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Prevalence and detection of Helicobacter pylori
in raw cows’ and goats’ milk in selected farms in the Czech Republic
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IVANA BEDNAROVA - MILADA DVORACKOVA

Summary

Helicobacter pylori is currently found in more than a half of the human population and is the cause of serious gastroin-
testinal diseases such as gastritis, gastric ulcers or adenocarcinoma. H. pylori infection can be transmitted to humans
through contaminated raw materials and food of animal origin. In this study, individual cows’ milk samples (n = 77)
and individual goats’ milk samples (n = 52) from two farms in Moravia (Czech Republic) were analysed. The classical
culture method and the nested polymerase chain reaction (nested PCR) method were used for detection of H. pylori.
The culture method did not demonstrate the presence of H. pylori in any of the examined samples. Using the nested
PCR method, 31 samples (40 %) of raw cows’ milk and 30 samples (58 %) of raw goats’ milk were positive for the
presence of H. pylori. The study demonstrated that nested-PCR was highly sensitive for the detection of H. pylori in raw
milk samples. The results of the study showed the presence of H. pylori DNA in a high percentage of both cows’ and

goats’ raw milk samples, indicating a high possibility of inter-animal transmission within individual farms.
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Helicobacter pylori is a gram-negative, micro-
aerophilic, motile bacterium colonizing the gastric
mucosa. Infection with H. pylori is directly related
to the occurrence of serious human diseases
such as chronic gastritis, duodenal ulcer or
gastric cancer. In 1994, International Agency for
Research on Cancer (IARC), a subordinate or-
ganization of World Health Organization (WHO),
identified H. pylori as a ,.,group 1 (definite carcino-
gen)“ [1]. The routes of transmission and reser-
voirs of this bacterium are topics that have been
the subject of much research but have not yet
been precisely elucidated. The findings of H. pylori
in food of animal origin, vegetal food and water
support the hypothesis of many authors that the
bacterium is a food-borne pathogen [2].

Milk from various species of animals is an im-
portant food consumed worldwide by people of all

ages. In many parts of the world, it is a staple food,
forming an integral part of the daily diet. If milk
is one of the routes of transmission of H. pylori,
this finding may be considered in the future, for
example, in the search for the origin of infection in
patients. The results and conclusions obtained in
this study can be used, for example, to determine
the origin of helicobacteriosis in a human popula-
tion.

Since the discovery of H. pylori, the classical
culture method has been used as a routine diag-
nostic test in human medicine, being considered
the “gold standard” among individual methods.
H. pylori is a fastidious bacterium requiring
nutrient-rich media, microaerophilic environment,
high humidity (96-100 %) and pH close to 7.0.
The media are usually enriched with blood (as
a reducing agent) and with specific antibiotics. The
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culture method has been used in several studies to
determine the presence of H. pylori in milk. Pub-
lished studies indicated that the method was not
optimal for examination of foods [2-4]. On the
other hand, high sensitivity was demonstrated in
the case of molecular-biological methods allow-
ing specific sequential amplification of DNA of
the microorganism together with molecular typing
of the strains. Various polymerase chain reaction
(PCR) methods were developed for identifica-
tion of H. pylori in food, including multiplex PCR,
nested PCR, real-time PCR and reverse-transcrip-
tion PCR [2].

The aim of this study was to find the most suit-
able method for detection of H. pylori in milk, es-
pecially by using and comparing methods based on
both the classical culture procedure and molecu-
lar-biological detection, specifically, the nested
PCR method. Another aim of the work was to
obtain data regarding the occurrence of H. pylori
in raw cows’ and goats’ milk samples from farms
in the Moravian region of the Czech Republic.
This may help to evaluate the significance of raw
milk as a possible route of transmission and thus
a source of H. pylori.

MATERIAL AND METHODS

Samples

Individual cows’ milk samples (n=77) and
individual goats’ milk samples (n =52) from two
farms in Moravia (Czech Republic) were analysed.
The cows’ milk samples were obtained during ma-
chine milking by dripping the milk into a special
sampling cylinder. After milking, the cylinder was
turned twice to mix the sample and the sample was
discharged into a sterile sampling tube through
a valve. Individual goats’ milk samples were ob-
tained by hand milking into sterile sampling tubes.
The samples were transported and stored at
4-6 °C. The samples were examined in the labora-
tory within 24 h after collection.

Culture method

Direct culture of the samples was performed
using Helicobacter agar prepared from the fol-
lowing ingredients: brain heart infusion broth
(Oxoid, Basingstoke, United Kingdom), Norit A
(Electrophoresis, Heidelberg, Germany), po-
tato starch (Sigma-Aldrich, St. Louis, Missouri,
USA), yeast extract (Oxoid), agar bacteriological
(Oxoid), defibrinated horse blood, horse serum,
Enrichment A (Dulab, Dubné, Czech Republic)
and 0.5 ml mixture of antibiotics, containing van-
comycin (30000 TU-ml-l; Mylan Pharmaceuticals,

Prague, Czech Republic), colistin (30000 IU-ml-1;
Teva Pharmaceuticals, Prague, Czech Republic)
and trimethoprim (1500 TU-ml-1, Sigma-Aldrich).
The plates were incubated at 37 °C for 9 days in
an anaerostat under microaerophilic conditions
(5% 0Oz, 15% CO3 and 80 % N2) created using
a CampyGen 2.5L developer (Oxoid). After incu-
bation, suspect colonies (small, clear, transparent
and dome-shaped) were subjected to the urease
assay UREASAtest50 (TestLine Clinical Diagno-
sis, Brno, Czech Republic) to detect H. pylori ure-
ase activity.

Nested PCR

In this reaction, two pairs of primers are used,
i.e. a pair of external primers and a pair of in-
ternal primers. The internal primers attach to
the sequence that is bordered by the external
primers. The reaction with the external primer
pair is performed first and the resulting product
is used as a template for the reaction with the in-
ternal primers. This arrangement increases sen-
sitivity. Further, combining two primer pairs also
increases specificity. H. pylori DNA was directly
extracted from milk using QIAamp DNA Blood
Mini Kit (Qiagen, Hilden, Germany) accord-
ing to the instructions provided by the manufac-
turer. Oligonucleotide primers for PCR were
those published by QUAGLIA et al. [5]. The exter-
nal oligonucleotide primers were Hpl (5-AAG
CTT TTA GGG GTT AGG GTT T-3’) and Hp2
(5°-AAG CTT ACT TTC TAA CAC TAA ACG
C-3%) targeting glmM gene of H. pylori with the
size of the amplification product of 294 bp. The
internal primers were Hp3 (5-CTT TCT TCT
CAA GCG GTT GTC-3) and Hp4 (5-CAA GCC
ATC GCC GGT TTT AGC-3’), which amplified
the internal part of glmM gene with the size of
the amplification product of 254 bp. Primers were
obtained from Generi Biotech (Hradec Krélové,
Czech Republic). The reaction mixture was pre-
pared using PPP Master mixture (Top-Bio, Vestec,
Czech Republic), water for PCR (Top-Bio), Hpl
(0.5 wmolI'!) and Hp2 (0.5 wmol-I-1). Then, 2 ul of
extracted DNA solution was added to 23 ul of this
mixture. The nested PCR was performed using
a thermocycler MJ Research PTC-200 Thermal
Cycler Dual 48 (Marshall Scientific, Hampton,
New Hampshire, USA) using a temperature pro-
gramme involving initial denaturation at 95 °C for
2 min, followed by 33 cycles (94 °C for 1 min, 61 °C
for 2 min, 72 °C for 1.5 min) and the final synthesis
at 72 °C for 5 min. After completion of the first
amplification, 2 ul of its product was added to
a second reaction mixture of the same composition
as the first reaction, with the only difference that
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the added primers were Hp3 and Hp4. The tem-
perature programme involved initial denaturation
at 95 °C for 2 min, followed by 30 cycles (94 °C for
1 min, 62 °C for 2 min, 72 °C for 1.5 min) and the
final synthesis at 72 °C for 5 min. Electrophoret-
ic separation at 120 V, 90 mA for 60 min in 1.5%
agarose gel (Serva, Heidelberg, Germany) stained
with ethidium bromide followed by visualization
under UV-light was used to detect PCR products.
DNA ladder of 100-4000 bp (Lonza, Rock-
land, Maine, USA) was used as a molecular size
standard. Positivity was indicated by the presence
of a DNA fragment of 254 bp. H. pylori DNA
from a strain obtained from a human gastric mu-
cosal sample was used as a positive control. This
H. pylori control strain was provided by the Micro-
biology Institute of St. Anne’s University Hospital
(Brno, Czech Republic).

RESULTS AND DISCUSSION

The use of the culture method for detection of
H. pylori in food is challenging and tedious, as it
requires selective media with antibiotics, micro-
aerophilic conditions and long culture times of
up to 9 days. Another disadvantage of the culture
method consists in the inability to capture the
coccoid, viable non-culturable form (VNC) of the
bacterium [6]. In our study, the presence of H. py-
lori was not detected using the culture method in
any of the samples examined (data not shown).
In addition to the reasons previously mentioned,
unfavourable conditions between sample collec-
tion and examination (transport of samples to the
laboratory and storage at refrigerated tempera-
tures and under aerobic conditions) may have im-
pacted the growth of the bacterium. Milk is also
a food rich in accompanying microflora, which
can significantly suppress the growth of H. pylori
on agar media. The competing microorganisms in
milk samples is often regarded as one of the main
factors that prevent the detection of H. pylori by
the classical culture method [2, 7]. The culture
method has been used in practice for the detection
of H. pylori in biopsy samples, but it has not proven
to be very suitable for food samples. The inabil-
ity to culture H. pylori from raw milk was found
previously [8, 9]. In their study, FUIIMURA et al.
[10] were only able to culture H. pylori in 1 out
of 13 milk samples, although all were confirmed
as positive by semi-nested PCR. Currently, there
are no standardized culture methods available to
guarantee the isolation of H. pylori from samples
rich in associated microflora, such as food samples
or, in our case, milk samples [2]. Moreover, the
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isolation procedure, although allowing the isola-
tion of H. pylori from various foodstuffs and found
to be highly selective for H. pylori, was already
demonstrated to lack sufficient sensitivity to re-
producibly recover very low numbers of H. pylori
(10 CFU'ml! of liquid samples to recover at least
one colony per plate) [11]. Nevertheless, the sen-
sitivity of the nested PCR approach (3 CFU-ml!)
[12] allowed to overcome the constraints of the
above microbiological method. The sensitiv-
ity of the nested PCR technique was determined
by QuAGLIA et al. [5]. In their study, nested PCR
for detection of the H. pylori gene glmM was per-
formed in a series of decimal dilutions (up to
10-10-fold) of the raw ewes’, goats’ and cows’
milk artificially contaminated with the refer-
ence strain H. pylori ATCC 43504. The technique
showed a high sensitivity of 3 CFU-ml-L. Although
PC- based methods do not discriminate between
living and dead microorganisms, they appear
to be very helpful as a method of screening of
samples [5].

In our study, of the 77 raw cows’ milk samples,
31 (40 %) were determined to be positive for
H. pylori by the nested PCR method (data not
shown). Out of the 52 individual raw goats’ milk
samples analysed by this method, 30 (58 %) were
found to contain H. pylori DNA (data not shown).
An illustration of a result of nested PCR to detect
H. pylori in raw goats’ milk is given in Fig. 1.

When comparing the results of this work with
those of other studies, there is quite a significant
difference in the proportion of positive goats’
milk samples. TALAEI et al. [13] investigated the
occurrence of H. pylori in cows’ and goats’ milk
in a region of Iran with the use of the 16S rRNA
PCR analysis for the detection of H. pylori di-
rectly in DNA isolated from samples. Detection
limit of this method was as little as 0.1 pg-ul-l of
DNA, which is approximately 10-fold the detec-
tion limit of the nested PCR method [14]. This
probably explains the low positivity rate of 12/75
(16 %) for cows’ milk and 2/42 (4.8 %) for goats’
milk samples. The sensitivity of PCR and nested
PCR for H. pylori detection was studied by Ho
et al. [14] using decimal serial dilution of H. py-
lori DNA (from 1 ng-ul! to 1 fgoull) using prim-
ers targeting a selected region of 16S rRNA gene.
Sensitivity was found to be affected by the number
of cycles used in the reaction. DNA amplification
by conventional PCR with 30 cycles permitted
the detection of 10 pg of starting bacterial DNA,
while increasing the number of cycles to 40 im-
proved the sensitivity of detection to 0.1 pgul-l of
DNA. With the use of nested PCR, 0.01 pg-ul! of
DNA was detectable. In nested PCR used in this
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Fig. 1. Gel electrophoretic separation of the products of nested PCR for detection of Helicobacter pylori.

Lines: M — molecular size standard, (1-13) — samples of raw goats’ milk, (14) — positive control, (15) — negative control. Lines 1,

2,3,6,8,9, 11, 12, 14 — positive samples.

study, a total of 50 cycles was used (first reaction —
Hpl-Hp2: 25 cycles, second reaction — Hp3-Hp4:
25 cycles) [14].

Mousavi et al. [15] detected the presence of
H. pylori in 20/120 (16.6 %) samples of cows’” milk
and in 28/100 (28 %) samples of goats’ milk using
a culture method and subsequent PCR confirma-
tion. This is a very surprising result, as in most of
the studies already mentioned, the culture method
was unsuccessful at detection of H. pylori in food
samples. RAHIMI et al. [16] used conventional
PCR to detect the glmM gene and found H. pylori
present in 14.1 % and 8.7 % of cows’ and goats’
milk samples, respectively. Using the nested PCR
method, QUAGLIA et al. [12] detected the presence
of H. pylori in 25.6 % of raw goats’ milk samples.
By this method, which has also been used in our
work, it is possible to detect 100 CFU-ml-1 [12].
The high percentage of raw goats’ milk samples
positive for H. pylori in this study (58 %) may be
due to the origin of the samples. All of them came
from the same farm where the animals were in
daily contact with each other, and it was therefore
possible that H. pylori was transmitted from animal
to animal or by contaminated bedding. According
to the available information, the sources of H. py-
lori may include not only animal bedding but also
the ambient dust and contaminated water. Ani-
mals also have a feeding trough during milking,
through which the bacteria may be spread via the
saliva of infected animals. Another possible expla-
nation for such a high detection rate could lie in
the contamination of milking equipment and sub-
sequent transmission to other animals [9, 10].

Cows’ milk showed a lower percentage of

samples positive for H. pylori compared to goats’
milk, yet this percentage was still relatively high
compared to some other studies [13-15]. For
example, BIANCHINI et al. [7] investigated the
occurrence of H. pylori in tank samples of cows’
milk from herds originating from the northern
Italian region. Out of 163 samples, they deter-
mined only 3 samples as positive for the presence
of the Helicobacteriaceae using the nested PCR
method targeted to 16S rRNA gene. Samples
positive for Helicobacteriaceae were confirmed
by PCR targeting the 23S rRNA gene of Helico-
bacter and further tested for the presence of H. py-
lori using the nested-PCR method described by
QuacLIA et al. [12]. Of those three positive Heli-
cobacteriaceae samples, none of them was con-
firmed as H. pylori. This low positivity level can be
explained by the high dilution of the milk in the
storage tank, where the possibility of detection is
reduced compared to individual milk samples. On
the other hand, in a study by QUAGLIA et al. [12],
the presence of H. pylori was detected in raw cows’
milk in a region of southern Italy and their results
showed 50 % positive samples. This was also con-
firmed by a study using semi-nested PCR for de-
tection of ureA gene [10], in which the percentage
of positive samples of raw cows’ milk collected in
various parts of Japan was as high as 72 %. The
different results of these studies can be attributed
to the area from which the samples were collected
and the level of hygiene in the herds concerned
[2].

The nested PCR was proven to be suitable for
the detection of H. pylori in milk samples. In our
further work on H. pylori, we will focus on modi-
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fying the nested PCR protocol by adding dUTP
to prevent contamination of the working envi-
ronment with short fragments of amplified DNA
[17, 18].

CONCLUSIONS

The study confirmed that the nested PCR is
a highly sensitive method for the detection of
H. pylori in raw milk samples. The high sensitivity
of the method allows the detection of small num-
bers of bacterial cells in food. However, it is not
possible to determine the viability of the examined
bacteria. On the other hand, the method also
allows the detection of bacteria that are viable
but unculturable. The results of this study dem-
onstrated the presence of H. pylori DNA in 47 %
of samples of raw cows’ and goats’ milk originat-
ing from two selected farms in the Moravian re-
gion of the Czech Republic. This high percentage
of H. pylori positive raw milk samples indicates
a non-negligible risk to the consumer in terms of
the potential zoonotic nature of H. pylori infec-
tion. A high risk of transmission of the infection
may occur especially when raw milk is consumed
without heat treatment.
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