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The present study aimed to investigate the presence, distribution, and persistence of Arcobacter spp. in an artisanal dairy plant
and to test the isolates to determine their different genotypes in the processing plant and in foods. Samples were collected in an
artisanal cheese factory on four occasions between October and December 2012. Food samples (raw milk, ricotta cheese, mozza-
rella cheese, and conditioning liquid), water samples, and environmental samples were analyzed by the culture method; isolates
were identified by multiplex PCR and genotyped by pulsed-field gel electrophoresis (PFGE) analysis. Arcobacter butzleri was
isolated from 29 out of 59 samples (46.6%), 22 of which were from environmental samples and 7 of which were from food sam-
ples. Cluster analysis divided the strains into 47 PFGE patterns: 14 PFGE clusters and 33 unique types. Our findings indicate that
the plant harbored numerous A. butzleri pulsotypes and that the manual cleaning and sanitation in the studied dairy plant do
not effectively remove Arcobacter. The recurrent isolation of A. butzleri suggests that the environmental conditions in the dairy
plant constitute a good ecological niche for the colonization of this microorganism. In some cases, the presence of indistinguish-
able strains isolated from the same facilities on different sampling days showed that these strains were persistent in the process-
ing environment.

Interest in arcobacters in veterinary and human public health
has increased from the first report of the isolation of arcobac-

ters from food of animal origin; since then, studies worldwide
have reported the occurrence of arcobacters on food and in
food production animals and have highlighted possible routes
of transmission, especially for Arcobacter butzleri, to the human
population (1).

Arcobacter butzleri is the most important and prevalent species
of the genus and has been classified as a serious hazard to human
health by the International Commission on Microbiological Spec-
ifications for Foods (2) and as a significant zoonotic pathogen (3).
A few surveys have investigated the presence of Arcobacter spp. in
bulk tank raw cow’s milk, reporting prevalence rates of 46% in
Northern Ireland (4), 5.8% in Malaysia (5), and 48% in Italy (6).
In Italy, A. butzleri was isolated in fecal samples and in-line milk
filters on a water buffalo (WB) dairy farm (7, 8). Consumption of
Arcobacter-contaminated food or water is regarded as the most
probable route of transmission to humans and animals (9) follow-
ing fecal contamination during the various stages of production
processes (10). In the Mediterranean countries, there is a wide-
spread tradition of raw milk cheese production, including, partic-
ularly in Italy, WB cheeses. A. butzleri demonstrated the ability to
survive during the production process and shelf life of WB moz-
zarella cheese (11), and raw milk cheeses may be considered a
potential source of human infection even though A. butzleri has
not been isolated from dairy products. A. butzleri contamination
of food processing plants may be an additional source of food
contamination, as demonstrated in poultry slaughterhouses and
spinach processing plants (12–17). To our knowledge, no study
has hitherto investigated the presence of Arcobacter spp. in dairy
plants. To trace the sources of contamination in a food processing
plant, Arcobacter strains must be characterized by discriminative
typing methods. Because of its high discriminatory power, pulsed-
field gel electrophoresis (PFGE) is considered the gold standard
and a valuable molecular tool for epidemiological analysis of Ar-
cobacter strains (15). For these reasons, the aim of the present

study was to investigate the presence, distribution, and persistence
of A. butzleri in an artisanal dairy plant and to genotype by PFGE
the isolates in order to assess the presence of different genotypes in
the processing plant and in foods.

MATERIALS AND METHODS
Description of the cheese factory. This survey investigated the presence
of A. butzleri in one dairy plant processing, on alternate days, WB raw milk
for WB mozzarella cheese production and bovine pasteurized (65°C for 30
min) milk for production of other cheeses; the whey from these cheeses is
then steamed to make ricotta cheese. A maximum of 500 liters of milk is
processed daily. Milk was purchased from one WB farm and one cow
farm. The cheese factory was selected by taking into account the different
aspects of organization and production so as to reflect artisanal cheese
plants in Italy, specifically (i) the use of raw milk for cheese making; (ii)
the limited amount of cheese production; (iii) the manual cleaning per-
formed at the end of cheese production by rinsing with hot water, cleaning
and sanitizing daily with GD90 (Golmar, Italy), rinsing with cold water,
and, once a week, cleaning with Schiumaclor-12 (Golmar, Italy) and des-
caling with Scrost (Golmar, Italia); and (iv) the very low level of automa-
tion technology, with no automatic machines other than a mozzarella
cheese molder and no pipes, except for a pump to unload the milk.

Sampling. The cheese factory was sampled on four occasions between
October and December 2012 exclusively on the WB milk processing days
by collecting the following samples, which were placed into a Stomacher
bag and delivered in a portable refrigerator (5 � 3°C) to the laboratory.

Food samples were raw WB milk and raw cow’s milk before the start of
processing, WB mozzarella cheese, and the conditioning liquid of WB
ricotta cheese.

Environmental samples were from different plant sites, including sur-
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faces in contact with food before the start of processing (cleaned surfaces)
and surfaces not in contact with food (e.g., the floor) before the start of
processing. Samples were obtained by sponging an area of approximately
250 cm2, which represented the maximum area that could be sampled for
all the sampling sites. Sponging within the area consisted of 10 passes
vertically (up and down was considered 1 pass) and 10 passes horizontally
(side to side was considered 1 pass) for each large side of the sponge.

Water samples, taken on each sampling day, were three samples of tap
water (one from each of the three water sources available in the dairy
plant).

Environmental and other samples were obtained at all sampling times,
whereas food samples were obtained on three occasions. A total of 59
samples were collected: 32 environmental samples, 15 food samples, and
12 water samples (Table 1).

Detection and identification of Arcobacter butzleri. Samples were
transferred to the laboratory in refrigerated coolers at 5 � 3°C and pro-
cessed within 1 h of collection. Isolation was performed according to the
method of Houf et al. (18): 25 ml of liquid samples or 25 g of solid samples
or sponges was placed in a Stomacher bag and homogenized for 5 min in
a Stomacher in 225 ml of Arcobacter broth (Oxoid, Basingstoke, United
Kingdom) supplemented with 5% laked horse blood (Oxoid, Basingstoke,
United Kingdom) and a mix of cefoperazone (16 mg/liter), amphotericin
B (10 mg/liter), 5-fluorulacil (100 mg/liter), novobiocin (32 mg/liter), and
trimethoprim (64 mg/liter) as a selective supplement. All antimicrobial

substances were obtained as standard laboratory powders from Sigma (St.
Louis, MO USA). After 48 h of incubation at 28 � 1°C under microaero-
bic conditions, an aliquot of 10 �l of the enrichment broth was streaked
onto selective agar plates prepared by suspending in water 24 g of Arco-
bacter broth (Oxoid, Basingstoke, United Kingdom) and 12 g of technical
agar no. 3 (Oxoid, Basingstoke, United Kingdom) and supplemented with
the selective antibiotic mixture described above. The plates were incu-
bated at 28 � 1°C microaerobically for 48 h. The microaerobic conditions
were created by evacuating 80% of the normal atmosphere and introduc-
ing a gas mixture of 8% CO2, 8% H2, and 84% N2 into the jar. At least 10
colonies, if present, suspected of being Arcobacter spp. were picked from
each plate, subcultured, and subjected to presumptive identification using
tests that included growth under aerobic conditions and cellular mor-
phology.

DNA extraction and Arcobacter multiplex PCR. For the identifica-
tion of the presumptive Arcobacter colonies, the isolates were subjected to
DNA extraction using a REDExtract-N-Amp tissue PCR kit (Sigma, St.
Louis, MO, USA) and identified by the multiplex PCR described by Doui-
dah et al. (19). Two reference strains, A. butzleri DSM 8739T and Arcobac-
ter cryaerophilus DSM 7289T (Leibniz Institute, DSMZ, Braunschweig,
Germany), were used as controls; they were grown separately on nutrient
agar supplemented with 5% laked horse blood (Oxoid, Basingstoke,
United Kingdom) and incubated at 30°C for 48 h microaerobically. At
least three isolates from each positive sample were confirmed by the mul-

TABLE 1 Isolation of A. butzleri from different sampling sites in one artisanal cheese factory

Sample location or type
No. of samples
analyzed

No. of samples
positive for
Arcobacter butzleri

% of samples that
were positive

Surfaces in contact with product
Bulk tank valve 4 4
Milk pump 4 3
Cheese vat 4 3
Drainage table 4 2
Mozzarella cheese molding roller 4 4
Curd cutter 4

Subtotal 24 16 66.6

Surfaces not in contact with product
Floor drains 4 4
Cooler room floor 4 2

Subtotal 8 6 75

Water
Tap water 12 0

Subtotal 12 0

Food samples
Raw cow milk 3 3
Raw WB milk 3 3
Ricotta cheese 3 1
WB mozzarella cheese 3 0
Mozzarella cheese conditioning liquid 3 0

Subtotal 15 7 46.6

Total 59 29 49.5
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tiplex PCR described by Houf et al. (20) and then genotyped by PFGE
analysis.

PGFE. Genomic DNA from at least three isolates from each positive
sample, when available, was prepared for PFGE analysis. A PFGE protocol
suitable for Arcobacter butzleri genotyping was set up based on previously
reported protocols (16, 21). Agarose-embedded DNA was digested for 4 h
at 37°C with 50 U of SacII (Fermentas, St. Leon-Rot, Germany). The
restriction fragments were separated by PFGE (CHEF Mapper; Bio-Rad,
Hercules, CA, USA) on 1.0% SeaKem gold agarose (Lonza, Rockland, ME,
USA) in 0.5� Tris-borate-EDTA (TBE) buffer. Electrophoresis was per-
formed with an initial switch time of 5 s, a final switch time of 40 s, a 120°
angle, a gradient of 5.0 V/cm at 14°C, and a run time of 22.5 h. A lambda
ladder PFG marker (New England BioLabs, MA, USA) was used as the size
standard. One reference strain, A. butzleri strain DSM 8739T, was used as
a positive-control strain in each PFGE gel. After electrophoresis, gels were
stained in 3� GelRed (Biotium, Hayward, CA, USA) solution for 60 min.
Gels were visualized with a UV gel documentation system (QuantityOne
4.5 software; Bio-Rad Laboratories, Hercules, CA, USA).

The PFGE patterns were analyzed by BioNumerics 6.6 software (Ap-
plied Maths, Keistraat, Belgium) using the Dice similarity index, and the
dendrogram was constructed with the unweighted pair group method
with arithmetic means (UPGMA). The optimization setting was 1.0%; the
band position tolerance was 0.8%. Isolates showing a PFGE similarity
level of 100% were grouped in the same PFGE cluster.

RESULTS

Arcobacter was isolated from 29 samples (49.5% of all samples), of
which 22 were environmental and 7 were food samples; all 250
isolates were identified as A. butzleri. A higher percentage of sam-
ples from surfaces not in contact with food were contaminated
with A. butzleri (75%) in comparison to samples from surfaces in
contact with food (66.6%) and samples from food (46.6%) (all the
raw milk samples and one ricotta cheese sample). All WB mozza-
rella cheese, conditioning liquid, and tap water samples were neg-
ative for Arcobacter. The numbers and sources of positive samples
are summarized in Table 1.

A total of 124 isolates and two reference strains, A. butzleri
DSM 8739T and Arcobacter cryaerophilus DSM 7289T, were char-
acterized by PFGE, and all tested strains were typeable with SacII
macrorestriction analysis.

The cluster analysis of A. butzleri patterns revealed wide heter-
ogeneity among these isolates. The SacII PFGE gel contained 4 to
7 bands, with strains clustering with similarities between 35.6%
and 100%. Overall, the cluster analysis divided the strains into 47
PFGE patterns: 14 PFGE clusters (a to p) and 33 unique types (Fig.
1). Details on the source of isolation and sampling day of the
isolates belonging to the clusters are reported in Fig. 1.

DISCUSSION

We report the first isolation of A. butzleri from environmental
samples collected in an artisanal cheese factory, in a ready-to-eat
cheese produced for retail, and in raw WB milk. There was a high
occurrence of A. butzleri in the artisanal cheese factory studied,
with repeated detection of the microorganism and a frequently
contaminated environment.

Raw milk can be considered a major source of A. butzleri con-
tamination of the dairy plant but not the only source of A. butzleri
contamination of cheese. As the present study isolated A. butzleri
from all the raw milk samples tested, the microorganism is prob-
ably imported into the dairy plant with raw milk and spread to the
environment during cheese processing. This suggestion is based
on the detection of the same pulsotype in both the raw milk and

the environmental samples (Fig. 1, clusters c, e, f, h, i, l, m, and p),
even if the possibility of other sources of contamination cannot be
excluded. Further evidence was found in the indistinguishable
pulsotypes disclosed by PFGE analysis on different sampling days
in samples from raw WB milk, the floor drain, the ricotta draining
table, the mozzarella cheese molding roller, and the cooler room
floor (Fig. 1, clusters c, f, h, i, and p). On the other hand, the high
genetic heterogeneity among the A. butzleri raw milk isolates may
be explained by multiple sources of milk contamination on the
farm, multiple pulsotypes in a single dairy animal, and a high
degree of genomic recombination, as suggested for poultry iso-
lates (12).

The existence of indistinguishable pulsotypes in different sur-
faces areas, in contact or not in contact with food, on different
sampling days about 1 month apart (Fig. 1, clusters a, b, d, g, n,
and o) implies colonization of the plant by some A. butzleri strains
and their persistence and distribution in different sites. As cross-
contamination seems to be unavoidable due to the artisanal dairy
plant logistics, several A. butzleri strains seem to have colonized
the plant and were partially affected by repeated cleaning proce-
dures, as previously demonstrated in a spinach processing plant
(17). The persistence of an indigenous A. butzleri flora able to
colonize a poultry abattoir was hypothesized (13, 14), and cross-
contamination along the slaughter processing line, with the
spread of isolates to different areas of the slaughterhouse, was
demonstrated (16). A Belgian study (22) isolated arcobacters from
boot samples, and boots and other tools (for example, trolleys)
may be the cause of A. butzleri spreading from the processing area
to other sites of the dairy plant in our study.

These considerations together with the ability of A. butzleri to
adhere to different surfaces (23) and to form biofilm (16, 24)
suggest two main sources of contamination in the investigated
cheese factory: contaminated raw milk and resident strains able to
survive in the wet dairy environment, characterized by large
amounts of water and abundant organic material known to en-
hance the survival of A. butzleri (10).

Unlike other studies which identified processing water as a
significant source of food and environmental contamination (13,
14), our study excluded the possibility of contamination by means
of water, possibly due to the very simple water system in the in-
vestigated plant and to the exclusive use of chlorinated tap water
for processing and cleaning.

The isolation of A. butzleri in the ricotta cheese confirms that
dairy products are a potential source of human infection. Ricotta
contamination is of particular interest for food safety, given ricot-
ta’s pH, which is close to neutrality (6.80 in the investigated cheese
factory), and given the absence of any further antimicrobial treat-
ment to control the replication of food-borne pathogens, includ-
ing A. butzleri. We identified postprocessing as the most probable
source of ricotta cheese contamination, as the investigated dairy
plant produces the ricotta cheese by direct steaming of whey up to
90°C, and it is unlikely that A. butzleri can survive thermal treat-
ment (25, 26). After the surfacing step, in which the whey proteins
start to separate from the whey, surfacing as small flakes that
gather on the surface (forming a layered white stratum), the
ricotta is ladled into plastic molds on a steel draining table, and
contact with equipment contaminated by A. butzleri is the most
likely source of ricotta cheese contamination, as previously shown
in poultry (13).

No contamination was observed in mozzarella cheese and in its
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FIG 1 Distribution of SacII digestion PFGE patterns of A. butzleri isolates. Information on the sources of isolates and sampling days (10 and 24 October 2012,
21 November 2012, and 5 December 2012, reported as I, II, III, and IV, respectively) of isolates belonging to the clusters is presented at the side of the dendrogram.
The numbers on the horizontal axes indicate percentages of similarity, as determined by Dice correlation coefficient analysis and UPGMA clustering. Letters a
to p represent the clusters. Isolates with the same PFGE pattern in the same sample are reported once.
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conditioning liquid, despite the regular contamination of raw
milk used for production and the contamination of food process-
ing surfaces before and during operations. Due to the unfavorable
pH (about 5.1 at the end of ripening in the investigated cheese
factory [11]) and the stretching process during WB mozzarella
cheese production, A. butzleri present in raw milk demonstrated
the ability to survive only if present in high numbers (�7 log
CFU/ml) (11). However, A. butzleri contamination of WB moz-
zarellas during postprocessing is unlikely, as the conditioning liq-
uid in which the cheeses are submerged usually has a very low pH
(2.80 in the studied dairy), well below the lower tolerated pH value
(5.0) reported for A. butzleri (25).

The results of this study allow us to speculate that A. butzleri
contamination may occur from a variety of sources in the ob-
served dairy plant. The plant harbored numerous A. butzleri pul-
sotypes, and the manual cleaning and sanitation do not effectively
remove Arcobacter from the plant. The recurrent A. butzleri isola-
tion suggests that the environmental conditions in the dairy plant
constitute a good ecological niche for the colonization of this mi-
croorganism. In some cases, the genetic identity of strains isolated
from the same facilities on different sampling days showed that
these strains were persistent in the processing environment. The
presence of resident strains and their role in cheese safety should
be investigated in industrial dairies.
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