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A. GENERAL PART






1 Introduction

In 2016 Yersiniosis was the third most frequently reported zoonosis in EU countries
with 6,861 confirmed cases and notification rate 1.82 cases/100,000 population. Yersinia
enterocolitica was the most prevalent species isolated from human cases and most frequent
serotypes were O:3, O:9 and O:8. Pigs are considered to be the major reservoir for
Yersinia, and pork products are regarded the main source of pathogenic Y. enterocolitica
infection in humans. Also, Y. enterocolitica occurrence has been reported in bovine meat,
raw cow’s and raw goat’s milk and in ready-to-eat (RTE) salads from various EU member
states. Positive findings were also reported in other domestic and wild animals (EFSA,

2016; 2017).
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Figure 1. Reported numbers and notification rates of confirmed human zoonoses in the EU, 2016 (EFSA, 2017).



In 2017, the FoodNet identified 489 cases of yersiniosis in USA with incidence rate
1.0 case/100,000 population. Compared with the incidence reported during 2014-2016, the
2017 Yersinia incidence was significantly higher (166% increase). The increased incidence
is most likely attributed to the increased usage of culture-independent diagnostic tests
(CIDTs) employed by clinical laboratories to detect enteric infections, resulting in more
accurate incidence estimates for pathogens such as Yersinia (CDC, 2018).

Human infections with Y. enterocolitica emerge after ingestion of the microorganisms
through contaminated food or water or through blood transfusion. Gastrointestinal symptoms
range from self-limiting gastroenteritis to acute enteritis (particularly in children), mesenteric
lymphadenitis and terminal ileitis mimicking appendicitis (children older than 5 years).
Infection with Y. enterocolitica can lead to septicemia in immunosuppressed individuals
and patients being treated with desferrioxamine or patients with hemochromatosis
(Bottone, 1997).

Y. enterocolitica is a Gram-negative bacterium that belongs to the family
Enterobacteriaceae. It is a psychrophilic microorganism that is characterized by its ability
to grow well at refrigeration temperatures, withstand freezing and survive for extended
periods of time in frozen food, even after repeated freezing-thawing. The ability to
propagate at refrigeration temperature is of outmost importance in food hygiene and
safety particularly for foods packaged in vacuum or modified atmosphere (MAP),
processes widely used in food preservation aiming for prolonged shelf-life (Feng and
Weagant, 1994; Fredriksson-Ahomaa, 2012; Nesbakken, 2006). Y. enterocolitica is a
highly heterogeneous group of bacteria consisting of different subtypes (biotypes and
serotypes). Biotyping and serotyping are both used to determine the strain pathogenicity
(Kapperud, 1991), although virulence markers have also been found in non-pathogenic

biotype 1A strains (Grant et al., 1998).



2 History

Yersinia pestis, the causative agent of plague is the first reported member of the genus
Yersinia. It was discovered during the 3" plague pandemic that originated in China (1855).
The finding of the plague causative agent is attributed to the Swiss born French physician
Dr. Alexandre Yersin (1863—1943) and to Japanese physician Kitasato Shibasaburo (1852—
1931) (Tsiamis et al., 2009).

The two scientistis announced independently, within days of one another, the isolation
of a bacillus being responsible for the plague. Although Kitasato was initially accredited
with the discovery, it was Yersin who more accurately described the microorganism
naming it Pasteurella pestis in honor of his mentor, Louis Pasteur. Also, it was Yersin who
together with Emile Roux, Albert Calmette and Amédée Borrel at Institute Pasteur in Paris
developed the first effective antiserum (1986) that reduced the plague mortality rate from
90% to nearly 7%. Kitasato’s failure to descripe correctly his isolate, which he insisted was
different from Yersin’s organism, is attributed to probable Streptococcus pneumoniae
contamination (Tsiamis et al., 2009; Tirziu et al., 2011).

The first recorded reference to Yersinia enterocolitica, as a gram-negative
coccobacillus, was in a publication by Mclver and Pike (1934) who worked at the Mary
Imogene Basset Hospital in Cooperstown, New York (US). The authors described as
“Flavobacterium pseudomallei Withmore”, a gram-negative coccobacillus isolated from
two facial abscesses of a 53-year-old farm worker reporting involvement of the cervical
lymph nodes too. As the infection was characterized by sinus tract formation, the
researchers initially suspected either actinomycosis, tuberculosis, or glanders. Since, the
isolate biochemically resembled the glanders agent (Burkholderya mallei) as well as
Pseudomonas pseudomallei, the two researchers concluded that most likely the isolated
microorganism was an atypical form or a variant of some well-known species rather than a
new species (Perry and Fetherston, 1997; Tsiamis et al., 2009; Tirziu et al., 2011; Bottone,
1999). In 1939, this isolate was studied again by Schleifstein and Coleman in New York
State Department of Health, together with two more isolates from patients with
enterocolitis and one isolate from a granulomatous chest lesion of a 13 years old boy. The
two researchers described all the isolates as being similar to Actinobacillus lignieri and
Yersinia (Pasteurella) pseudotuberculosis (Bottone, 1997, 1999; Tirziu et al., 2011).

However, since the five isolates were biochemically different from the two latter species



and three of them were from enteric contents, Schleifstein and Coleman in 1943
proposed the name Bacterium enterocoliticum forthe yet ‘unidentified’ microorganism.
Retrospectively, based on their biochemical properties, these isolates match to serogroup
0:8 Y. enterocolitica (Bottone, 1997, 1999).

The microorganism received its current name in 1968, when Sonnenwirth reported the
case of a 40 year old teacher who developed Y. enterocolitica serogroup O:8 bacteremia,
meningitis, and panopthalmitis resulting in eye loss. A few years later in 1974, Keet
reported a case of typhoid like Y. enterocolitica O:8 septicemia in a hunter by (Bottone,
1999). In 1976, the first major foodborne outbreak of Y.enterocolitica serogroup O:8
infection occurred among 222 students and employees of five schools in the area of
Holland Patent in upper New York State, who had consumed contaminated chocolate milk
(Bottone, 1976).

The interest on the zoonotic potential of Y.enterocolitica was initiated after 1955 when
Lucas during a series of epizootics among chinchillas and hares in France, isolated strains
similar to those isolated in Switzerland (Giourka — Papavasileiou, 1982). In 1960, similar
strains were also isolated from healthy pigs. During 1962-1965, epizootics occured in a
number of rabbit and chinchilla breeding plants in North America and in Western Europe
(Switzerland, Netherlands and Germany), by importing animals from North America
(Giourka — Papavasileiou, 1982; Tirziu et al., 2011).

Knapp and Thal in 1963 proved the similarity between the human and animal isolates
and in 1964 the species name Y. enterocolitica was formally proposed by Frederiksen
(Nesbakken, 2006). Furthermore, Mollaret found out the Maclver and Pike’s, and
Schleifstein and Coleman’s american reports which described isolates from human similar
to those isolated from animal in Europe (Giourka — Papavasileiou, 1982).

In Greece Y. enterocotica was first isolated by Arseni (Arseni et al., 1974) from
synovitis pus from a child. Up to date several studies have been published related to the
detection and identification of Yersinia strains isolated from human faeces (Arseni et al.,
1975, 1982, 1986; Maniatis, 1977; Gianneli et al., 1982; Trikka et al., 1986, 1994;
Kansouzidou-Kanakoudi et al., 1988; Daneilidis and Kansouzidou-Kanakoudi, 1989;
Krokidas et al., 1989; Chrisaki et al., 1995; Kouppari et al., 1994, 1995, Demertzi et al.,
1999; loannidou et al., 1999; Stamatopoulou et al., 2004; Panagiotaki et al., 2008;
Palaiologou et al., 2011; Kiratsa, 2103). There are less studies concerning the prevalence

of Y.enterocotica in animals in Greece: in tonsil swabs from pigs (Giourka —
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Papavasileiou, 1982; Kechagia et al., 2007), in faeces from domestic poultry (Kourti et al.,
1984), in rectal swabs from dogs (Kansouzidou et al., 1987), in throat and rectal swabs
from slaughtered pigs (Kansouzidou et al., 1995), in rectal swabs from chicken and sheep
and throat swabs from cows (Kechagia. et al., 2007). As far as food is concerned there are
studies for Yersinia incidence in vegetables (Kansouzidou-Kanakoudi and Daneilides,
1994; Xanthopoulos et al., 2010), pasteurized and non pasteurized milk (Kansouzidou-

Kanakoudi et al., 1990; Gousia, 2008) and various meat samples (Gousia et al., 2011).
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3 Classification

Initially, Pasteurella pestis and Pasteurella pseudotuberculosis were included in the
genus Pasteurella-Trevisan, along with Pasteurella multocida, Pasteurella haemolytica
and Pasteurella tularensis in the family of Parvobacteriaceae. This classification proved
to be unsuccessful due to the larger size of P. pestis and P. pseudotuberculosis in
comparison to other bacteria of this genus and family alike (Tsiamis et al., 2009).

In 1944 JJ. Van Loghem proposed removing of P. pestis and P. rodentium
(pseudotuberculosis) from the Pasteurella into a new genus named Yersinia in honor of
A.J. Yersin (Van Loghem, 1944). Nevertheless, the issue of Parvobacteriaceae family

stayed unresolved (Tsiamis et al., 2009).
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that have not yet branched (Bercovier and Mollaret, 1984).
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Soon there was evidence relating Yersinia to the Enterobacteriaceae. Since 1958 a
general numerical taxonomic study placed Yersinia between Klebsiella and Escherichia coli
(Sneath and Cowan, 1958). The allocation of Yersinia to the family Enterobacteriaceae was
further supported by the Danish microbiologist Frederiksen in 1964 (Nesbakken, 2006),
who also assigned Schleifstein and Coleman’s ’B. enterocoliticum’ to the genus Yersinia,
changing its name to Y. enterocolitica. The following year, Smith and Thal confirmed
Frederiksen’s assignment of this species to Yersinia; however, because some of the strains
studied by Frederiksen were indole-positive they proposed the less inclusive name Yersinia
X until the status of the indole-positive strains could be established (Sulakvelidze, 2000). In
1967, at the First International symposium on Yersinia held in Paris, the name of Bacterium
enterocoliticum was officially changed into Yersinia enterocolitica and was classified in the
genus Yersinia (Tirziu et al., 2011). Five years later, at the Second International symposium
on Yersinia held in Malmo, it was proposed the genus Yersinia to be included in the family
Enterobacteriaceae (Knapp and Mollaret, 1972).

In 1976 Brenner and colleagues introduced the DNA-DNA hybridization technique in
addition to classic biochemical tests for the classification of Y. enterocolitica and Y.
pseudotuberculosis (Brenner et al., 1976), and four years later, they identified three groups
of Y. enterocolitica-like bacteria thus establishing three new Yersinia species: Y.
intermedia, Y. frederiksenii, Y. kristensenii (Brenner et al., 1980; Ursing et al., 1980;
Bercovier et al., 1980c). The DNA hybridization studies revealed that both indole-positive
and indole-negative strains of Y. enterocolitica were quite closely related (DNA
hybridization relatedness of 79 to 100%) to be considered one species (Moore and
Brubaker, 1975; Brenner et al., 1976).

Within Y. enterocolitica sensu strictu, there was sufficient biochemical heterogeneity
to justify the establishment of several biogroups or biotypes. In 1969 Nilehn proposed
placing the strains into ’biogroups’, according to their biochemical properties, and she
identified five biogroups. Later Bercovier proposed two more biogroups 3A and 3B
(Bercovier et al., 1978) but Wauters further modified the scheme concluding in six
biogroups while omitting 3A and 3B, (Wauters et al., 1987). A year later, Wauters
proposed the species designation Y. mollaretii and Y. bercovieri for isolates originally
classified as Y. enterocolitica biogroups 3B and 3A, respectively which differed
biochemically and antigenically from well-characterized Y. enterocolitica biogroups

(Wauters et al., 1988a).
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4 Microbiology of Y. enterocolitica
4.1 Morphology

Y. enterocolitica is a small, coccoid-shaped Gram-negative bacterium that resembles
the morphology of Pasteurellaceae rather than of Enterobacteriaceae. Depending on the
type of culture medium and incubation temperature pleomorphism can occur and rods and
coccobacilli can be observed in Gram stain. The microorganism is smaller in size then
other members of the family Enterobacteriaceae (0.5-0.8 wm in diameter and 1-3 um
in length). Y. enterocolitica is facultative anaerobic, having both a respiratory and a
fermentative type of metabolism, it produces no endospores and has no envelope. Based on
biochemical properties and electron microscopy observations Pease (1979) demonstrated
that at room temperature some strains of Y. enterocolitica can go through a transition to a
spheroplast type L-form that can revert back to an irregular shaped structure with intact
cell wall (Bercovier and Mollaret, 1984; Bottone, 1999; Mills, 2004; Wanger, 2005).
Yersinia expresses peritrichous flagella at lower temperatures (22-29°C) but it is non
flagellated (non motile) at 37°C. Fresh isolates of Y. enterocolitica may require a few
subcultures to express their motility. Motile cells have 2-15 peritrichous flagella (Bercovier
and Mollaret, 1984; Bottone, 1999; Mills, 2004; Wanger, 2005). Bacterial swimming and
swarming motility is thought to be regulated by bacterial quorum sensing ability. The
bacterium is equipped to maintain biphasic lifestyle, one in the aquatic environment/food
system and one in the human host (Bhunia, 2008).

The cell-wall and antigenic composition of Y. enterocolitica also resemble those of
other members of the family Enterobacteriaceae and sometimes are identical (Bercovier
and Mollaret, 1984; Wanger, 2005). There are cell surface structures that play significant
role in virulence including outer membrane glycolipids such as lipopolysaccharide (LPS)
consisting of a lipid A, enterobacterial common antigen (ECA), an O-specific side chain
and several cell surface adhesion proteins which are present only in virulent Y.
enterocolitica (Inv, YadA and Ail). These structures ensure the correct architecture of the
outer membrane, providing adhesive properties as well as resistance to antimicrobial
peptides and to host innate immune response mechanisms. The nature of the LPS of Y.
enterocolitica varies for certain serogroups. The pathogenic serogroups 3, 8, and 9 are
composed of galactosamine, glucosamine, 3-deoxyD-mannoctulosonic acid (KDO), 2

heptoses, glucose, and galactose (Wanger, 2005; Biatas, 2012).
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Figure 3. A photomicrograph of Y.enterocolitica using Flagella staining technique (CDC).

4.2 Properties

4.2.1 Temperature

Y. enterocolitica is capable to grow at temperatures ranging from 4 to 42°C, with opti-
mum temperature at 28-29°C. The organism has the unusual capability to grow well at
refrigeration temperatures (psychrophilic), ability of considerable public health concern for
the food industry and food providers (Bercovier and Mollaret, 1984). However, it is
reported that its growth may be slowed by the presence of psychrophilic microflora (Feng
and Weagant, 1994).

In a rich medium, maximum growth is at the optimum growth temperature
(approximately 28 to 30° C) with a doubling time of 34 min. Generation time rises to 40
min when temperature is increased to 40°C, whereas at room temperature it is
approximately 1 h. Doubling time increases to 5h at 10°C and at 1°C is approximately 40h.
Multiplication can occur between -2 and 0°C, but growth is very slow (Feng and Weagant,
1994; Robins-Browne, 1997; Cosano and Garcia-Gimeno, 2003).

-18 -



70—

65— Serovar
e (O3

= 60 ¢ 0:527
= © 0:6,30
“G‘J’ 55— a (08
= v 0:13,7
= 504
=
©
o 45
(o
@
45 40

35+

SO—J

f T T J T T T T T l
22 24 26 28 30 32 34 36 38 40

Temperature (°C)

Figure 4. Generation times at different temperatures of Y, enterocolitica strains of five different serovars, grown in 4%

tryptone, 1% mannitol salt broth, PH 7.6 (Robins-Browne, 1997).

4.2.2 pH

The optimal pH for growth of Y. enterocolitica is 7.2 to 7.4 but the organism will grow
in pH range 4.6 - 9.0. Y. enterocolitica prefers slightly alkaline conditions (Bercovier and
Mollaret, 1984). The minimum pH at which growth can occur varies between strains and
depends on the acidulent agent used, the environmental temperature, the composition of
the medium, and the microorganism growth phase. Acid tolerance depends on the activity
of urease, which catabolizes urea to release ammonia, which elevates the cytoplasmic pH
(Robins-Browne, 1997; Cosano and Garcia-Gimeno, 2003). Y enterocolitica is more
tolerant at alkaline conditions than most the rest Enterobacteriaceae, and treatment of food
enrichments with potassium hydroxide (KON) may be used to selectively reduce the level

of background flora (Aulisio et al., 1980).

4.2.3 Heat tolerance
Y. enterocolitica survives for long periods in low temperatures and it is heat-labile. The
organism does not survive pasteurization or normal cooking, boiling, baking, and frying

temperatures. High-temperature, short-time pasteurization conditions of 71.8°C for 18 s
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easily kill Y. enterocolitica, as well as heat treatment at 60°C for 1-3 minutes effectively
inactivates it in milk and meat products. Exposure of surface-contaminated meat to hot
water (80° C) for 10 - 20s reduces bacterial viability by at least 99,9%. (Feng and Weagant,
1994; Robins-Browne, 1997; Nesbakken, 2006). The death rate (90% reduction time) in raw
milk is reported to be 0.24 to 0.96 minutes at 62.8°C (Lovett et al., 1982).

The effect of heat exposure depends on growth temperature. The growth temperature
at 4-20°C does not influence heat resistance at 54-66°C. However, heat resistance
increases fourfold when cells are grown at 37°C. The heat resistance of Y. enterocolitica is
also influenced by the pH of the heating medium. The pH of maximum heat resistance in
citrate phosphate buffer is pH 7 for cells grown at 37°C, but it is pH 5 for those grown at
4°C; in both, the magnitude of the pH effect on heat resistance is constant at all heating

temperatures (Cosano and Garcia-Gimeno, 2003).

4.2.4 Irradiation

Y. enterocolitica is readily inactivated by ionizing and UV irradiation (Robins-
Browne, 1997). Its ability to survive y-radiation depends on the food composition and
treatment, and the presence of preservatives. Y. enterocolitica can be completely
eliminated at a dose range of 3—4 kGy since it is more radiosensitive than other common
foodborne pathogens such as Salmonella and Listeria. Though irradiation even at 6 kGy
fails to prevent survival in raw pork, the bacterium is completely suppressed in cooked
ham and salami treated with lower doses of radiation. The reported faster recovery of
radiation-injured cells in raw meat than in cured meat with spices or in cooked ham,
indicates that Y. enterocolitica in irradiated products can be inhibited by using additional
processes (Cosano and Garcia-Gimeno, 2003). High CO2 concentration as part of MAP
increases the radiation sensitivity of Y. enterocolitica suspended in raw ground pork and
the pYV (plasmid for Yersinia virulence) loss was the greatest when irradiation took place

in the presence of air (oxygen) (Bhaduri et al., 2014).

4.2.5 Preservatives and Packaging

The behaviour of Y. enterocolitica in response to various preservatives depends on the
temperature, the level of the chemical composition, the pH, and the amount of sodium
chloride present. At low pH and temperatures, potassium sorbate is very effective against

the bacterium. In contrast, sodium phosphite and sodium hypophosphite are inhibitory at
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relatively high pH values. Y. enterocolitica can survive sodium chloride concentrations of
up to 5%. Although it tolerates 5% NaCl in culture media, the addition of this NaCl
concentration to foods slows down its growth rate. Delay or growth inhibition can be
achieved using other preservatives such as potassium sorbate, sodium hypophosphite,
sodium phosphite, sodium nitrate and nitrite (curing salts). Partial resistance to chlorine is
observed, particularly when grown under conditions that approximate natural aquatic
environments or when co-cultivated with predatory aquatic protozoa. Packaging containing
high levels of carbon dioxide is very effective at delaying growth and can cause complete

inhibition. (Robins-Browne, 1997; Cosano and Garcia-Gimeno, 2003).

4.2.6 Growth and survival in food

The ability to propagate at refrigeration temperature in vacuum-packed foods with a
prolonged shelf-life is of considerable significance in food safety. Refrigeration reduces the
multiplication capacity of Y. enterocolitica but does not inhibit it completely. Growth at low
temperatures depends on other factors, mainly on pH. In neutral pH, good growth is
observed, but in a slightly acidic pH (5.4) growth is very little. The organism may survive,
can withstand freezing and survive for extended periods in frozen food, even after repeated
freezing and thawing. Studies of the ability of organism to survive and grow in artificially
contaminated foods under various conditions of storage have shown that this microorganism
generally survives better at room temperature and refrigeration temperatures than at
intermediate temperatures (Feng and Weagant, 1994; Robins-Browne, 1997; Cosano and
Garcia-Gimeno, 2003; Nesbakken, 2006).

According to many reports, the ability of Y. enterocolitica to compete with other
psychrophilic organisms normally present in foods may be poor (Stern et al., 1980a;
Fukushima and Gomyoda, 1986). In contrast, a number of studies have shown that
Y.enterocolitica is able to multiply in foods kept under chilled storage and might even compete
successfully (Hanna et al, 1977; Stern et al, 1980b; Grau, 1981; Gill and Reichel, 1989).

Y. enterocolitica persists longer in cooked foods than in raw foods, probably because
of increased availability of nutrients in cooked foods due to absence of other psychrophilic
bacteria, including environmental strains of Y. enterocolitica, which in unprocessed food
may restrict the bacterial growth of the specific foodborne isolates. Presumably, proteins
and fats present in the food matrix provide a protective effect for Yersinia (Feng and

Weagant, 1994; Robins-Browne, 1997). On cooked beef or pork, the number of viable Y.
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enterocolitica may increase more than 6 log within 10 days at 7°C or within 24 h at 25° C
Increased levels of up to 5 log increments in 10—14 days have been recorded in a variety of
artificially contaminated cooked foods stored at 4°C. Much slower growth has been
reported for raw beef or pork at the afore-mentioned temperatures. Growth at 0—1°C on
pork and chicken has been observed and on raw beef kept for 10 days at 0—1°C. Growth is
slightly slower in the presence of competitor organisms but at 4°C competes better against
other psychrophilic bacteria. Moreover, DFD ("Dark Firm Dry") meat may favour the
growth of Y. enterocolitica, due to the elevated pH level and primarily the low sugar
content, a factor which may result in reduced competition with the lactobacillary flora and
the elevated pH (Kapperud, 1991). The bacterium is also able to multiply in vacuum
packed meat during refrigerated storage surviving for long periods (Kapperud, 1991; Feng
and Weagant, 1994; Robins-Browne, 1997; Cosano and Garcia-Gimeno, 2003).

Proliferation in boiled eggs, boiled fish, pasteurized liquid eggs, pasteurized whole
milk, seafoods and tofu (soybean curd) at refrigeration temperature has been reported as
well as persistence for extended periods in refrigerated vegetables and cottage cheese
(Robins-Browne, 1997). Published studies show that after experimental inoculation into
boiled eggs, pasteurized liquid eggs and boiled fish and rapid growth is observed at 4°C
growth. In milk, growth at 0-2°C after 20 days has been observed. At 4°C, in milk plate
counts reach up to 10’ CFU ml™ in 7 days, and compete well with the background flora.
Generation time at 4°C appears to be strain-dependent, varying between 16 and 26 h in
pasteurized milk, whereas growth is preceded by an extended lag time of up to 40 h.
(Cosano and Garcia-Gimeno, 2003). In seafoods, such as oysters, raw shrimp, and cooked
crabmeat, the proliferation is slower than that in pork or beef. In raw shrimp and cooked
crabmeat stored at 5°C, Yersinia grew rapidly during the first week but declined in
numbers with additional weeks of storage (Peixotto et al., 1979; Kapperud, 1991; Feng and
Weagant, 1994; Robins-Browne, 1997; Cosano and Garcia-Gimeno, 2003).

4.3 Culture and isolation

4.3.1 Cultural characteristics and growth requirements

Y. enterocolitica grows in nutrient agar forming small colonies reaching a diameter of
1-1.5 mm after 24 h and 2 or 3 mm after 48 h of incubation at 25-37°C. After 18 h they are

translucent, smooth and round with irregular edges, but after 48 h the colony morphology
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also changes: the centers become opaque with a yellow color, are elevated while the edges
become more regular, producing a "chinese hat" shape. Growth and size of the colonies
may be slightly improved by the addition of blood to the medium, although hemolysis is
not observed when grown on blood agar (Bercovier and Mollaret, 1984).Growth is
moderate in liquid media. While other Enterobacteriaceae become turbid in less than 18 h,
Yersinia yields the same turbidity only after 48 h incubation. Additionally Yersinia gives
uniform turbidity in nutrient broth and in peptone water (Bercovier and Mollaret, 1984).
Yersinia can grow at 25°C on synthetic mineral-salt media with various carbohydrates
as the energy source. When incubated at 37°C, Yersinia becomes auxotrophic and supple-
ments are required to promote growth on minimal medium (thiamine, biotin, and other
amino acids). Special growth requirements include iron and calcium in low concentration
for some virulent strains. The concentration of calcium in the medium and temperature is
critical for the expression of virulence factors of Y. enterocolitica (Bercovier and Mollaret,

1984; Wanger, 2005).

4.3.2 Enrichments and isolation procedures

The isolation of enteropathogenic Y. enterocolitica is demanding. There are several
culture methods, including some standardized reference methods, for the isolation of Y.
enterocolitica from non-human samples, relying on traditional enrichment and selective
plating protocols. Due to the heterogeneous nature of Y. enterocolitica, no single isolation
procedure appears to be optimal for recovery of all pathogenic serotypes or biotypes. Thus,
multiple enrichment and plating techniques are utilized. Nevertheless, these methods may
be proved insufficient to detect the presence of Y. enterocolitica. Factors hindering isolation
include the large number of organisms in the background flora and its advancement through
enrichment,, especially in food and environmental samples, the presence of non-pathogenic
Yersinia spp. (including Y. enterocolitica strains) in the sample, the small number of
pathogenic strains in the samples and loss of the virulence plasmid (pYV) during culture
(Mills, 2004; Nesbakken, 2006; Fredriksson-Ahomaa, 2012; Petsios et al., 2016).

The source of Y. enterocolitica can markedly affect the methods of isolation. Detection
of pathogenic isolates from asymptomatic carriers, food and environmental samples is
more difficult than from clinical specimens from infected individuals - patients with acute
gastroenteritis or organ abscesses - because in these samples enteropathogenic Yersinia are

often dominant bacteria and can readily be isolated by direct plating on a variety of
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conventional and selective enteric media. On the contrary, because the organism tends to
be present in low numbers in a complex microbial flora in asymptomatic carriers, food and
environmental samples, direct isolation, even on selective media, is seldom successful. To
increase the number of Yersinia strains in these samples, cold or selective enrichment in
liquid media prior to isolation on solid media is required (Fredriksson-Ahomaa and
Korkeala, 2003a). Several different methods available for isolation of Y. enterocolitica are

presented in Table 2.

Table 2. Methods of isolation of Y. enterocolitica most commonly used for clinical, food, and environmental samples
(partially adapted by Fredriksson-Ahomaa and Korkeala, 2003a).

Selective/Secondary Post- Serotypes
Pre-enrichment enrichment enrichment Selective agar plate recovered References
YER at 4°C for 9 days BOS at 22°C for 5 days CIN at 30°C for 24 h 0:3,0:8 Schiemann, 1982
PSB at 4°C for 8 days MRB at 22°C for 4 days CIN at 30°C for 24 h 0:3,0:8 Schiemann, 1982
o CIN at 30°C for 24 h, Doyle and Hugdahl,
PBS at 25°C for 1-3 days MAC at 25°C for 48 h All 1983
TSB at 22°C for 1 day orat | pyg 2500 for 3-5 days CINat30°C for24h | 0:3,0:8 | Schiemann, 1983
2-4°C for 4-7 days
o CIN at 30°C for 24 h, NMKL method No.
PSB at 4°C for 3-4 weeks MAC at 25°C for 48 h | Al 117 (EFSA, 2007).
PSB at 22-25°C for 2-3
days with agitation or 5 +KOH CIN at 30°C for 24 h All ISO 10273:2003
days without agitation
ITC at 25°C for 2 days 0:3 ISO 10273:2003
direct and weekly
PSB at 5£3°C for 5 weeks plating in CIN at 30°C | All Bonardi et al., 2010
for48 h
PMB at 4°C for 7 and 14 o weekly plating in CIN .
days ITC at 25°C for 2 days +KOH at 30°C for 48 h All Martinez et al., 2011
PMB at 4°C for 7 and 14 direct and weekly Van Damme et al
ITC at 25°C for 2 days +KOH plating in CIN at 30°C | All ?
days for 48 h 2013a,b

YER, yeast extract-rosebengal broth
PMB, phosphate-buffered saline supplemented with 1% mannitol and 0.15% bile salts

Advantage is taken of the psychrophilic nature of Yersinia to outgrow mesophilic

organisms such as other Enterobacteriacea at low temperatures. Consequently, cold
enrichment at 4°C for prolonged periods in different solutions has been used for isolation
of Y. enterocolitica. Typical cold enrichment methods utilize nonselective media including
phosphate-buffered saline (PBS), or PBS supplemented with 1% sorbitol and 0.15% bile
salts (PSB) or tryptose soya broth (TSB). This approach allows Y. enterocolitica to grow
while non psychrophilic bacteria gradually die off. Incubation time depends on
temperature; at 4 °C, incubation for 14-21 days is normally recommended, but this can be

shortened to 3 days by increasing the temperature to 10 °C. However, major disadvantages
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are the presence of non-pathogenic Y. enterocolitica and other psychrophilic bacteria,
which also multiply during enrichment, and the time consuming incubation period of 14 to
21 days (Fredriksson-Ahomaa and Korkeala, 2003a; Mills, 2004; Petsios et al., 2016).

Selective/secondary enrichment methods boost the selectivity and shorten the
incubation time. These incorporate selective enrichment broths with different antimicrobial
agents used as selective supplements. Various enrichment media including modified
Rappaport medium (MRM), irgasan-ticarcillin-potassium chlorate medium (ITC), bile
oxalate sorbose broth (BOS) and modified selenite medium have been developed. These
media are highly selective for some strains of Y. enterocolitica but are also quite inhibitory
for others. The most frequently used media are ITC broth and MRB. Wauters formulated
the modified Rappaport broth (MRB), containing magnesium chloride, malachite green, and
carbenicillin, in which the sample is incubated at 25°C for 2 to 4 days. Subsequently he
developed an enrichment broth derived from the modified Rappaport base, supplemented
with irgasan, ticarcillin, and potassium chlorate (ITC) (Wauters et al., 1988b). These are
inoculated either direct from sample homogenates or from cold-enriched cultures at ratios of
1 volume inoculum to 100 volumes broth, incubation typically being at 22-25 °C for 2-3
days. Both media have been useful in the recovery of strains of bio-serotype 4/0:3, which is
the most common clinical serotype of Y. enterocolitica in Europe. Enrichment in BOS, a
broth developed by Schiemann is the most effective for the recovery of serotype O:8 strains,
the common clinical isolates in North America (Feng and Weagant, 1994; Fredriksson-
Ahomaa and Korkeala, 2003a; Mills, 2004; Petsios et al., 2016).

Post-cold and selective enrichment alkali treatment often results in higher isolation
rates. Utilizing the resistance of Y. enterocolitica to alkaline conditions, treatment of cold
enrichments with alkali (potassium hydroxide KOH for some seconds) prior to streaking
on to selective agars, has been shown to significantly reduce the number of competing
microflora, making selection of Yersinia colonies less laborious (Aulisio et al., 1980).

Many different selective agar plating media have been designed for isolation of Y.
enterocolitica from naturally contaminated samples. Of the traditional enteric media, the
most widely used is MacConkey (MAC) agar, in which 1.5 to 2mm translucent, pale
nonlactose fermenting colonies are usually seen. Cefsulodin—irgasan—novobiocin (CIN)
and Salmonella—Shigella deoxycholate calcium chloride (SSDC) agar were developed
specifically for the isolation of Y. enterocolitica, comprising the two most commonly used

media for food samples. CIN agar is the most frequently used agar for naturally
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contaminated samples because of the high confirmation rate of presumptive isolates, its
high selectivity for faecal specimens and its ability to inhibit the majority of other enteric
bacteria (Head et al., 1982). However, differentiation of Yersinia from competing
organisms, such as Citrobacter, Enterobacter, Morganella, Pantotea, Providencia,
Serratia and Stenotrohomonas can be difficult (Laukkanen et al., 2010; Fondrevez et al.,
2010). On CIN agar, characteristic colonies of Y. enterocolitica are small (< 1 mm) and
smooth with a dark red centre (due to mannitol fermentation) surrounded by a translucent
zone (bull's-eye' colonies). On SSDC they are also small (< 1 mm), grey coloured, with an
indistinct rim. The use of these media is recommended at 30°C since at 37°C Yersinia
grows slowly and may be outgrown by other enteric bacteria. Furthermore, the virulence
plasmid (pYV) is unstable and may be lost spontaneously during overnight growth at 37°C
(Petsios et al., 2016).

Other selective agars, such as CAL medium (Dudley and Shotts, 1979), BABY4
(Bercovier et al., 1984) and virulent Yersinia enterocolitica (VYE) (Fukushima, 1987)
developed for isolation of Y. enterocolitica, are not extensively used and KV202 agar (Jiang
et al., 2000), are not extensively used. Three new chromogenic media have been designed to
differentiate virulent Y. enterocolitica: the Y. enterocolitica chromogenic medium (YeCM)
(Weagant, 2008), the Y. enterocolitica agar-selective chromogenic medium (YECA) (Denis
et al., 2011) and the CHROMAGgar Yersinia (CAY) (Renaud et al., 2013).

Standardized reference methods include the Nordic Committee on Food Analysis
(NMKL) method No. 117 “Yersinia enterocolitica. Detection in foods” (EFSA, 2007), the
Bacteriological Analytical Manual (U.S. FDA) method for the isolation of Y. enterocolitica
(Weagant and Feng, 2001) and most recently the International Standard Organization
method for the detection of presumptive pathogenic Y.enterocolitica (ISO 10273:2017) in

foods (International Organization for Standardization, 2017).

4.4 Biochemichal identification

Y. enterocolitica do not differ significantly from other Enterobacteriaceae in their
general metabolism. It produces acid during fermentation of glucose, fructose, galactose,
maltose, mannitol, mannose, N-acetylglucosamine and trehalose are fermented too.

Y. enterocolitica ferments carbohydrates without gas production or may produce a few
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Table 3. The main physiological and biochemical characteristics of Y. enterocolitica (Bergey’s Manual, 1984).

Characteristics
Indole production d

Methyl red +

Voges-Proskauer -

Citrate, Simmons -
Hydrogen sulfide on TSI -
Urea's, Christensen's [+]

Phenylalaline deaminase -

Lysine decarboxylase -

Arginine dihydrolase -
Ornithine decarboxylase +

Motility -

Gelatin liquefaction at 22°C -

KCN, growth in -

Malonate utilization -
D-Glucose, acid production +

D-Glucose, gas production -

Lactose -

Sucrose

D-Mannitol
Dulcitol -

Salicin d

D-Adonitol -

myo-Inositol

d
D-Sorbitol +
L-Arabinose +

Raffinose -

L-Rhamnose -

Maltose

d
D-Xylose d
Trehalose +

Cellobiose [+]

a-Methyl-D-Glucoside -

Esculin hydrolysis [-]

Melibiose -

D-Arabitol d

Mucate -

Lipase, corn oil d

Deoxyribonuclease at 25°C -

NO3_ — NOZ_ +

Oxidase, Kovac's -

ONPG (B-galactosidase) +

Yellow pigment -

D-Mannose +

Symbols: +, 90-100% of strains are positive; [+] 76-89% of strains are positive; d 26-75% of strains are positive; [-] 11-
25% of strains are positive; - 0-10% of strains are positive. The incubation temperature was 36+1°C. Data are calculated
for a 48-h incubation period unless otherwise indicated (gelatin liquefaction and deoxyribonuclease).
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bubbles after 2 or 3 days at 28°C. Acetoin is produced when incubated at 28°C but not at
37°C. Because the optimum growth temperature of Yersinia is 28-29°C, some biochemical
activities are often temperature-dependent (cellobiose and raffinose fermentation, ornithine
decarboxylase, ONPG (o-nitrophenyl-B-D-galactopyranoside)  hydrolysis, indole
production, and the Voges-Proskauer reaction) and are more constantly expressed at 28°C
rather than at 37°C. It reduces nitrate to nitrite by a type B nitrate reductase. Main
physiological and biochemical characteristics and are presented in Table 3. In addition to
these characteristics, Yersinia is able to attack polypectate in 5-7 days and starch in 3-7
days. It is neither hemolytic nor proteolytic. Lecithinase activity in Y. enterocolitica is
strain-dependent. Y. enterocolitica strains have a lipase that is active on corn oil, but only
Y. enterocolitica biovar 1 expresses a lipase-esterase that is active on Tween 80 (Bercovier
and Mollaret, 1984).

Specific identification of Y. enterocolitica requires the use of individual biochemical
utilization tests. Sharma et al. (1990) successfully used the API 20E (a commercially
available system containing more than 20 biochemical reactions in microtubes inoculated
simultaneously for species-level identification of Y. enterocolitica, Y. frederiksenii. and Y.
kristensenii using 175 stool isolates collected in Canada. Neubauer et al. (1998) compared
the API 20E, API Rapid32 IDE, Micronaut E and polymerase chain reaction (PCR) for
identification of ten different species of Yersinia using a set of 118 well-characterized
strains. API 20E had the highest sensitivity and specificity, and it was the most
cost-effective method for identification. The Vitek enteric pathogens card also correctly
identified five isolates of Y. enterocolitica (Imperatrice and Nachamkin 1993).
Identification of Y. enterocolitica can be misinterpreted due to the slow growth of the
organism at 37°C. Therefore, biochemical analysis should be performed at temperatures of
less than 30°C.

Recently the Fourier transform infrared spectroscopy (FT-IR) and matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) has been
modified and applied for the identification of Y. enterocolitica at the species and
subspecies levels. FT-IR is a technique that provides information about the total

biochemical composition of the bacterial strain (Petsios et al., 2016).
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4.5 Molecular techniques

4.5.1 Molecular detection methods

Molecular techniques have also been reported for direct detection of Y.
enterocolitica in foods. DNA fragments from the conserved calcium-dependent region of
the PYV virulence plasmid were used in colony hybridization analyses of Y.
enterocolitica in foods (Hill et al., 1983; Jagow et al., 1988). Various genes (16S rRNA
genes, virF, ail, yadA, inv and yst) have been used (Robins-Browne et al., 1989; Miliotis
et al., 1989; Kapperud et al., 1990; Nkajima et al., 1992; Ibrahim et al., 1992; Feng et al.,
1992; Rasmussen et al., 1994; Vishnubhatla et al., 2000; Wannet et al., 2001) but many
of the studies reported problems with reduced sensitivity because of the presence of
inhibitors in the food matrix or because of the low numbers of organisms present. More
recent approaches combining initial enrichment (which dilutes the inhibitors as well as
allowing multiplication of Y. enterocolitica) and PCR, have been developed to detect low
concentrations of Y. enterocolitica in food samples with both conventional PCR and real-
time PCR, seem to be more successful (Rossen et al., 1992; Bhaduri and Cottrell, 1998;
Lantz et al., 1998; Vishnubhatla et al., 2000; Lambertz-Thisted et al., 2000).

However, it is important to note that PCR does not distinguish between viable and
non-viable organisms and in a food microbiology diagnostic laboratory there is high risk of

false-positives from cross-contamination between samples.

4.5.2 Molecular typing methods

Multiple molecular typing techniques have been used for Y. enterocolitica. DNA=+
DNA hybridization, pulsed-field gel electrophoresis (PFGE), restriction fragment length
polymorphism (RFLP), ribotyping, amplified fragment length polymorphism (AFLP),
PCR-ribotyping, randomly amplified polymorphic DNA (RAPD), Repetitive Extragenic
Palindrome (REP) and Enterobacterial Repetitive Intergenic Consensus (ERIC) sequences,
multiple-locus variable-number tandem repeat analysis (MLVA), multilocus sequence
typing (MLST) and whole genome sequencing (WGS). MLVA has been shown to be more
discriminatory in Y. enterocolitica strains which were identical by other typing schemes
including PFGE and is highly applicable in detecting both sporadic and outbreak-related
strains. Moreover, MLVA is less time-consuming, less labor-intensive than PFGE and the

results are easier to analyse. The better discrimination power of MLVA and WGS for Y.
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enterocolitica isolates compared to other genotyping methods, and a future cost reduction
of these methods will make their use more widespread (Petsios et al., 2016). Additionally,
two serotype PCR procedures were developed, targeting the rfbC gene in Y. enterocolitica
serotype O:3 (Weynants et al., 1996a) and the per gene in Y. enterocolitica serotype O:9
(Jacobsen et al., 2005).

4.6 Bio-serotypes

Y. enterocolitica is highly heterogeneous being divided into a large number of
subgroups (biotypes and serotypes), chiefly according to biochemical activity and
lipopolysaccharide (LPS) O antigens. Biotyping and O-serotyping are both used to type
isolates associated with human disease and strong associations between specific biotypes

and serotypes are recognized.

4.6.1 Biotypes

Biotyping is based on its ability to metabolise selected organic substrates and provide
a convenient means to subdivide this species into subtypes of variable clinical and
epidemiological significance. According to Bercovier’s biogrouping scheme (Bercovier et
al., 1978, 1980c) five biotypes have been established, whereas in the recent and usually
applied revised biogrouping scheme (Wauters et al., 1987), there are six biotypes: 1A, 1B,
2,3,4and 5.

Table 4. Biogrouping scheme of Y. enterocolitica. Bercovier et al. (1978, 1980c).

Bercovier et al., 1980c Bercovier et al., 1978
Biochemical test 1 2 3 4 5 3A 3B
Lipase + B B ) ) ) )
Dnase B - - + + + +
Indole + * B ) ) ) )
D-Xylose + * + ) ) ) )
Sucrose + + + + A% + +
D-Trehalose + + + + + ) +
Nitrate + * + + + ) +
Voges-Proskauer B B
Sorbose/Inositol + B
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Biotypes 1B and 2-5 include strains that are associated with disease in man and
animals (biotype 5 has only been isolated from animals and the environment) when biotype
1A is regarded non-pathogenic. Strains of biotype 1A are generally obtained from
terrestrial and freshwater ecosystems and are often referred to as environmental strains.
However, strains of biotype 1A have constituted a sizeable fraction of strains from patients
with gastroenteritis (Burnens et al., 1996; Tennant et al., 2003). Not all isolates of Y.
enterocolitica obtained from soil, water, or unprocessed foods can be assigned to a biovar.
These strains invariably lack the characteristic virulence determinants of the primary
pathogenic Yesinia and may represent novel non-pathogenic subtypes or even new
Yersinia species. Biotype 5 has only been isolated from animals and the environment
(Robins-Browne R.M., 1997; Barton, 2002; Fredriksson-Ahomaa, 2007).

The most frequent Y. enterocolitica biotype obtained from human clinical material
worldwide is 4. Biotype 1B bacteria are usually isolated from patients in the United States
and are referred to as American strains, although they have also been identified in a
number of countries in Europe, Africa, Asia and Australia. Biovar 1B strains appear to be
inherently more virulent than of other pathogenic biotypes and have been identified as the
cause of several foodborne outbreaks of yersiniosis in the United States (Robins-Browne

R.M., 1997).

Table 5. Revised biogrouping scheme of Y. enterocolitica. Wauters et al. (1987).

Biotypes

Biochemical test 1A 1B 2 3 4 5 6
Lipase (Tween esterase) + + - - - - -
Esculin +/- - - - - - -
Salicin (24 h) + - - - - - -
Indole + + (+) - - - -
Xylose + + + + \Y \Y4 +
Trehalose + + + + + _ +
Pyrazinamidase + - - - + - +
B-D-Glucosidase + - - R
Voges-Proskauer + + + +/-© + ) .

* Some delayed +.
* () = Delayed reaction; V = variable reactions.
¢ Biotype of serotype O:3 found in Japan.
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4.6.2 Serotypes

Y. enterocolitica isolates are distinguished serologically based on antigenic variation
in cell-wall lipopolysaccharide (LPS) O-polysaccharides (O-PS; O-antigen), capsules (K-
antigens) and flagellae (H-antigens). The O-antigens are the major antigenic factors
responsible for the serological properties. At least 18 flagellar (H) antigens designated by
lowercase letters (a,b; b,c; b,c,e,f,k; m, etc.), have been identified, but complete antigenic
characterization of isolates by O and H serotyping is rarely attempted (Robins-Browne,
1997, Barton, 2002; Bialas et al., 2012).

Wauters et al. originally devised a scheme of 30 serotypes based on 34 antigenic
factors. This was expanded later to add 20 more serotypes, but later many Y. enterocolitica
like organisms were reclassified into separate species (Weagant and Feng, 2001) (Table 6).
Therefore, it was proposed a revised and simplified typing scheme of Y. enterocolitica into
18 serotypes containing 20 somatic factors (Aleksic and Bockemuhl, 1984). Moreover,
numerous non typeable strains have been recovered, especially from environmental

sources (Bottone, 1997).

Table 6. Relationship between O serotype and pathogenicity of Y. enterocolitica and related species (Robins-
Browne, 1997).

Species Serotypes®

Y.enterocolitica

Biotype 1A | 0:4; O:5; 0:6,30; 0:6,31; 0:6,30; 0:7.8; 0:7,13; 0:10; O:14; 0:16; 0:21; 0:22;

0:25; 0:37; 0:41,42; 0:46; O:47; O:57; NT

Biotype 1B 0:4,32; 0:8; 0:13a,13b; 0:16; 0:18; 0:20; 0:21; O:25; 0:41,42; NT

Biotype 2 0:5,27; 0:9; O:27

Biotype 3 0:1,2,3; 0:3; 0:5,27

Biotype 4 0:3

Biotype 5 0:2,3

Y.bercovieri 0:8; 0:10; 0:58,16; NT

Y.frederiksenii 0:3;0:16; 0:35; 0:38; O:44; NT

Y.intermedia 0:17; 0:21,46; O:35; 0:37; 0:40; 0:48; O:52; O:55; NT

Y. kristensenii 0:11; 0:12,25; 0:12,26; O:16; 0:16,29; 0:28,50; 0:46; O:52; 0:59; O:61; NT
Y.molaretii 0:3; 0:6,30; 0:7,13; 0:59; 0:62,22; NT

a NT, not typeable. Serogroups which include strains considered to be primary pathogens are in boldface.
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Although serotyping has been used extensively to study the epidemiology of Y.
enterocolitica, preparing monospecific antisera to a number of antigenic types is a tedious
and technically demanding procedure. Commercially, antisera to only a few serotypes such
as 0:3, 0:5, O:8 and O:9 are available and as a consequence detailed serotyping of Y.
enterocolitica, for most part, is carried out in reference laboratories. (Barton, 2002;
Fredriksson-Ahomaa, 2012).

Since several O-antigens, including O:3, O:8, and O:9 have been recovered from non-
pathogenic “avirulent” biogroup 1A Y. enterocolitica strains (Chiesa et al., 1993) and
different Yersinia species, the pathogenic potential of a Y. enterocolitica isolate should be
based on both serotype and biotype. For instance, serogroup O:8 antigen has been detected
among Y. bercovieri isolates and serogroup O:3 antigen has been detected among Y.
frederiksenii and Y. mollaretii isolates (Robins-Browne, 1989; Bottone, 1997, 1999;
Fredriksson-Ahomaa, 2007). Potential cross-reactions may occur with other members of
the Enterobacteriaceae, e.g., Morganella morganii and Salmonella spp. and between
serogroup O:9 Y. enterocolitica and Brucella abortus and Brucella melitensis, and between
serogroup O:3 and Rickettsia spp. (Corbel, 1975; Weynants et al., 1996b; Bottone, 1997;
Chenais et al., 2012).

Y. enterocolitica may be separated into approximately 60 serogroups of which only 11
serotypes have been most frequently associated with human infection (Table 7). Of these,
the majority of infections on a worldwide basis are caused by serotypes O:3, O:9, 0:5,27
with a declining number of O:8 isolations from symptomatic patients. The O:3 serotype is
most frequently isolated from humans worldwide, the O:9 serotype is found in Northern
Europe and O:8 in United States and Canada, while O:5,27 is more widely distributed.
Strains of serotypes 0:4,32; 0:8, 0:13; 0:18; 0:20 and O:21 are also considered
“American” serotypes and along with O:8 are the most virulent compared to other
serotypes associated with human diseases, predominantly in the United States and Canada

(Feng and Weagant, 1994; Bottone, 1997, 1999; Fredriksson-Ahomaa, 2007).
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Table 7. Association of Y. enterocolitica with biotype, serotype, and ecologic and geographic distribution (Bottone,

1999; Fredriksson-Ahomaa, 2007).

Associated
with human
infections Biotype | Serotype(s) Ecologic distribution Geographic distribution
Yes 1B 0:4,32 Man United States
0:8 Man, pig, wild rodents Europe, Japan, North America
0:13a,13b Man, monkey North America
0:18 Man United States
0:20 Man, rat, monkey United States
0:21 Man, rat flea North America
Australia, Europe, Japan,
2 0:5,27 Man, pig, dog, monkey North America
Australia, Canada, Europe,
0:9 Man, pig, dog, cattle, goat, | Japan
dog, cat, rat
3 0:1,2,3 Chinchilla Europe, United States
0:3 Man, pig, dog, Japan
Man, pig, dog, rabbit, rat Korea
Australia, Europe, Japan,
0:5,27 Man, pig, dog, monkey North America
4 03 Man, pig, dog, cat, rat Europe, Japan, United States,
North America, South Africa
5 0:2,3 Hare, goat, sheep, Europe, Australia
rabbit, monkey
0:5; 0:6,30; Environment, pig, food,
No? 1A 0:7.8; water, Global
0:18; 0:46,
NT animal and human feces

However, this geographical distribution may not be strict, since serotype O:9 has been
isolated in the United States (Bisset et al., 1990) and isolations of serotype O:8 also have
been reported from Europe and Asia (Ichinohe et al., 1991; linuma et al., 1992; Hosaka et
al., 1997). In addition, there appears to be a marked increase in incidences of O:3 in
clinical infections in the United States (Bottone, 1983; Bisset, 1990). Non-pathogenic
strains of serotypes O:5; 0:6,30; 0:6,31; 0:7,8; 0:10, O:18; O:46 and non-typable strains
are distributed worldwide and are predominantly isolated from the environment, water,

feces, and food (Bottone, 1999).
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5 Epidemiology

The healthcare sector has to deal with various infections that despite being infrequent,
they have considerable impact on health care. Y. enterocolitica is a zoonotic bacterial
species discovered more than 65 years ago, but prior to the 1960s, it was not considered as
a veterinary or human pathogen. However, in thel960s, as Y. enterocolitica infections
increased it was recognized as causative agent of foodborne gastrointestinal infections.
Although the infections of Y. enterocolitica have been found to be relatively infrequent;
outbreak reports have been evidenced in China, Norway, Finland, Japan, and the United
States. Studies highlight that the small household infection clusters might be higher than
the known cases.

Y. enterocolitica infections are commonly linked to pigs as they are considered the
primary reservoirs, while raw pork products act as significant infection transmitters. Y.
enterocolitica infections in different countries have different sources e.g in Norway they
have been linked to undercooked sausage products, pork and untreated water, whereas in
the United States they have been associated with contaminated tofu and pasteurized milk
(Ostroff et al., 1994). The Centre for Disease Prevention and Control (CDC) estimates that
Y. enterocolitica in the US alone causes about 117,000 illnesses, over 6000 hospitalizations
and about 35 deaths annually (CDC). Y. enterocolitica has attracted health concerns due to
the elevated rates of infections in both developed and developing nations. In the following
pages the epidemiology and pathogenesis of Y. enterocolitica will be described focusing on

the sources of infection and routes of transmission.

5.1 Sources of infection

5.1.1 Pigs

Pigs are considered the major reservoir for pathogenic Y. enferocolitica involved in
human infection. Pigs are asymptomatic carriers of human pathogenic Y. enterocolitica
which is located in their tonsils and intestines, and can lead to contamination of the carcass
during slaughtering. Y. enterocolitica of bio-serotype 4/0:3 (the variety most commonly
associated with human disease) has been found to be the predominant bio-serotype in
asymptomatic pigs (Tauxe et al., 1987; Bottone, 1999; Fosse et al., 2009; Huovinen et al.,
2010; EFSA 2012). Serotype O:3 has been almost exclusively isolated with different
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degree of frequency from pigs in many European countries, like Denmark (Christensen,
1980; Andersen, 1988; Nielsen and Wegener, 1997), Finland (Fredriksson-Ahomaa et al.,
1999, 2000a, 2000b, 2003b; Korte et. al., 2004; Laukkanen et. al., 2010), Norway
(Nesbakken et al., 1985, 1988, 2003, 2006b; Skjerve et al., 1998), the Netherlands (De
Boer, 1991, 2008), Switzerland (Fredriksson-Ahomaa et al., 2007a), Great Britain
(McNally et al., 2004; Milnes et al., 2008; Martinez et al., 2010), Belgium (Wauters, 1979;
Wauters et al., 1988b; Martinez et al., 2011; Van Damme et al., 2013; Vanantwerpen et al.,
2014), France (Fondrevez et al., 2010, 2014), Germany (Fredriksson-Ahomaa et al., 2001a,
2003b, 2010a; Gurtler et. al., 2005; Bucher et. al., 2008), Estonia, Latvia and Russia
(Martinez et al., 2009), Lithuania (Novoslavskij et al.2012, 2013), Poland (Platt-Samoraj
et. al., 2006; Kot et al., 2007), Croatia (Zdolec et. al., 2014), Spain (Martinez et al., 2011),
Italy (Bonardi et al., 2003, 2007, 2014; Martinez et al., 2011) and Greece (Giourka —
Papavasileiou, 1982; Kansouzidou et al., 1995; Kechagia et al., 2007).

Pigs may also be asymptomatic carriers of serovars O:9 and 0:5,27. Serotype O:9 is
not commonly found among European pigs and has sporadically been isolated in Great
Britain, Ireland, Belgium, Switzerland, Germany and Italy (Bonardi et al., 2003, 2007,
McNally et al., 2004; Gurtler et al., 2005; Fredriksson-Ahomaa et al., 2007a; Milnes et al.,
2008; Martinez et al., 2010, 2011; Bolton et al., 2013). Serotype O:5,27 of Y. enterocolitica
was the most common bio-serotype isolated among pigs in Great Britain (McNally et al.,
2004; Milnes et al., 2008; Martinez et al., 2010), which was reported though in lower
prevalence, from Switzerland, Poland, Italy and Greece (Kansouzidou et al., 1995;
McNally et al., 2004; Platt-Samoraj et al., 2006; Fredriksson-Ahomaa et al., 2007a; Milnes
et al., 2008; Martinez et al., 2010, 2011).

Serovar O:8 biovar 1B, which used to be considered the most common human
pathogenic strain of Y. enterocolitica in the US and in Western Canada, has rarely been
reported in pigs (Nesbakken, 2006). Doyle et al (1981), were the first to isolate. Serovar
0:8 from porcine tongues in USA, while in Canada this serotype was isolated from pig
intestines (Letellier et al., 1999).

Various serovars have been reported from pigs’ isolation worldwide. Serotypes O:3,
0O:5 and O:9 in Canada (Letellier et al., 1999; Thibodeau et al., 1999; Pilon et. al., 2000;
Farzan et al., 2010) and USA (Doyle et al., 1981; Funk et al., 1998; Bhaduri et al., 2005,
2006; Bowman et al., 2007; Wesley et al., 2008), O:5 and O:8 in Argentina (Escudero et
al., 1995; Favier et al., 2014), O:3 and O:9 in China (Zheng and Xie, 1996; Wang et al.,
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2009; Liang et al., 2012) and Nigeria (Okwori et al., 2009), O:3 in Japan (Fukushima et al.,
1983a; 1997), in New Zealand (Hudson et al., 2008), Chile (Borie et al., 1997), Brazil
(Falcao et al., 2003; Rusak et al., 2014) and Ivory Coast (Atobla et al., 2012).

Fattening pigs are the most common asymptomatic carriers of human pathogenic
strains carrying Y. enterocolitica 4 /O:3 in their tonsils as documented by surveillance
studies at slaughter (Korte et al. 2004; Fredriksson-Ahomaa et al. 2007a; Bucher et al.
2008; Martinez et al. 2009). A close genetic relationship between pig and human Y.
enterocolitica 40:3 strains has been demonstrated by pulsed-field gel electrophoresis
(PFGE) (Fredriksson-Ahomaa et al. 2006b). Laukkanen et al. (2009) have demonstrated
with PFGE that the Y. enterocolitica 40:3 strain isolated from pig tonsils at slaughter
originates from the farm where the pig was infected during the fattening period. The
prevalence of pigs excreting Y. enterocolitica into feces is highest at around 12-21 weeks
of age, after which the shedding decreases gradually (Laukkannen, 2010; Virtanen et al.,
2011). The prevalence of Y. enterocolitica in pigs varies among farms, indicating that there
are some factors affecting the prevalence of the pathogen within the farms. Factors
associated to the within-farm prevalence in pigs have been investigated in several studies
indicating both environmental and pig-to-pig transmission (Laukkannen, 2010; Virtanen et
al., 2011). Also Y. enterocolitica has been isolated from sows but the prevalence is
significantly lower compared to young fattening pigs, possibly due to natural resistance
and sows may be the main source of infection in piggeries (Virtanen et al., 2011).
Enteropathogenic Y. enterocolitica strains have occasionally been isolated from pig farm
environments particularly from farms with high prevalence of pathogenic Y. enterocolitica
in pigs (Laukkannen, 2010).

At the age of slaughter, significant numbers of fattening pigs already are
asymptomatic carriers of the pathogen in their oral cavity and pharynx (mainly tonsils and
tongue), lymph nodes and intestines from where contamination is spread to the carcases
during the evisceration process at slaughter, particularly when the head is not removed and
handled separately (Borch et al., 1996; Laukkanen et al., 2009, 2010; Virtanen et al.,
2011). At slaughter, the prevalence of pathogenic Y. enterocolitica in tonsils can be 73
times higher than in the feces suggesting that this tissue is a more important contamination
source than intestine (Laukkannen, 2010). The contamination of tonsils is largely linked to

the fact that Y. enterocolitica feeds on lymphoid tissue (Liang et al., 2012).
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5.1.2 Other animals

Y. enterocolitica has also been isolated from domestic and pet animals as well as from
wild animals. The organism has been isolated from the feces of cattle (Fukushima et al.,
1983b; McNally, et al. 2004; Bonardi et al., 2007; Milnes et al. 2008), sheep and goats
(Slee and Button, 1990; Slee and Skilbeck, 1992; McNally, et al. 2004; Lanada et al. 2005;
Milnes et al. 2008; Soderqvist et al., 2012; Joutsen et al., 2016), chicken (Kechagia et al.,
2007), dogs and cats (Nikolova et al., 1978; Fukushima et al., 1984; Fantasia et al., 1985;
Kansouzidou et al., 1987; Fenwick et al., 1994; Fredriksson-Ahomaa et al., 2001b; Murphy
etal., 2010; Wang et al., 2010; Stamm et al., 2013), deers (Syczylo et al., 2018), wild boars
(Fredriksson-Ahomaa et al., 2011), rodents (Iinuma et al., 1992; Hayashidani et al., 1995;
Backhans et al., 2011; Oda et al., 2015; Joutsen et al., 2017) and primates (Iwata et al.,
2005; Iwata et al., 2010).

5.1.2.1 Food animals

Positive tests in serological control programs for brucellosis in brucellosis-negative
cattle have in some cases proved to be cross-reactions against Y. enterocolitica serotype O:9
indicating that cattle can be asymptomatic carriers of this serotype (Bonardi et al., 2007).

In Great Britain Y. enterocolitica BT 1A strains have also been isolated from cattle and
sheep (McNally et al., 2004). In another British study BT 1A strains were found in 4.5% of
the studied cattle, 5% of the sheep and 5% of pigs at slaughter (Milnes ef al. 2008). In
Sweden, nonpathogenic Y. enterocolitica biotype 1A has been recovered from sheep
(Soderqvist et al. 2012). In New Zealand the goats have been recognized as a reservoir of
BT 1A (Lanada et al. 2005; Arnold et al. 2006). Also, 60% of that goat farms found to be
positive for Yersinia, and the majority of isolates belonged to bio-serotype 5/0:2,3. It has
been observed that the prevalence of Y. enterocolitica in goats declines as their age
increases and similar trend has been noticed in pigs as well. Pathogenic Y. enterocolitica
was isolated mainly from young goats below one year of age (Lanada, 2005). Enteritis in
sheep and goats due to infection with Y. enterocolitica biotype 5 (serotypes O:2,3) has been
reported in Australia (Slee and Button, 1990). Recently, pathogenic Y. enterocolitica
serotype O:3 has been detected in hunted wild alpine ibex in Switzerland (Joutsen et al.,
2012). In USA, New Zealand, Sweden and Finland strains of very rare bio-serotypes, such
as bio-serotype 5/0:2,3, have been isolated from sheep and goats (Slee and Button, 1990;
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Lanada et al. 2005; Soderqvist et al., 2012; Joutsen et al., 2016). In chicken, Y.
enterocolitica serotypes O:3 and O:9 have been isolated in Greece (Kechagia et al., 2007).

5.1.2.2 Dogs and cats

Occasionally, pathogenic Y. enterocolitica strains, mostly of bio-serotype 4/0:3, have
been isolated from dogs and cats (Nikolova et al., 1978; Fukushima et al., 1984; Fantasia et
al., 1985; Kansouzidou et al., 1987; Fenwick et al., 1994; Fredriksson-Ahomaa et al.,
2001b; Stamm et al., 2013). Dogs excrete this organism in feces for several weeks after
infection. Thus, pets can be a source of human infections because of their close contact
with people, particularly with young children (Fenwick et al., 1994; Fredriksson-Ahomaa
et al.,, 2001b). PFGE analysis of the pathogenic strains from dogs belonging to farmers
showed that they shared the same patterns as strains from diarrhea patients indicating that
the strains from domestic dogs have a close correlation with the strains causing human
infections (Wang et al., 2010). Murphy et al., (2010) reported the first isolation of biotype
1A strains from canine tonsils thus implicating the oral cavity of dogs as a potential

reservoir for this human pathogen.

5.1.2.3 Rats and primates

Wild rodents have been found to be reservoirs for Y. enterocolitica 1B/O:8 strains in
Japan (Iinuma et al., 1992; Hayashidani et al., 2003; Oda et al., 2015). Another study in
Japan yielded similar patterns by restriction enzyme analysis of the virulence plasmid Y.
enterocolitica O:8 strains among isolates from human patients and wild rodents indicating
the important role of wild rodents as a source of human Y. enterocolitica O:8 infection
(Hayashidani et al., 1995). Y. enterocolitica bio-serotype 4/0:3 strains isolated from rodent
and pig samples, and compared by PFGE revealed high similarity, which may indicate
rodents as vectors transmiting pathogenic Y. enterocolitica to pigs, acting as carriers rather
than as reservoirs, spreading the bacteria within the farm, especially between different
batches of pigs in all-in/all-out systems (Backhans et al., 2011). Joutsen et al. (2017)
highlighted the small wild animals as a reservoir of Yersinia carrying ail gene isolates.

The first report of fatal cases of Y.enterocolitica serovar O:8 infection in monkeys has
been reported in Japan (Iwata et al., 2005). Two fatal cases of Y. enterocolitica bio-serotype
4/0:3 infection in monkeys were reported in Croatia in which cases the ingestion of raw

pork was suspected to be the source of the infection (Fredriksson-Ahomaa et al., 2007b).
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5.1.3 Food

Y. enterocolitica infection has mainly been linked to ingestion of contaminated foods.
It has been isolated from many foods, including beef, pork, minced meat, poultry, turkeys,
oysters, fish, crabs, raw and pasteurized milk, powdered milk, chocolate milk, cottage
cheese and tofu (cheese-like food made of curdled soybean milk), chow mein dishes
(chicken, pork, beef, shrimp or tofu served with fried noodles), eggs, pasteurized liquid
eggs, vacuum-packed meat, boiled fish, mushrooms, carrots, lettuce, mixed salad and bean

sprouts (especially mung beans, lentils, or edible soybeans).

5.1.3.1 Pork

Pigs from enteropathogenic Yersinia-positive farms carry the pathogens to the
slaughterhouse in their tonsils and intestines (Laukkanen, 2010). During the slaughter
process, the surface of carcasses may become contaminated from feces and tonsils,
particularly when the head is not removed and handled separately. Pathogenic Y.
enterocolitica is frequently isolated from the surface of the organs and carcasses of the
slaughtered pigs (Laukkanen, 2010). Meat inspection procedures concerning the head, in
particular incision of submaxillary lymph nodes, also appear to represent a cross-
contamination risk at slaughtering (Laukkanen-Ninios et al., 2014). Being a psychrophilic
microbe, Y. enterocolitica is able to multiply along the cold-chain from the slaughterhouse
to home refrigerator and thus can be transmitted from slaughterhouses to meat processing
plants and then to retail level via contaminated pig carcasses and offal (Fredriksson-
Ahomaa et al., 2001b). Cross contamination from offal and pork will occur directly or
indirectly via equipment, air and food handlers in slaughterhouses, retail shops and
residential kitchens. Pork is likely to be an important vehicle of human infection because
they are the only farm animals intended for human consumption that frequently harbour Y.
enterocolitica 4/0:3, the bio-serotype that is isolated from human yersiniosis cases
(Fredriksson-Ahomaa and Korkeala, 2003). The apparent scarcity of Y. enterocolitica
infection in Moslem countries also supports the potential role of pork as a vehicle of Y.
enterocolitica transmission to humans (Kapperud et al., 1991).

The observed prevalence of Y. enterocolitica in pork meat and products in different
countries varies from 0.3% in Germany to 44.4% in New Zealand (Fukushima, 1985;

Wauters, et., 1988; Nesbakken et al., 1991; Fukushima et al, 1997; Fredriksson-Ahomaa et
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al, 1999, 2000b, 2001a, 2001b; Johannessen et al., 2000; Fredriksson-Ahomaa, 2001;
Mayrhofer et al., 2004; Bonardi et al., 2003, 2007, 2010, 2013; Lindbland et al., 2007;
Hudson et al., 2008, Gousia et al., 2011; Van Damme et al., 2013, 2015).

Indirect evidence considering pork and pork products indicates that there is an important
link between consumption of raw, undercooked, or improperly handled pork product and
human Y. enterocolitica infections. This positive correlation has been demonstrated in case-
control studies in Belgium (Tauxe et al., 1987) and Norway (Ostroff et al., 1994). Pork has
been implicated in sporadic cases of yersiniosis and has also been identified as the cause of
community outbreaks. Seasonal variation has been noted throughout the world with a
tendency to occur mostly during winter months in colder climates (Bottone, 1999).

The first Japanese case of Y enterocolitica O:8 infection was linked to consumption of
imported raw pork (Ichinohe ef al, 1991). In the United States, after 1988, several
outbreaks of serotype O:3 infections among infants were attributed to chitterlings (pig
intestines), in which cases bacteria were transmitted from raw chitterlings to affected
children through the hands of food handlers (Lee et al., 1990). A case-control study
showed that household preparation of chitterlings was significantly associated with illness
(Jones, 2003). In 2006, the first outbreak of Y. enterocolitica O:9 in Norway was
investigated and involved 11 persons after ingesting traditional pork products consumed
during the Christmas holidays (Grahek-Ogden et al., 2007). Another O:3 outbreak due to
pork meat consumption occurred in January 2002 on an oil tanker during its return test
voyage from Croatia to Trieste and involved 18% of the crew members and workers
(Babic-Erceg et al., 2003). A study of Y. enterocolitica enteritis in children in Crete
revealed that the recorded winter peak is associated with the traditional consumption of

homemade pork sausages (Galanakis et al., 2006).

5.1.3.2 Beef and poultry

There are few studies on the detection of Y. enterocolitica in beef and poultry. In Japan
Fukushima et al (1985) isolated biotype 1 strains from poultry (58,3%) and beef (56,7%)
samples. Vishnubhatla et al. (2001), found a high occurrence of yst-positive Y. enterocolitica
in 31% of ground beef samples. In Spain Y. enterocolitica was detected in 55% of poultry
meat samples and out of 68 isolates 45 belonged to biotype 1A, three to biotype 3 and two of
the biotype 3 strains were found to be presumptively virulent according to biochemical tests

(Capita et al., 2002). Studies in Brazil have reported isolations of Y. enterocolitica from raw
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beef (80%) and chicken (60%) (Cosano and Gimeno, 2003). In Austria Mayrhofer et al.
(2004) found Y. enterocolitica in 31, 9% beef samples three of which belonged to O:3
serotype, while chicken (44, 9%) and turkey (47,6%) meat samples did not share a
pathogenic serovar. In Italy 26 (32.5%) of 80 chicken meat samples were contaminated by Y.
enterocolitica and a total of 32 strains, of which 31 (96.9%) were biotype 1A, and 1 (3.1%)
was biotype 2 (0:9). Interestingly a 1A isolate carried the yadA plasmid-borne gene
(Bonardi et al., 2010). A study in Iran found Y. enterocolitica in 16% and 9,5% in chicken
and beef samples respectively (Dallal et al., 2010). In Iran Sharifi-Yazdi et al. (2011) tested
190 samples of poultry meat and 189 samples of beef meat and found Y. enterocolitica in 30

(62,5%) samples of poultry and 18 (37,5%) samples of beef meat.

5.1.3.3 Milk and products

Y. enterocolitica has been found in raw milk from cows and goats (Hughes, 1980; Vidon
and Delmas, 1981; Moustafa et al., 1982; Greenwood et al., 1990; Kansouzidou-Kanakoudi
et al., 1990; Soltan-Dallal et al., 2004; Bonardi et al., 2018), as well as from pasteurized cow
milk (Gousia, 2008). Since the microorganisms will not survive pasteurization,
contamination of milk by Yersinia can be attributed to malfunctioning of the pasteurization
process leading to inadequate treatment or post-process contamination (Moustafa et al.,
1982; Greenwood et al., 1990). Also, the reduction of psychrophilic bacteria in milk
after pasteurization would enable a poor competitor and opportunistic pathogen such as Y.
enterocolitica to grow better in pasteurized than in raw milk (Bari et al., 2011).

An outbreak at a summer camp in New York, involved 53% of campers and staff
members, seven of which required hospitalization while five underwent appendectomies
before the disease was identified as yersiniosis. Y. enterocolitica O:8 was isolated from
humans, a milk suspension made from powdered milk and a milk dispenser (Shayegani et
al.,, 1983). In 1995, another outbreak of Y. enterocolitica O:8 infections occurred in
Vermont and New Hampshire was associated with the consumption of bottled pasteurized
milk from a local dairy, even if the exactly route of contamination was not determined.
Milk bottles were likely contaminated by rinsing with untreated well water prior to filling
(Ackers et al., 2000). Another culture-confirmed case of infection associated with
pasteurized milk was reported in Pennsylvania in July 2011, isolates from both food
samples and clinical cases were indistinguishable by pulsed-field gel electrophoresis

(Voorhees et al., 2011; Longenberger et al., 2014).
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5.1.3.4 Vegetables and fruits

There are reports of yersiniosis human cases due to the ingestion of vegetable and fruit
products (fresh salads, fresh juices, smoothies etc) that usually were prepared from fresh
produce fertilized with organic material (e.g. farm animals’ manure). The risks posed by
pathogenic bacteria infestating fresh vegetable and fruit food products have increased in
recent years, because of the increased numbers and wider availability of minimally processed
vegetable products (wheat germ, bean sprouts, fresh salads) or cold-pressed fruit juices that
are not thermally processed. Such products contain almost all the microorganisms existing
on the raw materials used for their production and storage under refrigerated conditions is
favouring growth of Yersinia (Zadernowska et al., 2014). Y. enterocolitica has been found in
fresh and ready to eat green vegetables (Kansouzidou-Kanakoudi and Daneilides, 1994; Lee
et al., 2004; Xanthopoulos et al., 2010; Losio et al., 2015).

Sakai et al. (2005) reported a foodborne outbreak of Y. enterocolitica O:8 in Japan
where the same PFGE pattern was obtained from all the patient and mixed salad isolates.
In March 2011 an investigation was carried out to study a geographically widespread
outbreak involving 21 cases of Y. enterocolitica O:9 infection with similar profiles
produced by MLVA (multiple-locus variable number tandem repeats analysis). In this
outbreak the possible source of contamination was bagged salad mix containing “radicchio
rosso” imported from Italy and as a result of the investigation, the products of a specific

brand were withdrawn from the market (MacDonald et al., 2011).

5.1.3.5 Water and envrironment

Most of the Y. enterocolitica isolates recovered from environmental samples, including
slaughterhouses, butcher shops, fodder, soil, and water have been non-pathogenic in
nature. However, strains of bio-serotype 4/0:3 have occasionally been isolated from
slaughterhouses, butcher shops, potable well-water and sewage water (Fredriksson-
Ahomaa, 2007). Y. enterocolitica can survive for long periods in sterile distilled water,
sterile river water and physiological saline. Y. enterocolitica can survive better in cold soil
and clean surface waters than in warm water or soil. Non-pathogenic Y. enterocolitica
serotypes survive longer in water and soil than pathogenic serotypes, the latter being rarely
isolated from the environment, thus suggesting that the environment is not a significant
reservoir for pathogenic strains. Nevertheless contaminated water can serve as a vehicle for

pathogenic Y. enterocolitica infecting humans (Laukannen, 2010).
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In a case-control study on sporadic cases of Y. enterocolitica O:3 in Norway between
1988 and 1990, patients were more likely than controls to report drinking untreated water
during the 2 weeks preceding the onset of illness (Ostroff et al., 1994). Two Yersinia
outbreaks have been associated with well water, the one occurring in Pennsylvania (USA)
among members of a girl scout troop after eating bean sprouts grown in contaminated well
water, the other was a familial outbreak of yersiniosis due to O:3 strain in Canada (Ostroff
et al., 1994). Another case-control study in Washington state revealed samples of tofu,
water supply and asymptomatic employees to be positive for Y. enterocolitica O:8 while
inspection of the tofu plant revealed unsanitary conditions, including poor personal
hygiene and unsanitary equipment. In Canada, an outbreak of Y. enterocolitica O:21,
affecting three out of the four members of a family was due to drinking unboiled water
obtained directly from the river beside the family’s home (Fredriksson-Ahomaa, 2007).

Falcao et al. (2004) recently tested 67 Y. enterocolitica strains isolated in Brazil from
untreated water for the presence of virulence genes. They found that all 38 strains of
serotype O:5,27 possessed inv, ail, and yst genes, suggesting that water may be responsible
for human infection with Y. enterocolitica. In another study, Y. enterocolitica O:8 strains
have been isolated from stream water in Japan, which indicate that stream water may be a

possible source for human Y. enterocolitica O:8 infections (Iwata et al., 2005).

5.2 Routes of trasmission

5.2.1 Foodborne-waterborne transmission

The most common transmission route of pathogenic Y. enterocolitica is the fecal—oral
via contaminated food and water. More often transmission occurs through the
consumption of undercooked or improperly handled cooked pork and other food products
(Fredriksson-Ahomaa et al., 2006). Epidemiological investigations have supported the
role of pork as a vehicle for Y. enterocolitica as well as case-control studies of sporadic
cases. Recently application of new subtyping methods has confirmed that edible pig offal
is an important source of Y. enterocolitica transmission between pigs and humans. Similar
genotypes of strains that were isolated from humans and were discovered with MLVA
(Virtanen et al., 2013).

As described in previous chapters (5.1.3 and 5.1.3.5) except pork, water and other

food products have been involved in yersiniosis outbreaks and case-control studies.

-44 -



However, pathogenic Y. enterocolitica have only infrequently been recovered from food
samples. This might be explained by the lack of appropriate selective methodology for
isolation of pathogenic strains. Therefore, new conventional and molecular methods have
been designed to overcome the challenges regarding detection and subtyping of Y.

enterocolitica in food (Fredriksson-Ahomaa and Korkeala, 2003; Petsios et al., 2016).

5.2.2 Direct transmission (human to human-animal to human)

Y. enterocolitica rarely causes extraintestinal disease and in such cases, direct
inoculation is assumed to be the mode of transmission. A 55 year old patient who worked
extensively with pork as a meat cutter and experienced frequent cut wounds on his hands
developed axillary abscess due to Y. enterocolitica (Kelesidis et al., 2008). In 2009, a 54 year
old construction worker reported an axillary abscess due to Y. enterocolitica contamination of
a finger pustule which was tainted by Y. enterocolitica from an environmental source
(Menzies, 2010).

Person to person transmission is not common, but Lee et al. (1990) reported
Y. enterocolitica O:3 infections in infants who were probably exposed to infection by
their caretakers who were handlers of pig intestines. This can happen when basic hygiene
and hand-washing habits are inadequate or neglected. An outbreak of diarrheal disease as
a result of Y. enterocolitica bio-serotype 1/0:5 was observed among hospitalized patients
indicating a nosocomial outbreak (Sabina et al., 2011). In Japan in July 2006, person-to-
person transmission was observed in a familial outbreak of Y. enterocolitica bio-serotype
2/0:9 the possible source being an infected carrier suffering from diarrhoea (Moriki et
al., 2010).

A direct transmission from pigs to humans was suggested by elevated serum
antibody concentrations found among people involved in swine breeding or pork
production in Finland; slaughterhouse workers and pig farmers were observed to have
elevated antibody levels to Y. enterocolitica O:3 twice as frequently as grain- or berry
farmers or randomly selected blood donors. Similar differences were also discovered
between people involved in swine slaughtering practices and office personnel in Norway
(Fredriksson-Ahomaa, 2001).

Feces and intestinal tracts of different animals including rodents (mice and rabbits),
domestic animals such as cattle, cats, sheep, pigs, and dogs as well as horses, raccoons, and

deer have been incriminated in animal to human infections (Sabina et al., 2011).
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Pathogenic Y. enterocolitica may be transmitted to humans indirectly from pork and offal
via dogs and cats (Fredriksson-Ahomaa et al., 2001b).Transmission of Y. enterocolitica
4/0:3 to pets via contaminated pork has been studied using PFGE in Finland. Cats and
dogs what were fed raw pork carried in their faeces the same PFGE genotype which was
recovered also in raw pork samples. These results show that raw pork should not be given
to pets because pathogenic isolates can easily be transmitted from highly contaminated raw
pork to pets. Dogs and cats may be an important transmission path of pathogenic Y.
enterocolitica between pigs and young children (Fredriksson-Ahomaa et al., 2006; Wang

etal., 2010).

5.2.3 Blood transfusion-associated transmission

Indirect person-to-person transmission has occurred in several instances by transfusion
of contaminated blood products. In 1975, the first incident of transfusion-associated sepsis
due to Y. enterocolitica was evidenced in Netherlands (Sabina et al., 2011). Over the years,
over 60 incidents have been reported globally. Y. enterocolitica has been found in donor
blood from healthy individuals or donors who have suffered diarrhea in the past. Such
contaminated blood sometimes caused Yersinia bacteremia and death of the recipients
(Jacobs et al., 1989). Although fatality due to post transfusion bacterial-associated sepsis is
rare (Tipple et al., 1990), blood-transfusion associated septicemia due to Y. enterocolitica
is reported to have high fatality rate. In 2003, a 71-year old patient with refractory anemia
underwent fatal septic shock after transfusion of contaminated red blood cells (RBCs), Y.
enterocolitica bio-serotype 4/0:3 was found in both the transfused RBCs and the patient’s
blood sample (Sabina et al., 2011). The investigation showed high titers of antibodies
against Y. enterocolitica in the plasma sample of the donor one month after donation.
Although the donor had complained of abdominal discomfort 3.5 months prior to the
collection of blood, symptoms of intestinal infections were not been recorded during
donation (Leclercq et al.,, 2005). Furthermore, the potential growth of virulent Y.
enterocolitica strains in blood units increase the severity of blood transfusion-associated

transmission with fatalities occurring in severe cases (Guinet, F.Carniel, & Leclercq, 2011).
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6 Pathogenesis

6.1 Virulence factors

The virulence determinants in Y. enterocolitica are positioned within the chromosome
as well as on a 70 kb virulence plasmid termed pY'V (plasmid for Yersinia virulence), that
is only detectable in virulent strains. Hence, in ensuring the achievement of the
temperature gradient linked to infection onset in pathogenesis, Y. enterocolitica bacteria
utilize both chromosomal and plasmid-associated (pYV+) virulence factors that are
temperature-dependent. The presence of pYV enables virulent Yersinia strains to survive

and multiply in lymphoid tissues of their host (Fredriksson-Ahomaa, 2007).

6.1.1. Chromosome-linked virulence gene products
6.1.1.1 Invasin (inv)

Y. enterocolitica invasin protein, is an important factor that plays significant role in
facilitating the entry of the bacterium into the epithelial cells (Fabrega and Vila, 2012). This
protein facilitates Y. enterocolitica to attach and enter the cells of the host (Atkinson, &
Williams, 2016). Invasion stimulates internalization into the small intestine epithelial cell by
binding to the target host cells identified as f1-integrins, which are available on the surface of
the host cell. Upon invasion binding, integrins form clusters that result in the rearrangement of
the host cell cytoskeleton, hence the promotion of phagocytosis and eventually internalization
of Y. enterocolitica microorganism into the epithelial cells (Atkinson, & Williams, 2016). The
invasin gene is found in all Yersinia spp., however, nonpathogenic strains lack functional inv
homologous sequences (Fredriksson-Ahomaa, 2007).

Invasin expression in Y. enterocolitica is regulated by both temperature and pH. This
invasion genetic factor is expressed at 26°C, but peaks in late exponential or early stationary
stage with limited expression levels evidenced at 37°C. Although invasin is required for
infection at 37°C, it has been found that expression of invasin at 37°C is restored to levels

observed at 26°C when the pH was reduced to 5.5 (Atkinson, & Williams, 2016).

6.1.1.2 Attachment invasion locus (ail)
The ail locus is chromosomally positioned and codes a 17 kDa surface-associated
protein that is regulated thermally through maximum expressions at 37°C (Atkinson, &

Williams, 2016). Ail, is greatly associated with virulence due to the fact that it has been
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evidenced only among pathogenic Yersinia strains (Fredriksson-Ahomaa, 2007). Ail plays
a part in both adhesion and invasion of specific tissue culture cells and is involved in the
survival against the bactericidal effects of serum (Fabrega and Vila, 2012). As with invasin,
Ail-mediated adhesion to the cells of the host ensures that the delivery of Yops (Yersinia
outer proteins) is efficient and rapid efficient (Atkinson, & Williams, 2016).

6.1.1.3 Iron acquisition (foxA)

The growth and survival of this pathogen require ferric ion uptake. In Y. enterocolitica
infections iron supply together with the production of siderophore transport system is
critical. Strains of high-pathogenicity biotype 1B/O:8, capture iron by secreting small
molecules called siderophores that include yersinia-bactin (catechol-type) that is usually
encoded by a high pathogenicity island (HIP) (Fredriksson-Ahomaa, 2007).

The other low pathogenic serotypes such as O:3 and O:9 do not produce siderophore
but take up ferric ion through the utilization of ectogenic siderophores that include
ferrioxamin E and ferrioxamin B (Huang et al., 2010), which are commonly used to treat
patients with iron overload (Fredriksson-Ahomaa, 2007). Huang et al. (2010), highlights
that a 77 kDa ferrioxamin (foxA) receptor on the outer membrane of Y. enterocolitica
integrates with ferrioxamin to enhance the rapid uptake of ferric ion. The foxA4 is regarded

as effective due to its existence in all strains of Y. enterocolitica.

6.1.1.4 Yersinia stable toxin (Yst)

Y. enterocolitica produces an enterotoxin, Ysz, which is heat-stable, structurally and
functionally homologous to the heat-stable enterotoxin (ST) of enterotoxigenic Escherichia
coli, and is encoded by the chromosomal yst gene. Yst is involved in diarrhea. Three
subtypes of Vst exist: Yst-a, Yst-b, and Yst-c (Bhunia, 2008). Nevertheless, the contribution
of the toxin in a diarrheal disease remains significantly debatable due to issues that relate
to the fact that Ysz is not detectable in diarrheal stool samples during experimental animal
models after infection with Y. enterocolitica (Fabrega, & Vila, 2012). Furthermore,
nonpathogenic strains and strains of related species have been found to produce Yst
(Fredriksson-Ahomaa, 2007). However, the non-invasive biotype 1A strains causing
diarrhea often transport a variant of the Ys¢ gene that could possibly be the only virulence

factor accounting for the diarrheal illness.
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6.1.1.5 Myf fibrialle

Y. enterocolitica synthesizes a fibrillar structure known as Myf (mucoid Yersinia factor).
The chromosomal locus involves three genes: myf4, myfB, and myfC. Myf may serve as an
intestinal colonization factor for Y. enterocolitica (Fredriksson-Ahomaa, 2007). Myf appear
like CS3, which is an important colonization factor of various human clinical strains of
enterotoxigenic Escherichia coli. Experiments implemented with Y. pseudotuberculosis
associate a role in thermoinducible binding and haemagglutination to the myf homolog (the
psa locus). However, in Y. enterocolitica the myf operon is not able to mediate
haemagglutination and further experiments regarding its adhesive function and its possible

role in pathogenesis have to be performed (Fabrega and Vila, 2012).

6.1.1.6 Pathogenicity islands

Another set of chromosomal associated virulence genes is one that is encoded within
the pathogenicity island regularly identified as High-Pathogenicity Island (HPI) and is
present in Y. enterocolitica biotype 1B only. A significant percentage of the genes
positioned on this specific island is involved in the transport, biosynthesis, and regulation
of the siderophore yersinia-bactin (Fabrega and Vila, 2012). Hence, the HPI could be
considered as an iron-capture island. The involved locus is made of 11 genes arranged into
four operons (fyuA, irp2, ybtA, and ybtP) that could be grouped into three functional
groups: transportation into the bacterial cell (outer membrane receptor and transporters),
Yersinia-bactin biosynthesis and regulation. Existing evidence highlights that Yersinia
bactin could up-regulate its own expression together with that of fyuA that is its outer

membrane receptor (Fabrega and Vila, 2012).

6.1.2 Plasmid (pVY)-linked virulence gene products
6.1.2.1 Yersinia adhesion protein (yadA)

Yersinia adhesion protein (YadA) is a pYV plasmid-encoded protein that facilitates
adherence to host epithelial cells, as well as protecting Yersinia from the nonspecific immune
system such as phagocytosis and complement-mediated cell lysis. YadA4 also promotes
bacterial internalization by interacting with the epithelial B1-integrin proteins (Eltahir and
Skurnik, 2001; Bhunia, 2008). YadA protein forms a fibrillar matrix on the cell surface and is
correlated closely with the phenomenon of autoagglutination that occurs after growth in

tissue culture medium usually at 37°C (Feng and Weagant, 1994; Fabrega and Vila, 2012).
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YadA expression is achieved at 37°C but not at 25°C and is regulated by two different
gene products: VirF (virulence) and LcrV (low calcium response). VirF senses the optimal
temperature (37°C) required for protein synthesis, while LcrV regulates the yadA expression
depending on the availability of extracellular calcium concentration. Furthermore, yadA

expression is not affected by pH, salt or sugar concentration (Bhunia, 2008).

6.1.2.2 Yersinia outer membrane proteins (YOPs)

The pYV codes also a set of highly regulated secreted proteins, called Yops (Yersinia
outer proteins) that are responsible for bacterial adhesion and the type III secretion system
(TTSS), called Ysc. Yops protect Yersinia from the macrophage by destroying its
phagocytic and signaling capacities, and finally, inducing apoptosis. Through TTSS
apparatus Yops are delivered from extracellularly located Yersinia that is in close contact
with the eukaryotic cell into the cytosol of the target cell. As with yadA, yop and ysc
expression is temperature and calcium regulated, being expressed maximally at 37°C in
response to the presence of a low calcium concentration (Fredriksson-Ahomaa, 2007;
Bhunia, 2008).

YopB is a major outer membrane protein allowing Y. enterocolitica to evade an ensuing
immune defense after ingestion which suppresses the production of a macrophage-derived
cytokine, tumor necrosis factor alpha (TNF-a), known to play a central role in the regulation
of cellular immunity and inflammatory responses to infection (Bottone, 1997). The TTSS
delivers six effector proteins into the host cell cytosol: YopH, YopO, YopT, YopP/J, YopE and
YopM. These effector proteins affect signaling events, alter actin cytoskeletal structure to
induce bacterial entry, phagocytosis, apoptosis, and inflammatory response. The process of
phagocytosis involves actin rearrangement to form pseudopods for bacterial internalization
(Bhunia, 2008). YopH targets a significant group of eukaryotic cell signaling components,
RhoA family of small GTPases which regulate actin cytoskeleton formation required for
phagocytosis. Also inhibits autophagy following binding of invasin or YadA to Bl-integrins.
YopO links with RhoA family proteins enabling the inhibition of phagocytosis through
binding and phosphorylating actin, which is utilized by Y. enterocolitica as bait for the
removal of host regulators that control actin polymerization (Atkinson, & Williams, 2016).
YopT has also Rho GTPase activity. YopP/J blocks inflammation and induce apoptosis in
macrophages. YopE has cytotoxic action and regulates inflammatory response while YopM is

a protein with kinase activity with possible role in cellular signaling events (Bhunia, 2008).
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6.2 Pathogenic mechanism

Y. enterocolitica after ingestion travels through the stomach to the small intestine and
the primary site of infection is terminal ileum and proximal colon. Entrapped in intestinal
mucus the bacteria use chromosomally encoded virulence gene products to colonize the
intestine until the temperature adaptation to 37°C when the expression of pY V-encoded
gene products is initiated (Bhunia, 2008). Bacteria bind to the intestinal mucosa, through
M cells using the chromosomal determinants, inv and ail and plasmid determinant yadA
and then colonize the Peyer’s patches which are part of the gut associated lymphoid tissue
(Fredriksson-Ahomaa, 2007). /nv binds to Bl-integrin receptor located abundantly on the
M-cells on the luminal side. Augmenting its role in invasion and spread, the ail protein also
confers serum resistance to Y. enterocolitica (Fredriksson-Ahomaa, 2007; Bhunia, 2008).
Binding to the B1-integrin as well as the collagen, fibronectin, and laminin yadA also aids
in the invasion. From the M-cells engulfed bacteria are released in the basal layer in the
lamina propria, multiply within the lymphoid follicle, and cause necrosis and abscess in
Peyer’s patches. From Peyer’s patches, bacteria spread to regional mesenteric lymph nodes
causing characteristic lymphadenitis. The three components of the enterotoxin ys¢ stimulate
the membrane bound guanylate cyclase and increase accumulation and activation of
intracellular cyclic guanosine monophosphate (cGMP), followed by an activation of
c¢GMP-dependent protein kinase, which lead to inhibition of Na' absorption and
stimulation of CI secretion (Bhunia, 2008). Antiphagocytic properties are mainly mediated
by yop virulon products which enable survival and extracellular multiplication in host
lymphoid tissue (Fredriksson-Ahomaa, 2007).

Usually the infection is limited to the intestinal area, but through the mesenteric
lymph nodes it can disseminate to liver, spleen and lungs, and survive by resisting
phagocytosis by macrophages and polymorphonuclear leukocytes such as neutrophils. The
ability to survive and multiply within the lymphoid follicles and other tissue is associated
with the presence of virulence plasmids, which are essential for the pathogenesis of
Yersinia. The delivery of YOPs to the macrophages by TTSS blocks phagocytosis and
suppresses the immune system thereby ensuring bacterial survival and extracellular
multiplication in the host lymphoid tissue (Bottone, 1999; Fredriksson-Ahomaa, 2007;
Bhunia, 2008).
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6.3 Possible pathogenicity of Y. enterocolitica 14

Biotype 1A strains have been traditionally considered nonpathogenic due to the lack of
virulence-associated factors of pY V-bearing strains. However, the presence of virulence
gene ail has been documented in these strains (Tennant et al., 2003; Kraushaar et al., 2011).
Most of Y. enterocolitica biotype 1A strains contain the ystB gene, and in experimental
conditions, some excrete heat-stable ystB enterotoxin at 37°C that is equivalent to those
present in the ileum (Singh and Virdi, 2004). Furthermore, these strains have been isolated
from patients with gastroenteritis and were reported as the causative agents in outbreaks.
Tennant et al. (2003), have suggested that Y. enterocolitica biotype 1A may harbor a
pathogenic “clinical” subgroup that cannot be readily identified because they lack the well-
known virulence determinants of classical pathogenic bio-serotypes. Some strains have
been reported of being capable to invade epithelial cells in vitro (Grant et al. 1999) and
multiply inside of macrophages, with TNF-a release leading to migration of more
macrophages to the site of infection (McNally et al. 2006).

Huovinen et al. (2010) described that the symptoms of the patients with biotype 1A
differed from yersiniosis caused by the classic pathogenic bio-serotypes. In addition, the
patients with 1A had more protracted gastrointestinal disorders and unspecific complaints
suggesting that the original cause may have been other than biotype 1A strains.
Nevertheless, there is a possibility of subgroups that can cause a disease within the highly
heterogeneous group of Y. enterocolitica biotype 1A (Huovinen et al., 2010). Sihvonen et
al. (2012) has supported that hypothesis and suggested that in order to understand the

virulence mechanisms of these strains more research is needed.

6.4 Clinical diseases

Gastrointestinal infection may manifest itself as an enteritis, enterocolitis, acute
mesenteric lymphadentis, and terminal ileitis often mimicking appendicitis ranging from
self-limiting enteritis to fatal systematic infection (Table 8). The clinical manifestations of
the infection are associated to some extend with the age and physical state of the host, the
presence or absence of underlying medical conditions, and the serotype of the invading
strain. In children, acute enteritis with fever, inflammatory and occasionally bloody,

watery diarrhoea, is the commonest manifestation. Septicaemia may be a concurrent rare
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finding in infants with serogroup O:3 infection but may also occur with other serogroups of
Y. enterocolitica. In young adults, acute terminal ileitis and mesenteric lymphadenitis
mimicking appendicitis appear to be a commoner clinical syndrome. Occasionally severe
symptoms may develop, such as diffuse ulceration and inflammation of the large and small
bowel, peritonitis, toxic megacolon, intestinal perforation, ileocolic intussusception, and
mesenteric vein thrombosis leading to intestinal necrosis and cholangitis. Also mild
hepatitis and pancreatitis may be symptoms of yersiniosis. Yersinia infection may also be
asymptomatic and pass unnoticed. Infection with O:8 may include severe symptoms, as
extensive ulceration of the gastrointestinal tract and death, whereas symptoms with O:3
and O:9 infections are less destructive. The incubation period ranges for 1 to 11 days. The
illness is generally mild and self-limiting persisting for 5-14 d, although diarrhoea may
persist several weeks, occasionally even for several months. Excretion of the organism in
the stools continues for an average of 4 weeks after cessation of symptoms, which may
contribute to intra-familial spread (Bottone, 1999; Fredriksson-Ahomaa, 2007).

Less commonly, Y. enterocolitica may spread at extra-intestinal sites with or without
bacteremia causing metastatic infection that involves pneumonia, lung abscesses,
empyema liver, splenic or renal abscesses, osteomyelitis, septic arthritis, meningitis
endocarditis, leading to a mycotic aneurysm (Fredriksson-Ahomaa, 2007). Septicemia
caused by Y. enterocolitica may occur in immunocompetent, immunosuppressed hosts, and
in those with an underlying disease, such as diabetes mellitus and hepatic cirrhosis. More
susceptible are the patients in iron overload or those being treated with the iron-chelating
agent desferrioxamine (Bottone, 1999; Fredriksson-Ahomaa, 2007). While serogroup O:8
strains produces and secretes its own iron chelator (Yersinia-bactin/yersiniophore) which
may enhance its virulence, serogroups O:3, 0:5,27, and O:9 strains do not produce an iron-
sequestering siderophore but rather rely on an exogenous source of an iron chelator such as
deferrioxamine. Acquisition of the infecting strain may be via the oral route or associated
with blood transfusion (Bottone, 1999).

Infection with Y. enterocolitica, especially serogroups O:3 and O:9, often leads to
secondary immunologically induced sequelae such as arthritis (most common), erythema
nodosum, Reiter’s syndrome, glomerulonephritis and myocarditis (Bottone, 1999). Post-
infection complications usually develop within 1 week to 1 month after initial infection
and may sometimes be the only obvious clinical manifestation of Yersinia infection

(Fredriksson-Ahomaa, 2007). Eighty percent of the patients experiencing post-Yersinial
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reactive arthritis are HLA-B27-positive and predominantly young and middle-aged
(Bottone, 1999; Fredriksson-Ahomaa, 2007).The patients may suffer from arthritis, after
1-3 weeks of infection with or without gastroenteritis (Fredriksson-Ahomaa, 2007). Joint
symptoms vary from mild arthralgia to severe arthritis. The arthritis is typically an
asymmetric oligo- or polyarthritis with sudden onset affecting more often the joints
of the lower extremities, such as knee, ankle, and toes, but sometimes also wrist and
fingers. Patients with Yersinia-triggered arthritis show persistent IgA antibodies against
Yersinia outer membrane proteins, which is likely the result of chronic stimulation of the
gut associated lymphoid tissue by persistent Yersinia (Bottone, 1999; Fredriksson-

Ahomaa, 2007).

Table 8. Clinical spectrum of Y. enterocolitica infections (Bottone, 1999).

Enterocolitis: predominantly in young children; concomitant bacteremia may also be
Gastrointestinal present in infants

Pseudoappendicitis syndrome (children older than 5 years; adults)
Acute mesenteric lymphadenitis

Terminal ileitis
Especially in immunosuppressed individuals and those in iron overload or being treated
Septicemia with deferrioxamine

Transfusion related (usually leads to septic shock syndrome)

Metastatic Focal abscesses: liver, kidney, spleen, lungs

Cutaneous manifestations: cellulitis, pyomyositis, pustules and bullous lesions
Pneumonia, cavitary pneumonia

Meningitis

Panophthalmitis

Endocarditis, infected mycotic aneurysm

Osteomyelitis

Post-infection sequelae | Arthritis (associated with HLA-B-27)
Myocarditis

Glomerulonephritis

Erythema nodosum

Pharyngitis (common after oral ingestion of Y. enterocolitica)
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7 Antimicrobial Resistance

The non-prudent use of antimicrobials in veterinary and medical practice selects for
resistant bacteria. In animal husbandry, antimicrobials are used for the treatment and
prevention of infectious disease and for growth promotion. Although Y. enterocolitica
infections are usually self-limiting and do not require antimicrobial therapy, antibiotic
intervention is required in case of immunocompromised patients or those suffering
septicaemia and the current WHO recommendations include tetracycline, chloramphenicol,
gentamycin and co-trimoxazole (Bolton et al., 2013).

Y. enterocolitica produces frequently p-lactamases and is usually resistant to
B-lactamase-sensitive penicillins, such as ampicillin, cloxacillin, carbenicillin and ticarcillin,
the first-generation narrow-spectrum cephalosporins, erythromycin, clidamycin, and
vancomycin. However, it is usually sensitive to aminoglycosides (gentamicin, streptomycin,
tobramycin, and kanamycin), the third-generation cephalosporins (ceftriaxone, caftazidime,
and cefotaxime), co-trimoxazole, tetracyclines, chloramphenicol, fluoroquinolones
(ciprofloxacin, norfloxacin, and ofloxacin), trimethoprim—sulfamethoxazole, imipenem, and
aztreonam (Fredriksson-Ahomaa, 2007).

Resistance of Y.enterocolitica against penicillins (ampicillin, carbenicillin, ticarcillin)
and cephalosporins (cephalothin) is primarily due to P-lactamase A (blad). Most
Y.enterocolitica strains harbor chromosomal genes for two [-lactamases blad, a
constitutively expressed Ambler class A penicillinase and blaB, an Ambler class C
inducible cephalosporinase. The most common mode of microbial resistance to -lactams
is their enzymatic hydrolysis by p-lactamases (Singhal et al., 2018). Over time, -
lactamases have expanded their substrate spectrum with simple mutations in the gene or in
the genetic environment of [-lactamases. Modifications in the regulatory regions,
mutations in the promoter sequences and integration of insertion sequences containing
efficient promoters have frequently been associated with high-level expression of
chromosomal B-lactamases (Singhal et al., 2014). A very successful strategy to overcome
B-lactamase mediated resistance and restore the efficacy of B-lactams has been to use
inhibitors of B-lactamases like clavulanic acid, sulbactam and tazobactam. The B-lactam
antibiotic/inhibitor combination, amoxicillin-clavulanate (AMC) is one of the most
commonly used antimicrobials, for which an increase in resistance has been noticed in

recent years due to the acquisition of point mutations in B-lactamases (Singhal et al., 2018).
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Regarding B-lactam susceptibility notable differences are reported among different Y.
enterocolitica strains bio-serotypes. Recent studies showed that strains of Y.enterocolitica
bio-serotype 4/0:3 are sensitive to amoxicillin-clavulanate while bio-serotypes 2/O: 5, 27
and 2/0:9 are resistant. Most strains of bio-serotype 4/0:3 are sensitive to
amoxicillin/clavulanate and to third-generation cephalosporins, and resistant to ampicillin,
carbenicillin, ticarcillin, and cephalothin (Fredriksson-Ahomaa, 2007; Singhal et al., 2014).
In comparison, most strains of biotype 2 and biotype 3 are found to be more susceptible to
both carbenicillin and ticarcillin (lacking the enzyme A) and resistant to amoxicillin-
clavulanic acid (especially bio-serotypes 2/0:5, 27 and 2/0:9) (Fredriksson-Ahomaa,
2007; Singhal et al., 2014). Strains of biotype 1B exhibit high rates of suscebtibility to
ampicillin and amoxicillin-clavulanic acid and resistance to carbenicillin, ticarcillin, and
cephalothin, whereas strains of biotype 1A have shown to be resistant to amoxicillin-
clavulanic acid (Fredriksson-Ahomaa, 2007).

Emerging resistant phenotypes of Y. enterocolitica have been recognized and this is
attributed to the antimicrobial agents extensively used for therapy, prophylaxis and growth
promotion in modern food-animal production. Almost all Y. enterocolitica strains from pigs
examined in Denmark were resistant to ampicillin but susceptible to streptomycin and
sulphonamides. However, a limited number of Y. enterocolitica strains were resistant to
nalidixic acid and a single isolate was resistant to gentamicin and spectinomycin
(Fredriksson-Ahomaa, 2007). Also, clinical isolates resistant to chloramphenicol,
streptomycin, sulfonamides, co-trimoxazole, and nalidixic acid have been reported
(Fredriksson-Ahomaa, 2007). Sanchez et al. (2003) have reported the emergence of nalidixic
acid-resistant clinical Y. enterocolitica strains around Madrid in Spain. Similar trend of
increase of nalidixic acid resistance in Y. enterocolitica O:3 clinical isolates was observed in
Zaragoza (Capilla et al., 2003). Fluoroquinolones have been ranked as the second most
widely used antimicrobial agent both in Spanish hospitals and the community. This extensive
usage, together with the use of antibiotics in animal feed, may explain the increase in the
resistance to quinolones in Y. enterocolitica clinical isolates. Sanchez et al. (2003) suggest
the clonal dissemination of a nalidixic acid susceptible Y. enterocolitica strain which has
acquired different mutations in the quinolone resistance-determining region (QRDR) of the
gyrA gene, generating resistance to nalidixic acid and which has probably emerged due to the

selective pressure exerted by the overuse of fluoroquinolones.
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Another study in Barcelona showed increase of resistance rate up to 90% for
streptomycin and sulfonamides, 70% for trimethoprim-sulfamethoxazole, 60% for
chloramphenicol, and 5% for nalidixic acid among clinical Y. enterocolitica O:3 strains. A
study on slaughter swine strains in the United States reported resistance to oxytetracycline
and sulfonamides (except trimethoprim—sulfamethoxazole) as well. Oxytetracycline
resistance is often plasmid mediated and could be impacted by on-farm antibiotic usage.
Tetracyclines and sulphonamides are commonly added to swine feeds for growth

promotion and prevention of infectious diseases in swine (Fredriksson-Ahomaa, 2007).
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8 Control and Prevention of Yersinia enterocolitica

8.1 Methods for controlling spread in pig farms

Virtanen et al. (2012) showed that piglets from certain breeding farms transmit Y.
enterocolitica strains into a fattening farm and the infection subsequently spreads
throughout the whole unit. In order to reduce the prevalence of enteropathogenic Yersinia
on pig farms, mixing piglets from Y. enterocolitica-positive farms with piglets negative for
Y. enterocolitica should be avoided and prevention methods should be targeted at piglet
production units. This principle is in agreement with a previous study by Skjerve et. al
(1998). Incoming piglets, possibly infected on their original breeding farm, are a source of
infection for other piglets coming from other farms (Virtanen et al., 2012). Taking that into
account, the most effective method to prevent Y. enterocolitica in fattening pig farms is to
get piglets from asserted Y. enterocolitica negative breeding farms. The all in/all-out
strategy appears to be effective in reducing the on-farm carriage of Y. enterocolitica
(Laukkanen-Ninios, 2014). Danish experience has shown that strategic removal of infected
weaners might lead to Y. enterocolitica O:3 negative slaughter animals (Skjerve et. Al,
1998). However, since pathogenic Y. enterocolitica is very common in pig production,
economically feasible practices to produce enteropathogenic Yersinia-free breeding are
needed (Laukkanen-Ninios, 2014). The possible risk factors for infection with Yersinia
spp. during the whole rearing period include the use of a semi-slatted or fully slatted floor
in the fattening pig unit, the presence of other pig farms in the area, the number of piglet

suppliers and snout contact between pens (Vanantwerpen et al., 2017).

8.2 Methods for controlling spread from slaughterhouse to food

Since the pig is a major source of sporadic human infections with pathogenic bio-
serotype 4/0:3 in Europe, control measures have been focused on reducing the
contamination of carcasses during slaughter since Y. enterocolitica 4/0:3 is commonly
found in slaughtered pigs, particularly in tonsils and lymph nodes. In the slaughter
process, dehairing, polishing, evisceration, and splitting of the carcass have been
identified as process stages that contaminate the carcasses (Laukkanen-Ninios et al.,

2014). During evisceration, the tonsils are removed in conjunction with the pluck set

-59-



(tongue, oesophagus, trachea, heart, lungs, diaphragm, liver and kidneys) and thus the
spread of Y. enterocolitica 4/0:3 from the highly contaminated tonsils to the offal is
unavoidable especially when they hang together on a hook. Contaminated pig tongues,
hearts, livers and kidneys have shown to be an important transmission vehicle of this
bacterium from pigs to man (Fredriksson-Ahomaa and Korkeala, 2003). In addition the
traditional meat inspection procedures such as submaxillary lymph node excision to detect
tuberculosis can spread pathogenic Y. enterocolitica on the carcasses. In EU countries, the
meat inspection has recently been modified. Palpation and incisions in routine meat
inspection were omitted to reduce the contamination of carcasses and other edible parts
(Laukkanen-Ninios et al., 2014).

The prevalence of enteropathogenic Yersinia can be reduced, but not completely
removed, by slaughter hygiene, bagging of the rectum, removal of tonsils and tongue along
with the head, and by other carcass decontamination methods. The ‘bagging technique’, the
method of enclosing the anus and rectum of pigs in a plastic bag during slaughter, has been
introduced in several slaughterhouses, mainly in Norway, and it has been shown that this
effectively reduced carcass contamination by Y. enterocolitica. Bagging of the rectum with
a plastic bag has been shown to reduce carcass contamination with pathogenic Y.
enterocolitica due to intestinal carriage significantly (Nesbakken et al., 1994; Laukennen et
al., 2010b; Laukkanen-Ninios et al., 2014). Although the effect was significant in the
studies, the contamination rate of carcasses after bagging remained relatively high. Head
and chest area of the carcass are likely to be contaminated by tonsils. Therefore, prevalence
of pathogenic Y. enterocolitica 4/0:3 remained relatively high, particularly in chest and
head samples, even when bagging of the rectum was applied. The reduction of the Y.
enterocolitica 4/0:3 prevalence is achieved by removal of the head, with tongue and tonsils
prior to evisceration. No effect of the chilling and blast-chilling processes on pathogenic Y.
enterocolitica on pig carcasses has been reported (Laukkanen-Ninios et al., 2014).

Y. enterocolitica can survive in food and grow at refrigerator temperatures but is
easily killed during heating. Since most of the yersiniosis cases are sporadic, good
hygienic practices during cooking and preparation when handling pork in domestic and
professional kitchens can reduce the risk of food contamination. Cross-contamination can
be avoided by separating raw pork from cooked or ready-to-eat foods and also by washing

food handlers’ hands, cutting boards, and contaminated surfaces. Consumers should avoid
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the consumption of raw or undercooked pork, raw milk, or related by products, and
washing hands carefully before eating, after contact with animals, and after handling raw
meat. After handling raw chitterlings, it is recommended that hands and fingernails be
cleaned thoroughly with soap and water before touching children or their toys, bottles, or

pacifiers (Cosano and Gimeno, 2003).

-61-






B. SPECIAL PART






1 Aims of the study

The objectives of the present study included the following:
1. investigation of the prevalence of pathogenic Y. enterocolitica in pork carcasses and
fresh vegetables originating from local slaughterhouses and markets of the Epirus region
(Northwestern Greece).
2. comparison of different methods for the recovery of human pathogenic Y. enterocolitica
from pork carcasses.
3. identification of the isolated strains in order to assess:
- the pathogenic nature of the strains (biotype, serotype and virulence
properties/markers)
- the presence of genotypic virulence markers in the recovered isolates.
- the antimicrobial susceptibility against antimicrobials routinely used in the medical
practice.
4. investigation of potential existence of /nv gene sequence pattern between the isolated

pathogenic and non-pathogenic strains.
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2 Materials and Methods

2.1 Sample collection

2.1.1 Pork carcasses

A total of 145 carcass surface swabs from equal number of pigs at slaughter were
gathered during a period of 12 months from August 2013 to July 2014. The samples were
collected randomly throughout the year from six slaughterhouses located in the Epirus
region. The carcass surface swabs were collected using sponges (18-0z. Whirl-Pak® Speci-
Sponge® Environmental Surface Sampling Bag; USA), which were hydrated with 25 ml
peptone broth supplemented with 1% sorbitol and 0.15% bile salts (PSB; Biolife Italiana;
Italy). All samples were collected after evisceration, but before chilling, wearing sterile
gloves while wiping with the sponge to prevent any cross-contamination of the carcasses.
From each carcass the swabs were taken from the hind limb and from a lateral area of
approximately 100 cm® according to the appropriate International Standard Methods
protocol (ISO 17604; 2003a). The samples were immediately transported to the laboratory

into portable coolers and processed within 4 h after collection.

2.1.2 Vegetables

A total of 144 fresh vegetable samples were collected from April 2013 to March 2014.
Samples concluded 22 organic and 22 non-organic curly salads, 37 organic and 37 lettuce
salads and 26 ‘ready to eat’ (RTE) salads purchased from local retailer shops and
supermarkets. RTE salads contained lettuce (three types), carrot, rocket, cabbage, radicchio,
parsley, dill, spring onion and curly salad and their labeled shelf-life twas seven days. The

salads were transferred to the laboratory under refrigeration and were analyzed immediately.

2.2 Sample examination

2.2.1 Methods
2.2.1.1. Culture and isolation

For the pork samples each bag with the swab sponge was homogenized in a stomacher
(Bag Mixer Interscience; Worthing West Sussex; United Kingdom) for 1 min just before
starting the analysis. For the vegetable samples, 25 g of the sample was weighed aseptically

and homogenized in 225 ml of peptone, sorbitol and bile salts (PSB) broth for 1 min. All
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samples were analyzed for pathogenic Y. enferocolitica using (i) direct plating, (ii) selective
enrichment and (iii) cold enrichment as described previously (Van Damme et al., 2013a).

(1) For direct plating, 500 ul of PSB homogenate was spread plated onto a cefsulodin—
irgasan—novobiocin (CIN) Yersinia-selective agar plate in duplicate. For vegetable
samples, a CIN agar plate was inoculated with 100 pl of PSB homogenate.

(i1) For selective enrichment, 10 ml of PSB from carcass samples and homogenate
from vegetable samples was transferred into 90 ml of irgasan—ticarcillin—potassium
chlorate (ITC) broth (Biolife Italiana; Italy) following ISO 10273 (ISO, 2003b). After 2
days enrichment at 25°C, a loopful (10 pl) was streaked onto a CIN agar plate.
Additionally, 0.5 ml of the enriched PSB culture was transferred into 4.5 ml of 0.5% KOH
in 0.5% NaCl solution for 20s, after which 100 pul was streaked onto a CIN agar plate.

(ii1) For cold enrichment, the remaining PSB homogenate was incubated at 4°C for 14
days. On day 7 and 14, a loopful of enriched culture was streaked onto a CIN agar plate.
Additionally, after alkali treatment of both 7 and 14-day enrichment (0.5 ml of ITC culture
mixed with 4.5 ml 0.5% KOH in 0.5% NaCl solution for 20s), 100 pl was streaked on
another CIN agar plate.

All CIN agar plates were incubated at 30°C for 24-48 h and examined each day for
“bull's-eye' colonies. From each CIN agar plate, at least one presumptive Yersinia colony
was selected and streaked onto nutrient agar for further identification. Nutrient plates were
incubated at 30 °C for 24 h. The plates were checked for contamination and mixed cultures

and in such case the colonies were streaked again on to CIN agar.

2.2.1.2. Detection and identification

Presumptive positive isolates were tested for biochemical characteristics using oxidase
test strips (Merck), Christensen’s urea agar (LabM) and Kligler Iron Agar (Biolife) which
were incubated at 30°C for 24-48 h. Oxidase-negative, urease-positive and lactose-negative
isolates were further tested for sucrose and rhamnose fermentation at 25°C for 48 h.
Sucrose-positive and rhamnose-negative colonies were picked for species identification
using the API 20E microsubstrate system (bioMerieux) incubated at 28°C for 24-48 h. The
temperature of 28°C was chosen due to negative Voges-Proskauer reaction of Y.
enterocolitica at 37°C as recommended from the manufacturer. Isolates were subcultured
no more than 3-5 times to prevent plasmid loss due to repeated subculturing and stored at -

70 °C in 30% glycerol before biotyping, serotyping, and genotyping.
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2.2.1.3. Biotyping and Serotyping

Y. enterocolitica strains were biotyped according to the modified Wauters’ scheme
(1987). Indole and Voges-Proskauer test results were obtained from API 20E.
Pyrazinamidase reaction was tested in tubes. Bacterial mass was streaked on a sloping
surface and the tubes were incubated at 30°C for 48 h. After incubation Iml of
ammoniumferrosulfate broth was pipetted in the tube. PYZ positive tubes change the
surface of the agar to brownish red. Esculine hydrolysis was tested by streaking bacterial
mass on esculine plate as a line and incubation at 30°C for 24 h. Positive reaction was
indicated by a black halo around the colonies. Salicine, xylose and trehalose were tested in
tubes incubated at 30°C for 24-72 h. Positive tubes turn to yellow. Lipase production
(tween 80 or egg yolk agar) was tested by streaking bacterial mass on plates as a line and
and incubation at 30°C for 48 h. Positive reaction was indicated by oily, iridescent, pearl-
like colony surrounded by outer clearing zone.

Serotyping was performed by slide agglutination with commercially available O
antisera for the serogroups 0O:1,2, O:3, O:5, O:8 and O:9 (Denka Seiken; Japan).
Autogglutination was tested with 0.9% NaCl before using antisera. If the strains
agglutinated with NaCl, serotyping could not be performed and the isolate had to be
inoculated again on nutrient agar. Serotyping was done by dropping a droplet of antisera
on a slide and rubbing with a small bacterial mass on the slide. If the bacterial mass formed
flakes in the antisera, the reaction was considered positive. The complete biotyping and
serotyping tests were performed in the Department of Food Hygiene and Environmental

Health at the Faculty of Veterinary Medicine in Helsinki, Finland.

2.2.1.4 Molecular identification and detection of Yersinia virulence genes

The isolated Y. enterocolitica strains were tested for confirmatory identification within
the genus targeting a 330-bp fragment of the 16S rRNA gene. Additionaly, eight genes
were also studied: five chromosome-borne virulence genes (ail, foxA, ystA, ystB, myfA) and
two virulence genes (yadA, virF) located on the virulence plasmid of the pathogenic

Yersinia spp. (pYV).

2.2.1.4.1 DNA purification
The template DNA used for the detection of ail and foxA gene was prepared using
QIAamp DNA Mini kit (Qiagen; cat. No. 51304). Kit contents are described in materials
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and methods (2.2). Isolation of DNA from bacterial suspension cultures in saline solution
was carried as described by the supplier below:

1. Pipet 1 ml of bacterial culture into a 1.5 ml microcentrifuge tube, and centrifuge for 5
min at 5000 x g (7500 rpm).

2. Calculate the volume of the pellet or concentrate and add Buffer ATL to a total volume
of 180 pl.

3. Add 20 pl proteinase K, mix by vortexing, and incubate at 56°C until the tissue is
completely lysed. Vortex occasionally during incubation to disperse the sample, or place in
a shaking water bath or on a rocking platform.

4. Briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from the inside of
the lid.

5. Add 200 pl Buffer AL to the sample, mix by pulse-vortexing for 15 s, and incubate at
70°C for 10 min. Briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from
inside the lid.

6. Add 200 pl ethanol (96—-100%) to the sample, and mix by pulse-vortexing for 15 s. After
mixing, briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from inside the
lid.

7. Carefully apply the mixture from step 6 (including the precipitate) to the QIAamp Mini
spin column (in a 2 ml collection tube) without wetting the rim. Close the cap, and
centrifuge at 6000 x g (8000 rpm) for 1 min. Place the QIAamp Mini spin column in a
clean 2 ml collection tube (provided), and discard the tube containing the filtrate.

8. Carefully open the QIAamp Mini spin column and add 500 pl Buffer AWI1 without
wetting the rim. Close the cap, and centrifuge at 6000 x g (8000 rpm) for 1 min. Place the
QIAamp Mini spin column in a clean 2 ml collection tube (provided), and discard the
collection tube containing the filtrate.

9. Carefully open the QIAamp Mini spin column and add 500 pl Buffer AW2 without
wetting the rim. Close the cap and centrifuge at full speed (20,000 x g; 14,000 rpm) for 3
min.

10. Place the QIAamp Mini spin column in a new 2 ml collection tube and discard the old
collection tube with the filtrate. Centrifuge at full speed for 1 min.

11. Place the QIAamp Mini spin column in a clean 1.5 ml microcentrifuge tube (not

provided), and discard the collection tube containing the filtrate. Carefully open the
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QIAamp Mini spin column and add 200 pl Buffer AE or distilled water. Incubate at room
temperature for 1 min, and then centrifuge at 6000 x g (8000 rpm) for 1 min.

12. Repeat step 11.

For long-term storage of DNA eluate in Buffer AE is stored at —30 to —15°C.

2.2.1.4.2 Detection of ail, foxA and inv genes

The PCR reaction mixture and the sequences of primers are summarized in Table 9 and
11. The primers for inv were designed using X53368 Y. enterocolitica sequence from
GenBank. For each amplification reaction, negative controls containing water instead of
template DNA were run in parallel. The amplification was performed with denaturation for
10min at 95°C; followed by 25 cycles of 95°C for 15sec; annealing at 57°C («il)/58°C (foxA)
for 30sec, and primer extension at 72°C for 30sec. The final extension was performed at
72°C for 10min. The specific PCR products 585bp for ail, 1532bp for foxA and 953bp for inv
were visualized on 1.5% agarose gels stained with ethidium bromide and photographed
under UV-light. The Bench Top DNA 100 bp ladder (Promega) was used as molecular size
marker. PCR tests for ail, foxA and inv genes were performed in the Department of Biology,
Faculty of Medicine, School of Health Sciences, University of Ioannina, Greece. Purified
PCR products of inv gene served as template for the sequence reaction, which was performed
using an ABI3730x] sequencer in the Department of Cytogenetics and Molecular genetics,
Faculty of Medicine, School of Health Sciences, University of Thessaly, Larisa, Greece. Inv

gene sequences were compared and clustered with BioNumerics version 5.10.

Table 9. Reaction mixture

Components Volume
Buffer 5x 10 pl
MgCI2 25 mM 6 ul
dNTPs 2 mM Sul
Forward primers 10 mM Sul
Reverse primers 10 mM Sul
5U/ul Taq Polymerase (Kapa Biosystems) 0.25 ul
DNA template Sul
H,O 13.75 pl
Total reaction mix volume 50 ul
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2.2.1.4.3 Molecular identification and detection of ystA, ystB, virF, yadA and myfA
by real-time PCR

DNA was released from bacterial suspension cultures in eppendorf microcentrifuge
tubes with TBE buffer solution by heating at 97°C for 10 min and then centrifugation at
12000 rpm for 3 min. The supernatant was placed in new eppendorf tubes and 1 pl of this
liquid was added to 19 pl of the mastermix (Table 10).

The PCR reaction mixture and the sequences of primers are summarized in Table 10
and 11. Negative controls containing water instead of template DNA, as well as positive
control for each amplification reaction were run in parallel. The amplification was
performed with polymerase activation and initial denaturation at 95°C for 3 min; followed
by 40 cycles of 95°C for 10sec; annealing at 58°C for 10sec (for all genes), and primer
extension at 72°C for 30sec. Melting curve analysis was performed at 55-95°C and
increment 0.5°C per 5 s. The fluorescence intensity of SYBR Green and the melting curve
analysis were studied using the CFX96 system (Bio-Rad). A threshold cycle (Ct) under 30
and a specific melting temperature (Tm) indicated a positive result. Real-time PCR tests
were performed in the Department of Food Hygiene and Environmental Health at the

Faculty of Veterinary Medicine in Helsinki, Finland.

Table 10. Reaction mixture for real-time PCR

Components Volume
iTaq™ Universal SYBR®Green supermix (2x) 10 pl (1x)
Forward primers 2 uM 1 ul (0.2 uM)
Reverse primers 2 pM 1 pl (0.2 uM)
DNA template I

H,O 7

Total reaction mix volume 20 ul
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Table 11. Sequences of primers

Genes Primer sequence (5°- 3°) Amplicon size (bp) Reference
F: AAT ACC GCATAA CGT CTT CG

16S rRNA R: CTT CTT CTG CGA GTA ACG TC 330 Neubauer et al., 2000b

ail F: GGT TAT TGT ATT AGT ATT GTT 585 Huang et al., 2010
R: CAG GTG GGT TTT CAC TAT CTG

ystA F: ATC GAC ACC AAT AAC CGCTGA G 79 Thoerner et al., 2003
R: CCAATC ACTACT GACTTCGGCT

ystB F: GTA CAT TAG GCC AAG AGA CG 146 Thoerner et al., 2003
R: GCAACATAC CTCACAACACC

inv F: ATG GTA GCA CCG TCA CTG TGA CG 953 In-house
R: CGT TCA GGC CAA CTG ACC ATG GA

VirF F: TCA TGG CAG AAC AGC AGT CAG 590 %ge(;‘ and Tabaqchali,
R: ACT CAT CTT ACC ATT AAG AAG

yadA F: TGT TCT CAT CTC CAT ATG C 203 Fukushima et al., 2003
R: TCCTTT CGC TGC TTC AGC A

myfA F: CAG ATA CACCTGCCTTCC ATCT 272 Bhagat and Virdi, 2007
R: CTC GAC ATA TTC CTC AAC ACG C

foxA F: CTC TGC GGA AGA TAA CTA TG 1532 Huang et al., 2010

R: ATC CGG GAA TAA ACT TGG CGT A

2.2.1.5 Resistance to antimicrobial agents

Susceptibility to 15 antimicrobial agents was tested by the Kirby-Bauer disk diffusion
method as described by the Clinical Laboratory Standard Institute guidelines (CLSI, 2012).
In order to prepare the inoculum of turbidity equivalent to a 0.5 McFarland standard, 4-5
colonies from pure overnight culture were suspended in a 10 ml tube saline solution. With
a sterile swab dipped into the inoculum and squeezed against the walls of the tube to
remove excess liquid, the inoculum was streaked on the surface of agar petri-dishes to
obtain a uniform distribution of the bacterial suspension. The inoculated plates were
allowed to stand at room temperature until the moisture in the inoculum spots had been
absorbed into the agar. Antimicrobial paper disks were placed and pressed lightly on the
surface of the agar with forceps. Disks were placed in distance larger than 24mm between
them and no less than 15mm from the petri plate wall. Incubation for 18h at optimal
growth temperature of 30°C for Y. enterocolitica was used. The commercial antimicrobial

susceptibility disks (Oxoid) that were selected are presented in the Table 12.
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Table 12. Antimicrobial disks used in the study

Antimicrobial Abbreviation Level
Amikacin AK 30 mg
Amoxicillin/clavulanic acid (2:1) AMC 30 mg
Ampicillin AMP 10 mg
Cefixime CFM 5mg

Cefotaxime CTX 30 mg
Cefoxitin FOX 30 mg
Ceftazidime CAZ 30 mg
Ceftriaxone CRO 30 mg
Chloramphenicol C 30 mg
Ciprofloxacin CIp 5mg

Gentamicin CN 10 mg
Imipenem IPM 30 mg
Tetracycline TE 30 mg
Ticarcillin/clavulanic acid (7,5:1) TIM 85 mg
Trimethoprim/sulfamethoxazole (1.25- 23.75) SXT 25 mg

Holding the petri plate a few inches above a black background illuminated with
reflected light, the diameter of the growth inhibition zones was measured with an
electronic caliper and interpreted as resistant or susceptible according to the breakpoints of
the European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines
version 4.0 for Enterobacteriaceae or Escherichia coli. (EUCAST, 2014) and the
breakpoints of CLSI for Enterobacteriaceae concerning tetracycline (CLSI, 2013). The
control strain was E. coli ATCC 25922. As inhibition zones were considered the zones

which were completely free of microbial growth.

2.2.2 Statistical analysis

Confidence intervals of proportions were calculated with Epi tools
(http://epitools.ausvet.com.au) using the binomial exact method. Statistical significance of
differences of recovery of Y. enterocolitica between the isolation methods were evaluated
using Fisher's exact test. A confidence level of 95% was applied. Test results were
recorded as binary variables (presence/absence of Y. enterocolitica) per sample type in

Excel spreadsheets.
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Results for different isolation methods were recorded as binary variables. Isolation
methods were compared only for carcass swabs. Due to the limited number of positive
samples isolation methods were not compared for vegetable samples. For each matrix, the
relative sensitivity was calculated based on the combined results of all isolation methods
(parallel interpretation, a sample is considered positive when tested positive with at least

one method). The specificity was assumed to be 100%.

2.3 Materials and reagents

* Yersinia peptone, sorbitol and bile salts (PSB) broth (4022702, Biolife Italiana,
Milan, Italy)

Peptone 5.00¢g
Sorbitol 10.00 g
Sodium chloride 5.00 g
Disodium hydrogen phosphate 823 ¢
Sodium dihydrogen phosphate 120 g
Bile salts n°3 1.50 g

Suspend 31 g in 1000 ml of cold distilled water. Distribute in tubes of flasks and sterilise
by autoclaving at 121°C for 15 minutes. Final pH 7.6 + 0.1 in 25°C.

* Yersinia irgasan, ticarcillin and potassium chlorate (ITC) broth

Yersinia ITC Broth Base (4022652, Biolife Italiana, Milan, Italy)

Tryptone 10.00 g
Yeast extract 10.00 g
Magnesium chloride anhydrous 28.10 g
Sodium chloride 5.00 g
Malachite green 001g
Ticarcillin Irgasan Antimicrobic Supplement (4240060, Biolife Italiana, Milan, Italy)
Ticarcillin 0.25 mg
Irgasan 0.25 mg

Potassium Chlorate Supplement (4240065, Biolife Italiana, Milan, Italy)

Potassium chloride 5% solution 5 ml

Suspend 11 g in 250 ml of cold distilled water. Heat to dissolve completely and sterilise by
autoclaving at 121°C for 15 minutes. Cool to approximately 50°C and aseptically add the
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contents of one vial of Potassium Chlorate Supplement and one vial of Ticarcillin Irgasan
Supplement reconstituted with Sml of sterile distilled water. Aseptically distribute into

sterile tubes or flasks. Final pH 6.9 = 0.2 in 25°C.

* Potassium hydroxide solution 0.25%

NaCl 05¢g

Potassium hydroxide (KOH) 05¢g

Dissolve dry material in 100 ml distilled water, measure 4,5 ml tube and autoclave at

121°C for 15 minutes.

* Yersinia selective cefsulodin, irgasan and novobiocin (CIN) agar

Yersinia selective Agar Base (CM0653, Oxoid Ltd, Hampshire, England)

Special peptone 20.00 g
Yeast extract 2.00¢g
Mannitol 20.00 g
Sodium pyruvate 2.00¢g
Sodium chloride 1.00 g
Magnesium sulphate 001g
Sodium desoxycholate 0.50 g
Neutral red 0.03¢g
Crystal violet 0.001 g
Agar 1250 g

Yersinia Selective Supplement (SR0109, Oxoid Ltd, Hampshire, England)

(Vial contents for 500 ml of medium):

Cefsulodin 7.5 mg
Irgasan 2.0 mg
Novobiosin 1.25 mg

Suspend 29 g in 500 ml of distilled water and bring gently to the boil to dissolve completely.
Sterilise by autoclaving at 121°C for 15 minutes. Allow to cool to approximately 50°C and
aseptically add the contents of one vial of Yersinia Selective Supplement SR0109
reconstituted with a 2 ml mixture of 1:1 ethanol and sterilized distilled water. Mix gently and

pour into sterile Petri dishes. Final pH 7.4 + 0.2 in 25°C.
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* Nutrient agar (4018102, Biolife Italiana, Milan, Italy)

Peptone 5.00¢g
Beef (meat) extract 3.00 g
Agar 15.00 g

Suspend 23 g in 1000 ml of distilled water and bring gently to the boil to dissolve
completely. Sterilise by autoclaving at 121°C for 15 minutes. Allow to cool to approximately

50°C and mix gently and pour into sterile Petri dishes. Final pH 7.0 = 0.2 in 25°C.

* Oxidase test strips (113300 Bactident Oxidase, Merck, Darmstadt, Germany)
* Urea agar slant tubes

Urea agar base (LAB130, LabM, Lancashire, United Kingdom)

Peptone 1.00 g
Glucose 2.00¢g
Mannitol 20.00 g
Sodium chloride 1.00 g
Disodium phosphate 1.20 g
Potassium dihydrogen phosphate 0.80 g
Phenol red 0.012 ¢
Agar 12.00 g

40% urea solution

Urea (108487, Merck, Darmstadt, Germany)

Suspend 20 g in 50 ml sterilized water using a sterile filter.

Suspend 2.1 g of urea agar base in 95 ml of distilled water and sterilise in 121°C for 15
minutes. Allow to cool in 47°C, add aseptically 5 ml sterile urea solution 40%. Distribute

into sterile bottles and slopes, allow to set in the sloped position.

* Kligler iron agar (4015602, Biolife Italiana, Milan, Italy)

Beef extract 3.00¢g
Yeast extract 3.00¢g
Peptocomplex 20.00 g
Lactose 10.00 g
Glucose 1.00 g
Ferrous sulphate 020 ¢g
Sodium thiosulphate 030¢g
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Sodium chloride 5.00 g
Phenol red 0.024 ¢
Agar 12.00 g
Suspend 54.5 g in 1000 ml of cold distilled water. Heat to boiling, distribute and autoclave
at 121°C for 15 minutes. Pour into tubes to cool in a slanting position to obtain deep butts

and short slopes. Final pH 7.4+ 0.2 in 25°C.

* Sugar tubes

Sugar base broth
Bacto peptone 10.00 g
NaCl 5.00 g

Suspend 10 g in 1000 ml of distilled water, boil in bath and autoclave in 200 ml bottles in
121°C for 15 minutes.

0.32% phenol red

Phenol red 0,32¢g

Rinse with ethanol in a bottle and add 1:1 ethanol-water mixture for total volume 100ml.
10% sugar broth (sucrose, rhamnose, xylose, trehalose, salicine)

Sugar 10.00 g

Suspend 10 g sugar in 100 ml sterilized distilled water using a sterile filter. Salicine needs

get warm in water, because it is precipitates.

Final sugar broth

Sugar base broth 94 ml
0.32% bromocresol purple red/bromothymol blue 1 ml
10% sugar broth 5 ml

Mix and measure out in small tubes, about 1ml/tube. Sterility check: incubate in 25°C for

48 hours.

* Bile Esculin agar

Meat extract 3.00 g
Peptone 5.00¢g
Bile salts 40.00 g
Iron citrate 0.50 g
Esculin 1.00 g
Agar 15.00 g
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Suspend in 1000 ml of distilled water and bring gently to the boil to dissolve completely.
Allow to cool to approximately 50°C and mix gently and pour into sterile Petri dishes.

Final pH 7.1 £ 0.2 in 25°C.

* Tween 80 agar

Nutrient agar 28.00 g

Tween 80 10 ml

Boil nutrient agar in 1000 ml of distilled water for 30 minutes, add Tween 80 and boil for
additional 5 minutes. Set pH 7.4. Autoclave in 121°C for 15 minutes. Allow to cool to

approximately 50°C and mix gently and pour into sterile Petri dishes.

* Egg Yolk agar

Yeast extract 5.00 g
Tryptone 5.00 g
Proteose peptone 20.00 g
NaCl 5.00 g
Agar 20.00 g

Suspend in 1000ml of distilled water and bring gently to the boil to dissolve completely.
Sterilise by autoclaving at 121°C for 15 minutes. Allow to cool to approximately 50°C and
aseptically add 80 ml egg yolk emulsion (215329 Difco Bacto Egg Yolk Emulsion 50%).
Mix gently and pour into sterile Petri dishes. After solidification dry 2-3 days at ambient
temperature or at 35°C for 24 h. Final pH 7.0 = 0.2 in 25°C.

* PYZ (pyrazinamidase) tubes

Tris-maleate buffer (0.2M, pH 6)

Trizma-maleate buffer C4H;;NOs - C4H4O04 31.52¢g

(Sigma, Lot 46H5747)

HO 1000 ml

Dissolve in about 500 ml H,O. Adjust pH with IN NaOH or 1N HCI for 6. Add H,O for

final volume of 1000 ml.

PYZ agar

Tryptic soy agar (0369-01-4, Difco) 30.00 g
Yeast extract (0127-01-7, Difco) 3.00 g
Pyrazincarboxamide (P4021, Merck) 1.00 g
Tris-maleate buffer 0,2M pH 6 1000 ml
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Autoclave in 121°C for 15 minutes. Cast in long sloping surfaces in normal test tubes,

about 5Sml/tube.

* Ammoniumferrosulfate broth
(NH4),Fe(SOy), - 6H,O 0.70 g
HzO 50 ml

Prepared before use, doesn’t last storage.

* Mueller-Hinton agar I1

Beef extract 2.00¢g
Acid digest of casein 17.50 g
Starch 1.50 g
Agar bios special 17.00 g

Suspend 38 g in 500 ml of distilled water. Heat to boiling with frequent agitation and
sterilise by autoclaving at 121°C for 15 minutes. Cool to 50°C, mix well and pour into
sterile Petri plates of 90mm or 140mm with a medium layers of 4mm (25ml of medium per

plate of 9cm and 60ml per plate of 14cm). Final pH 7.3 + 0.1 in 25°C.

* QIAamp DNA Mini kit Catalog no. 51304

Number of preps 50
Collection Tubes (2 ml) 150
Buffer AL 12 ml
Buffer ATL 14 ml
Buffer AW1 19 ml
Buffer AW2 3ml
Buffer AE 2x 15ml
Proteinase K 1.25 ml

e iTaq™ Universal SYBR®Green supermix, 25 ml (5 x 5 ml vials), 2500 x 20 pl
reactions #1725124

iTag™ Universal SYBR® Green Supermix is a 2x concentrated, ready-to-use reaction
master mix optimized for dye-based quantitative PCR (qPCR) on any real-time PCR
instrument (ROX-independent and ROX-dependent). It contains antibody-mediated hot-
start iTaq DNA polymerase, dNTPs, MgCI2, SYBR® Green I Dye, enhancers, stabilizers,

and a blend of passive reference dyes (including ROX and fluorescein).
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SAMPLE
Carcasses: sponge in 25 ml PSB Broth
Vegetables: 25 g in 225 ml PSB Broth

Selective enrichment at 25°C

1 ml PSB+9 ml ITC

Cold enrichment at 4°C

7 and 14 days

y

CIN at 30°C CIN £ KOH at 30°C
24-48h 24-48h
\4 \ 4
Nutrient agar
v
Biochemical identification
Oxidase Urea Kligler API20E

l

Isolate characterization

Biotyping

Serotyping

|

|

Molecular identification and
detection of virulence genes

Resistance to antimicrobial
agents

Figure S. Diagram of procedure
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3 Results

3.1 Detection

Y. enterocolitica was found in 15.9% (95% C.I. 10.3% - 22.8%) of the carcass swabs
(23/145) and in 2.8% (95% C.I. 0.7% - 7%) of the vegetable samples (4/144). Of the 145
carcass swabs, 15 (10.3%) were identified as human pathogenic bio-serotype 4/0:3 and 9
(6,2%) as bio-serotype 1A. Of the 144 vegetable samples, only one (0.7%) was identified
as bio-serotype 4/0:3 (non-organic lettuce) and three (2,1%) as 1A (two mixed salads and
one organic lettuce).

A total of 59 strains were isolated and biochemically identified as Y. enterocolitica: 54
from the carcass swabs and 5 from the vegetable samples (Table 13). All but one strains
were also molecular identified as Y. enterocolitica by the detection of the specific of /65
rRNA gene for the species (Table 15). YE27 strain isolated from a vegetable sample is
presumed as Y. kristensenii since its appearance in CIN agar plates is often misinterpreted as
Y. enterocolitica. Use of stereomicroscope with Henry illumination helps the differentiation
between the species (Figure 6).

The API 20E profile numbers of these strains, the isolation methods and the strains origin
are depicted in Table 13. Interpretation of the API 20E results had some difficulties since most
of the profile numbers (as depicted in Table 13) are not matched to those of Y. enterocolitica
according to API 20E database. This deviation is explained by the fact that the temperature of
28°C instead of 37°C was chosen as recommended from the manufacturer. Voges-Proskauer
reaction of Y. enterocolitica at 28°C is positive unlike the temperature of 37°C. This led to a

different number in the fourth digit of 7-digit profile and finally to a mismatch.

Figure 6. Different strains of Y. enterocolitica and one of Y. kristensenii on CIN agar through a stereomicroscope. (a-d)
Y. enterocolitica BT 1A (non-pathogenic biotype). (e-g) Y. enterocolitica BT 4 (pathogenic biotype). (h) Y. kristensenii.
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Table 13. Strains isolated, isolation methods and their origin

Strain codes API 20E profile Isolation methods Origin Sample
numbers number
YEI Y.enterocolitica (0015522) CE7d Lettuce (non organic) 19
YE2 Y.enterocolitica (1015520) CE 7d + KOH Pork 56
YE3 Y.enterocolitica (1015520) CE 7d + KOH Pork 56
YE4 Y.enterocolitica (0015520) CEl14d + KOH Pork 56
YES Y.enterocolitica (1155723) CE 7d + KOH Mixed salad 60
YEo6 Y.enterocolitica (1015522) CE 14d + KOH Pork 69
YE7 Y.enterocolitica (1015522) CE 7d + KOH Pork 70
YE8 Y.enterocolitica (1015522) CE 7d + KOH Pork 70
YE9 Y.enterocolitica (1015522) CE 14d + KOH Pork 80
YE10 Y.enterocolitica (1015522) DP Pork 92
YEI1 Y.enterocolitica (0015522) CE7d Pork 91
YE12 Y.enterocolitica (1015522) CE 7d + KOH Pork 91
YE13 Y.enterocolitica (1015522) CE 7d + KOH Pork 92
YE14 Y.enterocolitica (0015522) CE7d Pork 93
YEI15 Y.enterocolitica (1015522) CE14d + KOH Pork 92
YE16 Y.enterocolitica (1015522) DP Pork 113
YE17 Y.enterocolitica (1015522) DP Pork 115
YEI18 Y.enterocolitica (1015522) SE Pork 120
YEI19 Y.enterocolitica (1015522) CE 7d + KOH Pork 113
YE20 Y.enterocolitica (1015522) CE7d Pork 120
YE21 Y.enterocolitica (1015522) CE 7d + KOH Pork 120
YE22 Y.enterocolitica (1015522) CE 7d Pork 136
YE23 Y.enterocolitica (1015522) SE Pork 120
YE24 Y.enterocolitica (1155723) CE7d Lettuce (organic) 126
YE25 Y.enterocolitica (1015522) CE 14d + KOH Pork 136
YE26 Y.enterocolitica (1015522) CE 14d + KOH Pork 136
YE27 Y.enterocolitica (1054523) CE 14d + KOH Mixed salad 151
YE28 Y.enterocolitica (1015522) CE 14d + KOH Pork 120
YE29 Y.enterocolitica (1015522) CE 14d + KOH Pork 120
YE30 Y.enterocolitica (1015522) CE 14d + KOH Pork 120
YE31 Y.enterocolitica (1155723) CE 14d + KOH Pork 172
YE32 Y.enterocolitica (1155723) CE 14d Pork 180
YE33 Y.enterocolitica (1155723) CE 14d Pork 183
YE34 Y.enterocolitica (1155723) DP Pork 200
YE35 Y.enterocolitica (1015522) CE 7d + KOH Pork 200
YE36 Y.enterocolitica (1155723) CE 14d Pork 198
YE37 Y.enterocolitica (1155523) CE14d + KOH Pork 206
YE38 Y.enterocolitica (1155523) CEl14d + KOH Pork 206
YE39 Y.enterocolitica (1155523) CE14d + KOH Pork 207
YE40 Y.enterocolitica (1155523) CE7d Pork 247
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Table 13. Strains isolated, isolation methods and their origin

Strain codes API 20E profile Isolation methods Origin Sample
numbers number
YE41 Y.enterocolitica (1155523) CE14d + KOH Pork 247
YE42 Y.enterocolitica (1015522) SE + KOH Pork 262
YE43 Y.enterocolitica (1015522) SE+ Pork 262
YE44 Y.enterocolitica (1015522) CE 7d + KOH Pork 262
YE45 Y.enterocolitica (1155763) CE14d + KOH Pork 264
YE46 Y.enterocolitica (1155723) CE 7d Mixed salad 262
YE47 Y.enterocolitica (1015522) SE+ Pork 262
YE48 Y.enterocolitica (1015522) SE + KOH Pork 262
YE49 Y.enterocolitica (1015522) CE7d + KOH Pork 281
YESO0 Y.enterocolitica (1015522) SE Pork 296
YES1 Y.enterocolitica (1015522) SE + KOH Pork 296
YES2 Y.enterocolitica (1015522) SE + KOH Pork 296
YES3 Y.enterocolitica (1015522) SE + KOH Pork 296
YES54 Y.enterocolitica (1155523) CE7d + KOH Pork 247
YESS Y.enterocolitica (1155523) CE14d + KOH Pork 207
YES6 Y.enterocolitica (1155523) CEl4d + KOH Pork 207
YES57 Y.enterocolitica (1155523) CE14d + KOH Pork 207
YESS8 Y.enterocolitica (1155523) CE7d Pork 247
YES9 Y.enterocolitica (1155523) CE7d + KOH Pork 247

-85 -




3.2 Comparison of isolation methods for the recovery of human pathogenic

Y. enterocolitica

Pathogenic Y. enterocolitica bio-serotype 4/0:3 was detected in total 15 carcass swabs
(10.3%) using different isolation methods (Table 14). None of the methods detected all of
the 4/0:3 positive samples and none of the samples were detected as positive by all
methods.

The relative sensitivity of the combination of cold enrichment for 7 days with or
without alkali treatment was higher (73.3%) than others isolation procedures with relative
sensitivity. From the 11 positive samples with cold enrichment for 7 days, only two were
detected positive with both * alkali treatment. The combined cold enrichment for 7 days
provided a significantly better performance than direct plating (p=0.0268) and selective
enrichment (p=0.0092), whereas no significant difference was observed in the recovery

rates of cold enrichment for 14 days (p = 0.1394).

Table 14. Number of carcass swabs positive for Y. enterocolitica 4/0:3 and relative sensitivities of the different isolation

methods.
Isolation method Number of positive samples | Relative sensitivity
Direct plating 4 26.7%
Selective enrichment 3 20%
ITC+CIN 2 13.3%
ITC+KOH+CIN 2 13.3%
Cold enrichment 7d 11 73.3%
PSB+CIN 4 26.7%
PSB+KOH+CIN 9 60%
Cold enrichment 14d 6 40%
PSB+CIN - -
PSB+KOH+CIN 6 40%
Total 15 100%
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3.3 Typing and virulence gene distribution

Bio-serotypes and distribution of virulence genes of Y. enterocolitica strains are shown
in Tables 15 and 16. Of the 54 Y. enterocolitica isolates of the carcass swabs, 37 (68.5%)
were identified as human pathogenic belonging to bio-serotype 4/0:3 and the rest 17
isolates belonging to biotype 1A (31.5%) (Table 15). Among these, only two serotypes
were identified: 3 isolates as O:5 and one as O: 8, while a high proportion (76.5%) was O-
untypeable. The ail, ystA, inv, virF, myf4 and foxA genes were detected in 100% of the
4/0:3 isolates, and the yadA gene was found in 64.9% (Table 16). All 4/0:3 isolates were
negative for the ystB gene. The most common virulence-associated gene in 1A isolates was
the inv (100%), followed by ystB (94.1%), and foxA (84.4%) genes. All 1A isolates were
negative for the other target genes.

Of the 4 Y. enterocolitica strains of the vegetable samples which were isolated by cold
enrichment for 7 days, only one was identified as 4/0:3 and 3 belonging to biotype 1A/O-
untypeable (Table 15). The ail, ystA, inv, myf4 and foxA genes were detected in the 4/0:3
isolate (Table 16). The most common virulence-associated gene in 1A isolates was the inv
(100%) and ystB (100%), followed by foxA4 (66.6%) genes.

As shown in Table 15 there are some strains which are Tween 80 agar negative,
although their phenotype is that of biotype 1A. However, they were alternatively tested for

lipase production on Egg yolk agar where they showed positive reaction.
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3.4 Antimicrobial resistance

All 58 Y. enterocolitica isolates were susceptible to cefotaxime, ceftazidime,
ceftriaxone, ciprofloxacin, imipenem, tetracycline and ticarcillin/clavulanic acid. On the
contrary all isolates were resistant to ampicillin. Resistances to amoxicillin/clavulanic acid
(55.2%), cefoxitin (39.7%), cefixime (18.9%) and chloramphenicol (15.5%) were the most
common (Table 17). Among pathogenic 4/0:3 isolates the highest resistance was found to
amoxicillin/clavulanic acid (47.4%), while some isolates were resistant to cefoxitin
(26.3%) and chloramphenicol (23.7%). A high percentage of the 1A isolates were resistant
to amoxicillin/clavulanic acid (70%) and cefoxitin (65%). In addition, 65% of 1A isolates
were resistant to both amoxicillin/clavulanic acid and cefoxitin (Chart 1).

There were observed 13 resistance patterns (Table 18). The majority (55.1%) of the
isolates was resistant to two (31%) or three (24.1%) antimicrobial agents. Resistance to
three or more antimicrobials was observed in 26.6% (27/58) of the isolates. A single 4/0:3
isolate (1%) was resistant to five antimicrobials. No isolate was resistant to more than five
antimicrobials. The most common resistance patterns were AmcAmpFox (17.2%),

AmcAmp (15.5%) and AmcAmpCtfmFox (13.8%).
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Chart 1. Antimicrobial resistance of Y.enterocolitica strains
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Table 18. Resistance patterns of Y. enterocolitica isolates

AK

Bio/ N |R=2 R=3 R=4 =5
serotype
1A 20 AmpCfm (1) AmcAmpFox (6) | AmcAmpCfmFox (7)
AmcAmp (1)
4/0:3 38 AmcAmp (8) | AmcAmpFox (4) | AmcAmpCSxt (2) AmcAmpCCnSxt (1)
AmpC (3) AmcAmpCfm (2) | AkAmpCnFox (1)
AmpFox (3) AmpCSxt (2) AmpAmcCfmFox (1)
AmpCn (2) AmpCFoxSxt (1)
Total 58 18 (31%) 14 (24.1%) 12 (20.6%) 1(1.7%)
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Chart 2. Antimicrobial resistance of Y.enterocolitica strains from carcasses
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Table 19. Resistance patterns of Y. enterocolitica isolates from carcasses

Bio/ N |R=2 R=3 R=4 =5

serotype

1A 17 AmcAmp (1) | AmcAmpFox (4) | AmcAmpCfmFox (5)

4/0:3 37 AmcAmp (8) | AmcAmpFox (4) | AmcAmpCSxt (2) AmcAmpCCnSxt (1)
AmpC (3) AmcAmpCfm (2) | AkAmpCnFox (1)
AmpFox (3) AmpCSxt (2) AmpAmcCfmFox (1)
AmpCn (2) AmpCFoxSxt (1)

Total 54 17 (31.5%) 12 (22.2%) 10 (18.5%) 1 (1.9%)
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3.5 Inv gene sequence analysis

Inv gene sequence analysis did not reveal a sequence pattern between the isolated
pathogenic Y. enterocolitica 4:03 and non-pathogenic strains 1A since both were in all
clusters. Considering the current results the sequence differences in the inv gene do not

correlate with the biotype.
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4 Discussion

Yersiniosis remains the third most commonly reported bacterial food-borne zoonosis
in the EU in 2017. There was a significant decreasing trend in yersiniosis cases in the EU
between 2008 and 2017, but in the last 5 years (2013-2017) the trend did not show any
significant increase or decrease. The total number of reported food-borne yersiniosis
outbreaks in the EU varied around 10 during 2013-2017, and outbreak-related cases were
below 50 with peaks of more than 100 cases in 2017 and 2014. Almost all cases reported
in 2017 were infected domestically or through travel within the EU. Among the 248 travel-
associated cases with known information on probable country of infection, 48.0%
of the cases represented travel within EU. Spain, Italy and Greece were the most
frequently reported travel destinations within the EU (17.4%, 8.0% and 7.5%, respectively)
(EFSA, 2018).

Y. enterocolitica has been the most common species reported to be isolated from
human cases in Europe with commonest the bio-serotype 4/0:3 (EFSA, 2018), which is
isolated from slaughtered pigs, particularly from their tonsils and lymph nodes and these
tissues contaminate the carcasses during the slaughtering process (Laukkanen-Ninios et al.,
2014). Although the reporting of Yersinia occurrence or prevalence in food and animals is
not mandatory, member states can report monitoring data on Yersinia to the ECDC in
accordance with the Zoonoses Directive 2003/99/EC. At present, there is no harmonized
surveillance of Yersinia in the EU for food or animals and Yersinia food and animal
monitoring data submitted by the member states to EFSA are collected without harmonized
protocol. Thus there are no relevant data provided from Greece since there is no official
surveillance system for Yersinia infections (EFSA, 2018).

In USA, yersiniosis has been the sixth most commonly reported bacterial food-borne
zoonosis during 2018 since the FoodNet identified 465 cases of yersiniosis with incidence
rate 0.9 case/100,000 population. The 2018 Yersinia incidence was significantly increased
(58%) compared with the incidence reported during 2015-2017 (CDC, 2018; 2019). Data
about the number of sporadic cases, or potential outbreaks and the Yersinia species
involved in these incidents are missing.

In New Zealand, the Institute of Environmental Science and Research (ESR) reported
918 cases of yersiniosis during 2017. The 2017 notification rate (19.2 per 100,000) was
higher than the 2016 rate (18.3 per 100,000, 858 cases) and the number of notifications for

yersiniosis has been steadily increasing since 2010. One outbreak due to Yersinia involving
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five cases was reported in 2017. Y. enterocolitica has been the most common species
isolated from human cases with most common the biotype 2 (ESR, 2019).

In Greece, published information on the occurrence of Y. enterocolitica in humans
shows that the most prevalent bio-serotype is 4/0O:3 and the most vulnerable subjects are
the B-thalassemia patients. Y. enterocolitica has been isolated in 0.3-2.4% from human
clinical samples with most common bioserotype 4/0:3 (Daneilides and Kansouzidou-
Kanakoudi, 1989; Kansouzidou et al., 1990; Gianneli et al., 1992; Trikka-Grafakou et al.,
1994; Kouppari et al., 1995; Demertzi et al., 1999; Stamatopoulou et al., 2004; Panagiotaki
et al., 2008; Palaiologou et al., 2011; Kiratsa, 2013). There is no official information
reported from National Public Health Organization since yersiniosis is not included in the
Mandatory Notification System

During 1984-1988 in the Infectious Diseases Hospital in Thessaloniki, 44 strains of Y.
enterocolitica were isolated from diarrhea patients, one of which from pus of osteomyelitis
in a patient with coexisting diarrhea. The majority of strains (32) were identified as human
pathogenic belonging to bio-serotype 4/0:3 (Daneilides and Kansouzidou-Kanakoudi,
1989). Another study in this hospital during the same period reported the isolation of 31
Yersinia strains, from 30 out of 3265 children with gastroenteritis 23 strains were identified
as 4/0:3 Y. enterocolitica. 53% of children were under two years old and three of them
were [-thalassemia patients, one of them with concurrent osteomyelitis (Kansouzidou et
al., 1990).

Gianneli et al. (1992) in Piracus Tzaneio Hospital during 1988-1990, detected Y.
enterocolitica in 2.4% of diarrhea patients most of which were children under 14 years old.
During 1986-1993, in Agia Sofia Pediatric Hospital in Athens, 70 Y. enterocolitica strains
were isolated from 57 children, 34 of which suffered from [-thalassemia aged 2-20 years
old. Seven of them had septicemia, five terminal ileitis and septicemia and the rest terminal
ileitis mimicking appendicitis. Most strains were of bio-serotype 4/0:3 and two of 2/0:9
(Trikka-Grafakou et al., 1994). At Kiriakou Pediatric Hospital in Athens during 1991-
1993, Y. enterocolitica was detected in 26 (0.7%) of diarrhea patients of age 2 months-14
years old, five of which suffered from 3-thalassemia (Kouppari et al., 1995). Another study
in Laiko Hospital in Athens during 1991-1993, detected Y. enterocolitica in 1.44% of
diarrhea patients (Demertzi et al., 1999).

Stamatopoulou et al. (2005) during 2000-2003 in Xanthi General Hospital isolated a

single Y. enterocolitica strains among 1046 clinical samples. Similarly Panagiotaki et al.
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(2008) detected Y. enterocolitica in only 0.1% of clinical samples in Kiriakou Pediatric
Hospital in Athens during 2003-2005. In the same hospital prevalence of Y. enterocolitica
during 2003-2005 varied from 2.8% to 4.1% with the majority (98.1%) of strains identified
as 4/0:3 (Palaiologou et al., 2011). Kiratsa (2015) examined 60 strains in Thriasio Hospital
in Elefsina during 2003-2005. The strains were isolated from [-thalassemia patients 6
months to 3 years old that suffered from enteritis with/without septicemia. From stool and
blood cultures, the 59 strains were identified as 4/0:3 and 1 as 2/0:9.

Concerning the detection of Y. enterocolitica in animal tissues and food samples in
Greece there is scarce published information. Kansouzidou et al. (1995) found Y.
enterocolitica in 25% of 376 pig tongue swabs with 10% positive in bio-serotype 4/0:3
and 14.8% in biotypes 1,2. Another study examined 455 tonsil swabs from pigs and
detected Y. enterocolitica in 15.2% of with predominant serotype O:3 (12.7%) and only
1.5% the non O:3, O:9 serotypes (Kechagia et al., 2007).

As far as food is concerned there are only a few studies for Yersinia prevalence in
pasteurized and non-pasteurized milk (Kansouzidou-Kanakoudi et al., 1990; Gousia,
2008), various meat samples (Gousia et al., 2011) and vegetables (Kansouzidou-
Kanakoudi and Daneilides, 1994; Xanthopoulos et al., 2010). A study on 298 of non-
pasteurized and 50 samples of pasteurized cow milk detected 13 Yersinia strains only in
non-pasteurized milk (4.4%), six of which were Y. enterocolitica, the four belonging to
bio-serotype 2/ 0:5,27 and one to biotype 1 (Kansouzidou-Kanakoudi et al., 1990). In a
previous study performed by the Microbiology laboratory (UOI) there were examined 120
of non-pasteurized and 120 samples of pasteurized cow milk, 120 pork meat samples, 80
beef and 80 goat and sheep meat samples, and Y. enterocolitica was detected in 20.8% of
the pork meat samples and in 1.7% of the pasteurized cow milk (Gousia et al., 2011).

In a study by Kansouzidou-Kanakoudi and Daneilides (1994) on 132 vegetable
samples there were found 4 (3%) samples positive to biotype 1 Y. enterocolitica.
Xanthopoulos et al. (2010) from 26 different RTE salads isolated two strains of Y.
enterocolitica by both culture-dependent methods and by sodium dodecyl sulphate—
polyacrylamide gel electrophoresis (SDS—PAGE) of whole-cell proteins.

To our knowledge in the present study it has been the first time in Greece that a
sufficient number of food samples (145 pork carcasses and 144 vegetables) is examined for
the presence of pathogenic Y. enterocolitica and the isolates are fully investigated

(biotyping, serotyping, virulence genes, antimicrobial susceptibility).

-107 -



4.1 Detection

In this study, 15.9% of the pig carcass swabs were positive for Y. enterocolitica.
Human pathogenic bio-serotype Y. enterocolitica 4/0:3 isolates were detected in 10.3% of
carcass swabs, while biotype 1A in 6.2%. These data show that a considerable proportion
of pigs slaughtered in Greece carried human pathogenic Y. enterocolitica isolates. This
study found slightly lower percentage than a previous study executed by our department
that had found 20.8% of pork meat samples positive to Y. enterocolitica (Gousia et al.,
2011) but there was no information for the subtypes of isolates. Prevalence rates of Y.
enterocolitica originated from pork are classified in Table 20.

In the present doctoral study, the detection rate of Y. enterocolitica-positive samples in
pork (15.9%) is similar to those reported in Norway, Belgium, Italy and Sweden. In
Norway, Nesbakken et al. (1991) detected 4/0:3 Y. enterocolitica in 18% of raw pork and
Johannessen et al. (2000) found Y. enterocolitica positive in 2% of raw pork products by
culture method while by PCR in 17% (Johannessen et al., 2000). In Belgium, bio-serotype
4/0:3 was detected in 11.4-15.7% of carcasses (Van Damme et al., 2013a, 2013b). On the
contrary, in Italy the predominant biotype in 15.2% of pork products has been found to be
1A (Bonardi et al., 2010). In Sweden, the percentage of 16% in carcasses was detected by
PCR (Lindbland et al., 2007). Other studies from Norway, Italy and Germany reported
lower rates. In Germany, low rate of 0.3% Y. enterocolitica serotype O:3 was detected in
carcasses (Gutler et al., 2005). Unlike the above studies, in Italy Bonardi et al. (2003, 2007,
2013) reported low detection rate up to 2.4% in carcasses and in Norway 8.3% of 4/0:3 in
carcasses (Nesbakken et al., 2008).

Studies from Austria, Belgium, Lithuania and Finland reported higher prevalence.
High rate of pork meat (43.3%) was Y. enterocolitica positive and 16.7% was identified as
serotype O:3 in Austria (Mayrhofer et al., 2004). In Belgium, Wauters et al. (1988) found
positive 25% of ground pork and Van Damme et al. (2015) detected 39.7% of bio-serotype
4/0O:3 in carcasses. The same bio-serotype (4/0:3) was found in 25% of carcasses in
Lithouania (Novoslavskij et al., 2013). In Finland, detection rates were different depending
on the method; 2-12% of minced meat was 4/0:3 positive by culture and 25% by PCR
(Fredriksson-Ahomaa et al, 1999, 2001a), 6.3% by culture and 21% by PCR in carcasses
(Fredriksson-Ahomaa, 2000b), 26% by culture in carcasses (Laukkanen et al., 2010b) and
22% 4/0:3 positive by PCR in cheek meat samples (Laukkanen-Ninios et al., 2014).
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Table 20. Prevalence rates of Y. enterocolitica originated from pork

Prevalence Bio/ Country Detection Reference
serotype method
0
‘31‘31: (;; - New Zealand Ciﬁlljre Hudson et al., 2008
Té?:ﬁz O_: 3 Austria Culture Mayrhofer et al., 2004
39.7% 4/0:3 Belgium Culture Van Damme et al., 2015
25% - Belgium Culture Wauters, et., 1988
25% 4/0:3 Lithuania Culture Novoslavskij et al., 2013
26% - Finland culture Laukkanen et al., 2010b
25% - Finland PCR Fredriksson-Ahomaa et al, 1999,
2-12% 4/0:3 culture 2001a
22% 4/0:3 Finland PCR Laukkanen-Ninios et al., 2014
21% - Finland PCR Fredriksson-Ahomaa, 2000b
6.3% culture
20.8% - Greece culture Gousia et al., 2011
18% 4/0:3 Norway culture Nesbakken et al., 1991
0,
1270/? O_: 3 Norway cil(tjlie Johannessen et al., 2000
16% - Sweden PCR Lindbland et al., 2007
15.9% -
10.3% 4/0:3 Greece culture Present study
6.2% 1A
15.2% 1A Italy culture Bonardi et al., 2010
11.4-15.7% 4/0:3 Belgium culture Van Damme et al., 2013a, 2013b
8.3% - Norway culture Nesbakken et al., 2008
3-4.8% - Japan culture Fukushima, 1985, 1997
2.4% - Italy culture Bonardi et al., 2003, 2007, 2013
0.3% 0:3 Germany culture Gutler et al., 2005

Since higher prevalence of pathogenic Y. enterocolitica has been obtained using PCR
detection there is probably an underestimation of the true prevalence on carcasses and
meats due to the low sensitivity of the culture methods. However, molecular methods
should be combined with conventional cultural techniques, since isolation is crucial when
studying the epidemiology of the pathogen.

Our findings in regards to predominant bio-serotype 4/0:3 is consistent with the above
studies which propose that Y. enterocolitica 4/0:3 is the most common bio-serotype
isolated in Europe.

Detection rates in Japan and New Zealand are variable. Fukushima et al. (1985, 1997)
reported 3-4.8% of pork products Y. enterocolitica positive in Japan (Fukushima, 1985,
1997), while in New Zealand Hudson et al. (2008) found Y. enterocolitica in 44.4% by
PCR and 33.3% by culture in pork meat.
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Though the role of vegetables in the epidemiology of human yersiniosis has so far not
been investigated, there are studies that have detected Y. enterocolitica on fresh vegetables
(Delmas and Vidon, 1985; Kansouzidou-Kanakoudi and Daneilides, 1994; Abadias et al.,
2008; Cardamone et al., 2015; Losio et al., 2015; Nousiainen et al., 2016; Verbikova et al.,
2018) and RTE salads (Lee et al., 2004; Cocolin and Comi, 2005; Abadias et al., 2008;
Cardamone et al., 2015; Losio et al., 2015; Verbikova et al., 2018).

In our study Y. enterocolitica was detected in 4 out of 144 vegetable samples (2.8%).
A single sample (0.7%) was identified as bio-serotype 4/0:3 (non-organic lettuce) and
three (2,1%) as 1A/O-untypeable (two mixed salads and one organic lettuce), all isolated
by cold enrichment for 7 days. A study by Kansouzidou-Kanakoudi and Daneilides (1994)
reported similar results; among 132 vegetable samples examined by cold enrichment for 21
days and there were found 4 (3%) samples positive to biotype 1 Y. enterocolitica (lettuce,
cucumber, parsley, dill). In another study in Greece, Xanthopoulos et al. (2010) from 26
different RTE salads isolated two strains of Y. enterocolitica by both culture-dependent
methods and by SDS-PAGE of whole cell proteins. Prevalence rates of Y. enterocolitica

originated from vegetables are classified in Table 21.

Table 21. Prevalence rates of Y. enterocolitica originated from vegetables

Prevalence Bio/ Country Detection Reference
serotype method

33% - Finland culture Nousiainen et al., 2016

32.3% - France culture Delmas and Vidon, 1985
0 ) culture and . .
11.1% 0:3 Italy PCR-DGGE Cocolin and Comi, 2005
7.4% 1A Czech Republic culture Verbikova et al., 2018
Kansouzidou-Kanakoudi and
o

3% 1 Greece culture Daneilides, 1994

2.8% -

2.1% 1A Greece culture Present study

0.7% 4/0:3

2.1% - Spain culture Abadias et al., 2008
0.8% - Italy culture Cardamone et al., 2015
0.47% - Italy culture Losio et al., 2015

Similar low detection rates were reported in Spain and Italy. In Spain, Abadias et al.
(2008) showed low prevalence of Y. enterocolitica of 2.1% (5/236) in RTE salads and
fresh. A similarly low prevalence was described by two studies in Italy. Cardamone et al.

2015) and Losio et al. (2015) isolated Y. enterocolitica from 0.8% and 0.47% of fresh and
(
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RTE vegetables respectively, using the ISO 10273:2003 reference method. Losio et al.
(2015) also examined the samples using “in house” RT-PCR method targeting the
virulence ail gene none of which was found positive. There is no information for the

subtypes of isolates.

Other studies from France, Italy, Finland and Czech Republic reported higher
prevalence. In France, Delmas and Vidon (1985) reported that 21 samples (32.3%) were
found to be contaminated with Y. enterocolitica. Although they found a large variety of
environmental serogroups of Y. enterocolitica, no human pathogenic serotypes (O:3 and
0:9) were isolated. Similarly, a high prevalence of Yersinia spp. was observed in Finland
where 100 fresh packed leafy green vegetables were examined by cold enrichment for 8 d
at 4 °C and alkaline treatment. Yersinia spp. were found in 33% of the samples, however,
ail-positive Y. enterocolitica (associated with disease) was isolated only from a single
mixed leafy green product containing arugula and spinach (Nousiainen et al., 2016). In
Italy, another study by Cocolin and Comi (2005) examined 27 samples of RTE by both
culture-dependent and PCR-DGGE (Denaturing Gradient Gel Electrophoresis) analysis
and 3 samples (11.1%) were found serotype O:9 positive. A study conducted in Czech
Republic found Y. enterocolitica positive in 7.4% of fresh and RTE vegetables originated
from Czech Republic and other EU countries. All 11 isolates were biotype 1A and one
carried the ail gene (Verbikova et al., 2018).

In Korea, Lee et al. (2004) reported rate similar to our study by examining 673 RTE
vegetable samples by cold enrichment for 10 days at 10°C. Of these samples, 27 (4.0%)
were found to be contaminated with Yersinia and 18 (2.7%) with Y. enterocolitica. In total

most strains (77.8%) belonged to biotype 1A and were O-untypeable (61.1%).

4.2 Comparison of isolation methods for the recovery of human pathogenic

Y. enterocolitica

Comparison of carcass swab results from different studies is difficult due to
differences in study design, pig populations, slaughter age of pigs and slaughter procedures
of each country, the areas of the carcass that are swabbed, and culture/molecular methods
that are used (Laukkanen et al., 2010b; Van Damme et al., 2013b, 2015; Bonardi et al.,
2014; Petsios et al., 2016). In the present study, the hind limb, lateral area was selected for
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swabbing. Van Damme et al. (2015) showed the mandibular region as the higher
contaminated area of the carcass (29%), followed by the pelvic duct, split surface, and
sternum (varying between 7% and 16%). Similarly, Laukkanen et al. (2010b) and
Nesbakken (1988) also found the highest number of carcasses contaminated at the chest
and head region. Therefore, Van Damme et al. (2015) concluded that inclusion of the head
area when analyzing carcasses for the presence of Y. enterocolitica results in a
considerable increase of the overall carcass prevalence.

In our study, cold enrichment was the most efficient isolation method for the detection
of human pathogenic Y. enterocolitica 4/0:3. The relative sensitivity of the combination of
cold enrichment for 7 days with or without alkali treatment was higher (73.3%) than others
isolation procedures providing a significantly better performance than direct plating
(p=0.0268) and selective enrichment (p=0.0092), whereas no significant difference was
observed in the recovery rates of cold enrichment for 14 days (p = 0.1394). Alkali
treatment after cold enrichment for 7 days did not significantly increased the recovery of Y.
enterocolitica 4/0:3 (P = 0.1394).

Similarly, the Van Damme et al. (2013a) study in carcass swabs found cold
enrichment more effective than direct plating and selective enrichment for recovery of Y.
enterocolitica O:3 (P < 0.001) with its relative sensitivity in 90.3%. Direct plating and
selective enrichment detected 20.8% and 25.9% of positive samples, while on our study
26.7% and 20% respectively. Unlike our findings, cold enrichment for 14 days with alkali
treatment was more efficient in isolating pathogenic Y. enterocolitica than 7 days without
alkali treatment (P < 0.001).

In another study Van Damme et al. (2013b) compared PSB enrichment at 25°C,
selective enrichment in ITC and cold enrichment in PMB (phosphate-buffered saline
supplemented with 1% mannitol and 0.15% bile salts broth). Overall, cold enrichment in
PMB was significantly less effective in isolating pathogenic Y. enterocolitica 4/0:3 from
carcass swabs compared to enrichment in PSB at 25°C (p = 0.047), whereas cold
enrichment recovered more 4/0:3 positive carcasses than selective ITC enrichment, but the
difference was not significant (p = 0.073). Similarly to their previous study and unlike to
our findings, cold enrichment for 14 days recovered pathogenic Y. enterocolitica from
significantly more carcass samples than 7 days of cold enrichment - this time when using

KOH treatment (p = 0.0092).
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Recently, cold enrichment procedure using either PSB or CEB (cold enrichment broth)
at 4 °C for altogether 22 + 1 days and plating on CIN with and without KOH treatment has
been suggested in the informative Annex D of EN ISO 10273:2017 to be used as an
optional procedure (Hallanvuo et al., 2019).

To summarize the data about isolation methods none of the methods was proved
efficient to detect all of the 4/0O:3 positive samples and none of the samples were detected
as positive by all methods. Therefore, when a sample is investigated for the presence of
pathogenic Y. enterocolitica the use of multiple culture methods is imperative to achieve

the maximum efficiency.

4.3 Typing and virulence gene distribution

Virulence gene investigation showed that all 4/0:3 isolates of carcasses carried the ail,
ystA, inv, virF, myf4 and foxA genes. YadA gene was found in 64.9% and none were
positive for the ystB gene. The most common virulence-associated gene in biotype 1A
isolates of carcasses was the inv (100%), followed by ystB (94.1%), and foxA (84.4%)
genes. All 1A isolates were negative for the other target genes. Bonardi et al. (2010) from
pork meat samples detected 1A isolates positive for ystB (90%), inv (30%) and ystA
(66.6%) genes. Another study of Bonardi et al. (2013) in carcass swab samples found a
single 4/0:3 isolate which carried ail, ystA, inv and yadA genes, while the 1A strains were
positive for inv (100%) and ystB only. Van Damme et al. (2013a) tested isolates from
carcass swab samples for the presence of virF’ gene located on the pYV and found it in
80.5% of 4/0:3 strains.

The most common virulence-associated genes in isolates originated from vegetables
for biotype 1A were the inv (100%) and ystB (100%), followed by fox4 (66.6%) genes,
while 4/0:3 isolate carried the ail, foxA, ystB and myf. In Lee et al. (2004) study only three
out of 18 Y. enterocolitica isolates were shown to have a virulence gene. The bio-serotype
3/0:3 strain (crown daisy isolate) had both yst and ail genes, while 3B/O-untypeable
(Chinese cabbage isolate) and 1A/O-untypeable (spinach isolate) contained only the yst
gene. Interestingly, Verbikova et al. (2018) detected the virulence ail gene in a 1A isolate
from RTE vegetable, which is generally regarded as non-pathogenic. The presence of
virulence gene ail in biotype 1A strains has been previously reported (Tennant et al., 2003;

Kraushaar et al., 2011).
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4.4 Antimicrobial resistance

Studies have reported resistance to ampicillin and first generation cephalosporins due
to Y. enterocolitica ability to produce B-lactamases. On the other hand, Y. enterocolitica is
usually susceptible to aminoglycosides, chloramphenicol, tetracyclines, trimethoprim/
sulfamethoxazole, imipenem, the third generation cephalosporins and fluoroquinolones.

All 54 Y. enterocolitica isolates originating from carcass swabs were susceptible to
cefotaxime, ceftazidime, ceftriaxone (third generation cephalosporins), ciprofloxacin,
imipenem, tetracycline and ticarcillin/clavulanic acid. On the contrary all isolates were
resistant to ampicillin. Resistances to amoxicillin/clavulanic acid (53.7%), cefoxitin (37%),
chloramphenicol (16.7%) and cefixime (13%) were the most common. Among pathogenic
4/0:3 isolates the highest resistance was found to amoxicillin/clavulanic acid (48.6%),
while some isolates were resistant to cefoxitin (27%) and chloramphenicol (24.3%). A high
proportion of the 1A isolates were resistant to amoxicillin/clavulanic acid (64.7%) and
cefoxitin (58.8%).

A study by Gousia et al. (2011) in pork meat isolates found also high resistance rates
in ampicillin (96.3%), amoxicillin/clavulanic acid (77.8%) and third generation
cephalosporins cefoxitin and cefuroxime (55.6%). There were also isolates resistant to
ciprofloxacine, ceftriaxone and imipenem; however, there is no information about the bio-
serotypes of these isolates.

In Austria, Mayrhofer et al. (2004) from pork meat detected Y. enterocolitica isolates
the majority of which were serotype O:3 and were found susceptible to tetracycline,
gentamicin, kanamycin, sulfonamids, nalidixic acid, trimethoprim, chloramphenicol and
streptomycin. In Italy, 1A isolates also originating from pork meat samples were resistant
to cefotaxime, ciprofloxacin, chloramphenicol, nalidixic acid, streptomycin, sulfonamide,
tetracycline, trimethoprim, and sulfamethoxazole/trimethoprim (Bonardi et al., 2010).
Similar to our study resistance rates were found to ampicillin (85%), and
amoxicillin/clavulanic acid (40%) but all isolates were resistant to erythromycin. Bonardi
et al. (2013) from finishing pigs isolated Y. enterocolitica strains which all were
susceptible to ciprofloxacin, ceftazidime, cefotaxime, chloramphenicol, enrofloxacin,
gentamicin, kanamicin and neomycin. Resistances to first generation cephalosporin
cephalothin (92%), ampicillin (89%) and amoxicillin/clavulanic acid (8%) were the most

common. Among pathogenic 4/0:3 isolates, resistance to cefalothin and ampicillin was
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both found in 91.3% of the isolates. Resistance to amoxicillin/clavulanic acid was observed
in only 10% of the biotype 1A isolates in contrast to higher resistance rates of 1A in our
study (64.7%).

The four Y. enterocolitica isolates of our study were all susceptible to amikacin,
chloramphenicol, cefotaxime, ceftazidime, ceftriaxone, ciprofloxacin, gentamicin,
imipenem, trimethoprim/sulfamethoxazole tetracycline and ticarcillin/clavulanic acid. On
the contrary all isolates were resistant to ampicillin and the three 1A shared the
AmcAmpCfmFox resistance pattern. In another study in Greece biotype 1 isolates from
vegetable samples were all resistant to ampicillin and cephalothin (Kanakoudi and
Daneilides, 1994). Verbikova et al. (2018) found Y. enterocolitica 1A isolates similarly
resistant to ampicillin (100%), followed by chloramphenicol (22.2%) and tetracycline
(5.6%). In Korea, Y. enterocolitica isolates were most resistant to cephalothin (100%),
followed by ampicillin (94%) and carbenicillin (83%). There are no specific published data
regarding the relation of antimicrobial susceptibility and bio-serotype of the isolates,

although the majority of these isolates belonged to biotype 1A (Lee et al., 2004).
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5 Conclusions

In the present study Y. enterocolitica was detected in pork carcasses as well as in
vegetables. The majority of the isolated strains belonged to the human pathogenic bio-
serotype 4/0:3 that prevails among pig population and based on the existing published data
also prevails in clinical strains in Greece. Biotype 1A strains which may have a potential
virulence were also isolated. Pigs remain the major reservoir for pathogenic Y.
enterocolitica 4/0:3 spread among breeding pigs and the consequent contamination of
pork carcasses depends on the farming and slaughter practices. Modification of the EU
legislation regarding slaughtering methods and meat inspection can decrease the risk of
infection with human pathogenic Y. enterocolitica. Concerning the involvement of
vegetables in the epidemiology of human yersiniosis there is need for further investigation
both at local and international level. The observed high resistance rates to broad-spectrum
penicillins and second generation cephalosporins of the isolates originating from pork
carcasses can be attributed to the non prudent use of antibiotics in the pig farms in Greece.

To achieve more accurate investigation of pathogenic Y. enterocolitica in foods
intended for human consumption, the use of diverse cultural and molecular methods is
essential. The development of an EU directive concerning an ISO method for the detection,
isolation and typing of the microorganism is needed for efficient surveillance of yersiniosis
and effective implementation of prevention and control strategies. Since Y. enterocolitica
is an emergent foodborne zoonotic pathogen, a One-health approach based on a multi-
disciplinary and interdisciplinary collaboration is an absolute necessity to mitigate the

emergence and spread of a new foodborne disease.
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6 Abstract

Yersiniosis has been one of the most frequently reported zoonosis in EU countries and
Yersinia enterocolitica is the most prevalent species isolated from human cases with
serotypes O:3, O:9 and O:8 to be the most common. Pigs are considered the major
reservoir for Yersinia, and pork products are the main source of Y. enterocolitica infection
in humans. Y. enterocolitica has been isolated from bovine meat, raw cow’s and raw goat’s
milk, in ready-to-eat (RTE) salads, as well as from domestic and wild animals from various
EU member states.

Y. enterocolitica is a Gram-negative bacterium that belongs to the family
Enterobacteriaceae. It has the unusual ability among pathogenic enterobacteria to grow well
at refrigeration temperatures (psychrophilic). This microrganism can also withstand freezing
and survives for extended periods of time in frozen food, even after repeated freezing and
thawing. The ability to propagate at refrigeration temperature in vacuum packed or modified
atmosphere foods aimed for a prolonged shelf-life is of considerable significance in food
hygiene and safety. The large number of organisms in the background microbiota, the
presence of non-pathogenic Yersinia spp. (including non-pathogenic Y. enterocolitica strains)
and the low concentration of pathogenic strains, especially in food samples complicate the
isolation leading to an underestimated prevalence of pathogenic Y. enterocolitica in food. Y.
enterocolitica is a highly heterogeneous group of bacteria consisting of different subtypes
(biotypes and serotypes). Biotyping and serotyping are both used to determine the strain
pathogenicity, although virulence markers have also been found in non-pathogenic biotype
1A strains. Y. enterocolitica bacteria utilize both chromosomal and plasmid-associated
(pYV+) virulence factors that are temperature-dependent. The presence of pYV enables
virulent Yersinia to survive and multiply in lymphoid tissues of their host.

Pigs from enteropathogenic Yersinia-positive farms carry the bacterium in their tonsils
and lymph nodes and during the slaughter process the pork carcasses can be contaminated.
Fresh vegetables and RTE salads are likely to be contaminated with pathogenic Yersinia
due to organic fertilizers (manure) used for their production. Storage of vegetables under
refrigeration conditions favors growth of Yersinia.

Human infections with Y. enterocolitica emerge after ingestion of the microorganisms
through contaminated food or water or through blood transfusion. Gastrointestinal symptoms

range from self-limiting gastroenteritis to acute enteritis (particularly in children), mesenteric
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lymphadenitis and terminal ileitis mimicking appendicitis (children older than 5 years).
Infection with Y. enterocolitica can lead to septicemia in immunosuppressed individuals and
patients being treated with desferrioxamine or patients with hemochromatosis.

The objectives of the present study included the following:

1. investigation of the prevalence of pathogenic Y. enterocolitica in pork carcasses and
fresh vegetables originating from local slaughterhouses and markets of the Epirus region
(Northwestern Greece),

2. comparison of different methods for the recovery of human pathogenic Y.
enterocolitica from pork carcasses,

3. identification of the isolated strains in order to assess the pathogenic nature of the
strains (biotype, serotype and virulence properties/markers), the presence of genotypic
virulence markers in the recovered isolates and the antimicrobial susceptibility against
antimicrobials routinely used in the medical practice,

4. investigation of potential existence of /nv gene sequence pattern between the
isolated pathogenic and non-pathogenic strains.

A total of 145 carcass surface swabs from equal number of pigs at slaughter and 144
fresh vegetable samples were collected during 12 months period (August 2013-July 2014)
from six slaughterhouses located in the Epirus region. Vegetable samples concluded 22
organic and 22 non-organic curly salads, 37 organic and 37 lettuce salads and 26 ‘ready to
eat’” (RTE) salads gathered from local retailer shops and supermarkets. RTE salads
contained lettuce (three types), carrot, rocket, cabbage, radicchio, parsley, dill, spring
onion and curly salad. All samples were analyzed for the detection of Y. enterocolitica with
different isolation methods; direct plating, selective enrichment and cold enrichment.

Y. enterocolitica strains were biotyped according to the modified Wauters’ et al.
scheme (1987) and serotyping was performed with commercially available O antisera for
the serogroups O:1,2, O:3, O:5, O:8 and O:9. Except for biochemical identification strains
were also tested for the unambiguous identification within the genus targeting a 330-bp
fragment of the 16S rRNA gene. Presence of virulence genes by PCR were also studied.
Susceptibility to antimicrobial agents was tested by the Kirby-Bauer, while inhibition zone
results were interpreted according to the breakpoints of the EUCAST guidelines (2014).

Y. enterocolitica was found in 15.9% of the carcass swabs (23/145) and in 2.8% of the

vegetable samples (4/144). Of the 145 carcass swabs, 15 (10.3%) were identified as human
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pathogenic bio-serotype 4/0:3 and 9 (6,2%) as biotype 1A. Of the 144 vegetable samples,
only one (0.7%) was identified as bio-serotype 4/0:3 (non-organic lettuce) and three
(2,1%) as 1A (two mixed salads and one organic lettuce).

A total of 59 strains were isolated and biochemically identified as Y. enterocolitica: 54
from the carcass swabs and 5 from the vegetable samples. All but one strains were also
molecular identified as Y. enterocolitica by the detection of the specific of /65 rRNA gene
for the species. YE27 strain isolated from a vegetable sample is presumed as Y. kristensenii
since its appearance in CIN agar plates is often misinterpreted as Y. enterocolitica. Use of
stereomicroscope with Henry illumination helps the differentiation between the species.

Pathogenic Y. enterocolitica bio-serotype 4/0:3 was detected in total 15 carcass
swabs (10.3%) using different isolation methods. None of the methods detected all of the
4/0:3 positive samples and none of the samples were detected as positive by all methods.
The relative sensitivity of the combination of cold enrichment for 7 days with or without
alkali treatment was higher (73.3%) than others isolation procedures with relative
sensitivity. The combined cold enrichment for 7 days provided a significantly better
performance than direct plating (p=0.0268) and selective enrichment (p=0.0092), whereas
no significant difference was observed in the recovery rates of cold enrichment for 14
days (p = 0.1394).

Of the 54 Y. enterocolitica isolates of the carcass swabs, 37 (68.5%) were identified as
human pathogenic belonging to bio-serotype 4/0O:3 and the rest 17 isolates belonging to
non-pathogenic biotype 1A (31.5%). Among these of biotype 1A, only two serotypes were
identified: 3 isolates as O:5 and one as O: 8, while a high proportion (76.5%) was O-
untypeable. The ail, ystA, inv, virF, myf4 and foxA genes were detected in 100% of the
4/0:3 isolates, and the yadA gene was found in 64.9%. All 4/0:3 isolates were negative for
the ystB gene. The most common virulence-associated gene in 1A isolates was the inv
(100%), followed by ystB (94.1%), and foxA (84.4%) genes. All 1A isolates were negative
for the other target genes.

Of' the 4 Y. enterocolitica strains of the vegetable samples which were isolated by cold
enrichment for 7 days, only one was identified as 4/0:3 and 3 belonging to biotype 1A/O-
untypeable. The ail, ystA, inv, myf4 and foxA genes were detected in the 4/0:3 isolate. The
most common virulence-associated gene in 1A isolates was the inv (100%) and ystB

(100%), followed by foxA4 (66.6%) genes.
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All 58 Y. enterocolitica isolates were susceptible to cefotaxime, ceftazidime,
ceftriaxone, ciprofloxacin, imipenem, tetracycline and ticarcillin/clavulanic acid. On the
contrary all isolates were resistant to ampicillin. Resistances to amoxicillin/clavulanic acid
(55.2%), cefoxitin (39.7%), cefixime (18.9%) and chloramphenicol (15.5%) were the most
common. Among pathogenic 4/0:3 isolates the highest resistance was found to
amoxicillin/clavulanic acid (47.4%), while some isolates were resistant to cefoxitin
(26.3%) and chloramphenicol (23.7%). A high proportion of the 1A isolates were resistant
to amoxicillin/clavulanic acid (70%) and cefoxitin (65%). In addition, 65% of 1A isolates
were resistant to both amoxicillin/clavulanic acid and cefoxitin.

Thirteen resistance patterns were observed. The majority (55.1%) of the isolates was
resistant to two (31%) or three (24.1%) antimicrobial agents. Resistance to three or more
antimicrobials was observed in 26.6% (27/58) of the isolates. A single 4/0:3 isolate (1%)
was resistant to five antimicrobials. No isolate was resistant to more than five
antimicrobials. The most common resistance patterns were AmcAmpFox (17.2%),
AmcAmp (15.5%) and AmcAmpCtfmFox (13.8%).

Inv gene sequence analysis did not reveal a sequence pattern between the isolated
pathogenic Y. enterocolitica 4:03 and non-pathogenic strains 1A since both were in all
clusters. Considering the current results the sequence differences in the inv gene do not
correlate with biotype.

To our knowledge in the present study it has been the first time in Greece that a
sufficient number of food samples (145 pork carcasses and 144 vegetables) is examined for
the presence of pathogenic Y. enterocolitica and the isolates are fully investigated

(biotyping, serotyping, virulence genes, antimicrobial susceptibility).
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7 llepiinqyn

Ewooywyn

H Yepowioon eivar pia and tic cuyvotepa avapepopeveg (mOVOGOLS GTIS YDPES TNG
Evponaikng Evoong (EE) kav n Yersinia enterocolitica 10 emkpatéstepo €100G mOL
OTTOLOVAOVETAL OO KAMVIKA TEPIGTUTIKA LLE GLYVOTEPOVS 0poTVTTOVG ToLvg O:3, O:9 Ko O:8.
O yoipotr Bswpovvton opeig g Yersinia kot 10 yopvd KPEUS Kot T0 TPOIOVTO TOL M
KuplotePN YN HOAvvong maboyovov oterexdv g Y. enterocolitica mov mpokaAoHV
Aowaéei otov avBpamo. H mapovsio g Y. enterocolitica éxer avapepbet eniong oe Pdeto
KpENG, ayeAad1vO Kal yidvo amaoTepi®To YOO Kol GE ETOWUEG TPOG KATOVOAMOT GUAATES
Ommg emiong Kot 6€ KOTOKidw kot dypla (oo amd d1dpopes ydpes-péin g EE.

H Y. enterocolitica givaxr Gram apvntikd Poktnpidlo Tov OVAKEL GTNV OIKOYEVELL TMV
EvtepoPaktnploeddv. Eivar yoyxpo@ilog HKpoopyovicpog mov €xel TV KavOTnTo, Vo
avoanToooetal o€ Oeppokpacieg youyeiov, elvar avlektikd 6e cuVONKES KatdyvEng Kot popet
VoL EMPLOGEL Y10 TOPOUTETAUEVO YPOVIKO SIAGTNLO GE KOTEYVYUEVA TPOPULLL, OKOLLOL KOl LETA
and emovoiopPovopevn katdyoén — amoyvén. H woavomrta vo moAlamhoacidletor og
Bepokpociec YOENG 6 GLOKEVLOCUEVE TPOPLLO VTTO KEVO 1) TPOTOTOMUEVT ATUOGPUPOL EXEL
HEYOAN onUocio oTNV DYLEWN Kol AGQOAE TV TPOQit®mV, kobmg kot otnv Bropnyavia
tpopipwv. O peydrog mAnBuopog e pkpoflokng yAopidag mov 1 vrepavATTLER TOLG
KOADTTEL TIC IKPOCKOTIKES Omolkieg g Yersinia, | mapovsio un maboyovov Yersinia spp.
(ovumeprapfavopévev un taboydvev otedeymv Y. enterocolitica) Koi 1 HKPT GUYKEVTIPWOOT)
TV T0H0YOVOV GTEAEXDV, EOIKA GTO TPOPLUN SVCYEPUIVOLV TNV OVIXVELGT] KOl OTOLOVAOOT
ToV Paktnpiov aVTOH VIOTIUDVTOS TV TPAYLOTIKT GLYVOTNTA TOL GTO TPOPILLOL.

To €ldog g Y. enterocolitica omoteheitor amd 0pKeTd €£TEPOYEVH] OTEAEYN KO
SPopeTIKOVG  VITOTVTTOVG  (Protdmovg kot opotvmovg). H  Protvmion ko opotvmio
ypnooroovvtol yioo vo kofopicovv v mafoyovikOTnTe TOV OTEAEXDV, HOAOVOTL
oteAéyn tov pn maboydvov Protomov 1A €xovv evtomiotel va @épovv maboyovikovg
napdyovieg. Ot mapdyovteg avtol pmopet va oyxetilovion pe YpOUOCOUKE 1| TAOGHULO0KE
yovidw (maBoydvo mhacuido pYV - plasmid for Yersinia virulence) kot 1 €k@pacy| TOVG
pvOuiletan and ™ Beppokpacio. H mapovsio tov mhacpdiov pYV kabiotd to taboydva
oteAéyM ¢ Yersinia tkavd vo eTPLddGovy Kot vo TOAOTANGINGTOOV GTO AEUPIKO 16TO TOL
Eeviot. Ta inv, ail, foxA, ystA, ystB kol myf4 yovidia, evtomiloviol 6To ypOUOCOLL, EVEO

ta yadA, VirF kol Yops 610 TAAGUIO0.
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Ot yoilpot mov mpoépyovior amd extpoPés Oetés oe maboydva otehéyn Yersinia
QEPOVV TO POKTAPLO OTIS OULYOOAES KOl GTOVG EMYMPLOVE AEUPAOEVES KOl KOTA T1)
ooy umopel v empoAvvOel oAOKANPO TO0 o@Ayl0. ATO TNV GAAN TAELPE, TO. PPECKA
Aoyovikd Kot ot £TOYEG TPOG KATOVOA®MON GOAATEG €ivor TOovOV vo emolvviovy e
naboyova otedéyn Yersinia AOy®m NG YPNONG OPYOVIK®OV AMOCUAT®V (KOmpld) oTnv
wapoywyn tovg. H cvuvtipnon tov Aayovik®v ce cuvOfkeg yoEng guvoel v avdmtuén
¢ Yersinia.

H petadoon otov dvBpomo yiveror HEGm NG KOTOVAAWDGONG LOAVGUEVOL TPOGILOL N
vepol N HEc® peTdyyong aipatog. Ta copmtopata g Aolpwéng and Y. enterocolitica
eCaptdviol and 1o otéAe)0s (Pro-opOTLTTOC) OV KaTavaA®ONKE, TNV NAKia, TNV QLK
Kol 0vOoGOoAOYIKY katdotaon tov Eeviot. H Aolpmén oto yaotpeviepikd ovotnuo
umopel vor ekONAmBel g eviepokoMMTidn, ofeior PECEVTEPIO AEUPASEVITION Kol TEMKN
ELETTION KOl GUUTTAONOTO TOV UTOPEL Vo opotalovy e ot TG 0&eiog oKMANKOESITIONG
Kupimg og dropa veapng nAkiag (ave tov 5 etdv). Ot KAMviKES ekONADGELS TOIKIALOVY
amd OVTOTEPLOPWLOUEVT] EVIEPOKOMTION £mC CLOTNHATIKY Kot Bavatneopo Aolpwén.
H onyouio mov opeihetar ot Y. enterocolitica pnopet v cupPel t06co o€ vylEic 660 Kot
0€ OVOCOKOTOOTOALEVOLG M He VTOKeipevn voco acbevels (cakyoapmdong dwafnng,
Kippwon tov Nratog). [dwitepa gvmadr| etvon dtopa mov Aapfdvovy decpepro&apivn Ko
&xovv avénuévo cidnpo oto aipa. Atydtepo cvyvég etvar ol eEmevTePKEG AOUMEELS UE M|
yopic Paxtnprotpio Kot eKONADOVOVTOL OC TVELHOVIO, OTOGTAUOTO GE NP, VEQPOVC,
OTANVA KOl TVEVUOVES, 0GTEOHVEAITION, apBpitida, unviyyitida, evookapditida.

H Y. enterocolitica mapdyel dvo tHmovg B-Aoktapacomv. H B-Aaxtapdon A éyel dpdon
TEVIKIAMVAONG, eved 10 €vlupo B elvol kepaAioomopvaon pe duvatdTTo ETAYOYNG. XTO
évlopo avtd opeiheton M VIO OTIS MEVIKIAAMVEG, OMMG OUTIKIAAIVY, KAOEOKIAAIVY,
KOPBEVIKIAAIVTY, TIKOPKIAAIVY KO 6T KEPaAOoTOpiveG TPMOTNG YeVIds. Emiong, stvan yevikd
avOeKTIKn otV gpvBpopvkivn, Khvdapvkivn kot Bavkopvkivn. Avtifétog, eivar cuvinBog
evaicOntn ot1g  apvoyAvkooideg (yeviopukivi, OTPEMTOUVKIVY, TOUTPOLLKIVY, Kot
KOVOLLKIVY), OTIG KEPAAOGTOPIVES TPITNG YEVIAS (KEPTPLOEOVT], KEPTU SN, KepoTa&iun),
TETPOKVKAIVEG, YAOPAUPEVIKOAN, (BOplokivorldveg (curpo@Aoéacivr, vopeloSacivn Kot

opro&acivn), tpuedonpipun-covApoapedoEaloin, wimeviun Kot altpeovaun.
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2KOTOC

2T0VG 6KOTOVG NG TopovGag daTpiPng mepthapavovrat:

1. H depevvnon g mapovaiag Y. enterocolitica ce yoptvd GAylo. Kol 6€ QPECKA
hayovikd. Ta detypota cvAAExOnKov and ta ceayeia Kot and ddpopa onueio TOANOG
oty [eprpépeta g Hreipov (BA EALGDOQ).

2. H a&oAdynon g amoTeEAEGUATIKOTNTOS TOV TPOTEVOUEVOV dopOp®V HeBOdwV
amopOvVOoNg moboyovev otedeydv g Y. enterocolitica mov TPOoKAAoOLV AOWMEELS GTOV
dvOpomo

3. H pekét tov yovidiov AOoyovikOTNTaG Kot avTOYNG O€ OVTIUIKPOPLOKE TV
ATOLOVOOEVTMV GTEAEYDV.

4. H depevvnon g mbavng tapovsiog Hotifov aliniovyiag oto yovidlo inv peta&y

TafoyOvVeV Kot [ CTEAEYDV.

Yiikd, kou uéboodoi

Yuvolkd cLAAEYONkav 145 emypiocpato empoaveiog pe ypnon omoOyyov omd
w6apdpa xolpvd cedyto ot ddpkela evog étovg (Avyovstog 2013 - Iovog 2014) kot
144 odelypoto vomov Aoyovikov (Ampiiiog 2013 - Mdptiog 2014). Eta dsiypata
Aayavik®v meptlappavovior 22 mpdoiveg oyovpés caldteg PLOAOYIKNG KAAAEPYELOS KO
22 ovpPotikng kaAMépyeag, 37 ocordrteg papoVAl Proroyiknig kot 37 cvppotikng
KoAMEPYEWOG Kol 26 €toluec mpog kotaviiwon cordtec. To delypota egetdotnKay
pikpofroroyikd yw v ovixvevon Y. enterocolitica pe 0QOpeTIKEG HeBOIOVG
armopovoons: (i) aueon emiotpoon, (i) ekAekTiKOg eumAOVLTIGUOG kot (1i1) Woypog
EUTAOVLTIOUOG OGS TEPLYypaenKe and Tovg Van Damme kot cvv. (2013a). H otatiotikn
avaivon Kol agloAdynon g OmoTEAECUOTIKOTNTAG TV ypnoiporombéviav uebodmv
£ywve pe 1o teot Fisher.

O kaBopiopdc Tov PLOTHTTOL TV GTEAEXDV £YIVE COLE®VA LE TO aVaOE@PNHEVO GO
tov Wauters kot cvv. (1987) kot 1 0poAoyiky] tuomomoinomn pe eUTOPIKE SaBEGIUOVG
avTopovg yio tovg opotvmovg O:1,2, O:3, O:5, O:8 kot O:9. Extog and ™ Proymuxn
tavtonoinomn pe to cvotnua API 20E, ta otedéym tovtoromOnkay Kot poplokd og Tpog o
eldog pe v aviyvevon tov 16SrRNA yovidiov. Emiong, pe oivodot avtidopaom

TOALUEPAON G HeAETNONKE 1 Tapovsia yovidiwv AoloyovikdOtntoag. o tov €heyyo tng
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evoonciog TV amopovoBEvVImV oTeEAEXDV GE OVTIUKPOPLAKES OVGIES ¥pPNOILOTTOONKE N
péBodoc g dudyvong o ayap Bauer-Kirby kot o yapaktnpiopdc tov otehéyovg pe Poon

TOVG EPUNVEVTIKOVG TtivaKeg oL Ttpoteivovtal amd Tov 0dnydo EUCAST (2014).

Amoteréouaro

Ytedéym g Y. enterocolitica aviyvedOnkav oto 15.9% tov yopvev detypdtov
(23/145) kot 610 2.8% TV derypdrov Aoyoavikov (4/144). And ta 145 dsiypata xoipvav,
ota 15 (10.3%) aviyvevnke o maboydvog yio tov dvBpwmo Pro-opodtumog 4/0:3 ko ota 9
(6,2%) o Potumog 1A. And ta 144 detypoto Aayovikov, povo éva (0.7%) aviyvevnke
Oetikd 610 Pro-opdétvmo 4/0:3 (napovit cvpPatikng korAiépyelng) ko oe 3 (2,1%)
Bpénke o Protvmog 1A (000 étoluec mPOC KOTAVOAMOT GOAATEG Kol €vol HOPOLAL
BloAoykng koAMEPYELOG).

YuvolMka amopovadnkav 59 otedéyn mov tovtomombnkav Poynuikd g Y.
enterocolitica: 54 amd ta yopwd kot 5 ond ta dsiypato Aoyavikov (ITivaxag 13). Ola
eKTOG amd éva oTtédeyog TavTomomOnkay kot poprokd ¢ wpog to €idog (ITivaxag 15). To
otéheyog pe kwdwd YE27 mov mpoépyetar omd Aayovikd mbavorloyeitor 0Tl aviKeEL GTO
eldog Y. kristensenii, to omoio opoldlel pe Y. enterocolitica o€ tpuPio pe CIN. T'a avtv
TNV TEPIMTMOOT 1) TOPATIPNGCT TOV OTOIKIDOV VIO GTEPEOUIKPOCKOTIO LETA OO KATAAANAN
ekmaidevon evoeikvotal yia ) dtopopomoinon Tov oV (Ewkdva 6).

H aviyvevon tov Oetikdv otov maboydvo Pro-opotvmo 4/0:3 yopvodv éywve pe
dwpopetikés pebddovg amopovoong (Iivakag 14). H oyetikn evaicOnocio tov youypov
eumAovTIGLOV Yo 7 pépeg Le 1| yopic katepyasio pe aikdi nTav peyarvtepn (73.3%) and
™V avtioToyyn TV AoV nefddmv. Zuykekpiuéva n nEBodog Yuypolh EUTAOVTIGHOV Yo 7
UEPEC NTOV GTOTICTIKMG CNUOVTIKE OTOTEAEGUATIKOTEPY OO TNV GUECT) EMIGTPWOON GE
dyap (p=0.0268) wor tov exkiektikd epmiovtiopd (p=0.0092), evd dev mopatnpndnke
ONUOVTIKY] dlpopd otV oviyvevon twv Oetikdv 4/0:3 yopvedv pe TOV Yoyxpo
eumioutiopo yu 14 pépeg (p = 0.1394).

A6 10 ohvolo TtV 54 otedey®V TPogpyonEvemv omd to yopwvd, 37 (68.5%)
tavtorombnkav g Pro-opotdmog 4/0:3 ko to vworowma 17 wg Protvmog 1A (31.5%).
Meta&d avtdv, dVvo povo opdtumor kKabopiotnkav: oe 3 oteléyn o O:5 kot og éva o O:8,

EVO TO PEYOADTEPO TOGOGTO (76.5%) 0ev TavtomomOnKe pe Toug dBEGILOVS OVTIOPOVG.
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(ITivaxoag 15). Ta yovidwa ail, ystA, inv, virF, myf4 and foxA oviyvevnkav ce 6Aa ta 4/0:3
oteléyn kol t0 yadA yovidlo og mocootd 64.9%, evd oe kavéva dev aviyvedbnke To
yoviowo ystB. Ta yovidla mov Bpédnkav va eépovv ta 1A oteréyn ntav ta inv (100%), ystB
(94.1%), wou foxA (84.4%), evdd oe kavévo Oev eVIOTMIOTNKAV TO VTOAOUTO YOVidl
(ITivaxag 16).

Ao 1o 4 otehéym Y. enterocolitica Tov AoyoviKOV To. omoio amopoveainKoy pe
péEB0S0 Yuypoh eUTAOLTICUOD Y100 7 PEPES, £val LOVO Tovtomotinke mwg 4/0:3 kot Tpia ¢
1A. Ta yovidw ail, ystd, inv, myfA xou foxA aviyvednkav octo otélexoc 4/0:3. Zta
oteléym Protomov 1A avyveddnkav inv (100%), ystB (100%) kot foxA (66.6%) (ITivaxeg
15 kan 16).

Olo tar 58 otehéyn Mrav evaicnta oty Kepotaliun, keeTaldipn, keeTpra&ovn,
owmpoPAOEACTVY),  YUIEVEVT, TETPOKVLKAIVI] KOl  TIKAPSIAMYT/KAaBOVAOVIKO  0&L.
Avtifétmg, 6Aa NTov ovlektikd oty opumikiAdivy. To peyoddtepo mOCOGTE AVTOYXNG
epupaviomKay 610 GLVIVAGUO ALOELKIAMAMVI-KAaBoviavikd o0& (55.2%), otnv kepoitivn
(39.7%), kepi&ipn (18.9%) ko yAwpapeevikodn (15.5%). Ta maboyova oteréym 4/0:3
EUQAVIGOV LEYOADTEPO TOGOGTH AVTOYNG GTO GLVOLAGLO OUOELKIAAIVI-KAOBOVAAVIKO 05D
(47.4%), wotr pepikd oty kepoirivn (26.3%) kot yropapeevikoin (23.7%). Meydio
T0G00TO TV oTeEAEYDV 1A Ntav avlextikd otV apoSukiddivn-kKAafoviavikd o&H (70%)
kat kepo&utivn (65%). Emmiéov, 65% tov 1A fltav avBektikd kot oty apoSukiAAivn-
KAoPoviavikd o0&y kot otnv kKepo&itivn (Atdypappa 1).

[MapammpnOnkav 13 tomor avroyng (Ilivaxag 18). H mAeioymoio tov otedeymv ntov
avlextikn o 600 (31%) 1N tpia (24.1%) aviyukpofiokd. Avtoyn o€ tpio Kot TAEOV
avtyukpoPlakd Bpédnke oto 26.6% (27/58) towv oteleydv, adld povo éva (1%) otéleyog
Bro-opotomov 4/0:3 ftav avlektikd ce mévte avTUKpoPlokd Kot KovEVO 6e TePLocOTEPQ
a6 mévte. Ot cuyvoTePot TVTOL avtoyng ftav ot AmcAmpFox (17.2%), AmcAmp (15.5%)
kot AmcAmpCtmFox (13.8%).

H avédlvon g aAiniovyiog tov yovidiov inv dev kotédelEe v vmoapén potifov
peTaED maboyOveV Kot pn oteAeydv. AapPavovtag vaoyty avtd o 0e00UEVO 01 OTO1EG

dlpopés oty adAnlovyio o€ oyetilovtal pe Tov PLoTumo VOGS GTEAEXOVG.
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2vcitnon

H Yepowioon Ntav n tpitn ovyxvotepn ovaeepdpevn {oovOcog GTIG YMOPEG TNG
Evponaikng 'Evoong (EE) yw 1o 2017 kou n Yersinia enterocolitica 1o emkpatéctepo
€100C OV AMOUOVMVETOL OO KAWVIKA TEPIGTAUTIKA HE oLy vOTEPO TOV Pro-opdtvmo 4/0:3.
Amopovavetor amd oedyla Yoipmv Kot €W0KE amd TG QUVYOUAEG KOL TOVG ETLYDPLOVG
AELPAOEVEG, 10TO1 TOV EMUOADBVOLY TO GPAYO KATA TN ooy . MoAovatt 11 OMMAwoN Tov
emumoAacuov g Yersinia o (Do kol TPOQUO eV EIVOL VTOYPEWMTIKY, YDOPEC-UEAN
avaeEpovy ogdopeva oxetikd pe m Yersinia oto Evpomaikd Kévipo Ilpdinyng xot
EXéyxouv Nocwv. Méypt tdpa, dev vtapyovv GyeTIkES Yo T Yersinia avo@opés amd v
EAMGS0 kKaBmg dev vapyet emionpo cOGTNHO ETLTPNONG Y10 AOUADEELS omd Yersinia.

Ymv EAAGOa, ot péypt onpepa dSNUOGLIEVCELS OVOPOTIVOV VEPSIVIDGEDY AVOPEPOLY
tov Pro-opdtuomo 4/0:3 ©¢ ToV Mo EMKPOUTESTEPO Kot MO gumadeic Tovg aobevelg pe PB-
pecoyewkn avoupio. H Y. enterocolitica éxel amopovwbel oe mocootd 0.3-2.4% amd
KMVIKA Ogtypato pe Toug meplocdtepovg acbeveic oe nlikio Kdto tov 14 gtdv. Emimlokéc
OT®C onyalpio. Kol 0CTEOMVEMTION eupdvicav acBevelc pe P-pecoyeloxn ovoupio
(AavimAiong kot Kaveouvlidov-KavakoHon, 1989; Kavoovlidov kot cuv., 1990; T'avvéin
Kot ovv., 1992; Tpikka-I'papdakov kot cuv., 1994; Kovnmapn kot cvv., 1995; Agpeptln kon
ovv., 1999; Zrapatomovriov kol cvv., 2004; [Havayiwtakn kot cvv., 2008; TTaroaordyov
kot ovv., 2011; Kvpdrtoa, 2013). Aev vmdpyovv emionuo otoyeio amd tov EBviko
Opyaviopo Anuociog Yyeiog kobmg n Yepowimon 6 cUYKOTAAEYETOL GTO VITOYPEDTIKADG
ONAovUEVO VOGTLLOITAL.

Oocov agopd v mapovcio g Y. enterocolitica ce 10100¢ {dwV Kol delypata
TpoQipwv N oxetikn Pprloypagpio sivor mepropiopévn. Ot Kavooulidov kat ovv. (1995)
aviyvevoav ) Y. enterocolitica 610 25% amod ta 376 emypicpoto yYAdscag xoipov, and to
omoia to 10% Betikd otov Pro-opdtumo 4/0:3 kar 14.8% otovg Protvmovg 1 ko 2. AAAN
perétn  eEérace 455 @apuyyikd emypicpoto  xoipowv oto omoio  aviyvevtnke Y.
enterocolitica oto 15.2% pe xvpiapyo tov opodtumo O:3 (12.7%) (Kechagia et al., 2007).
Ot pelétec mov QPOPOLV GTOL TPOPLUO £YVOV GE OELYLOTO TOCTEPUOUEVOL KOL N
TAoTEPLOUEVOL ayeradtvol yaraktog (Kavooulidov-Kavakovdn kot cvv., 1990; T'ovoa,
2008), odpopa dérypata kpéatog (Gousia et al., 2011) ko Aayovikd (Koavoovlidov-
Kovakovon kot Aaviniiong, 1994; Xanthopoulos et al., 2010).

-128 -



Me Bdom ta debvn emMoTUOVIKA dEOOUEVE, 1 TOPOVCH HEAETN €lvol M TPAOTN TOL
e&étace oty EALGSa emopkn aptBpd derypdtov tpoeipmv (145 yoipvav cedyiov kot 144
Aoyavikov) 7y v mapovcia moaboydvev otedexywv Y. enterocolitica, to omoia
tavtomomOnkay TANPws (Pro-opotvmomoinom, Yyovidle AOWOYOVIKOTNTOS, OVTOYY OE
AVTIUIKPOPLOKES OVGIEC).

Ymv mapoboo peAétn, 15.9% tov yopwov oedyiwwv ntov Oetikd ot Y.
enterocolitica. Xteléyn tov maboyovov yuo Tov avOpmmo Pro-opotdmov 4/0:3 Ppébnioav
oto 10.3% twv dsypdtov, evd o Protvrog 1A oto 6.2%. Tlponyoduevn peAETN TOL
gpyaotnpiov aviyvevoe Oetikd otn dciypota Y. enterocolitica o€ peyaAdTEPO TOGOGTO
(20.8%) oe xopwvo kpéag, aArd OV LILAPYOLY dESOUEVA GYETIKE e TOV Blo-0pOTLTTO TV
oteheyov (Gousia et al., 2011). Ta mocootd Y. enterocolitica mov amopovodnkoy ord
Yopvé og O1dpopeg ywpeg cvvoyilovron wivoka 20.

To mocootd aviyvevong Y. enterocolitica tng peAémng pog eival mopopolo pe ovtd
gpevvov and ™ NopPrnyia, Béryo, Itoiio kot Zoundio. Xe GAleg épevveg amd
Noppnyia, ItoAie kot Teppoavio avaeépbnkav pikpdtepo mocooTd. AVTIOET®G, OGNV
Avotpia, Bélylo, ABovavia kot dviavdio ta mocootd aviyvevong Y. enterocolitica tav
UEYOAVTEPO OO OVTA TNG OIKNG MOG LEAETNG. XE OPKETEG OO OVTEG OMOOEIKVOETAL OTL LUE
TN XPNOTN HOPLK®V TEXVIKMOV EMTVYXAVOVTAL LEYOADTEPO TOGOGTA avixveLONG AOY® TNG
pepévNs evacnciog Tov nebddwv kKaAlépyelog. Qotdc0, 1 YPNON HOPLIK®OV HEBOS®V
mpémel vo yiveton mopdAAnio pe T ovuPatikég pebodovg KoAAEPYEWS Yoo TNV
OTOLOVMOCT KOl ETONUIOAOYIKT LEAETN VOGS 0TEAEXOVC. To OMOTEAEGUOTO LLOG CUUPDVOVV
HE TIC TOPATAVD £PEVVEC OC TTPOG TO GLYVOTEPO Pro-opotumo 4/0O:3 mov amopovaveTo
otnv Evpaonn.

Oocov apopd ta Aayoavikd oev €xel devpevvnbel okOpo o pPOAOS TOVG GTNV
emonpoAoyia g vepovimong otov avlpwno. Ta mocootd Y. enterocolitica mov €xouvv
amopovmbel and Aayovikd oe dtdpopes ydpeg cuvoyiloviat oTov mivaka 21.

Ymv mapodoa Epsvva, aviyvevdnke Y. enterocolitica oe 4 amd 1o 144 derypdtov
Ayovikov (2.8%), pe ) péBodo yuypod gumiovtiopov yu 7 pépeg. MoAg éva detyna
(0.7%) tavtomomnke Oetikd otov Pro-opdtvmo 4/0:3 wor 3 (2,1%) otov Protvmo 1A.
‘Epevva toov Kaveovlidov-Kavakondn kot AavinAion (1994) avéeepe mapopolo evpripoto.
Ye 132 detypata Aoyovik®v mov e&étocav pe yoxpd eumAovticpo ywo 21 aviyvevoav 4
(3%) odetypota Betikd oto Protvomo 1. AAAn épevva otnv EALGSa, omd tovg Xanthopoulos

Kot ovv. (2010) amopovwce dV0 oTEAEYN amd 26 £TOES TPOG KATAVAAMOTN GOANTEG.
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[Mopoépota pikpd mocootd amopdvoons avaeépnkav oty Iomavio kot Itoiia yopig va
VILAPYOVV SEOUEVA Y10 TOVS VITOTOHTTOVS TV GTEAEXDV. AVTIBET®G, o8 pehéteg ot [addia
kot dwhavola to mocootd Eemepvovoav 1o 30%, OUmg ta oTEAEYM O OVNAKOLV GE
nafoydvoug flo-opoTHmoug,.

H o¥ykpion tov anoteAeoudTmv HEAETOV ETYPIGUATOV OO T XOIPVA Elval SVCKOAN
AOY® S10POop®Y GTO GYEIOCUO TOVG, TO HeEAETOVEVO TANBVGUO (DmV, TNV NAKia GPayg
Kol ovvOnkov oeayng oe Kdabe yopo, TV mepoyn] Oetypatoinyiog kot pebodmv
aviyvevong (Laukkanen kot cvv., 2010b; Van Damme «at cuv., 2013b, 2015; Bonardi kot
ovv., 2014; Petsios kat cuv., 2016). Ztnv mapovcoa perétn emAéydnke n eEwtepikn meployn
0V omsBiov dkpov 6To VYOG Tov PNPov. Ot Van Damme kot cov., (2015) anédei&av 6tin
O HOAVGUEVT] TTEPLOYN TOL COAYIOL Elval aVTH TG KAT® YvABov.

Y& ocvppovia pe ™ oK pog peaétn, ot Van Damme kot ovv. (2013a) og emypiopoto
YOPWOV 0 YUXPOG EUTAOLTICUOG OmodeiyOnKe MO ATOTEAECUATIKOG GE GYECON WE TNV
dueomn emioTPMON Kol TOV EKAEKTIKO EUTAOVTIGUO Yoo TNV Oviyvevorn Tov maloyovou
opotvmov O:3 (P < 0.001). e avtiBeon pe To OIKA HOGC OTOTEAEGUATO, O WYOYPOGS
euUmAOLTIoCNOG Yo 14 pnépec pe emeEepyacio o€ AAKAAL NTAV O OTOTEAECUOTIKOS GE GYEON
pe ovtoév tov 7 nuepav yopis enetepyacio oe aikai (P < 0.001). IMapopoimg pe v
TPONYOVLEVN EPELVA TOVG Ko € OvTifeon pe T SN Lo, O WYuxpOS EUTAOVTICUOG Yol
14 pépec aviyvevoe oe onuavtikd Pabuo mepioodtepa Oetikd oe maboydva oTeAéym
Y. enterocolitica detypoto cOAYIOV GE GYECT HE TOV YOYXPO EUTAOVTICUO T®V 7 MUEPDV
p =0.0092).

Kopio and tig pebododovg dev giye v kavotnta vo, aviyvevcsel Oha to BeTikd otov
4/0:3 delypata, aArd ko kavéva detypo og Bpénke Betikd pe dhovg Tig peboddove. T to
AOyo avtd, pe ™ xpNon ToAATADV peBOdwV KaAMEpyelag uropel va emitevyBel n péyiom
OTOTEAECUATIKOTNTA GTV Oviyvevon ¢ maboyovov Y. enterocolitica.

H pelét tov yovidiov Aoyoyovikdtntag katédelée 0t OAa to otehéyn 4/0:3 amnd ta
oyl eépovv ta yovidww ail, ystA, inv, virF, myf4A kol foxA ko to yadA yovidlo og
T0G00T0 64.9%, evd Gg Kavéva ogv aviyvedBnke to yovidro ystB. Ta yovidla mov Ppédnkav
va eépouvv ta 1A otedéyn Nrov ta inv (100%), ystB (94.1%), kar foxA (84.4%), evod oe
Kavéva, 0ev evtomionkayv to, vrdAouro yoviola. Otr Bonardi kot ovv. (2010) and yopvo
Kpéag aviyvevoav otedéyn 1A Oetikd ota ystB (90%), inv (30%) ko ystAd (66.6%) yovidia.
e dAAN pekétn tov Bonardi kot cuv. (2013) og ocpdya Bprikav éva poévo otéleyoc 4/0:3
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mov €pepe ta ail, ystA, inv kot yadA yovidw, evd tov Brotvmov 1A ftav Betikd ot inv
(100%) ot ystB povo. Ot Van Damme kot cvv. (2013a) evtomicov to yovidwo virF oto
80.5% v 4/0:3 cteleydv.

Ta yoviow ail, ystA, inv, myfA xor foxA aviyvevdnkov oto otéleyog 4/0:3. XZta
otehéym Protomov 1A aviyvevdnkav inv (100%), ystB (100%) kot foxA (66.6%). Ot Lee kot
ovv. (2004) evidmioav to yovidwa yst Kou ail oe otéle)og Tov Pro-opotdmov 3/0:3, evod
oteléyn Protomov 3B and 1A €pepav povo 1o yst. Ov Verbikova kot ovv. (2018)
aviyvevoav to yovidwo ail oe otéheyog Protdmov 1A 10 omoio yevikK®dg Oesmpeitor un
mafoyovog.

"Epevvec £xouv avogépel ovtoyn 6Ty aumikiAiivy kot oe kepaloomopiveg 1M yevidg
AOy® ™G wavdtrag g Y. enterocolitica va. mopdyet B-Aaxtapdoss. Awd v GAAN pepid,
n Y. enterocolitica givor covnBm¢ gvaicntn OTIC OUIVOYAVKOGIOES, YAWPAUPEVIKOAN,
TETPOKVKAIVES, Tpiuebompiun/covieapefosalodn, wumevéun, Ke@ailootopives 3ng yevidg
Kot eOOPLOKIVOAOVEG,.

Oho o oteréym amd T XOpva NTaV OVOEKTIKA GTNV CUTIKIAAIVY Kot o pLeyordTepal
TOGOGTA OVTOYNG NTAV GTO GLVOVAGHO ApOELKIAAIVI/KAaBOLAOVIKO 0ED (53.7%), Kepo&itivn
(37%), yropopeevikodn (16.7%) wxor kepi&iun (13%). Ta moaboyova otedéyn 4/0:3
EUPAVICOV UEYOADTEPO TOCOGTA GVTOYNG OTO GLVIVAGHO OUOEVKIAAIVI/KAOBOVAOVIKO 0ED
(48.6%), ko pepucd oty kePo&itivn (27%) ko yAopoapeevikoin (24.3%). Emmiéov, peydro
TOGOGTO TV GTEAEYMV NTAV ovOEKTIKO Kot 6TV apoEVKIAAV/KAafoviavikd o&d (64.7%)
kot oty kepoitivn (58.8%). Ot Gousia kot cvv. (2011) Bprxav ce oteléym and yopvod
Kpé€ag HeYGAa TOGOOTH OVTOYNG TNV OUTIKIAAIVY (96.3%), apoSukddivin/kKiafoviavikd o&d
(77.8%) xon ot Keporoomopives 3ng yevidg kepolitivn ko kepovpoiun (55.6%). Eiyav
emiong avioy] oV owmpoeAoLacivn, KeETPEOVN Kot YUmeVEUN OAAG Ogv LILAPYOLV
OE00LEVOL GYETIKA LLE TOV PlO-0pOTLTTO TV GTEAEYDV.

>mv Avotpia, ot Mayrhofer kot cuv. (2004) and yoipwvd KpEag aviyvevcav oTeAéym
Y. enterocolitica oty mhetoymeia tovg opotvmov O:3 kot evaicOnta 6€ TETPAKLKAIVT,
YEVTOULKIVY, KOVOUVKIVY], GOLAQOVOUIOES, VOMEWDWKO 0ED, Tpiuedompipn, YAOPAUPEVIKOAN
Kot otpemtopvkivr. v ItaAia, otedéym 1A amd yopwvd Kpéag NToV avOeKTIKA TNV
KePOTOSiUn, ompoPAoLacivi, YAOPOUEEVIKOAN, VOMEWIKO 08D, otpemnTOopLKiv,
GOVAQOVOUIOEG, TETPOKVLKAIVY, Tpuebompiun ot  covApapedo&aloin/tpiuebompiunm
(Bonardi kot ovv., 2010). ITapdpola mocootd avtoyng pe to owd pog Ppédnkav otnv

apmKiAdivn (85%) ko apo&ukiadivn/kiafoviavikd o&d (40%) aAld OAa to oTeEAEYM MTAV
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avOektikd otv gpvBpopvkivn. Ov Bonardi kou ovv. (2013) oamopdvocav otedéyn oamd
Yolpwé cedyl to omoio MTov O gvoaicOnta oty oupoerofacivn, keeTaldiun,
KEPOTOEIUN, YAOPOUPEVIKOAT, EVPOPAOEAGTVY, YEVTOULKIVI], KOVOUVLKIVY KOt VEOUVKIVT).
Meyalvtepa moc06Td avtoyng eiyav oty kepaioomopivn 1" yevidg kepaiodivy (92%),
oV opumkiAiivn (89%) kot apofukiddivn-kKAapfoviavikd o&d (8%). H avtoyn oty
ke@aAo0ivn kot apmikiddivy ntav oto 91.3% tov 4/0:3 naboydvov otedeymv. H avtoyn
010 ouvvovacpud apoSukiAAivn/Khafoviavikd oy mopatnpndnke poag oto 10% tov
otedey®Vv T0L Protumov 1A oe avtiBeon pe ™ peyodlvtepn avroyn (64.7%) tov cteley®V
1A g peréng pog.

Ta téooepa oteréyn omd ta Aoyovikd TG TOPOLGOS £pevvag NTov OAo gvaicHnta
OTNV OIKOGTVY, YAOPOAUPEVIKOAN, KEQOTAEIUN, KEPTALIOIUN, KEPTPLAEOVN, CUTPOPAOEAGTVY,
YEVTOULKIVY, yummevéun, tpiuedompipn/covieopnefosaloin, TeTpakvukAivy Kot TIKopSIAAIvY/
KAaPovrovikd 0£0. Avtifétmg, NToy Ol avOeKTIKE otV QUITIKIAALIVI Kot Tor Tpiol Elyav
Koo potifo avroyng to AmcAmpCfmFox. Xg dAAn perét omd EALGS0, oteréym Protomov
1 amd Aayovikd epedavicay OAo avtoyn oty oUmTKIAAivn kot kepaioBivn (Kovaiohdn kot
AovinAiidng, 1994). Or Verbikova kot cuv. (2018) amopdvooay otedéyn 1A avBextikd otnv
wevikiadiv (100%), yAopapeevikoin (22.2%) kot tetpaxvkiivny (5.6%). v Kopéa, ot
oteAéym M TAsoymoeia TV onoiwv dvnkay oto Protumo 1A ta peyoAdtepa TOGOGTE AVTOYNG
ntav omv keeorodivn (100%), apmkidAdivn (94%) kor kopumevikiAdivn (83%) (Lee kot
ouv., 2004).

2OUTEPCOUATO.

Yy mapovca peAETn 1 mapovoio g Y. enterocolitica aviyvebnke 1060 cg yopva
oeayw 060 ka1 og Aoyavikd. H mieioymoeia tov oteleydv mov amopovodnkay avikovy
otov Taboyovo Bro-opotumo 4/0:3 mov emikpatel otov TANOLGUO TV Yoip®V, KOOGS Kot
o€ KAMvikd otehéym ot xopa poc. Ot yoipot givor Koptotepn mnyn poAvvong maboyovav
otedeydv G Y. enterocolitica Ko emPOAVVON TOV KPEUTOG EEAPTATOL OO TIG GLVONKEC
EKTPOPNG Kot oQoyng tovg. Ta dedopéva owtd delyvouv OTL GNUOVTIKO TOGOGTO TMV
xopwov cedyiwv oty EAAGda oépel otehéym Y. enterocolitica tov maBoydvov Pio-
opotumov 4/0:3, oe avtifeon pe o VOTO Aoyavikd oTo omoia M Tapovsio Taboyovmv
otereydV eivan omavia. Me tpomomoinon twv kavoviopmv ¢ EE oyetikd pe tic pebdoovg

cayng kot emfedpnong and tov Ktnviatpo pmopel va peiwbei o kivovvog empdrvvonc.
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Ocov agopd tov pOAO TOV AXYAVIKGOV GTNV €TONIOA0YING TG vEpovimong ypetdleTon
TepATEP® depevvnon og eBvikd kot debvég emimedo. Ta peydio mocooTd avtoyng oTIg
TEVIKIMAIVEG eupéw¢ QAopaTOG Kol Kepoloomopiveg 2™ yevide otedeydv amd yoipvd
oQAylo amodidovTal GTNV AAGYIGTYPNON TOVS GTNV EKTPOPT| Xoipwv otnv EALGSa.

H yprion mowidov pneboddmv KaAMEPYELNS KOl LOPLOKDV TEXVIKMV £IVOL EMTOKTIKY] Yo
Vv TAnpéotepn depedvnon g Tapovsiog maboydvev atelexdv g Y. enterocolitica cta,
TPOQULO TOV TTpoopilovtal Yoo avBpdmivn Katavaioon. H 8éomion odonyiov and v EE
oYeTIK®V pe v avtiotoym péBodo ISO yia v aviyvevon, amopdvmoT Kol TUTOTOINoN
oV Paxtnpiov eivor avoykaio Yo TNV GTOTEAECUATIKY EMITHPNON TNG LVEPCVIMONG Kot
EQOPUOYN KATOAMA®V OTPATNYIKOV TPpOANYNG. Xta mAaictoe g Eviaiag Yyelag
oLVEPYOGIN EMOTNUOVOV S0POPOV EWOIKOTATOV £Vl OmopaiTnT Y10 TV ETTHPNON TNG

Y. enterocolitica og aitio TpoPLOYEVOVS AOTHMENC.
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