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1 Introduction 

with Yersinia 

enterocolitica was the most prevalent species isolated from human cases and most frequent 

Yersinia re regarded the main source of pathogenic Y. enterocolitica 

Y. enterocolitica 

 and in ready-to-

 

 

 

Figure 1   
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yersiniosis in USA with incidence rate 

–

 Yersinia 

-independent diagnostic tests 

 employed by cl

accurate incidence estimates for pathogens such as Yersinia  

Human infections with Y. enterocolitica emerge after ingestion of the microorganisms 

through contaminated food or w  symptoms 

range from self-

 

Infection with Y. enterocolitica can lead to septicemia in immunosuppressed individuals 

and patients being treated with desferrioxamine or patients with hemochromatosis 

  

Y. enterocolitica is a Gram-negative bacterium that belongs to the family 

Enterobacteriaceae psychrophilic microorganism that is characterized by its ability 

to grow well at withstand freezing and survive for extended 

periods of time in frozen food - ity to 

propagate at refrigeration temperature is of outmost importance in food hygiene and 

 

processes widely used in food preservation aiming for prolonged shelf-

W - Y. enterocolitica is a 

-pathogenic 
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2 History 

Yersinia pestis  is the first reported member of the genus 

Yersinia was discovered during the rd plague pandemic that 

The finding of the plague causative agent is attributed to the Swiss born  physician 

– and to Japanese physician –

Tsiamis et al  

was initially accredited 

ed the microorganism 

naming it Pasteurella pestis in honor of his mentor Louis 

together with Albert Calmette and Amédée Borrel 

educed the plague mortality rate from 

nearly Kitasato’s failure to d

different from Streptococcus pneumoniae 

contamination Tsiamis et al  Tirziu et al   

The first recorded reference to Yersinia enterocolitica as a gram-negative 

coccobacillus was in a publication by  

d as 

“Flavobacterium pseudomallei  a gram-negative coccobacillus isolated from 

two facial abscesses -year-old farm  reporting involvement of the cervical 

  the 

isolate biochemically resembled the glanders agent Burkholderya mallei

Pseudomonas pseudomallei isolated 

microorganism was an atypical form or a variant of some well-

new species   Tirziu 

In this isolate was studied again by Schleifstein and Coleman in 

two researchers described all the isolates as being similar to Actinobacillus lignieri and 

Yersinia Pasteurella pseudotuberculosis Bottone Tirziu et al  
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stein and Coleman in  

proposed the name Bacterium enterocoliticum forthe yet ‘unidentified’ microorganism

O:8 Y. enterocolitica Bottone  

The microorganism received its current name in  Sonnenwirth reported the 

case of a who developed Y. enterocolitica 

 resulting in eye loss  Keet 

reported a case of Y. enterocolitica O:8 septicemia in a hunter by  

 Y.enterocolitica serogroup O:8 

of five schools in the area of 

Holland  

  

The interest on the zoonotic potential of .enterocolitica was initiated after when 

similar to those isolated in Switzerland – similar 

- ed in a 

number of rabbit and chinchilla breeding plants in North America and in Western Europe 

– Tirziu et al  

Knapp and Thal in proved the similarity between the human and animal isolates 

and in 19 . enterocolitica  

 

Schleifstein and Coleman’s american reports which described isolates from human similar 

to those isola –  

In Greece Y. enterocotica 

 related to the 

detection and identification of Yersinia 

Kansouzidou- eilidis and Kansouzidou-

of Y.enterocotica – 
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from slaught

studies for Yersinia -

 -
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3 Classification 

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

to be unsuccessful due to the larger size of P. pestis and P. pseudotuberculosis in 

comparison Tsiamis et al  

P. pestis and P. rodentium 

Pasteurella into a new genus named Yersinia in honor of 

Parvobacteriaceae family 

stayed unresolved Tsiamis et al   

 

Figure 2. Divergence of Enterobacteriaceae. 

cestor from 

that have not yet branched  
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Soon there was evidence relating Yersinia to the Enterobacteriaceae. 

general numerical taxonomic study placed Yersinia between Klebsiella and Escherichia coli 

Yersinia to the family Enterobacteriaceae was 

further supported by the Danish microbiologist 

who also assigned Schleifstein and Coleman’s ’B. enterocoliticum’ to the genus Yersinia

changing its name to Y. enterocolitica  The 

Yersinia

-positive they proposed the less inclusive name Yersinia 

X until the status of the indole-

Yersinia Bacterium 

enterocoliticum was officially changed into Yersinia enterocolitica and was classified in the 

genus Yersinia Tirziu et al  

on Yersinia  the genus Yersinia to be included in the family 

Enterobacteriaceae  

 introduced the DNA-DNA hybridization technique in 

addition to classic biochemical tests for the classification of Y. enterocolitica and Y. 

pseudotuberculosis  

of Y. enterocolitica-l  thus establishing three new Yersinia species: Y. 

intermedia, Y. frederiksenii, Y. kristensenii Brenner Ursing 

Bercovier c -positive 

and indole-negative strains of Y. enterocolitica were quite 

 Moore and 

 Brenner  

Within Y. enterocolitica ical heterogeneity 

to  

proposed the species designation Y. mollaretii and Y. bercovieri for isolates originally 

classified as Y. enterocolitica  which differed 

biochemically and antigenically from well-characterized Y. enterocolitica biogroups 
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4 Microbiology of Y. enterocolitica 

4.1 Morphology 

Y. enterocolitica is a small -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 observe  then 

other members of the family Enterobacteriaceae -0.8 m in diameter and 1- m 

Y. enterocolitica is 

biochemical properties and electron microscopy obser

that at room temperature some strains of Y. enterocolitica can go through a transition to a 

spheroplast type L-

 

Yersinia -  

 Y. enterocolitica may require a few 

subcultures to express their motilit -

Bacterial swimming and 

The 

bacterium 

system and one in the human host  

The cell-wall and antigenic composition of Y. enterocolitica also resemble those of 

cell surface structures that play significant 

consisting of a lipid A an O-specific side chain 

and several cell surface adhesion proteins which are present only in virulent Y. 

enterocolitica Inv YadA and Ail

peptide Y

enterocolitica 

-deoxyD-
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Figure 3. A photomicrograph of Y.enterocolitica  

 

4.2 Properties 

4.2.1 Temperature 
Y. enterocolitica -

- The organism has the unusual capability to grow well at 

reported that its growth may be slowed by the presence of psychrophilic 

  

o  

Multiplication can occur between -  

Robins-  Cosano and Garcia-  
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Figure 4. Generation times at different temperatures of Y, enterocolitica 

Robins-  

 

4.2.2 pH 
The optimal pH for growth of Y. enterocolitica 

in pH ran - Y. enterocolitica 

The minimum pH at which growth can occur varies between strains and 

depends 

-  Cosano and Garcia-  enterocolitica is more 

line conditions than most the rest Enterobacteriaceae, and treatment of food 

enrich

  

4.2.3 Heat tolerance 
. enterocolitica survives for long periods in low temperatures and it is heat-

- -time pasteurization con



 - 20 - 

. enterocolitica  heat treatment at  for 1-

-contaminated meat to hot 
o - 

 Robins-Browne 1997
o  

The effect of heat exposure depends on growth t  The growth temperature 

– oC does not inf – o

increases four o Y. enterocolitica is 

also influenced by the pH of the heating mediu

citrate phosphate buffe o  it is 
o

-G  

4.2.4 Irradiation 
Y. enterocolitica -

Browne  Its ability to survive -radiation depends on the food composition and 

Y. enterocolitica can be completely 

–

foodborne pathogens such as Salmonella 

 faster recovery of 

radiation-

indicates that Y. enterocolitica in irradiated products can be inhibited by using additional 

-

increases the radiation sensitivity of Y. enterocolitica 

the pYV plasmid for Yersinia loss was the 

 

4.2.5 Preservatives and Packaging 
The behaviour of Y. enterocolitica in response to various preservatives depends on the 

  

 sorbate is very effective against 

the bacte   phosphite and sodium hypophosphite are inhibitory at 
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Y. enterocolitica can survive sodium chloride concentrations of 

Although it 

co  Delay or growth inhibition can be 

achieved using other preservatives  

sodium nitrate and nitrite resistance to chlorine is 

environments or when co-   

high levels of carbon dioxide is very effective at delaying growth and can cause complete 

 -  Cosano and Garcia-   

4.2.6 Growth and survival in food 
The ability to propagate at refrigeration temperature in vacuum-

prolonged shelf-life is of considerable significance in f Refrigeration reduces the 

multiplication capacity of Y. enterocolitica Growth at low 

The organism 

 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 

 Robins-Browne 1997 Cosano and 

Garcia-   

enterocolitica to compete with other 

psychrophilic  

n 

.enterocolitica der chilled storage and might even compete 

  

Y. enterocolitica 

of increased availability of nutrien

Y. enterocolitica

 

and fats present in the food matrix provide a protective effect for Yersinia 

 Robins-Browne  . 
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enterocolitica o C 

Increased le –

artificially contam o Much slower growth has been 

- –1oC on 

 –1o

slightly slower in the presence o oC competes better against 

other psychrophilic bacteria

growth of Y. enterocolitica, due to the elevated pH level and primarily the low sugar 

m 

 

 Robins-Browne 1997  Cosano and Garcia-  

well as persistence for extended periods in refrigerated vegetables and cottage cheese 

-Browne  after experimental inoculation into 

– oC after o

7 -1 un
oC appears to be strain-

-

Yersinia 

 

 Robins-Browne 1997  Cosano and Garcia-Gim  

 

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- - er 18 h they are 
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 and size of the colonies 

Enterobacteriaceae become 

Yersinia Yersinia gives 

uniform turbidity in nutrient broth and in peptone water  

Yersinia -salt media with various carbohydrates 

Yersinia becomes auxotrophic and supple-

ron and calcium in low concentration 

ature is 

critical for the expression of virulence factors of Y. enterocolitica 

 

4.3.2 Enrichments and isolation procedures 
The isolation of enteropathogenic Y. enterocolitica  are several 

  for the isolation of Y. 

enterocolitica from non-human samples  

 nature of Y. enterocolitica single isolation 

procedure appears to be optimal for recovery of all pathogenic serotypes or 

multiple enrichment and plating 

be proved insufficient to detect the presence of Y. enterocolitica

include the large number of organisms in the round flora and its advancement through 

-pathogenic 

Yersinia  Y. enterocolitica strains

pathogenic strains in the samples and loss of the virulence plasmid p during culture 

  -  

The source of Y. enterocolitica Detection 

of pathogenic isolates ntal 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 n a variety of 
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conventional and selective 

be present in low numbers in a complex microbial flora 

increase the number of Yersinia 

-Ahomaa and

  for isolation of Y. enterocolitica are 

presented in Table  

Table 2. Methods of isolation of Y. enterocolitica 
-  

-enrichment enrichment 
-

enrichment Selective agar plate 
Serotypes 
recovered References 

      

      

-     All  

- -7 days -   CIN at  for    

-     All  
- -

days without agitation 
 ±KOH  All  

      ISO 1  

±    
 

All  

days  ±KOH  All  

days  ±KOH 
 

All  

-rosebengal broth 
-  

 

 of the psychrophilic nature of Yersinia to outgrow mesophilic 

organisms such as other Enterobacteriacea cold 

has been used for isolation 

of Y. enterocolitica

phosphate-

Y. enterocolitica to grow 

while non psychrophilic Incubation time depends on 

–
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are the presence of non-pathogenic Y. enterocolitica and other psychrophilic 

-Ahomaa and   Mills  

Selec methods boost the selectivity and shorten the 

These incorporate selective enrichment broths with different antimicrobial 

Rappaport -ticarcillin-

media are highly selective for some strains of Y. enterocolitica but are also quite inhibitory 

for o The most frequently Wauters formulated 

 

inoculated either direct from sample homogenates or from cold-enriched cultures at ratios of 

– -

-  which is 

the most common clinical serotype of Y. enterocolitica in Euro  

broth developed by Schiemann 

the common clinical isolates in North America  -

Ahomaa and   Mills   

-

rates . enterocolitica treatment of cold 

potassium hydroxide 

n to selective agars the number of competing 

microflora ection of Yersinia colonies less laborious  

Many different selective agar plating media have been designed for isolation of Y. 

enterocolitica 

most widely used 

Cefsulodin–irgasan–

and Salmonella–Shigella were developed 

specifically for the isolation of Y. enterocolitica

CIN agar is the most frequently used agar for naturally 
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 its 

high selectivity for faecal specimens and its ability to inhibit 

bacteria Yersinia from competing 

Citrobacter, Enterobacter, Morganella, Pantotea, Providencia, 

Serratia and Stenotrohomonas 

characteristic colonies of Y. enterocolitica are small 

smooth red due to mannitol fermentation surrounded by a translucent 

zone 's-  On SSDC they are 

indistinct  Yersinia 

plas p  

 

Yersinia enterocolitica shima

developed for isolation of Y. enterocolitica, are not extensively used 

, 

differentiate virulent Y. enterocolitica: the Y. enterocolitica 

Y. enterocolitica agar-

Yersinia  

Standardized reference methods include  Analysis 

Yersinia enterocolitica  the 

Y. enterocolitica 

Weagant and ly the International Standard Organization 

method for the detection of presumptive pathogenic Y.enterocolitica 

 

 

4.4 Biochemichal identification 

Y. enterocolitica do not differ significantly from other Enterobacteriaceae in their 

-  

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  

Characteristics   
Indole production d 
Methyl red + 
Voges-  - 

 - 
Hydrogen sulfide on TSI - 

 [+] 
 - 

Lysine decarboxylase - 
Arginine dihydrolase - 
Ornithine decarboxylase + 
Motility - 

 - 
 - 

Malonate utilization - 
D-  + 
D-  - 
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 [+] 

-Methyl-D-Glucoside - 
Esculin hydrolysis [-] 
Melibiose - 
D-Arabitol d 
Mucate - 

 d 
 - 

NO - - + 
 - 

-  + 
Yellow pigment - 
D-Mannose + 

Symbols: -  are positive - - -] 11-
- -

-h incubation period unless otherwi  
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b

Yersinia -

activities are often temperature-

-nitrophenyl- -D-galactopyrano

-

Yersinia - -7 

day Y. enterocolitica is 

strain- Y. enterocolitica 

Y. enterocolitica biovar 1 expresses a lipase-esterase that is active on 

 

Specific identification of Y. enterocolitica requires the use of individual biochemical 

simultaneously for species-level identification of Y. enterocolitica Y. frederiksenii Y. 

kristensenii 

identification of ten different species of ersinia using a set of 118 well-characterized 

identified five isolates of Y. enterocolitica 

Identification of Y. enterocolitica can be misinterpreted due to the slow growth of the 

 

 - -assisted laser 

-of- - -

modified and applied for the identification of Y. enterocolitica at the species and 

-IR is a technique that provides information about the total 

 

 

 



4.5 Molecular techniques  

4.5.1 Molecular detection methods 
Y. 

enterocolitica

. 

enterocolitica 

Y. enterocolitica

Y. enterocolitica

4.5.2 Molecular typing methods 
Y. enterocolitica

Y. enterocolitica

Y. 
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enterocolitica 

Y. enterocolitica 

Y. enterocolitica serotype O:9 

 

 

4.6 Bio-serotypes 

Y. enterocolitica is highly heterogeneous being divided into a large number of 

-serotyping are both used to type 

isolates associated with human disease and strong associations between specific biotypes 

 

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 

According to Bercovier’s biogrouping scheme et 

al c

ters 

 

 
Table 4. Biogrouping scheme of Y. enterocolitica. c  

  c  

Biochemical test 1       

Lipase + - - - - - - 

Dnase - -  -  + + + + 

Indole + + - - - - - 

D-Xylose + + + - - - - 

Sucrose + + + + V + + 

D-Trehalose + + + + + - + 

Nitrate + + + + + - + 

Voges-       - - 

      + - 
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–  with disease in man and 

1A is regarded non-pathogenic Strains of biotype 1A are generally obtained from 

terrestrial and freshwater ecosystems and are often referred 

with gastroenteritis Not all isolates of Y. 

enterocolitica  

pathogenic Yesinia and may represent novel non-pathogenic subtypes or even new 

Yersinia isolated from animals and the environment 

-  -  

The most frequent Y. enterocolitica biotype obtained from human clinical material 

tients in the United States 

inherently more virulent than of other pathogenic biotypes and have been identified as the 

Robins-Browne 

 

 
Table 5. Revised biogrouping scheme of Y. enterocolitica.  

  Biotypes 

Biochemical test 1A 1B 2 3 4 5 6 

Lipase  + + - - - -  - 

Esculin - - - - - - - 

S  + - - - - - - 

Indole + +  - - - - 

Xylose + + + + V V + 

Trehalose + + + + + - + 

 + - - - + - + 

-D-Glucosidase + -    - - 

Voges-  + + + - c  +  - 
a  
a  
c  
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4.6.2 Serotypes 
Y. enterocolitica isolates are distinguished serologically based on antigenic variation 

in cell-wall - - - -

antige -  The O-anti

characterization of isolates by O and H serotyping is rarely attempted -

 

. enterocolitica 

. enterocolitica into 

 Moreover

 

 
Table 6. Relationship between O serotype and pathogenicity of Y. enterocolitica -

 

Species Serotypesa 
Y.enterocolitica   
           Biotype 1A  
    
           Biotype 1B O:4,32; O:8; O:13a,13b; O:18; O:20; O:21;  
            O:5,27; O:9;  
            O:1,2,3; O:3; O:5,27 
            O:3 
            O:2,3 
Y.bercovieri  
Y.frederiksenii  
Y.intermedia  

Y.kristensenii  
Y.molaretii  

a  
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Although serotyping has been used extensively to study the epidemiology of Y. 

enterocolitica

 

Y. 

enterocolitica  

-  

Since several O-  have been recovered from non-

pathogenic “avirulent” biogroup 1A Y. enterocolitica strains  and 

different Yersinia Y. enterocolitica isolate should be 

  antigen has been detected 

among Y. bercovieri Y. 

frederiksenii and Y. mollaretii Robins-Browne   

- -reactions may occur with other members of 

the Enterobacteriaceae Morganella morganii and Salmonella 

serogroup O:9 Y. enterocolitica and Brucella abortus and Brucella melitensis, and between 

Rickettsia 

 

Y. enterocolitica 

serotypes have been most frequently associated with  7

 

most frequently isolated from humans worl

 

“American” serotypes and along with O:8 are the most virulent compared to other 

 -   
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Table 7. Association of Y. enterocolitica  

-  

Associated 
with human 
infections Biotype  Ecologic distribution Geographic distribution 
Yes 1B  Man United States 
    O:8 ts  
      North America 
    O:18 Man United States 
      United States 
      North America 

     North America 

    O:9  Japan 
         
    Chinchilla  
      Japan 
       Korea 

      North America 
      
         
      
         

Noa 1A  wate  Global 

    NT animal and human feces   
 

 

not serotype O:9 has been 

8 also ha e 

been reported from Europe and Asia Ichinohe 

 

Non-pathogenic 

-typable strains 
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5 Epidemiology 
The healthcare se

Y. enterocolitica is a zoonotic bacterial 

a ve 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

 and the United 

 

Y. enterocolitica  as they are considered the 

act Y. 

enterocolitica infections in different 

sausage product  whereas in 

Y. enterocolitica in the US alone cau

 Y. enterocolitica has attracted health concerns due to 

pages the epidemiology and pathogenesis of Y. enterocolitica will be described focusing on 

 

 

5.1 Sources of infection 

5.1.1 Pigs 

pathogenic Y. enterocolitica involved in 

human infection asymptomatic carriers of human pathogenic Y. enterocolitica 

 Y. enterocolitica of bio-  mmonly 

has been found to be the predominant bio-serotype in 

asymptomatic pigs 

 with different 
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degree of frequency 

Andersen -

rway 

 

-

 

   Vanantwerpen 

-

 Estonia  

-

 

 Martinez – 

 

Serotype O:9 is 

not commonly found among European pigs and has sporadically been isolated in Great 

 

-

 Y. enterocolitica 

was the most common bio-

 was reported though in lower 

 

- - Milnes 

 

Serovar O:8 biovar 1

pathogenic strain of . enterocolitica in the US 

 Serovar 

O:8 from porcine tongues 

intestines  

Various serovars have been reported from pigs’ isolation worldwide

 Thibodeau  

 

  Escudero et 

China 
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 Ivory Coast  

strains carrying Y. enterocolitica 

-

Y. 

enterocolitica been demonstrated by pulsed-field gel electrophoresis 

-

Y. enterocolitica 

originates from the farm wher

prevalence of pigs excreting Y. enterocolitica –

e of Y. enterocolitica 

are some factors affecting the prevalence of the pathogen 

associated to the within-farm prevalence in pigs have been investigated in several studies 

indicating both environmental and pig-to- Virtanen et 

Y. enterocolitica has been isolated from sows but the prevalence is 

a

Enteropathogenic Y. enterocolitica strains have occasionally been isolated from pig farm 

environments particularly from farms with high prevalence of pathogenic Y enterocolitica 

 

tion is spread to the carcases 

nic Y. enterocolitica 

times higher than in the feces suggesting that this tissue is a more important contamination 

 

the fact that Y. enterocolitica feeds on l Liang  
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5.1.2 Other animals 
Y. enterocolitica has also been isolated from domestic and pet animals as well as from 

-

-

 

5.1.2.1 Food animals 
-negative 

cattle have in some cases proved to be cross-reactions against Y. enterocolitica serotype O:9 

  

In Great Britain Y. enterocolitica BT 1A strains have also been isolated from cattle and 

 

 et al. 

Y. enterocolitica biotype 1A has been recovered from sheep 

et al. 

et al. et al. 

positive for Yersinia,  belonged to bio-

been observed that the prevalence of Y. enterocolitica in goats declines as their age 

increases and similar trend has been Y. enterocolitica 

sheep and goats due to infection with Y. enterocolitica 

reported in Australia Y. enterocolitica 

Joutsen et al., 

-

as bio-seroty  
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Lanada et al.  Y. 

enterocolitica  

5.1.2.2 Dogs and cats 
Y. enterocolitica -

 et al.  -

can be a source of human infections because of their close contact 

et al.  -Ahomaa 

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 

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 patho  

5.1.2.3 Rats and primates 
Wild rodents have been found to be reservoirs for Y. enterocolitica 1

  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 

 Y. enterocolitica bio-

and pig samples  

rodents as vectors transmiting pathogenic Y. enterocolitica 

batches of pigs in all- -

highlighted the small wild animals as a reservoir of Yersinia carrying ail  

The first report of fatal cases of Y.enterocolitica 

been reported in Japan  Two fatal cases of Y. enterocolitica bio-serotype 

of raw 

-  
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5.1.3 Food 

Y. enterocolitica infection has mainly been 

 

cottage 

cheese and tofu -  chow mein dishes 

  

- bean 

 

5.1.3.1 Pork 

Yersinia-positive farms carry the pathogens to the 

slaughterhouse in their tonsils and intestines  During the slaughter 

particularly when the head is not removed and handled separately hogenic Y. 

enterocolitica is frequently isolated from the surface of the organs and carcasses of the 

slaughtered pigs  

 represent a cross-

- psychrophilic 

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 

-

Ahomaa et al., 

indirectly via 

they are the only farm animals intended for human consumption that frequently harbour Y. 

enterocolitica the bio-serotype that is isolated from human yersiniosis cases 

- Y. enterocolitica 

enterocolitica  

The observed prevalence of Y. enterocolitica 

  

  -Ahomaa et 
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-  

   

  

 important 

 

human Y. enterocolitica infections This positive correlation has been demonstrated in case-

control studies in et al.,  

been implicated in sporadic cases of yersiniosis and has also been identified as the cause of 

 Seasonal variation has been noted throughout the world with a 

 

The first Japanese case of  enterocolitica 

et al.,  In the United 

children through the hands of food handlers Lee et A case-control study 

showed that household preparation of chitterlings was significantly associated with illness 

Y. enterocolitica O:9 in Norway was 

investigated and involved 11 persons after ingest

during the -Ogden 

voyage from Croatia to Trieste and involved 

Babic- A study of Y. enterocolitica enteritis in children in Crete 

 

5.1.3.2 Beef and poultry 
There are few studies on the detection of Y. enterocolitica In Japan 

h occurrence of yst-positive Y. enterocolitica 

In Spain Y. enterocolitica 

found to be presumptively virulent according to biochemical tests 

 Studies in Brazil have reported isolations of Y. enterocolitica from raw 
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nd Y. enterocolitica 

Y. 

enterocolitica 

yadA plasmid-borne gene 

 A study in Iran found Y. enterocolitica n 

Sharifi-Yazdi e

Y. enterocolitica in 

 

5.1.3.3 Milk and products 
Y. enterocolitica 

-

 Soltan-  cow 

Yersinia can be attributed to malfunctioning of the pasteurization 

process leading to inadequate treatment or post-

psychrophilic  

after pasteurization would enable a poor competitor and opportunistic pathogen such as Y. 

enterocolitica to grow better in pasteuri  

Y. enterocolitica O:8 was isolated from 

Y. enterocolitica O:8 infections occurred in 

Vermont and New Hampshire was associated with the consumption of bottled pasteurized 

 Another culture-confirmed case of infection associated with 

samples and clinical cases were indistinguishable by pulsed-field gel electrophoresis 
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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 

produce fertilized with organic mate  

pathogenic bacteria infestating fresh vegetable and fruit food products have increased in 

vegetable products -

on the raw materials used for their production and storage under refrigerated conditions is 

favouring growth of Yersinia Y. enterocolitica has been found in 

-

 

 Y. enterocolitica O:8 in Japan 

Y. enterocolitica O:9 infection with similar profiles 

-

rosso” impo

 

5.1.3.5 Water and envrironment 
Most of the Y. enterocolitica uding 

-pathogenic in 

-

- -

A Y. enterocolitica 

Y. enterocolitica can survive better in cold soil 

-pathogenic Y. enterocolitica 

d water can serve as a vehicle for 

pathogenic Y. enterocolitica  
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In a case-control study on sporadic cases of Y. enterocolitica 

ng untreated water 

Yersinia 

among members of a girl scout troop after eating bean sprouts grown in contaminated well 

Ostroff 

 Another case-

water supply and asymptomatic employees to be positive for Y. enterocolitica O:8 while 

 Y. enterocolitica 

affecting three out of the four members of a fam

-  

Y. enterocolitica strains isolated in Brazil from 

untreated water for the presence of viru

inv ail, and yst 

for human infection with Y. enterocolitica  Y. enterocolitica O:8 strains 

have been isolated from s

possible source for human Y. enterocolitica  

 

5.2 Routes of trasmission 

5.2.1 Foodborne-waterborne transmission 
The most common transmission route of pathogenic Y. enterocolitica is the fecal–oral 

More often transmission occurs through the 

consumption of  

- Epidemiological investigations have supported the 

Y. enterocolitica as well as case-control studies of sporadic 

confirmed that edible pig offal 

is an important source of Y. enterocolitica 

genotypes of strains that were isolated from humans and were discovered with MLVA 

 

 

food products have b -
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pathogenic Y. enterocolitica have only infrequently been recovered from food 

isolation of pathoge

been designed to overcome the challenges regarding detection and subtyping of Y. 

enterocolitica -  

5.2.2 Direct transmission (human to human-animal to human) 
Y. enterocolitica 

ienced frequent cut wounds on his hands 

developed axillary abscess due to Y. enterocolitica 

 Y. enterocolitica contamination of 

a finger pustule which was tainted by Y. enterocolitica from an environmental source 

 

transmission is not common  

Y. enterocolitica 

their   This can happen when basic hygiene 

and hand- diarrheal disease as 

a result of Y. enterocolitica bio-

indicating a nosocomial -to-

Y. enterocolitica bio-serotype 

 

 

A direct transmission from pigs to humans was suggested by elevated serum 

elevated antibody levels to Y. enterocolitica - or berry 

 discovered 

between people involved in swine slaughtering practices and office personnel in Norway 

-  

and 

deer have been incriminated in animal to hum  
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Y. enterocolitica 

- Y. enterocolitica 

to pets because pathogenic isolates can easily be transmitted from highly contaminated raw 

Y. 

enterocolitica between pigs and young children - Wang 

 

5.2.3 Blood transfusion-associated transmission 
Indirect person-to-person transmission has occurred in several instances by transfusion 

of contaminated blood products -associated sepsis 

due to Y. enterocolitica was evidenced in Netherlands 

enterocolitica has been found in donor 

blood from healthy individuals or donors who have suffered diarrhea in Such 

contaminated blood sometimes caused Yersinia bacteremia and death of the recipients 

 bacterial-associated sepsis is 

-transfusion associated septicemia due to Y. enterocolitica 

is reported to have a 71-year old patient with refractory anemia 

Y. 

enterocolitica bio-serotype 

b

against Y. enterocolitica 

prior to the 

co were not been recorded during 

donation he potential growth of virulent Y. 

enterocolitica strains in blood units increase the severity of blood transfusion-associated 
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6 Pathogenesis 

6.1 Virulence factors 

The virulence determinants in Y. enterocolitica are positioned within the chromosome 

plasmid for Yersinia that 

Y. enterocolitica bacteria 

utilize both chromosomal and plasmid-

temperature- Yersinia strains to survive 

-  

6.1.1. Chromosome-linked virulence gene products 

6.1.1.1 Invasin (inv) 
Y. enterocolitica invasin  significant role in 

protein facilitates Y. enterocolitica to attach and enter the cells of the host 

-

the in the rearrangement of 

of Y. enterocolitica microorganism into the epithelial cells 

invasin gene is found in all Yersinia inv 

homologous sequences -  

Invasin expression in Y. enterocolitica is 

invasin is required for 

invasin 

 

6.1.1.2 Attachment invasion locus (ail) 
The ail -associated 

protein that is regulated therma
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evidenced only among pathogenic Yersinia - Ail plays 

a part in both adhesion and invasion of specific tissue culture cells and is involved in the 

 

Ail- Yersinia 

ou efficient  

6.1.1.3 Iron acquisition (foxA) 
The growth and survival of this pathogen require Y. enterocolitica 

infections iron supply together with the production of siderophore transport system is 

- iron by secreting small 

molecules called siderophores that include yersinia- -

-  

The other low pathogenic serotypes 

ectogenic siderophores that include 

ferrioxamin E and ferrioxamin re commonly used to treat 

patients with iron -  

foxA  Y. enterocolitica 

integrates with ferrioxamin foxA is regarded 

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

6.1.1.4 Yersinia stable toxin (Yst) 
Y. enterocolitica Yst -

functionally homologous to the heat- Escherichia 

coli yst Yst 

subtypes of Yst exist: Yst-a Yst-b Yst-c 

of the toxin in a diarrheal disease remains significantly debatable due to issues that relate 

to the fact that Yst is not detectable in diarrheal stool samples during experimental animal 

models after infection with Y. enterocolitica 

nonpathogenic strains and strains of related species have been found to produce Yst 

- -invasive biotype 1A strains causing 

diarrhea often transport a variant of the Yst gene that could possibly be the only virulence 
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6.1.1.5 Myf fibrialle 
Y. enterocolitica Myf Yersinia 

The chromosomal locus involves three genes: myfA myfB myfC Myf may serve as an 

intestinal colonization factor for Y. enterocolitica - Myf appear 

enterotoxigenic Escherichia coli Y. pseudotuberculosis 

associate a role in thermoinducible binding and haemagglutination to the myf 

psa Y. enterocolitica the myf operon is not able to mediate 

haemagglutination and further experiments regarding its adhesive function and its possible 

role in pathogenesis  

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-

present in Y. enterocolitica 

positioned on this specific island is 

of the siderophore yersinia-

considered as an iron-

and 

Yersinia- Yersinia 

bactin could up-regulate its own expression together with that of fyuA that is its outer 

 

6.1.2 Plasmid (pVY)-linked virulence gene products 

6.1.2.1 Yersinia adhesion protein (yadA)  
Yersinia YadA -encoded protein that facilitates 

adherence to host Yersinia from the nonspecific immune 

system such as phagocytosis and complement- YadA also promotes 

-

YadA 

correlated closely with the phenomenon of autoagglutination that occurs after growth in 
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YadA 

gene products: VirF LcrV VirF senses the optimal 

LcrV regulates the yadA expression 

depending on the availability yadA 

 

6.1.2.2 Yersinia outer membrane proteins (YOPs) 
Yops Yersinia 

Ysc Yops protect Yersinia from the macrophage by destroying its 

apparatus Yops are delivered from extracellularly located Yersinia that is in close contact 

yadA yop and ysc 

-

 

YopB Y. enterocolitica to evade an ensuing 

immune defense after ingestion which suppresses the production of a macrophage-derived 

-

of cellular immunity and inflammatory responses to infection (

delivers six effector proteins into the host cell cytosol: YopH YopO YopT YopP/J YopE and 

YopM

phagocytosis involves actin rearrangement to form pseudopods for bacterial internalization 

YopH 

ph YadA -

YopO  enabling the inhibition of phagocytosis through 

 Y. enterocolitica as bait for the 

YopT YopP/J 

YopE has cytotoxic action and regulates inflammatory response while YopM is 
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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 infecti  Entrapped in intestinal 

mucus the bacteria use chromosomally encoded virulence gene products to colonize the 

-encoded 

gene products is ini

 inv and ail and plasmid determinant yadA 

son- Inv -integrin receptor located abundantly on the 

M-  ail protein also 

confers serum resistance to Y. enterocolitica -

- yadA also aids 

-cells engulfed bacteria are released in the basal layer in the 

rosis and abscess in 

yst stimulate 

the membrane bound guanylate cyclase and increase accumulation and activation of 

- + absorption and 

stimulation of Cl   Antiphagocytic properties are mainly mediated 

by yop virulon products which enable survival and extracellular multiplication in host 

-  

Usually the infection is limited to the intestinal 

ability to survive and multiply within the lymphoid follicles and other tissue is associated 

Yersinia YOPs 

suppresses the immune system thereby ensuring bacterial survival and extracellular 

multiplication in the host lymphoid tissue -
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6.3 Possible pathogenicity of Y. enterocolitica 1A 

Biotype 1A strains have been traditionally considered nonpathogenic du

virulence-associated factors of pYV-

gene ail 

Most of Y. enterocolitica biotype 1A strains contain the ystB 

-stable ystB 

present in the ileum (

from patients with gastroenteritis and were 

Y. enterocolitica biotype 1A may harbor a 

-

 classical pathogenic bio-

-a release leading to migration of more 

macrophages to the site of inf  

differed from yersiniosis caused by the classic pathogenic bio-

patients with 1A had more protracted gastrointestinal disorders and unspecific complaints 

heterogeneous group of Y. enterocolitica biot

he 

virulence mechanisms of these  

 

6.4 Clinical diseases 

Gastrointestinal infection may manifest 

self-  8

the infection are associat

 

watery diarrhoe
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Y. enterocolitica

mimi

Yersinia infection may also be 

illness is generally mild and self- –  although diarrhoea may 

contribute to intra- -  

Y. enterocolitica may spread at extra-intestinal sites with or without 

 -  Septicemia 

caused by Y. enterocolitica  

 

susceptible are the patients in iron overload or those being treated with the iron-chelating 

agent desferrioxamine - While serogroup O:8 

Yersinia-

-

sequestering siderophore but rather rely on an exogenous source of an iron chelator such as 

fecting strain may be via the oral route or associated 

 

Infection with Y. enterocolitica

rythema 

  -

and may sometimes be the only obvious clinical manifestation of Yersinia infection 

-  Eighty percent of the patients experiencing post-Yersinial 
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reactive arthritis are HLA- -positive and predominantly young and middle-aged 

- The patients may suffer from arthritis  after 

1–  -  Joint 

asymmetric oligo- or polyarthritis with sudden onset affecting more often  

Yersinia-triggered arthritis show persistent IgA antibodies against 

Yersinia onic stimulation of the 

gut associated lymphoid tissue by persistent Yersinia -

 

 
Table 8. Clinical spectrum of Y. enterocolitica  

Gastrointestinal present in infants 

  
 Acute mesenteric lymphadenitis 
 Terminal ileitis 

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

   
Metastatic  
   
  
 Meningitis 
  
 cted mycotic aneurysm 
 Osteomyelitis 

-infection sequelae -B-  

 Myocarditis 
 Glomerulonephritis 
 Erythema nodosum 

 Y. enterocolitica  
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7 Antimicrobial Resistance 
The non-prudent use of antimicrobials in veterinary and medical practice selects for 

 are used for the treatment and 

prevention  Although Y. enterocolitica 

infections are usually self-limiting and do 
intervention is required in case of immunocompromised patients or those suffering 

septicaemia 

gentamycin and co-trimoxazole  

Y. enterocolitica produces frequently -lactamases and is usually resistant to 

-lactamase-

the first-generation narrow-

he third-

-

–

aztreonam -  

Resistance of Y.enterocolitica  

- blaA

Y.enterocolitica strains harbor chromosomal genes for two -lactamases blaA

constitutively expressed Ambler class A penicillinase and blaB

-lactams 

is their enzymatic hydrolysis by -lactamases -

lactamases have expanded their substrate spectrum with simple mutations in the gene or in 

-

mutations in the promoter sequences and integration of insertion sequences containing 

efficient promoters have frequently been associated with high-level expression of 

-

- -lactams has been to use 

- -lactam 

-

ticed in 

-  
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Regarding -lactam susceptibility notable differences are reported among different Y. 

enterocolitica strains bio-  Recent studies showed that strains of Y.enterocolitica 

bio- -clavulanate while bio-serotypes 

- are sensitive to 

-generation cephalosporin

-   

-

- -

  Strains of biotype 1B exhibit high rates of suscebtibility to 

ampicillin and amoxicillin-clavul

-

clavulanic acid -  

Emerging resistant phenotypes of Y. enterocolitica have been recognized and this is 

promotion in modern food-animal Y. enterocolitica strains from pigs 

ceptible to streptomycin and 

Y. enterocolitica strains were resistant to 

nalidixic acid and a single isolate was resistant to gentamicin and spectinomycin 

-  

-

-  

acid-resistant clinical Y. enterocolitica strains around M

increase of nalidixic acid resistance in Y. enterocolitica 

widely used antimicrobial agent both in Spanish hospitals and 

 

resistance to quinolones in Y. enterocolitica suggest 

the clonal dissemination of a nalidixic acid susceptible Y. enterocolitica strain which has 

acquired different mutations in the quinolone resistance-

gyrA gene, generating resistance to nalidixic acid and which has probably emerged due to the 
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Another study in Barcelona 

 trimethoprim-

c acid among clinical Y. enterocolitica  A 

study on slaughter swine strains in the United States reported resistance to oxytetracycline 

–

resistance is often plasmid mediated and could be impacted by on-  

Tetracyclines and sulphonamides are commonly added to swine feeds for growth 

promotion and prevention of infectious diseases in swine -  
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8 Control and Prevention of Yersinia enterocolitica 

8.1 Methods for controlling spread in pig farms 

showed that piglets from certain breeding farms transmit Y. 

enterocolitica strains into a fattening farm and the infection subsequently spreads 

Yersinia 

Y. enterocolitica-positive farms with piglets negative for 

Y. enterocolitica should be avoided and prevention methods should be targeted at piglet 

 This principle is in agreement with a previous study 

 

infection for other piglets coming fr  

Y. enterocolitica in fattening pig farms is to 

get piglets from asserted Y. enterocolitica -out 

strategy appears to be effective in reducing the on-farm carriage of Y. enterocolitica 

-  Danish experience has shown that strategic removal of infected 

weaners might lead to Y enterocolitica  negative slaughter animals 

Y. enterocolitica 

economically feasible practices to produce enteropathogenic Yersinia-free breeding are 

needed -  The Yersinia 

ring the whole rearing period include the use of a semi-slatted or fully slatted floor 

 

 

8.2 Methods for controlling spread from slaughterhouse to food 

-

contamination of carcasses during slaughter since Y. enterocolitica 

identified as process stages that contami -
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spread of Y. enterocolitica  the highly contaminated tonsils to the offal is 

unavoidable 

bacterium from pigs to man on-

traditional meat inspection procedures such as submaxillary lymph node excision to detect 

tuberculosis can spread pathogenic Y. enterocolitica 

meat inspection has recentl

inspection were omitted to reduce the contamination of carcasses and other edible parts 

-  

The prevalence of enteropathogenic Yersinia  

method of enclosing the anus and rectum of pigs in a plastic bag during sla

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  

-

of pathogenic Y. enterocolitica 

Y. 

enterocolitica tonsils 

 No effect of the chilling and blast-chilling processes on pathogenic Y. 

enterocolitica on pig carcasses has been reported -  

Y. enterocolitica can survive in food and grow at refrigerator temperatures but is 

hygienic practices during c  

-contamination can 

-to-eat foods and also by washing 
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pacifiers  
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1 Aims of the study 

 

 pathogenic Y. enterocolitica 

fresh vegetables originating from local slaughterhous

 

 different methods for the recovery of human pathogenic Y. enterocolitica 

 

 

- the pathogenic nature of 

 

-  

- the antimicrobial susceptibility against antimicrobials routinely used in the medical 

 

ential existence of Inv gene sequence pattern between the isolated 

pathogenic and non-pathogenic  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 



 - 67 - 

2 Materials and Methods 

2.1 Sample collection 

2.1.1 Pork carcasses  
at slaughter were 

gathered 

collected randomly throughout the year from six slaughterhouses located in the Epirus 

surface swabs 18- - -

peptone broth sorbitol Italiana

wearing sterile 

gloves while wiping with the sponge to prevent any cross-

 hind limb and from a lateral area of 

 according to the appropriate International Standard Methods 

 

2.1.2 Vegetables 
 

-

-

 

 

2.2 Sample examination 

2.2.1 Methods 

2.2.1.1. Culture and isolation 

ag Mixer Interscience

was weighed aseptically 

for 1 



 - 68 - 

samples were analyzed for pathogenic Y. enterocolitica 

 

ated onto a cefsulodin–

irgasan– Yersinia-selective 

 

te 

–ticarcillin–potassium 

Italiana   

Ad

 

-

l was str

 

-

-eye' colonies Yersinia colony 

 Nutrient plates were 

incubated 

  

2.2.1.2. Detection and identification  
ve isolates were tested for biochemical characteristics using oxidase 

which 

were incubated at - Oxidase- -positive and lactose-negative 

isolates 

Sucrose-positive and rhamnose- species identification 

microsubstrate -

t  Voges-  Y. 

enterocolitica 

no more - to prevent plasmid loss due to repeated subculturing and stored at -

7    
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2.2.1.3. Biotyping and Serotyping 
Y. enterocolitica strains were biotyped according to the modified Wauters’ scheme 

- obtained 

surf

mass on esculine plate as a line and incubation 

e tested in 

-

and incubation  -

  

Serotyping was performed by slide agglutination with commercially available O 

 

Autogglutination was test

on a slide and rubbing with 

 

2.2.1.4 Molecular identification and detection of Yersinia virulence genes 
The isolated Y. enterocolitica strains were tested for confirmatory identification within 

-bp fragment o

were also studied: five chromosome- ail foxA ystA ystB myfA

yadA virF

Yersinia  

2.2.1.4.1 DNA purification 
The template DNA used for the detection of ail and foxA gene was prepared using 



 - 70 - 

Isolation of DNA from bacterial suspension cultures in saline solution 

was carried as described by the supplier below: 

g  

a total volume 

 

 

 

-

ve drops from 

 

– -

 

 

g 

  

l Buffer AW1 without 

g 

 

Carefully open 

g

 

collection  
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g  

 

-term storage of DNA eluate in Buffer AE is stored at – –  

2.2.1.4.2 Detection of ail, foxA and inv genes 

The primers for inv Y. enterocolitica sequence from 

r instead of 

 The amplification was performed with denaturation for 
o o o ail o foxA

o xtension was performed at 
o ail foxA inv 

under UV-

 tests for ail foxA and inv 

University of Ioannina Greece

inv gene served as template fo

 in the Department of Cytogenetics and Molecular genetics

University of Thessaly  Inv 

gene sequences were compared and clustered with  

Table 9. Reaction mixture 

Components Volume 
 l 

 l 

 l 

 l 

 l 

  l 

DNA template l 

H O  l 

Total reaction mix volume l 
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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 

  The supernatant was 

 

ell as positive 

 The amplification was 

performed with o

o o

o - oC and 
o The fluorescence intensity of SYBR Green and the melting curve 

-

 Real-  tests 

 

 
Table 10. Reaction mixture for real-  

Components Volume 

  

M 1  

M  

DNA template l 

H O l 

Total reaction mix volume l 
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Table 11. Sequences of primers 

Genes Primer sequence (5’- 3’) Amplicon size (bp) Reference 

16S rRNA 
AAT ACC GCA TAA CGT CTT CG    R: CTT CTT CTG CGA GTA ACG TC 

 
ail 
 

 
GGT TAT TGT ATT AGT ATT GTT   

R: CAG GTG GGT TTT CAC TAT CTG 

ystA 
 

ATC GAC ACC AAT AAC CGC TGA G  79  
R: CCA ATC ACT ACT GAC TTC GGC T 

ystB 
 

GTA CAT TAG GCC AAG AGA CG    
R: GCA ACA TAC CTC ACA ACA CC 

inv 
 

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

virF 
 

   R: ACT CAT CTT ACC ATT AAG AAG 

yadA 
 

TGT TCT CAT CTC CAT ATG C   
R: TCC TTT CGC TGC TTC AGC A 

myfA 
 

TC T   
R: CTC GAC ATA TTC CTC AAC ACG C 

foxA 
 

CTC TGC GGA AGA TAA CTA TG   
R: ATC CGG GAA TAA ACT TGG CGT A 

 

2.2.1.5 Resistance to antimicrobial agents 
s tested by the Kirby-

-

colonies from pure overnight cul

a sterile swab dipped into the inoculum and squeezed against the walls of the tube to 

-dishes to 

obtain a uniform distribu

allowed to stand at room temperature until the moisture in the inoculum spots had been 

surface of the agar 

at optimal 

growth temperature of oC for Y. enterocolitica 

susceptibility  
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Table 12.  used in the study 

Antimicrobial Abbreviation Level 

 AK mg 
 AMC  

Ampicillin   
Cefixime   
Cefotaxime CTX  
Cefoxitin   
Ceftazidime   
Ceftriaxone CRO  
Chloramphenicol C  
Ciprofloxacin   
Gentamicin CN  
Imipenem   
Tetracycline TE  

 TIM  
Trimethop -  SXT  

 

electronic caliper and interpreted as resistant or susceptible 

Enterobacteriaceae or Escherichia coli

Enterobacteriaceae conc

 As inhibition zones were considered the zones 

 

2.2.2 Statistical analysis 
Confidence intervals of proportions were calculated with Epi tools 

differences of recovery of Y. enterocolitica between the isolation methods were evaluated 

  Test results were 

Y. enterocolitica
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methods were compared only for carcass swab Due to the limited number of positive 

relative sensitivity was calculated based on the combined results of all isolation methods 

s considered positive when tested positive with at least 

 

 

2.3 Materials and reagents 

(4022702, Biolife Italiana, 

Milan, Italy) 

  

Sorbitol  

Sodium chloride  

Disodium hydrogen phosphate  

Sodium dihydrogen phosphate  

 g 

 

Yersinia irgasan, ticarcillin and potassium chlorate (ITC) broth  

Yersinia ITC Broth Base Biolife Italiana  

Tryptone  

Yeast extract  

Magnesium chloride anhydrous  

Sodium chloride  

Malachite green  

Ticarcillin Irgasan Antimicrobic Supplement Biolife Italiana  

Ticarcillin  

Irgasan  

Potassium Chlorate Supplement Biolife Italiana  
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 of Ticarcillin Irgasan 

 

Potassium hydroxide solution 0.25% 

NaCl  

  

Dissolve at 

 

Yersinia selective cefsulodin, irgasan and novobiocin (CIN) agar 

Yersinia selective Agar Base  

Special peptone  g 

Yeast extract  

Mannitol  

Sodium pyruvate  

Sodium chloride  

Magnesium sulphate   

Sodium desoxycholate  

Neutral red  

Crystal violet   

Agar g 

Yersinia Selective Supplement  

 

Cefsulodin   

Irgasan   

Novobiosin   

 

sterilized distilled water
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agar (4018102, Biolife Italiana, Milan, Italy) 

  

  

Agar  

  

Oxidase test strips (113300 Bactident Oxidase, Merck, Darmstadt, Germany) 

Urea agar slant tubes 

Urea agar base  

  

Glucose  

Mannitol  

Sodium chloride  

Disodium phosphate   

  

  

Agar g 

40% urea solution 

Urea rmany   

 

sterilise in 

  

int  

(4015602, Biolife Italiana, Milan, Italy) 

Beef extract  

Yeast extract  

  

Lactose  

Glucose  

 g 

Sodium thiosulphate g 
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Sodium chloride g 

   

Agar g 

ts 

 

Sugar tubes  

Sugar base broth 

Bacto peptone  

NaCl  

ml bottles in 

  

0.32% phenol red 

  

Rinse with ethanol in a bottle and add 1:1 ethanol-  

10% sugar broth (sucrose, rhamnose, xylose, trehalose, salicine) 

Sugar  

Salicine needs 

 

Final sugar broth 

Sugar base broth  

 1 ml  

  

 

              

 

Meat extract  

  

Bile salts  

Iron citrate  

Esculin  

Agar  
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Allow to c  

 

 

Nutrient agar  

  

additio

 

 

Yeast extract  

Tryptone  

  

NaCl   

Agar  

Sus

  

 -

 

 

Tris-maleate buffer (0.2M, pH 6) 

Trizma-maleate buffer C H11NO  · C H O  

 

H O  

 H O for 

 

PYZ agar 

- -   

- -   

  

Tris-   
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Autoclave in 

 

 

 O  

H O  

  

Mueller-Hinton agar II 

Beef extract   

Acid digest of casein  

Starch  

Agar bios special  

sterilise by autoclaving 

 

  

 QIAamp DNA Mini kit Catalog no. 51304 

Number of preps  

  

Buffer AL  

Buffer ATL  

Buffer AW1 19 ml 

  

Buffer AE  

  

 iTaq™ Universal SYBR®Green supermix, 25 ml (5 x 5 ml vials), 2500 x 20 l 

reactions #1725124 

-to-use reaction 

master mix optimized for dye- -

i -independent and ROX- -mediated hot-
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h 

Selective enrichment at  

 

Cold enrichment at  

 

CIN at  
-  

CIN ± KOH at  
-  

Nutrient agar 

Biochemical identification 

 

Isolate characterization 

Biotyping                 Serotyping  

Molecular identification and 
detection of virulence genes 

Resistance to antimicrobial 
agents 

Figure 5  
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3 Results 

3.1 Detection 

Y. enterocolitica - carcass swabs 

-  

-

-

as bio- non- lads and 

 

A total of  strains were isolated and biochemically identified as Y. enterocolitica

 All but one strains 

were also molecular identified as Y. enterocolitica by the detection of the specific of 16S 

rRNA 

presumed as Y. kristensenii since its appearance in CIN agar plates is often misinterpreted as 

Y. enterocolitica  stereomicroscope with Henry illumination helps the differentiation 

  

 

ome difficulties since most 

Y. enterocolitica 

 This deviation is explained by the fact that the temperature of 

Voges-

reaction of Y. enterocolitica the temperature of 

different number in the fourth digit of 7-  

 

 
Figure 6. Different strains of Y. enterocolitica and one of Y. kristensenii -
Y. enterocolitica - - Y. enterocolitica Y. kristensenii  
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Table 13. olation methods and their origin  

Strain codes API 20E profile 
numbers  Isolation methods Origin Sample 

number 
YE1 Y.enterocolitica  CE 7d  19 

 Y.enterocolitica  CE 7d + KOH   
 Y.enterocolitica  CE 7d + KOH   
 Y.enterocolitica     
 Y.enterocolitica  CE 7d + KOH Mixed salad   
 Y.enterocolitica     

YE7 Y.enterocolitica  CE 7d + KOH   
YE8 Y.enterocolitica  CE 7d + KOH   
YE9 Y.enterocolitica     

 Y.enterocolitica     
YE11 Y.enterocolitica  CE 7d  91 

 Y.enterocolitica  CE 7d + KOH  91 
 Y.enterocolitica  CE 7d + KOH   
 Y.enterocolitica  CE 7d   
 Y.enterocolitica     
 Y.enterocolitica     

YE17 Y.enterocolitica     
YE18  Y.enterocolitica  SE   
YE19  Y.enterocolitica  CE 7d + KOH   

 Y.enterocolitica  CE 7d   
 Y.enterocolitica  CE 7d + KOH   
 Y.enterocolitica  CE 7d   
 Y.enterocolitica  SE   
 Y.enterocolitica  CE 7d   
 Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica   Mixed salad   
 Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica  CE 7d + KOH   
 Y.enterocolitica    198 
 Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica  CE 7d   
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Table 13.  

Strain codes API 20E profile 
numbers  Isolation methods Origin Sample 

number 
 Y.enterocolitica     
 Y.enterocolitica  SE + KOH   
 Y.enterocolitica  SE+   
 Y.enterocolitica  CE 7d + KOH   
 Y.enterocolitica     
 Y.enterocolitica  CE 7d Mixed salad   
 Y.enterocolitica  SE+   
 Y.enterocolitica  SE + KOH   
 Y.enterocolitica  CE7d + KOH   
 Y.enterocolitica  SE   
 Y.enterocolitica  SE + KOH   
 Y.enterocolitica  SE + KOH   
 Y.enterocolitica  SE + KOH   
 Y.enterocolitica  CE7d + KOH   

YE  Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica     
 Y.enterocolitica  CE7d   
 Y.enterocolitica  CE7d + KOH   
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3.2 Comparison of isolation methods for the recovery of human pathogenic 
Y. enterocolitica 

Y. enterocolitica bio- carcass swabs 

ing different isolation methods None of the methods detected all of 

the positive samples and none of the samples were detected as positive by all 

 

The relative sensitivity of the combination of cold enrichment for 7 days with or 

w

detected positive with both ± The combined cold enrichment for 7 days 

 whereas no significant difference was observed in the recovery 

rates of  

 
Table 14. Number of carcass swabs positive for Y. enterocolitica 

 

Isolation method Number of positive samples Relative sensitivity 

Direct plating   
Selective enrichment   
ITC+CIN   
ITC+KOH+CIN   
Cold enrichment 7d 11  

   
 9  

   
 - - 

   
Total   
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3.3 Typing and virulence gene distribution 

Bio-serotypes and distribution of virulence genes of Y. enterocolitica strains are shown 

Y. enterocolitica 

were identified as human pathogenic belonging to bio-

-

ail ystA inv virF myfA and foxA 

yadA 

negative for the ystB -associated gene in 1A isolates was 

the inv ystB foxA 

negative for the ot  

Y. enterocolitica strains of the vegetable samples which were isolated by cold 

enrichment for 7 days -

ail ystA inv myfA and foxA genes 

-associated gene in 1A isolates was the inv 

ystB foxA  

alth  for 

lipase production  
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3.4 Antimicrobial resistance 

Y. enterocolitica 

 imipenem  tetracycline and 

 

some isolates were resistant to cefoxitin 

chloramphenicol 

to   and cefoxitin  

were resistant to both  and  

Th
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Chart 1. Antimicrobial resistance of Y.enterocolitica strains 

 
 
 
 
 

Table 18. Resistance patterns of Y. enterocolitica isolates 

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

1A   AmcAmp  AmcAmp 7   

      

4/O:3   AmcAmp   AmcAmpCCnSxt  

   AmcAmpCfm    

   AmpCSxt    

      

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 

 

 

 

Table 19. Resistance patterns of Y. enterocolitica isolates from carcasses 

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

1A 17  AmcAmp  AmcAmp   

4/O:3   AmcAmp    

   AmcAmpCfm    

   AmpCSxt    

      

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 and non-pathogenic strains 1A since both were in all 

inv gene do not 
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4 Discussion 

Yersiniosis remains the third most commonly reported bacterial food-borne zoonosis 

– trend did not show any 

-borne yersiniosis 

– -related cases were 

 Almost all cases reported 

-

 

of t Greece were the most 

 

Y. enterocolitica has been the most common species reported to be isolated from 

human cases in Europe with commonest the bio-serot  

-

Although the reporting of Yersinia occurrence or prevalence in food and animals is 

Yersinia to the ECDC in 

surveillance of Yersinia in the EU for food or animals and Yersinia food and animal 

surveillance system for Yersinia  

-borne 

 yersiniosis with incidence 

 Yersinia incidence was significantly increased 

–  Data 

Yersinia species 

 

yersini Yersinia involving 
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Y. enterocolitica has been the most common species 

isolated from human cases with most common the  

hed information on the occurrence of Y. enterocolitica in humans 

shows that the most prevalent bio-

the -thalassemia Y. enterocolitica -

-

 -

199   

 

yersiniosis is not included in the 

Mandatory Notification System 

- Y. 

enterocolitica were isolated from 

in a patient with coexisting diarr  were identified as human 

pathogenic belonging to bio- Daneilides and Kansouzidou-

 

Yersinia strains  gastroenteritis  identified 

 Y. enterocolitica

were -thalassemia concurrent osteomyelitis 

 

- Y. 

enterocolitica diarrhea patients most of which were children 

- Y. enterocolitica strains 

-thalassemia -

terminal ileitis and septicemia and the rest terminal 

bio-

-  during 1991-

Y. enterocolitica d -

suffered from -thalassemia Another study 

during 1991- Y. enterocolitica 

diarrhea patients  

- lated a 

single Y. enterocolitica 



 - 107 - 

Y. enterocolitica 

Hospital in Athens -  In the same hospital prevalence of Y. enterocolitica 

- identified 

in Thriasio Hospital 

in Elefsina - ated from -thalassemia 

 

Concerning the detection of Y. enterocolitica in animal tissues and food samples in 

Greece there is scarce published information  Y. 

enterocolitica bio-serotype 

abs from pigs and 

detected Y. enterocolitica serotype 

 

As far as food is concerned there are only a few studies for Yersinia prevalence in 

pasteurized and non- -  

-

 -

Yersinia strains only in 

non- Y. enterocolitica

bio-  Kansouzidou- In a 

previous study pe

of non-  

 Y. enterocolitica was detected in 

   

In a study by Kansouzidou-

Y. enterocolitica

Y. 

enterocolitica by both culture-dependent methods and by sodium dodecyl sulphate–

– -  

 in the present study it has been the first time in Greece that a 

the presence of pathogenic Y. enterocolitica and the isolates are fully investigated 

antimicrobial susceptibility  
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4.1 Detection 

 were positive for Y. enterocolitica

Human pathogenic bio-serotype Y. enterocolitica 

 while bio  These data show that a considerable proportion 

of pigs slaughtered in Greece carried human pathogenic Y. enterocolitica 

study found slightly lower percentage than a previous study executed by our department 

s positive to Y. enterocolitica 

 Y. 

enterocolitica  

Y. enterocolitica-positive samples in 

Y. enterocolitica 

 found Y. enterocolitica positive in 

-serotype 

-

 

 

 

 Y. enterocolitica 

 

carcasses   

 

Y. enterocolitica 

Waut

 -serotype 

- was found in  carcasses in 

rates were different depending 

on the method  -

-  

-    

-  
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Table 20. Y. enterocolitica  

Prevalence Bio/ 
serotype 

Country Detection 
method 

Reference 

 
- and 

 
 

 Culture 
 - 

Austria Culture  
  
  Belgium Culture  

 - Belgium Culture  
  Lithuania Culture  
 -  culture  
 - 

 
 -

 -   culture 
    -  
 

-  
 

-  
 culture 
 - Greece culture  

  Norway culture   
 - 

Norway 
 

 
  culture 
 - Sweden   
 - 

Greece culture    
 1A 
 1A Italy culture  

-   Belgium culture  
 - Norway culture   

-  - Japan culture  
 - Italy culture   
 O  Germany culture  

 

Since higher prevalence of pathogenic Y. enterocolitica 

detection there is probably an underestimation of the true prevalence on carcasses and 

meats due to the low sensitivity of the cult

 

Our findings in regards to predominant bio- ove 

studies which propose that Y. enterocolitica -serotype 

 

- products Y. enterocolitica positive in Japan 

Y. enterocolitica in 
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hough the role of vegetables in the epidemiology of human yersiniosis has so far not 

re are studies that have detected Y. enterocolitica on fresh vegetables 

-

 

 

In our study Y. enterocolitica 

- -

-

-

reported similar 

Y. enterocolitica 

different RTE salads isolated two strains of Y. enterocolitica by both culture-dependent 

methods and by SDS–  Y. enterocolitica 

 

 
Table 21. f Y. enterocolitica originated from vegetables 

Prevalence Bio/ 
serotype 

Country Detection 
method 

Reference 

 -  culture  

 -  culture  

  Italy culture and 
-DGGE   

 1A Czech Republic culture  

 1 Greece culture Kansouzidou-
 

 - 
Greece culture   1A 

  
 - Spain culture  
 - Italy culture Ca  
 - Italy culture  

 

 

Y. enterocolitica RTE salads and 

Y. enterocolitica 
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 examined the samples using “in house” RT-

virulence ail for the 

 

Czech Republic reported higher 

preva

found to be contaminated with Y. enterocolitica

environmental serogroups of Y. enterocolitica

O: Yersinia 

Yersinia 

ail-positive Y. enterocolitica 

TE by both 

culture- -

Republic found Y. enterocolitica iginated 

carried the ail   

vegetable samples by cold enric

were found to be contaminated with Yersinia Y. enterocolitica

-  

 

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 
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found the highest number of carcasses contaminated at the chest 

area when analyzing carcasses for the presence of Y. enterocolitica results in a 

considerable increase  

of human pathogenic Y. enterocolitica 

cold enrichment for 7 days with or withou

isolation procedures providing a significantly better performance than direct plating 

observed in the recovery rates of 

treatment after cold enrichment for 7 days did not significantly increased the recovery of Y. 

enterocolitica  

enrichment more effective than direct plating and selective enrichment for recovery of Y. 

enterocolitica 

 study 

treatment was more efficient in isolating pathogenic Y. enterocolitica than 7 days without 

 

-buffered saline 

athogenic Y. enterocolitica 

Y. enterocolitica from 

significantly more carcass samples than 7 days of cold enrichment - this time when using 
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optional proc  

To summarize the data about isolation methods none of the methods was proved 

and none of the samples were detected 

as positive  investigated for the presence of 

pathogenic Y. enterocolitica the use of multiple culture methods is imperative to achieve 

 

 

4.3 Typing and virulence gene distribution 

carcasses carried the ail

ystA inv virF myfA and foxA YadA 

positive for the ystB -associated gene in biotype 1A 

isolates of carcasses was the inv ystB foxA 

ystB inv ystA 

cass swab samples found a 

ail ystA inv and yadA 

positive for inv  and ystB 

carcass swab samples for the presence of virF gene located on the pYV and found it in 

 

The most common virulence-associated genes in isolates originated from vegetables 

for biotype 1A were the inv ystB foxA 

ail foxA ystB and myf

out of 18 Y. enterocolitica -serotype 

yst and ail -untypeable 

- yst 

ail gene in a 1A isolate 

-

virulence gene ail 
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4.4 Antimicrobial resistance 

Studies have reported resistance to ampicillin and first generation cephalosporins due 

to Y. enterocolitica ability to - Y. enterocolitica is 

 

 

Y. enterocolitica isolates originating from carcass swabs were susceptible to 

resistant to amp

while so

 

igh resistance rates 

mation about the bio-

 

Y. enterocolitica isolates 

 

were resistant 

 

pigs isolated Y. enterocolitica strains which all were 
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e 1A isolates in contrast to higher resistance rates of 1A in our 

 

The four Y. enterocolitica 

 

the contrary all isolates were resistant to ampicillin and the three 1A shared the 

vegetable 

Y. enterocolitica 1A isolates similarly 

Y. enterocolitica 

regarding the relation of antimicrobial susceptibility and bio-serotype of the isolate

isolates belonged to  
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5 Conclusions  

In the present study Y. enterocolitica 

the isolated strains belonged to the human pathogenic bio-

virulence were a Y. 

enterocolitica  and the consequent contamination of 

legislation regarding 

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  The observed high resistance rates to broad-spectrum 

 

To achieve more accurate investigation of pathogenic Y. enterocolitica in foods 

 

isolation and typing of the microorganism is needed for efficient surveillance of yersiniosis 

Y. enterocolitica 

-health approach based on a multi-

disciplinary and interdisciplinary collaboration is an absolute necessity to mitigate the 
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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 

 to be the most common

reservoir for Yersinia Y. enterocolitica infection 

Y. enterocolitica has been isolated from 

 in ready-to-  from domestic and wild animals from various 

 

Y. enterocolitica is a Gram-negative bacterium that belongs to the family 

Enterobacteriaceae

and survives for extended periods 

atmosphere foods aimed for a prolonged shelf-life is of considerable significance in food 

hygiene and safet he large number of 

presence of non-pathogenic Yersinia -pathogenic Y. enterocolitica  

 complicate the 

isolation leading to an underestimated prevalence of pathogenic Y. enterocolitica Y. 

enterocolitica is a highly heterogeneous group of bacteria consisting of different subtypes 

 the strain 

-pathogenic biotype 

Y. enterocolitica bacteria utilize both chromosomal and plasmid-associated 

- e of pYV enables 

virulent Yersinia  

Yersinia-positive farms carry the bacterium in their tonsils 

and lymph nodes and during the e 

 salads pathogenic Yersinia 

due to organic fertilizers  of vegetables under 

refrigeration conditions favors growth of Yersinia  

Human infections with Y. enterocolitica emerge after ingestion of the microorganisms 

range from self- senteric 
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Infection with Y. enterocolitica can lead to septicemia in immunosuppressed individuals and 

patients being treated with desferrioxamine or patients with hemoc  

 

 pathogenic Y. enterocolitica 

 

 different methods for the recovery of human pathogenic Y. 

enterocolitica  

 

Inv gene sequence pattern between the 

isolated pathogenic and non-pathogenic  

of pigs at slaughter and 

fresh vegetable samples were collected during  -

from six slaughterhouses located in the  Vegetable s

-

gathered from local retailer shops 

contained 

 All samples were analyzed for the detection of Y. enterocolitica with 

different isolation methods  direct plat selective enrichment and cold enrichm  

Y. enterocolitica strains were biotyped according to the modified Wauters’ 

scheme serotyping was performed with commercially available O antisera for 

identification strains 

were also -bp 

 virulence genes  

Susceptibility to antimicrobial agents was tested by the Kirby-  inhibition zone 

results were interpreted EUCAST guidelines  

Y. enterocolitica carcass swabs 

re identified as human 
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pathogenic bio-serot

7 - non- and three 

 

A total of  strains were isolated and biochemically identified as Y. enterocolitica

All but one strains were also 

molecular identified as Y. enterocolitica by the detection of the specific of 16S rRNA gene 

for the species  as Y. kristensenii 

since its appearance in CIN agar plates is often misinterpreted as Y. enterocolitica  

stereomicroscope with Henry illumination helps the differentiation between the species   

Y. enterocolitica bio- carcass 

swabs None of the methods detected all of the 

positive samples and none of the samples were detected as positive 

The relative sensitivity of the combination of cold enrichment for 7 days with or without 
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 in the present study it has been the first time in Greece that a 

the presence of pathogenic Y. enterocolitica and the isolates are fully investigated 
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