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Abstract: Vegetables are one of the main foodstuffs consumed in the Mediterranean diet. However,
raw vegetables have been associated with relevant foodborne outbreaks worldwide. Accurate
knowledge of the microbiological quantitative risks associated with these matrices is crucial in or-
der to define effective control measures, avoiding the survival and dissemination of foodborne
pathogens through the different food chain stages. The aim of the present study is the assessment
of the prevalence of Helicobacter pylori (a unique carcinogenic biological agent recognized to date)
on leafy vegetables (spinach, lettuce, and chard) by means of the detection of the specific patho-
genicity vacA gene. A real-time quantitative polymerase chain reaction (QPCR) optimized approach
was used to detect H. pylori-positive samples and the concentration of this pathogen (with a limit of
detection equal to 10 cells). One hundred raw vegetable samples were acquired in markets corre-
sponding to the Spanish Mediterranean area. Sliced vegetable leaves were homogenized and cen-
trifuged, and DNA was extracted from the homogenates. qPCR results confirmed 20 out of 100 H.
pylori-positive samples, with melting temperature (Tm) values in the range of 84.8-86.5 °C (Tm vacA
H. pylori = 85 °C). Amplicons were cut, purified, and sequenced to confirm the homology with the
H. pylori vacA gene. A total of 17 out of 100 vegetable samples (12/45 (26.6%) lettuce, 2/21 (9.5%)
spinach, and 3/34 (8.8%) chard samples) were finally confirmed as H. pylori-positive. Contamina-
tion levels were in the range of 1.5+ 0.3 to 2.5 + 0.1 logio cycles (36-335 CFU/g leafy vegetables). Our
results show that H. pylori is detected by qPCR at levels close to infectious doses in fresh vegetables,
thus posing a food safety hazard.

Keywords: Helicobacter pylori; carcinogenic biological agent; qPCR; vegetables; food safety

1. Introduction

Current trends in adopting healthy lifestyles are leading to an increase in the de-
mand for and consumption of fresh green-leafy vegetables [1]. This has public health
consequences derived from the microbial contamination of this type of product. Beyond
the gastrointestinal infections and outbreaks associated with main pathogens, such as
Escherichia coli, Salmonella spp., or Listeria monocytogenes, Blau et al. (2018) remark upon
the capability of these bacteria to transfer resistomes, which can interact with human
microbiota, with possible fatal consequences in terms of antibiotic resistance dissemina-
tion and microbiota dysbiosis [2,3].

To date, Helicobacter pylori is one of the most concerning human pathogens [4,5]. In
recent years, three factors have been considered as critical in the risk associated with
these bacteria: (i) the concerning consequences associated with H. pylori chronic infection
(e.g., stomach cancer and gastric mucosa-associated lymphoid tissue lymphoma, MALT),
as 6.2% of gastric cancers derived from infections are attributable to H. pylori; (ii) the
antibiotic resistance of this pathogen to existing therapies (rate of treatment efficacy
<75%), which led the World Health Organization to include H. pylori in February 2017,
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for the first time, in the list of the most antibiotic-resistant pathogens, with it being a
high priority to search for alternative treatments [6-8]; and (iii) the high capability of
Helicobacter spp. to disseminate in the environment (water and foods). H. pylori survives
for 4 days in water at 25 °C and for 7 days at 4 °C. This organism also resists usual
wastewater disinfection procedures and survives in complex food products, such as
milk, vegetables, and ready-to-eat foods [9-13].

Although the routes of H. pylori transmission are still poorly known, low socioeco-
nomic and sanitization conditions have been described as significant in favoring H. pylo-
ri infection [13]. Nowadays, among the routes that are well accepted as the most proba-
ble for contamination are (i) interpersonal contact (fecal-oral and oral-oral) and (ii) the
consumption of contaminated water and food products, with prevalence rates compris-
ing a wide range, from 1 to 72%, depending on the considered product, the geographic
area of analysis, and the identification/quantification technique applied [12-19].

Among the food products identified as possible vehicles of H. pylori transmission,
vegetables stand out because they grow in direct contact with soil and irrigation water,
which is one of the main environmental sources of contamination [20]. Moreover, they
are often fertilized with organic substrates [21]. To date, scarce information has been
published in relation to the prevalence of H. pylori in leafy vegetables, with available
data comprising a wide H. pylori prevalence range between 10 and 34% [15,22]. Accord-
ing to Yahaghi et al. (2014), leek, lettuce, and cabbage are the most commonly contami-
nated vegetable samples (H. pylori prevalence ~30%) [22].

To date, only one study has been carried out regarding the characterization of fac-
tors affecting the growth and survival of H. pylori cells in vegetables. Pina-Pérez et al.
(2018) simulated the growth and survival potential of H. pylori cells artificially inoculated
on lettuce, kale, spinach, and chard and reported that H. pylori was able to grow and
proliferate in lettuce at 20 °C with a maximum specific growth rate (pmax) equal to 0.79
logi0 (CFU/mL)/d), showing a peak of growth of 1 logio cycle in 5 days [23].

An important question is not only the presence of the bacteria, but also the viable
but not culturable (VBNC) possible state of H. pylori cells. VBNC forms represent a great
threat to food safety [24,25]. According to the same study, between 0.60 and even 4.5 log1o
cycles of initial bacterial load enter into the VBNC state after 3-5 days of storage at 20 °C
[23].

The water activity (aw) in vegetables, quality of irrigation water, sanitation condi-
tions after harvest, and storage conditions during commercialization have been de-
scribed as the main factors influencing the infective-viable status of H. pylori cells in
vegetables, from the harvest period to the moment of consumption [24,26]. Considering
the capability of H. pylori cells to survive and even proliferate in leafy vegetables under
the most common growth, distribution, storage, and commercialization conditions (<15
days, 5-20 °C), the present study aims to contribute to the state of knowledge regarding
the assessment of the prevalence of H. pylori in this kind of agricultural product. The
presence of wild H. pylori cells was assessed in commercially available Spanish leafy
vegetable samples by using an optimized real-time quantitative polymerase chain reac-
tion (q-PCR) approach.

2. Materials and Methods
2.1. Samples and Isolation of Helicobacter pylori

A total of 100 fresh leafy vegetable samples, 45 lettuce (Lactuca sativa var romana), 21
spinach (Spinaceae oleracea), and 34 chard (Beta vulgaris var. cicla), were acquired from 100
different Spanish supermarkets and groceries corresponding to Valencia city, Comuni-
dad Valenciana (Mediterranean region, Spain), a developed geographical area, over the
course of 12 months (July 2020 to June 2021). Each sample was composed of 5 individual
units [27,28].
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Samples were immediately transported to the laboratory and refrigerated at 4 °C.
Leaves from each sample were sliced in pieces, and 10 g from each batch was aseptically
disposed into sterile stomacher bags (10 g sample + 20 mL of PBS 1x (130 mM sodium
chloride, 10 mM sodium phosphate, pH 7.2)). The bags were placed into a stomacher
machine (Lab-Blender-400 Seward Medical, Worthing, UK) and homogenized for 5 min.
Homogenized leaf samples were disposed in individual 50 mL crew cap tubes to carry
out a centrifugation step (10 min, 10 °C, 8000 rpm). After centrifugation, supernatants
were collected and disposed into 5 individual Eppendorf tubs (2 mL per Eppendorf).

Artificially inoculated samples were also included into the study to test the accuracy
of the recovering method for detection. To carry out this task, H. pylori NCTC 11638
strain, provided by the United Kingdom National Collection of Type Cultures (London,
UK), was used. H. pylori NCTC 11638 was grown in Columbia Blood Agar (CBA, Deco,
Franklin Lakes, NJ, USA) plates supplemented with 10% defibrinated sterile horse blood
(HB, Oxoid, Hampshire, UK) under microaerobic conditions (5% oxygen, 10% carbon
dioxide, and 85% nitrogen) at 37 °C. Before inoculation, vegetable leaves were washed
with sodium hypochlorite (10% (v/v)) for 30 min, dried in a sterile cabinet flow (2 h), and
exposed to UV light (8 h). H. pylori 11638 NCTC grown in solid CBA-HB plates was in-
oculated in the range 106108 CFU/10 g on vegetable sterile leaves by spraying. These 10 g
of artificially inoculated leaves were also sliced into pieces and homogenized in PBS (1X)
for 5 min. After homogenization, samples were also subjected to a centrifugation step in
the same conditions as non-inoculated lettuce samples, and supernatants (10 mL) were
collected and disposed into individual Eppendorf tubs for processing [23].

2.2. DNA Extraction and Quantification by gPCR

Supernatants from processed raw lettuces (=10 mL) and artificially inoculated sam-
ples were used to extract bacterial DNA. The GeneJet™ genomic DNA purification kit
(Fermentas, Baden-Wiirttemberg, St. Leon-Rot, Germany) was used for the extraction of
nucleic acids, following the mammalian tissue protocol, according to the manufacturer’s
instructions. Aliquots of 1 mL from each sample were used in quintuplicate to obtain
DNA purified samples that were stocked at =80 °C to the moment to be used.

Purified DNA samples were included in real-time quantitative polymerase chain
reaction (qPCR) assays. H. pylori-specific VacA primers (Vacl
(5'-GGCACACTGGATTTGTGGCA-3") and Vac2 (5'-CGCTCGCTTGATTGGACAGA-3"))
were used to amplify a 372-bp fragment from the vacA gene [29]. The QPCR assay was
based on SYBR Green I fluorescence dye in a Light-Cycler VR 2.0 Instrument (Roche
Applied Science, Barcelona, Spain). The amplification mixture consisted of 2 pL SYBR
green real-time PCR master mix (Roche Applied Science, Barcelona, Spain), 0.5 uL of
each primer (20 mM), 1.6 uL MgCl2(50 mM), and 2 uL of DNA, in a final volume of 20
puL. The amplification-optimized procedure included an initial DNA denaturalization
step at 95 °C for 10 min, followed by 40 cycles of 95 °C for 10 s, 62 °C for 5 s, and 72 °C for
16 s, and finally, one cycle at 72 °C for 15 s and one at 40 °C for 30 s [30]. H. pylori NCTC
11638 DNA was used as a positive control. A negative control was included by replacing
DNA with an equal volume of sterile water. Assays for each sample were carried out in
triplicate.

Melting curves were obtained experimentally for each sample, and crossing points
(Cp) and melting temperatures (Tm) were used in each case to assess the H. pylo-
ri-positive result. The melting temperature (Tm) for the VacA primers was 85 °C. A
standard curve was prepared using H. pylori NCTC 11638-purified DNA in the range of
10'-10¢ genomic units (GU), corresponding to cycle threshold (Cp) media values ranging
from 34 to 15.62 (Cp = -3.733 - Logu (GU) + 38.98; r2 = 1)) [30]. The limit of quantitative
detection by the optimized qPCR procedure was 10 cells, assuming that each gene copy
of the vacA gene was equivalent to one cell [31].

The SYBR Green qPCR products obtained for vegetable samples (raw materials and
artificially inoculated ones) were also submitted to electrophoresis (90 V for about 90
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min) on gel-stained 1% (w/v) agarose (Pronadisa, Madrid, Spain) in 1x Tris—Acetate—
EDTA (TAE) buffer prepared with 0.01% GelRed (Biotium), and visualized by UV trans-
illumination. A 100 bp DNA ladder (GeneRuler 100 bp Plus DNA Ladder, Thermo Fish-
er/Fermentas, Burlington, Ontario, Canada) was used as a molecular weight marker.

2.3. Sequencing of Presumptive Positive H. pylori Samples

Vegetable leafy samples with qPCR presumptive positive H. pylori amplicons were
purified with the commercial Kit Illustra GFX PCR DNA and Gel band Purification (GE
Healthcare, Barcelona, Spain) according to the manufacturer’s instructions. Purified
DNA was quantified spectrophotometrically (A260/A280 ratio > 1.7 for purified DNAs).
Both DNA strands were sequenced commercially (Sistemas Genomicos S.L., Valencia,
Spain). The Basic Logical Alignment Search Tool (BLAST)
(www.ncbi.nlm.nih.gov/BLAST) (last accessed 15 October 2021) was used to determine
the homology of the amplified sequences and the vacA gene fragment corresponding to
the reference H. pylori NCTC 11638 strain (GenBank) [32].

3. Results
Prevalence of Helicobacter pylori in Fresh Vegetables

H. pylori cells of artificially inoculated leafy vegetable samples were positively re-
covered in 96% of cases, validating the applied procedure. Afterwards, by means of the
optimized qPCR approach, the accuracy of H. pylori cell quantification (in the range 106
108 CFU/10 g inoculated matrices) was tested, with a correlation coefficient of r2 = 0.98
(predicted versus observed).

In the assessment of raw vegetable matrices, 20% of analyzed samples (20 out of 100)
were presumptive positive by qPCR assay, corresponding to 15 lettuce, 2 spinach, and 3
chard samples (Figure 1). The Tm values for presumptive positive samples were close to
85 °C (84.8 to 86.5 °C), and Cp ranged from 34 to 29.

Melting Peaks
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Figure 1. Melting curves obtained for H. pylori vacA gen quantitative detection from raw vegeta-
bles, including: curve 19, positive control (Tm 86 °C); curve 15, V91 peak detected in spinach (Tm
85.4 °C); curve 5, V17 peak detected in lettuce (85.5 °C); curve 1, VI peak detected in chard (Tm 86.1
°Q).
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The qPCR presumptive positive amplicons were tested for the specific vacA ampli-
fied fragment band in an agarose gel (Figure 2). Among presumptive positive samples, 18
out of 20 showed a positive intense 372 bp band. These amplimers were used for se-
quencing analysis.

Figure 2. Example of a gel electrophoresis of the amplicons of vacA H. pylori gen generated by
means of JPCR. M: Molecular weight marker (100 bp DNA Ladder); lane 1: sample V3, chard; lane
2: sample V20, lettuce; lane 3, sample V2, chard; lane 4, sample V12, spinach; lane 5, sample V6,
lettuce; lane 6, positive control H. pylori NCTC 11638.

The sequencing results confirmed that 17 selected presumptive positive samples
yielded a match of 98-100% with the H. pylori vacA gene sequence and thus were con-
firmed as positive for H. pylori presence (17 out of 100 samples, 17% (9.7, 24.3; C1 95%)).

The positive samples corresponded to 12 out of 45 (26.6%) lettuce, 2 out of 21 (9.5%)
spinach, and 3 out of 34 (8.8%) chard samples. Contamination levels were in the range of
1.5 to 2.5 log cycles (36 to 335 CFU/10 g). Lettuce was confirmed as the most frequently
contaminated vegetable (26.6% of positive units among tested lettuce samples).

4. Discussion

This study has detected the presence of H. pylori in unwashed fresh vegetables that
are consumed raw in the Mediterranean area at rates close to 18% of samples. These re-
sults agree with those in the literature. Atapoor et al. (2014) analyzed 460 samples of
salads and vegetables (leek, basil, and lettuce) by qPCR and detected that close to 20% of
unwashed lettuce samples were H. pylori-positive [15].

Similar H. pylori contamination rates were found by Yahagi and co-workers (2014):
salads and fresh vegetables were analyzed by qPCR using virulence gene markers (0ipA,
cagA, VacA, iceAl), and approximately 14% of samples were positive for H. pylori pres-
ence. Among them, 30% of them corresponded to lettuce, leek, and cabbage matrices [22].

In this work, levels of H. pylori in confirmed positive vegetable samples were in the
range of 36 to 335 CFU/10 g. Although little is known about the infectious dose of H. py-
lori tested in vivo, some studies suggested that 10-10* cells will be necessary to set up the
chronic colonization of the host [33,34]. Consumption of lettuce in the Mediterranean diet
is very frequent. In fact, this leafy vegetable is generally consumed daily (5-20 g) [1,35].
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Consequently, our results seem to indicate that levels of H. pylori contamination in veg-
etables that are consumed raw can represent a risk for consumers.

However, this is a preliminary study, and much more research should be conducted
in order to assess the representativeness of these results by applying a statistical model
based on which the survey results can be validated. It would also be of great interest to
carry out a screening of the antimicrobial resistance of the isolates present in vegetables.
Moreover, the use of other bioinformatic tools to analyze the amplified sequences should
allow for calculating the nucleotide diversity, the polymorphic level (haplotype diversi-
ty) and number of variable sites, and the average number of nucleotide differences (K) of
the strains, thus improving our knowledge not only about the epidemiology, but also of
the genetic features of H. pylori.

5. Conclusions

A total of 17 out of 100 vegetable samples (12/45 (26.6%) lettuce, 2/21 (9.5%) spinach,
and 3/34 (8.8%) chard samples) were confirmed to be positive for the presence of H. py-
lori. Contamination levels ranged from 36 to 335 UFC/g in leafy vegetables. According to
these results, levels of H. pylori close to the estimated infectious doses (102-10* cells) are
detected by qPCR in raw vegetable samples from the Mediterranean area of Spain. Con-
sidering the biological risk associated with this pathogen as a carcinogenic agent, the
identification and removal of H. pylori across the food chain remains a food safety chal-
lenge. Since previous works have demonstrated that this pathogen is able to survive and
proliferate in lettuce, preventive strategies such as (i) ensuring the good quality of irri-
gation water, (ii) correct handling and washing procedures postharvest, (iii) using a cor-
rect refrigeration step (5 °C) during distribution, and (iv) washing procedures before
consumption could be a suitable way to control the pathogen, reducing the viability and
load of H. pylori and, consequently, the risk for consumers.
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