprouts
35
0
0.0
0
0.0
Total
175
0
0.0
2
1.1
Produce
type

Ensuring the safety of food is a long-standing
and crucial task for public health authorities. In
order to address and manage food safety, it is crucial to have knowledge of current situation and
trends with regard to occurrence and spread of
food-borne pathogens in the production chain.
The highest number of food-borne outbreaks
from fresh produce in EU and USA result from
contamination with HuNoV, Salmonella spp. and
Shiga toxin-producing E. coli [1]. In addition to the
above-mentioned pathogens, vegetables may also
be contaminated with other less studied agents
that may result in food-borne infection. Therefore,
our study focused on screening of HuNoV as the
most common pathogen and also on other viral
(HAV) and protozoan (C. parvum/hominis and
G. intestinalis) pathogens in fresh and frozen produce. Out of 175 samples examined, four separate
samples (2.2 %) were positive for viral or protozoan pathogens (Tab. 2). HuNoV GI was detected in one sample of raw vegetables (rocket) and
one sample of frozen mixed vegetables (containing cabbage, mung sprouts and bamboo shoots).
This relatively low rate of HuNoV contamination
of fresh and frozen vegetables is in general agreement with data reported in previous European
studies in which HuNoV was detected in less than
0.1 % (1/1 372) samples of fresh leafy vegetable
products and in none of 1 160 samples of ready-toeat vegetables [23]. Despite the generally low rate
of HuNoV contamination of food, viral particles
can be preserved by freezing or refrigeration and
can be able to persist from days to months during
such storage [24]. An increase in food-borne outbreaks caused by HuNoV has been noted and
many outbreaks were traced to food that was
handled by infected workers during food preparation. The impact of vegetables contaminated by
HuNoV was outlined, for example, in annual European Food Safety Authority (EFSA) reports [3].
In this study, no sample was positive for hepatitis A virus.
Although parasites such as Cryptosporidium
spp. and G. intestinalis may be present in produce
and can be the cause of food-borne diseases [2],
standardized molecular methods for their detection in food are not available [25]. Until now,
several methods based on microscopy or molecular approaches with variable recovery efficiencies
and variable detection limits were applied for protozoan detection [25]. Most studies monitoring the
foodborne protozoa come from developing countries where poor hygiene is prevalent [9, 10, 26].
The number of studies addressing the significance

Tab. 2. Prevalence of studied viral, protozoan and bacterial agents in minimally processed vegetable and frozen produce, and sprouts.

Results and discussion

Escherichia coli
>103 CFU·g-1
Number
[%]
3
3.1
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of foodborne parasites in developed countries
have arisen in recent years [5, 11].
In the present study, monitoring of C. parvum/
hominis and G. intestinalis in produce was conducted using two duplex qPCR assays. According
to the results, occurrence of parasites in freshcut vegetables, frozen vegetables and sprouts was
low. G. intestinalis was detected in two samples
(mixed fresh vegetable salads and mixed frozen
vegetables) and no sample was positive for C. par
vum/hominis. This low positivity might have been
caused by the limited number of samples examined
but also by the relatively high level of LOD of our
detection method [27]. Only limited data on survival of Giardia cysts in frozen vegetables are
available, however, most of the studies generally
confirmed adverse effect of freezing on viability
of protozoa oocyt/cyst [2]. A similar rate of contamination by G. intestinalis (1.8 %) was revealed
in packed pre-cut salads and leafy greens sold
in Canada [28]. On the other hand, occurrence
of Cryptosporidium spp. in Canada was higher,
reaching 5.9 %. For comparison, Giardia spp. was
found in 8.8 % of fresh vegetables in Egypt [26].
Duedu et al. [9] detected G. intestinalis in 6.0 %
and Cryptosporidium spp. in 17.0 % of fresh vegetables sold in Ghana. In our previous study, G. in
testinalis was observed in 2.8 % of vegetable samples derived from farms in comparison to 1.1 %
of the same type of vegetable samples from markets. Surprisingly, C. parvum/hominis was detected
in 16 out of 433 (3.7%) of vegetable sampled on
farms, but no sample collected in market was confirmed positive [15]. The water-borne route and
manure application to vegetable fields is probably
the most important means of transmission of these
parasites [11]. In some cases, transmission of
these pathogens to vegetables were attributed to
infected food handlers [29].
The true incidence of staphylococcal food
poisoning is unknown for a number of reasons, including the short period of illness usually not requiring seeing a physician. Staph. aureus is part of
the natural microbiota of humans, and therefore,
contamination with Staph. aureus represents the
most common way for produce contamination
through direct contact with food handlers [29].
In the present study, the counts of coagulase-positive staphylococci were under the detection limit of our method (< 5.101 CFU·g-1), with
Staph aureus being confirmed in 1.7 % of samples
after enrichment (one mixed salad and two frozen
peas packets). Genes for production of classical
enterotoxins (sea–see) were not detected in any of
the tested strains. Our results show a lower prevalence of Staph. aureus than revealed in Thailand
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[30] or in China [31]. Ananchaipattana et al. [30]
reported Staph. aureus in 67 % of leafy vegetable
samples from open markets and 25 % from supermarkets in Thailand. Xing et al. [31] detected
Staph. aureus in 27.6 % salad vegetable samples.
On the other hand, no samples positive for
Staph. aureus were detected in fresh produce from
Italian supermarkets and greengrocer’s shops [32].
This may be explained by more strict regulations
and good hygiene and manufacturing practices implemented routinely in the European Union (e.g.
EC 2073/2005 [33]).
In the present study, 43.4 % of samples were
found to be positive for E. coli, 14.3 % of samples
exceeded a level of 102 CFU·g-1 and 12.0 % of
samples exceeded a level of 103 CFU·g-1 (Tab. 2).
As expected, sprouts were the samples with the
highest level of contamination (p < 0.01; adjusted
Pearson’s residuals). Twenty percent of samples
exceeded a level of 105 CFU·g-1. Sprout manufacturing provides excellent conditions for bacterial growth and any pathogen contamination at
the beginning may produce high counts in the final
product and pose a health risk to humans. Therefore, the high number of E. coli-positive sprout
samples with high counts of these bacteria suggest
primary contamination of seeds and insufficient
decontamination procedures of seeds prior to
sprouting. In cut leafy greens and salads originating in the Czech Republic, Italy and Austria,
E. coli counts exceeded a level of 102 CFU·g-1 and
103 CFU·g-1 in 6.2 % and 3.1 % of samples, respectively (Tab. 2). These results show a relatively
high level of contamination in comparison to other
studies from Canada or Italy where E. coli counts
were mostly below the detection limit [34, 35].
The routine monitoring of fecal indicator
bacteria such as E. coli was traditionally used to
predict enteric virus and protozoan pathogens
in water and food samples. Recently, it has been
recognized [36] and confirmed also by our study
that the occurrence of enteric viral and protozoan
pathogens often does not correlate with indicator
E. coli presence. Both HuNoV positive samples
were negative for the presence of E. coli and both
G. intestinalis positive samples harboured E. coli,
but only at a low level of less than 102 CFU·g-1.
Therefore, E. coli cannot be considered as the
appropriate fecal indicator for determination of
viruses and protozoa in food.

Conclusions
Our results revealed that viral and protozoan
pathogens, namely, HuNoV and G. lamblia were

Viral, protozoan and bacterial agents on produce

present on minimally processed vegetables available on the market and their detection was not
correlated with indicator E. coli. Noticeable is also
detection of high levels of the indicator E. coli
in sprouts and higher number of fresh vegetable
samples (leafy greens and salads) with the counts
above 102 CFU·g-1. Findings of this study indicate
that there is a need for better prevention strategies and increased levels of knowledge related to
the occurrence of food-borne viral and protozoan
pathogens in this group of food products. Indicators of fecal contamination of produce appro
priate to viral and protozoal pathogens should be
introduced.
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