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Yersinia enterocolitica: A Dangerous, But Often
Ignored, Foodborne Pathogen

ANNA ZADERNOWSKA, WIOLETA
CHAJECKA-WIERZCHOWSKA, AND LUCJA
EANIEWSKA-TROKENHEIM

Department of Industrial and Food Microbiology, Faculty of Food Sciences,
University of Warmia and Mazury, Olsztyn, Poland

Yersinia enterocolitica is listed in the annual reports of the European Food Safety
Authority (EFSA) as the third-most-common enteropathogen. The highly pathogenic
Y. enterocolitica bioserotype 1B/0S8 is geographically limited to Northern America,
although it has also emerged in Japan and Europe. Furthermore, the number of reports
on the pathogenicity of serotype 1A (so far regarded as nompathogenic) has been
increasing. Humans are most often infected by consuming raw or inadequately ther-
mally processed pork or milk as well as vegetable products and ready-to-eat meals.
Identification of these bacteria in food presents considerable methodological problems.

Keywords Foodborne pathogens, Pathogen detection, Yersinia enterolitica

Introduction

In May 2012, the European Food Safety Authority (EFSA) published the annual e-report
on the prevalence of zoonoses and foodborne pathogens (The European Union Summary
Report on Trends and Sources of Zoonoses, Zoonotic Agents and Food-borne Outbreaks
in 2010). This report covers the period of 2010. Among zoonoses, yersiniosis is listed
in third place after campylobacteriosis and salmonellosis (these data are convergent with
information recorded in the previous years). According to the data from 2010 submitted
by 27 European Union (EU) member countries, Yersinia enterocolitica was the cause of
6776 disease cases in humans. It is, however, suspected that these numbers are underesti-
mated, since not all cases are reported to the appropriate authorities or services. The main
reason may be associated with diagnostic problems, which prevents all cases being cor-
rectly diagnosed. Many cases of yersiniosis have also been reported outside Europe, for
instance, in Australia, Japan, USA, Brazil, Iran, Bangladesh, and Nigeria.(! =%

Yersinia enterocolitica is a gram-negative rod from the Enterobacteriaceae family.
These bacteria were first described by L. Malasses and W. Vignal in 1883. A year later,
A. Yersin and S. Kitasato isolated the rods—now named Yersinia pestis—during a plague
outbreak in Hong Kong. Yersinia enterocolitica was discovered in 1939 when Schleifstein
and Coleman studied some previously unidentified strains isolated from facial lesions and
intestines of humans showing sign of enteritis.**) In Europe, Yersinia enterocolitica was
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first isolated from clinical material by A. Héssig in 1949. Thanks to W. Frederiksen’s work
in the 1960s, the classification of Yersinia genus was described and these rods were then
classified into the Enterobacteriaceae family. The genus Yersinia is composed of several
species, of which only Y. enterocolitica, Y. pseudotuberculosis, Y. pestis, and Y. ruckeri are
known pathogens for humans and animals. The last one is the causative agent of enteric red
mouth disease (ERM) in salmonid fish.(>)

Factors Influencing Growth and Survival in Foods

Yersinia enterocolitica is a short, gram-negative, facultative anaerobic, non-spore-forming
straight rod or coccobacilli bacterium (0.5-1-2 wm).®) The optimal temperature for its
growth is 22-29 °C, but it is capable of growing in a wide range of temperatures. Scientists
have reported different ranges of cardinal temperatures: from 0 to 45 °C7-%) and from —1 to
40 °C. It was also reported that some Yersinia strains can grow at temperatures as low as
—5 °C, although growth is very slow below 0 °C.(!%) All Yersinia enterocolitica, regardless
of their pathogenicity or lack thereof, are capable of degrading urea and sugars such as
sucrose and glucose without gas production; they are oxidase-negative and can decarboxy-
late ornithine, but do not ferment lactose, decarboxylate lysine, degrade citrate, nor produce
H;,S or acetoin (Table 1). Pathogenic strains do not degrade aesculin and pyrazinamidase
and show calcium-dependent growth at 37 °C.

Depending on the temperature, Yersinia enterocolitica can present different pheno-
typic features. Most Yersinia enterocolitica strains are immotile at 37 °C, whereas below

Table 1
Biochemical characteristics of Yersinia enterocolitica

Reaction of Yersinia enterocolitica including

different biotype
Biochemical test 1A 1B 2 3 4 5
Esculin hydrolysis + — — — — _
Inositol fermentetion + + + + + +
Salicin fermentation + — — — — _
Sorbose fermentation + + + + + —
Trehalose fermentation + + + + + —
Ornithine decarboxylase activity + + + + + +
Lipase activity + + — — — _
Pyrazinamidase activity + — — — — —
Nitrate reduction + + + + 4 —
Indole production + + (+) - — —
D-Xylose fermentation + + + + — S
Vogues Proskauer reaction + + + + + (+)
B-D-Glucosidase + — — — — _
Proline peptidase S - — — - —
DNase — — — — + +

Note. Modified from References (!'-13,
(+) = delayed positive; s = reaction depends on bacterial strains.
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30 °C they become motile with peritrichously distributed flagella. However, the role of
flagella may differ for the various biotypes depending on the presence of the pYV vir-
ulence plasmid.('"¥ Freund et al.'> found, by live-cell imaging, that the pY V-negative
strain is motile at 27 °C as well as at 37 °C in the three-dimensional collagen environment.
In contrast, the pY V-positive strain were immotile at 37 °C.

Because of its psychrotrophic nature, a cold temperature does not prevent growth, but
only retards it. Studies have shown that at temperatures below 3 °C, Yersinia enterocolit-
ica can multiply its population by 2 logarithmic units within 4 days. Moreover, Yersinia
enterocolitica multiplies in cold conditions much faster than Listeria monocytogenes, the
other important psychrotrophic foodborne pathogen.('6:!7) Cold-adapted organisms such
as Y. enterocolitica must alter the composition of lipids and change the protein contents
in the cell membrane in order to maintain essential functions such as nutrient uptake, ion
pumping, and electron transport.!'®) Ilijev and Najdenski'®’ found some differences in the
survival and stability of the plasmid among different serotypes. It may be assumed that
less virulent Y. enterocolitica serotypes O:9 and O:3 can survive longer during storage, also
with a high level of accompanying microflora than highly virulent O:8 serotypes. Yersinia
enterocolitica is relatively susceptible to heating, and does not survive pasteurization or
typical cooking, boiling, baking, and frying temperatures. Heat treatment of milk and meat
products at 60 °C for 1-3 min effectively inactivates Y. enterocolitica.®® Heating suscep-
tibility is strain-dependent: D values (the time required at a certain temperature to kill 90%
of the organisms) in milk may range from 0.7 to 57.6 s.?") The thermostable enterotoxin
produced by these bacteria is degraded by heating at 100 °C for 20 minutes and at 120 °C
for 15 minutes.?>?>) Considering the acidity of environment, the optimum for growth is
between pH 7 and 8, whereas growth below pH 4 has not been reported, although the type of
acidifier and temperature also play a certain role. It has been confirmed that with a decrease
in temperature, Yersinia prefers a less acidic environment. The presence of organic acids
significantly limits the growth of these bacteria, with the strongest inhibitor being acetic
acid, followed by lactic acid and citric acid.®>*>>) Due to the strong effect of lactic acid
on these bacteria, they are not usually found in fermented milk products. Even if Yersinia
enterocolitica is present in raw materials designed for fermentation, its growth is generally
inhibited and it is totally inactivated because of the growth of lactic acid bacteria and the
production of their metabolites.>® However, as indicated by Lindqvist and Lindblad,?”’
Y. enterocolitica may survive in fermented sausage for long periods as well. This pathogen
shows good growth in the environment, with up to 5% of salt regardless of temperature,
whereas it is inhibited at 7% salt concentration.?") The minimum water activity allowing
growth depends on the temperature.?® Stern et al. tested four strains of Y. enterocolit-
ica and reported that 7% salt (0.945 water activity) was bactericidal to all four strains
tested, when incubated at 3 °C, but at 25 °C both bactericidal and bacteriostatic effects were
observed. At 9% NaCl and 25 °C, all four strains were killed.>®) Some authors report that
method of food packaging (vacuum packing or packaging at high CO, concentration) does
not influence the growth of these bacteria, which grow very well in both conditions.°~32)
There is also evidence that modified atmosphere packaging at 100% N, and CO,/N, gas
mixers inhibited the growth of Y. entericolitica at refrigeration temperatures.*3) Potassium
sorbate up to 5000 ppm inhibit the growth of Y. entericolitica at pH 6.5 but at pH 5.5 con-
centrations above 1000 ppm virtually eliminate growth or cause inactivation. Selma et al.
found that treatments with ozone (1.4 and 1.9 ppm) and with ozonated water (1 minute
exposure) reduce Yersinia loading.**)

It has been proven that the increased growth capacity in different environmental con-
ditions is clearly correlated with the presence of the virulence pYV plasmid.('®) The most
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recent studies on the potential inhibition of these bacteria in food products have indicated
the possibility of using virulent bacteriophages to effectively eliminate Yersinia enteroco-
litica. Orquera et al.®>) studied the efficacy of the Yersinia phage PY100 to reduce the
numbers of Y. enterocolitica in meat at 4 °C, applying different multiplicities of infection.
Initial experiments were carried out in broth at 4 °C and 37 °C to compare cell number
reductions under chilling and optimized growth conditions, respectively. Y. enterocolitica
cell numbers were reduced in broth at 4 °C (up to 3 log;o units after 24 hours) and 37 °C
(5 logo units after 1.5 hours) and also in pork meat at 4 °C (2 log;( units after 48 hours).
The highest cell number reductions were obtained at the highest infection. This was the
first report on an application of phage to reduce Yersinia cell numbers in food.

Taxonomy, Classification, and Pathogenicity

Among Yersinia enterocolitica, there are considerable differences in biochemical features
and pathogenicity. Based on these differences, six biotypes were identified within this
species: 1A, 1B, 2, 3, 4, and 5.036) Potential pathogenicity is the main criterion of this
classification. The biotypes 1B and 2-5 are regarded as pathogenic, since they have so-
called “virulence” markers, such as enterotoxin Yst (Yersinia stable toxin), Myf antigen,
Inv invasine, and Ail adhesin. The presence of pYV plasmid (Yersinia virulence) with
approximately 70,000 bp is also one of the basic indicators of virulence.*”” This plasmid
encodes YadA adhesin (i.e., the protein of the external membrane that allows adhering to the
host cells), Yop outer proteins, which paralyze the immune system, and Ysc proteins com-
posing the secretion system.'%-3* It has been established that the pathogenic strains with
pYV plasmid have common properties: calcium-dependent growth, capability of absorbing
Congo red, insensitivity to bacteriocidal activity of human serum, and autoagglutination.

The biotype 1B is thought to be the most pathogenic to humans. The strains belonging
to this biotype have, apart from the above-mentioned pathogenicity markers, an additional
virulence determinant: high pathogenicity island (HPI).*>*?) The biotype 1A is regarded as
nonpathogenic, but this opinion is more and more frequently debated mainly due to reports
on the isolation of this biotype from clinical materials.(!?#!4>) The strains that belong to
the biotype 1A do not have pYV plasmid or other virulence markers.*3)

Yersinia enterocolitica can be divided into 76 serological groups based on the structure
of somatic O antigen. According to the classification proposed by Neubauer,**) Y. entero-
colitica subsp. palearctica includes strains of European origin that belong to the following
bioserotypes: 4/0:3,2/0:9,2 and 3/0:5,27, 1A/0O:7,8, 1A/0:6,30, and 1A/O:5, whereas
Y. enterocolitica subsp. enterocolitica includes strains of American origin from the biotype
1B and serotypes 1A/O:7,8. Yersinia enterocolitica strains that are most frequently the
cause of disease in humans belong to the serotypes 1B/0:8, 2/0:5,27, 2/0:9, 3/0:3, and
4/0:3, but less frequently to 3/0:5,27 and other serotypes of the biotype 1B (Table 2).

Despite the fact that Yersinia enterocolitica are found in all climatic zones, for many
years the individual biotypes/serological groups were linked to specific geographical
regions. Studies carried out since the end of the 1980s have indicated that Y. enterocol-
itica O:3 and O:9 are mainly isolated in Europe and serotype O:8 in the USA. It is probable
that the unrestricted flow of raw materials, feedstuffs, products, and great interest in tourism
have been responsible for the increase in disease cases caused by Y. enterocolitica O:8 in the
climatic zones where this microorganism has not yet been isolated. The first reports of food
poisoning caused by this serotype were recorded in Japan in 2004. The disease outbreak
occurred in a school following ingestion of a salad containing apples, cucumbers, ham,
potatoes, carrots, and mayonnaise.*> In Europe, a fully virulent Y. enterocolitica O:8 strain
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Table 2
Relationship between biotype, O serotype, and pY'V carriage of Y. enterocolitica
Biotype Serotypes
1A 0:4; 0:5; 0:6,30; 0:6,31; 0:7,8; 0:7,13; 0:10; O:14; 0:16;0:21;
0:22; 0:25; 0:36; 0:37; 0:41,42; O:46; O:47; O:57
1B 0:4,32%; 0:8%; 0:13%; 0:16; O:18%; 0:20%; O:2%; 0:25; 0:41,42
2 0:5,27%; 0:9%; 0:27
3 0:1,2,3%; 0:3%; 0:5,27*
4 0:32
5 0:2,32

Note. Modified from Tennant et al.'?)
#Serotypes that include strains that carry pY V.

was most probably isolated for the first time in Germany. This strain originated from clini-
cal material isolated from a 4-year-old boy.®) In Poland, the first case of Y. enterocolitica
0O:8 isolation from clinical material sampled from a 38-year-old woman was reported in
2004. Subsequent years have revealed a considerable increase in the percentage of cases
caused by this Y. enterocolitica serotype in Poland.*”-*®) This is very disturbing, since the
bacteria that belong to the biotype 1B and serological group O:8 are thought to be the most
dangerous and most virulent to humans. They may cause ulceration in the mucosa of the
gastrointestinal tract and may even lead to death.*”) Yersiniosis frequently affects children
and studies carried out in Germany have shown that this disease was most often diagnosed
in children under 5 years of age.*?) Furthermore, Okwori et al.®") found a more common
occurrence of these bacteria from faeces of children than from adults. Yersinia enteroco-
litica, after entering the human body via the alimentary route, multiplies in the intestinal
lumen and adheres to the mucosa of the small bowel. The clinical picture of yersiniosis is
very diversified. The symptoms become noticeable after 4—7 days following infection and
may persist for over 3 weeks. Food poisoning most often results from the ingestion of food
products in which a thermostable toxin has been produced. By increasing the concentra-
tion of cyclic gaunosine monophosphate (GMP) in the intestinal mucosal cells, excessive
amounts of water are excreted to the intestinal lumen and diarrhea develops. Fever, stomach
contractions, vomiting, and hematuria may also be present.>?) In general, the symptoms are
self-limiting and disappear after several days. Mesenteric lymphadenitis and inflammation
of the distal small bowel and the caecum are also reported. Sometimes (particularly in chil-
dren under 7 years of age) the symptoms may be mistaken for appendicitis. In extreme
cases, Yersinia enterocolitica may cause bacteremia and sepsis leading to death.(30-3%

Reservoirs

Yersinia sp., similar to the other bacteria from the Enterobacteriaceae family, are prevalent
in the environment due to their presence in companion (dogs, cats), feral (rodents, birds,
wild boars), and domestic (pigs, sheep, poultry) animals.**~3®) Following excretion from
the body, these bacteria may survive for a long time in the environment due to their low
nutritional requirements and relatively high resistance to unfavorable conditions. In general,
pigs are thought to be the major reservoir and main cause of the spreading of pathogenic
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Yersinia enterocolitica; these bacteria are commonly isolated from the tongue and the gas-
trointestinal tract of pigs.®”->®) Fredriksson-Ahomaa et al.*® and Falcao et al.‘®” reported
a significant overlap in phenotypes and genotypes of human and pig strains. Fredriksson-
Ahomaa et al.®® also showed that pigs were an important source of human Y. enterocolitica
4/0:3 infection in Germany and Finland.

However, studies carried out by Baumgartner et al.®" in Switzerland did not confirm
the thesis that pork was the main cause of infection with these bacteria. The antibiotic resis-
tance of 386 Yersinia enterocolitica strains isolated from patients, pork, and swine feces
was determined. The resistance to 16 commonly administered antibiotics and two growth
promoters used in animal production (carbadox and olaquindox) was investigated. Despite
using growth promoters in Switzerland for 25 years, all strains were sensitive to carbadox
and olaquindox. This study revealed a significant difference in the antibiotic resistance of
“animal” strains and those isolated from humans. Differences between the strains isolated
from meat and swine faces were also detected in serotyping.(®"

Poultry meat, which is eagerly consumed in many countries because of its dietary
properties, is indicated as a potential source of these pathogenic bacteria.(®>=%% Sharifi
et al.'%) tested 190 samples of poultry meat and 189 samples of beef meat and found
that 42 samples of poultry and 18 samples of beef meat were positive for Yersinia. The
prevalence of Y. enterocolitica with the highest incidence was 80%. The occurrence of Y.
enterocolitica was slightly higher in chicken than beef meat.(®>)

In Sweden, studies were carried out to determine whether sheep might be a reservoir
of Yersinia enterocolitica pathogenic to humans. Despite detecting these bacteria in a large
number of samples, no strains pathogenic to humans were found. The authors emphasized,
however, the significant proportion of strains belonging to the biotype 1A that had been
previously regarded as nonpathogenic despite an increasing number of scientific reports
suggesting that the strains of this biotype may be pathogenic to humans.(®®) Yersinia entero-
colitica is found in the gastrointestinal tract of animals and the contamination of meat may
result from improper slaughter and gutting techniques. Furthermore, cross-contamination
(secondary) during production of food may occur. Carrasco et al.°”) referring to the data
released by the World Health Organization (WHO), reported that 25% of all food poi-
soning cases are caused by cross-contamination due to violation of Good Manufacturing
Practices (GMP) and Good Hygiene Practices (GHP) standards. Secondary contaminations
seem particularly important, because these bacteria may multiply in biofilms.(®® A biofilm
generated within an installation in a production plant is difficult to remove with standard
methods of washing and disinfection; pathogenic microorganisms may be intermittently
released from a biofilm and may secondarily contaminate a product.”) There are also
reports of cases of yersiniosis due to the ingestion of vegetable products that were most
probably manufactured from raw materials fertilized with organic fertilizers.(”®) The risks
posed by these bacteria found in vegetable food products have increased in recent years
because of the higher numbers and wider availability of minimally processed products,
wheat germ, or cold-pressed fruit juices that are not thermally processed. These products
contain almost all microorganisms that were present on raw materials used for their pro-
duction. In addition, secondary contamination may occur during harvesting and processing.
The shelf life of these products is usually short and they require storage under refrigerated
conditions. Low temperatures largely inhibit the growth of the Enterobacteriaceae except
for Yersinia, which, due to its psychrotrophic nature, dominates the environment and may
become predominant over time.(”! The storage of fish, fish products, meat, meat products,
milk, and dairy products contaminated with Yersinia enterocolitica at 0—4 °C may, accord-
ing to Tudor et al.7® lead to intensive multiplication of these bacteria. Bracket et al.’®
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detected live Yersinia enterocolitica cells in food products with pH 4 stored for 21 days at
5 °C. Barbini de Pederiva and Stefanini de Guzman showed that these bacteria also easily
survived the process of freezing and storage at —18 °C.(74

It has been pointed out that the majority of infections caused by Yersinia enterocolitica
are seasonal and their number tends to increase in winter months and in colder climatic
zones.”> Furthermore, differences in serotypes may be found, depending on the climatic
conditions.(7®

Foodborne Outbreaks

Foodborne outbreaks of Y. enterocolitica infection have been reported throughout the world
(Table 3). The largest outbreak (affecting 1051 persons) related to this bacterium was
reported in Japan in 1980 following the ingestion of milk contaminated with Y. entero-
colitica. Subsequent cases of the disease were recorded in Canada, the USA, and Sweden.
Outbreaks also occurred following the consumption of meat and meat products. In 2006,
11 people fell ill in Norway after ingesting traditional pork products consumed during the
holidays.(®® Pork products have also been a source of food poisoning in the USA and
Hungary. In Japan, an epidemiological investigation was undertaken in relation to a so-
called “family outbreak™ during which three persons from one household fell ill. Tests with
pulsed-field electrophoresis were carried out, and based on their results, a genetic sim-
ilarity between the strains isolated from three family members was confirmed, whereas
these bacteria were not detected in the animals kept by this family. These authors sug-
gested that pork could have been a source of food poisoning and pointed out that within
this family, Yersinia enterocolitica was isolated from an 11-month-old child who had not
consumed pork. Therefore, these authors assumed that the grandmother fell ill following
ingestion of contaminated meat and she then infected the child. The results of studies
suggest the possibility of Yersinia enterocolitica transmission not only via food, but also
from human to human.®® Similar conclusions were drawn by the authors who reported
an outbreak of yersiniosis on a tanker. Of the 120 crewmembers and workers, 22 suffered
from gastrointestinal symptoms. In 17 of the patients, Y. enterocolitica O:3 was isolated
from stool samples. All available food and water samples were negative and the source of
infection was not determined. Probably a foodborne transmission was involved, although
person-to-person transmission could not be excluded.®”)

Detection of Y. enterocolitica in Food

The type of environment from which the bacteria are isolated and the presence of other
microorganisms are the most important factors for detection of Yersinia enterocolitica.
Cultures from blood and feces are performed during clinical studies. If Yersinia enterocolit-
ica is predominant and forms a large population, its detection does not generally present any
problems, but not all laboratories routinely perform such assays. Serological tests are often
used in clinical investigations. Currently, enxyme-linked immunosorbent assay (ELISA) is
the most common technique together with Western-immunoblotting with Yop proteins as
the antigens. However, due to the antigenic affinity between strains belonging to different
serological groups and different species, identification based on serological tests may be
difficult.

Detection of Y. enterocolitica in food is an entirely different issue. These rods are not
demanding and grow well on typical media for culturing Enterobacteriaceae (MacConkey,
SS, Hektoen), but following standard incubation at 37 °C for 24 hours they form tiny
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Table 3
Some foodborne outbreaks caused by Y. enterocolitica
Food vehicle Year and country Cases  Bioserotype  Reference
Chocolate milk 1976 New York, 38 0:8 77
USA
Milk 1980 Japan 1051 0:3 (78)
Powdered milk, chow 1981 New York, 239 0:8 (79)
mein USA
Tofu and untreated 1981 Washington, 50 0:8 (80)
spring water used to USA
wash tofu at plant
Bean sprouts 1982 Pennsylvania, 16 0:8 (81)
immersed in USA
contaminated well
water
Not identified 1982 Finland 26 0:3 (82)
(probably food
eaten in canteen)
Brawn 1983 Hungary 8 0:3 (83)
Water 1984 Canada 2 4/0:3 (84)
Handling chitterlings 1988 Georgia, 15 0:3;0:1,2,3 (85)
USA
Cream, milk 1988 Sweden 61 0:3 (86)
Pasteurized milk 1995 Vermont, 10 0:8 (87)
USA
Water used to dilute 1997 India 25 4/0:3 (88)
buttermilk
Chitterlings 2001 Tennessee, 12 4/0:3 (89)
USA
Not identified 2003 Finland 12 4/0:3 90)
(probably food
eaten in canteen)
Salads (apples, 2004 Japan 42 0:8 (45)
potatoes, carrots,
cucumber, ham,
mayonnaise)
Homemade Christmas 2005 Norway 4 4/0:3 (C2Y)
brawn
Barbecue or roast 2009 Australia 3 Unknown 92)
pork
Homemade Christmas 2005/2006 Norway 11 2/0:9 (93)
brawn /pork chops
Ready-to-eat salad 2011 Norway 21 2/0:9 (94)
mix
Pasteurized cow milk 2011 Pennsylvania, 16 Unknown 95)

USA
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colonies that can easily be omitted in the presence of other bacteria from this family (often
forming large, mucous colonies). It is thus usually recommended to incubate at 22 °C, not
at 37 °C, since it inhibits the growth of other bacteria. Samples are often incubated under
refrigerated conditions, which significantly extends the time of detection (Table 4). A cold
enrichment step is implemented: incubation is carried out at 4 °C for 3 weeks. Samples
are taken every week and cultured on selective agar media. Although the lowered tem-
perature favors the growth of psychrotrophic Yersinia enterocolitica, if a medium is not
adequately selective, it may stimulate the growth of other Yersinia species and different
bacteria present in a food sample.**) In a study by Sihovonen et al.!!"") 25% of the strains
belonging to pathogenic bioserotypes of Y. enterocolitica were only detected after cold
enrichment. However, cold enrichment also increased the number of isolates representing
biotype 1A and Y. enterocolitica-like strains. Selective enrichment is an alternative to cold
enrichment, but this method is more useful for outbreaks, because it allows for rapid con-
firmation of Yersinia enterocolitica. In such cases, 9 mL of ITC (irgasan, ticarcillin, and
potassium chlorate) medium is enriched with 1 mL of medium for cold enrichment and
incubation is performed at 25-30 °C for 48 hours.(1%)

It should be remembered that food is a very specific environment for the growth of
pathogenic microorganisms. Each type of thermal processing, addition of salt, sugar, etc.,
may cause sublethal damage to the cells, which significantly hinders their detection directly
after manufacturing. Studies have been carried out in which Y. enterocolitica O:3, O:8, and
0:17 were exposed to stress factors in 0.1 M phosphate-buffered saline (PBS), pH 7.0, at 47
°C for 70, 60, and 12 minutes. Over 99% of a live cell population subjected to stress factors
were sublethally damaged. The damaged cells were able to form colonies on brain heart
infusion medium, whereas they did not have such capability on trypticase soy agar plus
bile salt medium.'%®) However, under refrigerated conditions, even sublethally damaged
Yersinia enterocolitica cells in food products were capable of recovering and multiplying
to a level that posed a risk to human health.

Salmonella-Shigella-deoxycholate calcium chloride (SSDC) agar was one of the
widely used selective media, originally developed for more efficient isolation of Y. ente-
rocolitica from pork products.(!®® Furthermore, better recovery rates of Y. enterocolitica
than on SSDC or McConkey agar has been found with Cefsulodin-Irgasan-Novobiocin
(CIN) agar.! CIN agar inhibits the growth of many other organisms of the family
Enterobacteriaceae to the advantage of the more slowly growing Yersinia species. Y. ente-
rocolitica forms distinctive colonies with a deep red center (bull’s eye) with a sharp border
surrounded by a translucent zone on CIN agar. Some of the competing Enterobacteriaceae
genera (Citrobacter, Enterobacter, Serratia, Klebsiella) are able to grow on CIN agar and
produce a little bit larger but similar colonies than Yersinia.!%°-'1%) This creates a possible
source of error when a limited number of presumptive colonies are picked for identification.

In accordance with International Organization for Standardization (ISO) method ISO
10273,(1%) three stages of Yersinia enterocolitica detection in food, feedstuffs, and envi-
ronmental samples are identified. The first stage involves multiplication in selective liquid
media. Similar to the detection of other pathogens, this stage aims at creating optimal con-
ditions for the growth of these bacteria in the broth with peptone, sorbitol, and bile salts
(PBS) and in the broth with irgasan, ticarcillin, and potassium chlorate (ITC). Apart from
the preenrichment media listed in the above-mentioned standard, other selective media such
as Ossmer broth (YSEO) and Modified Tryptone Soya broth are also used.(!03-190)

The next stage consists of culturing on solid differential media: cefsulodin-irgasan-
novobiocin (CIN) agar and SSDC (agar with sodium deoxycholate and calcium chloride).
In the third stage, biochemical and serological confirmation tests are performed. Difficulties
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with isolating pathogenic strains are associated with the fact that very often there are also
nonpathogenic strains in the tested materials; furthermore, on standard media (CIN, SSDC)
the colonies of nonpathogenic strains do not differ from the pathogenic strains. The main
difficulty is with selecting proper colonies for further confirmation assays.

It has been found that enteropathogenic Yersinia enterocolitica strains have some phe-
notypic features that correlate with the presence of pYV plasmid in their cells. These
include calcium-dependent growth and binding of Congo red. CRMOX medium (Congo
red magnesium oxylate) is based on the mechanism of these features. The growth on this
medium at 37°C (seen as small red colonies) indicates the presence of pYV plasmid in the
bacterial cells. The strains that do not have this plasmid grow as large salmon-colored or
cream colonies.''D Tt should be remembered that Yersinia, when incubated for a longer
period of time at 37°C, may lose the virulence plasmid. Weagant(!'?) proposed a chro-
mogenic culture medium (Yersinia enterocolitica chromogenic medium) for the isolation of
these bacteria. Incubation is performed at 30°C for 24—48 hours and potentially pathogenic
strains grow as convex colonies with a red center, whereas the others form violet or blue
colonies. This medium contains the mixture of cefsulodin, irgasan, and vancomycin as
growth inhibitors. 5-Bromo-4-chloro-3-indolyl-B-D-glucopyranoside is a chromogenic sub-
strate. Based on the color of colonies, pathogenic strains can be easily differentiated from
the strains without virulence factors.(!!?)

Whereas phenotypic methods study the presence or absence of biological and
metabolic activities for the characterization of bacteria, genotypic methods apply more
specific characterization of bacteria at the nucleic acid level. Apart from plate cultures,
there are a number of molecular methods used to detect these pathogens in food. Several
polymerase chain reaction (PCR) assays have been developed to Y. enterocolitica in food
samples.**) Many of these samples use primers targeting the yadA or virF gene located on
the pY'V. Because of possible plasmid loss, PCR methods targeting chromosomal virulence
genes have also been created for natural samples. The ail, inv, and yst genes, located in
the chromosome of pathogenic Y. enterocolitica strains, are the most frequently used chro-
mosomal targets.>®) The methods based on DNA hybridization and PCR reaction are most
commonly utilized. Studies have indicated significant differences in the level of detection
of these bacteria depending on the method used. The PCR technique is more sensitive in
comparison with plate cultures and it has been shown that Yersinia enterocolitica, despite
its presence in tested materials, does not always form colonies on solid media.** The stud-
ies carried out by Vdzlerovd and Steinhauserova'!!3) with the PCR method showed that out
of 2982 samples collected from pigs, 120 were contaminated with Yersinia enterocolitica.
These samples were simultaneously cultured on plates and tested with standard biochemical
assays, which yielded 111 positive results. Poultry meat was also examined: out of 929 sam-
ples tested with PCR, Yersinia enterocolitica was detected in 19 samples, whereas with the
classical method it was only detected in 17 samples. Multiplex PCR were used for specific
detection and differentiation of Y. enterocolitica serotype O:3 and other pathogenic Y. ente-
rocolitica, obtained with rfbC, inv, ail, virF yst, and primers.!'* Recently, real-time PCR
(qPCR) methods based on the virulence-associated genes, in particular ail, for detection of
pathogenic Y. enterocolitica have been developed.(!!3:119) Real-time PCR assays, especially
those using TagMan-based probes, provide greater specificity and require less time (due to
reduced cycle times) and labor to complete than conventional PCRs.*%) Lambertz et al.(!'®)
have developed and evaluated in-house a TagMan probe-based real-time PCR method for
the detection of this pathogen. The complete method comprises overnight enrichment, DNA
extraction, and real-time PCR amplification. The selected primer-probe set was designed
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to use a 163-bp amplicon from the chromosomally located gene ail. Following the enrich-
ment of 10 g of various food samples (milk, minced beef, cold-smoked sausage, fish, and
carrots), the sensitivity ranged from 0.5 to 55 colony-forming unit (CFU) Y. enterocolitica.
Good precision, robustness, and efficiency of the PCR amplification were also established.
In addition, the method was tested on naturally contaminated food; in all, 18 out of 125 sam-
ples were positive for the ail gene. This novel method can be completed within one to
two working days.(!'® Other studies show that detection rate of ail-positive Y. enteroco-
litica in 200 pig tonsils was 88% and 35% with PCR and culture methods, respectively.
When 100 raw pork samples were studied, 7 were positive with PCR and all were culture
negative.(!17)

A major goal for food microbiologists using PCR is to be able to apply the technique
for direct detection of bacteria in the samples. However, it is difficult to reach this goal
because inhibitory substances present in food may interfere with the amplification and need
to be efficiently removed. The ability of PCR to detect viable and nonviable bacteria without
distinction is also a problem.(!1®)

Conclusions

As documented by the results of numerous studies, Yersinia enterocolitica is an important
etiological factor in food poisoning. Swaminathan er al. defined Campylobacter spp. and
Yersinia enterocolitica as the “pathogenic bacteria of the 1980s.”(!'®) However, the role and
importance of Yersinia enterocolitica has risen in recent years due to the spreading of viru-
lent serotypes in Europe that have so far been detected only in the USA. This is evidenced
by the titles of some publications such as “A dramatic increase of Yersinia enterocolit-
ica serogroup O:8 infections in Poland.”*”) Furthermore, reports of the pathogenicity of
serotype 1A that has been so far thought to be nonpathogenic to humans are disturbing.

These bacteria are highly resistant to unfavorable conditions during food process-
ing, such as low pH, salinity, or disinfectants. The feature that clearly distinguishes these
rods from the other Enteriobacteriaceae is the capacity to dominate the environment
under refrigerated conditions. In addition, there are considerable problems with detect-
ing pathogenic Yersinia enterocolitica in food due to limited sensitivity of the laboratory
methods.

Despite the fact that these pathogens are mainly associated with food of animal origin,
they have being increasingly isolated from vegetable products such as minimally processed
fruits, vegetables, and water. Taking this into account, there is a need for intensification of
control and supervision of food in the context of contamination with Yersinia enterocolitica.

In order to minimize the risk of infection with these pathogens, it is essential to observe
basic hygiene rules. It is critical to avoid contamination of carcasses with feces at slaughter.
Proper thermal processing of meat also plays a significant role. Moreover, in the prophy-
laxis of infections caused by Yersinia enterocolitica, it is important to avoid consumption
of nonpasteurized milk and water from unknown sources and adequately process fruits and
vegetables (especially those that have contact with organic fertilizers).
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