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Abstract 
Background: To assess the utility of the chromosomal ail virulence gene sequence for detection of pathogenic Yersinia 
enterocolitica in raw meet food products (beef, lamb, and chicken).  
Methods: This study included 39 Yersinia enterocolitica positive cultures from suspicious food samples, in a working 
period of six months. These samples were referred to the “Food-Borne Diseases and Chronic Diarrhea Lab at Research 
Centre for Gastric and Liver Diseases” of the Taleghani Hospital at Shahid Beheshti University of Medical Sciences, 
Tehran, Iran. Isolates from 8 cultured Y. intermedia, Y. aldovi, Y. intermedia type O:45, Y. kristensenii, Y. enterocolitica 
type O:12/26, Y. enterocolitica type1/7/8, Y. frederiksenii type O:39, and Y. enterocolitica type O:8 samples were in-
cluded in the study. Four non-Yersinia species Salmonella typhi, Shigella dysenteriae, Shigella flexeneri, and Proteus 
mirabilis were used for specificity testing. An established Yersinia type O:9 was used as positive control and for 
sensitivity testing. An in-house real-time PCR assay was designed in order to rapidly and specifically identifies the 
presence of specific Yersinia species.  
Results: Out of 39 tested Y. enterocolitica samples, 6(2.3%) showed positive results for the ail gene PCR product, 
typed as O:8, and O:9, respectively. PCR products were sent for sequencing. Two sequences were registered with the 
National Center for Biotechnology Information (NCBI Genbank) as polymorphic ail gene sequences under the acces-
sion numbers of DQ157767 and DQ003329.  
Conclusions: Collectively, this test is well adapted for definite confirmation of pathogenic Y. enterocolitica in food samples.  
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Introduction 
Yersinia entrocolitica is a ubiquitous microor-
ganism with a wide spectrum of phenotypic 
variants. Some of these variants represent ma-
jor causative agents for enteric infections around 
the world (1). Although only a few of these 
variants are known to cause disease in humans, 
traditional procedures of diagnosing Y. entro-
colitica are time consuming and cannot distin-
guish conclusively between pathogenic and non- 
pathogenic species  (2).  
This ubiquitous microorganism comprises a wide 
spectrum of phenotypic variants, of which only 
a few are known to cause disease in humans. 
The bioserotypes most frequently associated with 
human yersiniosis are 4/O:3, 2/O:9, 1B/O:8, and 
2/O:5,27, with bioserotype 4/O:3 representing 
the globally dominat variant (3). 

Yersinia contamination represents a particu-
larly significant problem in food supplies, since 
this bacterium needs long period to grow. Un-
fortunately the sporadic nature of most Yersinia 
infections and the current lack of sensitive 
and specific methods for detecting Yersinia in 
food have hampered the identification of in-
fection sources (4, 5).  
In addition, possible cross reactivity of Yersinia 
antigens and those from Brucella sp., Riketsia, 
Salmonella, Morganella sp., and thyroid tissue, 
make serologic diagnosis extremely difficult. In 
contrast, molecular biology methods, such as 
PCR, could provide both sensitivity and speci-
ficity. One of pathogenic genes of Y. entero-
colitica that has been successfully applied as a 
marker for PCR diagnostic protocols is the 
chromosomal ail gene, the product of which 
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is involved in Yersinia attachment and pene-
tration of the host cell. Y. entrocolitica is a 
ubiquitous microorganism with a wide spectrum 
of phenotypic variants. Some of these variants 
represent major causative agents for enteric in-
fections around the world. Although only a 
few of these variants are known to cause dis-
ease in humans, traditional procedures of diag-
nosing Y. entrocolitica are time consuming and 
cannot distinguish conclusively between patho-
genic and non-pathogenic species. (6-8). In this 
study, we investigated the presence of the ail 
gene in raw food samples contaminated with 
Y. enterocolitica in order to validate a pro-
posed one-step PCR protocol for the rapid and 
specific diagnosis of pathogenic Y. enterocoli-
tica. This assay was designed to use a nearly 
260 bp portion of the ail gene as the template 
for PCR amplification. The resulting PCR prod-
ucts were subsequently sequenced and ana-
lyzed using the Basic Local Alignment Search 
Tool (BLAST) to check local similarity between 
sequences. 
 
Materials and Methods 
Thirty-nine Yersinia positive cultures from all 
suspicious food samples that have already been 
referred to the “Food-Borne Diseases and Chronic 
Diarrhoea Lab at Research Centre for Gastric 
and Liver Diseases” at the Taleghani Hospi-
tal, Shahid Beheshti University of Medical Sci-
ences in Tehran, Iran. Isolates from 8 cultures 
of Y. intermedia, Y. aldovi, Y. inter-media type 
O: 45, Y. kristensenii type 0: 28, Y. entero-
colitica type O: 12/26, Y. enterocolitica type 
1/7/8, Y. frederiksenii type O: 39, Y. entero-
colitica type O: 8, were also included in the 
study. Four non-Yersinia species, Salmonella 
typhi, Shigella dysenteriae, Shigella flexeneri, 
and Proteus mirabilis, were also included for 
specificity testing. An established Yersinia type 
O: 9 was used a positive control. The included 
specimens were isolated out of all collected 
samples referred to the “Food-Borne Diseases 
Lab” within a 6-mo working period.  
The samples were incubated at 4 °C in phosphate 
buffered saline (PBS) for 1 mo. At weekly in-
tervals, a suspension aliquot was cultured linearly 
on Yersinia selective agar (CIN) (Merck 1.16434) 

with Yersinia selective supplement (CIN) (Merck 
1.16466.0001). The plates were examined after 
24 and 48 h of incubation at 22 ºC. The colonies 
were inspected carefully and suspicious pin point 
colonies, i.e. round pink to red colonies with a 
clear colorless surrounding halo, were selected 
for further identification.  
Preparation of Yersinia and non-Yersinia spe-
cies    Microbes were activated in TSB media 
and then transferred to brain heart infusion me-
dia BHI, for 20 h at 25 °C and colonies were 
examined for possible contamination. Characteri-
zation of the isolated colonies was performed with 
API 20E (bio-Me´rieux, Marcy l’Etoile, France). 
Identification of presumptive Y. enterocolitica 
isolates was done by biotyping with discriminatory 
tests (lipase, esculin, salicin, indole, xylose, and 
trehalose) described previously (9) and sero-
typed using commercial serum agglutinantion test 
based on heat-stable O antigens (Bio-Rad, Marnes-
la-Coquette, France). A one-colony sample for 
each isolate was picked and used for further 
PCR tests. 
DNA isolation     Genomic DNA was isolated 
with the QiaAmp Tissue Kit 250 (Qiagen Inc., 
Leusden, The Netherlands), according to the 
manufacturer’s instructions. Purified genomic 
DNA was diluted to a concentration of 10 ng/l 
inTE buffer (10 mM Tris [pH 8.0], 1 mM 
EDTA) and stored at -20 °C. 
PCR and Real Time PCR setup     A primer 
pair flanking a sequence within the Yersinia 
enterocolitica ail gene was designed,  and syn-
thesized (Alpha DNA, Montreal, Canada) as fol-
lows: forward primer, 5’-GAA CTC GAT GAT 
ACC TGG GGA-3’; reverse primer, 5’-CTG 
CCC CGT ATG CCA TTG-3’. The conditions 
for PCR were optimized in a Techne Flexigene 
PCR machine (Techne, Chambridge, UK) and 
subsequently in both a Rotor-Gene RG3000 
(Corbett Research, Sidney, Australia) and a 
STRATAGENE Mx3000P (STRATAGENE, 
La Jolla, USA) for analyzing the melting curves 
of the products acquired using SYBR Green I 
(Roche Diagnostics) methodology. The follow-
ing amplification program was applied: after 2 
min of denaturation at 95 °C, 40 cycles of three-
segment amplification were accomplished with: 
(i) 30 sec at 95 °C for denaturation, (ii) 1 min 
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at 62 °C for annealing, (iii) 30 sec at 72 °C for 
elongation and determination of (iv) fluores-
cence at an elevated temperature of 83 °C (23). 
The obtained fluorescence signals were continu-
ously monitored to confirm amplification speci-
ficity during analyzing time. Subsequently, a 
melting curve program was applied with con-
tinuous fluorescence measurement. After PCR 
cycling amplification, Tm curve analysis was 
performed. The real time PCR products were 
cooled to 55°C and then heated to 95 °C at a 
rate of 0.5 °C per second. The Tm peaks of 
the products were calculated for triplicate as-
says on each sample and were based on the 
initial fluorescence curve (F/T) by plotting the 
negative derivative of fluorescence over tem-
perature versus temperature (-dF/dT versus T).  
Verification of theoretical real time PCR Sen-
sitivity and Specificity     The detection limit in 
the stool specimens of the assay was determined 
according to a method previously described, with 
slight modifications (2, 11). Briefly, a serial 10-
fold dilution of the DNA samples in PCR-grade 
water was amplified with RG3000 and Mx3000P 
PCR. To quantify target DNA in the specimens, 
two microliters of a serial 10-fold dilution of 
DNA extracted from positive control was arti-
ficially inoculated in the in PCR-grade water 
and analyzed according to "Materials and Meth-
ods". The obtained data were used for the for-
mation of a standard curve. Although real time 
PCR methodologies gave excellent specificity 
and sensitivity results, the sensitivity and speci-
ficity of the assays were also verified using 
conventional agarose gel electrophoresis.  
 
Results 
Detection of Pathogenic Y. enterocolitica 
The presence of pathogenic Y. enterocolitica 
in raw food samples was analyzed by a one-
step realtime PCR method to detect the ail gene 
amplicon. The thermal cycling and flourometric 
detection process was carried out in two real-
time PCR machines. Fig. 1 and Fig. 2, Panel 
A show characteristic setup of the two ma-
chines fluorescent profiles using positive and 
negative controls (The primer pair was used 
to amplify a 260-bp fragment of the ail gene 
sequence found in pathogenic Y. enterocoli-

tica strains (Fig. 3). The entire test could be 
completed in 3 h, including the DNA extrac-
tion step. Out of 39 Yersinia enterocolitica 
samples, 6(2.3%) showed positive results for 
ail gene PCR product, typed as O: 8, and O: 9.  
Verification of theoretical real time PCR 
Sensitivity and Specificity     PCR products 
could be detected when a DNA amount of 1 
pg was used in the PCR reaction (Fig. 4). The 
average Yersinia genome size is 4,500 kb; 
therefore, 1 pg of DNA would be equivalent to 
approximately 200 genomes and, hence, 200 
bacterial cells.  
The specificity of the PCR assays was also 
verified by isolating genomic DNA from five 
non-pathogenic Y. enterocolitica serogroups, five 
other Yersinia spp., four different non- patho-
genic Yersinia species, and  Y. enterocolitica 
serogroup O:9 (as a positive control). Among 
the tested species, only DNA from pathogenic 
positive control Y. enterocolitica strains (types 
O: 8 and O: 9) yeilded PCR products of 260 
bp (Fig. 5). No PCR products were observed 
when non-yersinia DNA isolates were used. 
The retrieval of the PCR product derived from 
the ail gene only from pathogenic Y. entero-
colitica strains indicates the uniqueness of this 
virulence gene among Yersinia species. 
 

 
      A                                                           B 
Fig. 1: Amplification setup plot of ail gene using RG3000 

 
As shown above, two positive PCR products 
are emitting rising fluorescence. A: a non patho-
genic bacterial DNA and water which were used 
as negative controls, emitting no fluorescence. 
"X" axis depicts cycle number and "Y" axis repre-
sents fluorescence detected by the real time 
machine and reported in "arbitrary units".  
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 A.                                                                                                                                                       B. 

 
Fig. 2: Amplification setup plot of ail gene using Mx3000P 

 
As shown above, two positive PCR products are emitting rising fluorescence. A. non pathogenic 
bacterial DNA and water which were used as negative controls, emitting no fluorescence. "X" axis 
depicts cycle number and "Y" axis represents fluorescence detected by the real time machine and 
reported in "arbitrary units". B. representative depiction of dissociation (melt) curve analysis of one 
positive PCR product, showing a dissociation peak temperature of  88 ºC. 
 
 
 

 
 

 
Fig. 3: PCR Amplification of Yersinia enterocolitica 

"ail" Gene 
 

Example of agarose gel electrophoresis of PCR 
products which have already been amplified by 
RG3000 and Mx3000P realtime machines. Each 
lane was loaded with 20 ul of a 25 ul PCR mix-
ture.  
Lanes: 1 & 2- Y. enterocolitica PCR products 
as "positive controls" obtained from "RG 3000" 
and "Mx3000P" real time machines, respectively. 
3-Non yersinial PCR product used as "negative 
control".  

4- Water used as "non-template negative control". 
5- DNA Size Marker (Roche No. VIII) molecu-
lar sizes in base pairs (Roche Diagnostics, 
Almere, The Netherlands). 
 
 
 
 
 
 
 
 
 
 
                   
 
 

 
Fig. 4: Verification of real time PCR sensitivity 

 
Chromosomal DNA from Y. enterocolitica se-
rotype O: 9 was isolated and PCR was per-
formed according to "Materials and Methods" 
using 100 pg to 10 fg of serially diluted chro-
mosomal DNA as a template. SM: DNA Size 
Marker (Roche No. VIII)  

260 bp

260 bp

1        2       3      4      5

   10fg   100fg  1pg  10pg 100pg   NTC  SM 
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Fig. 5: Verification of real time PCR specificity using non-pathogenic and pathogenic yersinial  DNA isolates 
 

From left to right (np stands for non-pathogenic): 
1. Y. intermedia (np) 
2. Y. aldovi (np) 
3. Y. intermedia O:45(np) 
4. Y. kristensenii O:28 (np) 
5. Y. enterocolitica type O:12/26 (np) 
6. Roche DNA size marker VIII 
7. Y. enterocolitica type 1/7/8 (np)  
8. Y. frederiksenii type O:39(np) 
9. Y. enterocolitica type O:12/26 (np) 
10. Y. enterocolitica type O:8 
11. Y. enterocolitica type O:9 (positive control) 
12. Non-template negative control  

 
Discussion  
The objective of the present study was to as-
sess the presence of ail gene in raw food sam-
ples contaminated with Y. enterocolitica. A 
sensitive and specific single-reaction PCR as-
say for the detection of pathogenic Y. entero-
colitica strains was used as a diagnostic tool 
for the rapid typing of pure Yersinial cultures. 
Although the majority of Y. enterocolitica iso-
lates recovered from asymptomatic carriers, 
food, and environmental samples are nonpatho-
genic, it is important to identify those isolates 
that are pathogenically significant (12-15). Sev-
eral phenotypic tests can be used to differenti-
ate between pathogenic and nonpathogenic iso-

lates. However, these tests are time-consuming 
and not always reliable (16). In contrast, mo-
lecular diagnostic tests involving PCR, real time 
PCR, and DNA colony hybridization assays 
have been used to rapidly identify and char-
acterize pathogenic Y. enterocolitica isolates 
with high specificity (17, 18). 
One of the chromosomal genes required for Y. 
enterocolitica virulence is the attachment in-
vasion locus (ail) gene (19). The ail gene prod-
uct has been shown to be involved in attach-
ment, invasion, and serum resistance (20). In 
addition, ail has been shown to associate only 
with disease-causing strains of Y. enterocoli-
tica and not with avirulent biotype 1A strains 

260 bp
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(21, 22). Several PCR assays have been de-
veloped to detect pathogenic Y. enterocolitica 
in clinical, food, and environmental samples. 
Some of these methods use primers targeting 
plasmid genes; however, these are often un-
reliable due to plasmid loss during subculture 
and storage (23). PCR methods targeting chro-
mosomal virulence genes have also been cre-
ated for natural samples. The ail gene, located 
in the chromosome of pathogenic Y. enterocoli-
tica strains, is the most frequently used target 
(24-27). 
In a recent study on the prevalence of patho-
genic Y. enterocolitica in pig herds all isolates 
contained the ail gene (28). In contrast, an-
other survey that analyzed virulence factors 
and associated markers in a strain of Y. en-
terocolitica isolated from human diarrheic fe-
ces reported negative results for virulence de-
terminant genes vir F and ail. The clinical iso-
lates indicated in this report, however, were Y. 
enterocolitica of the biotype 1A, which is con-
sidered avirulent. This biotype could be the etio-
logical agent for illness through other mecha-
nisms of virulence that differ from those char-
acterized in species of enteropathogenic Yersinia 
(11).  In another study, Thoerner (2003) used 
a PCR-based assay for the detection of plasmid- 
and chromosome-borne virulence genes in Y. 
enterocolitica and Y. pseudotuberculosis to 
investigate the distribution of these genes in iso-
lates from various sources. Most biotypes re-
sulted in (nearly) homogeneous genotypes for 
the chromosomal virulence genes (ystA, ystB, 
and ail); however, plasmid-borne genes (yadA 
and virF) were detected with variable effi-
ciency, due to heterogeneity within the bacterial 
population for the presence of the virulence 
plasmid. Of the virulence genes, only ystB was 
present in biotype 1A; however, within this bio-
type, pathogenic and apathogenic isolates could 
not be distinguished based on the detection of 
virulence genes (29). 
Our one-step ail gene PCR method shows ex-
cellent correspondence with fluorogenic PCR 
assays. The primer set was able to detect patho-
genic Y. enterocolitica in pure culture at a limit 
of 1 pg of chromosomal DNA, demonstrating 
that conventional PCR can be as sensitive as 

fluorogenic PCR (11, 28). The detection limit 
of our PCR seems to be comparable to the 
other reports (2). In addition to the high sen-
sitivity, PCR-based assays are also suggested 
to provide a more rapid means to accurately 
identify pathogenic Y. enterocolitica than pre-
sent standard methods, such as biotyping com-
bined with serotyping (4). Use of our proposed 
one-step PCR methodology would significantly 
reduce the amount of time required to identify 
pathogenic Y. enterocolitica strains and can 
be used directly after primary selective culture 
of this pathogen, with the biotyping and se-
rotyping steps omitted, if necessary. The 2.3% 
positivity of our ail gene PCR results reflects 
the source of the analyzed food samples, which 
were non-pork origins. Y. enterocolitica, a food-
borne pathogen, is mainly transmitted through 
ingestion of contaminated pork, milk, or water.  
PCR products were sent for sequenceing to con-
firm the data. The designed primers in this study 
as well as the sequenced PCR products were 
subjected to a stand-alone Basic Local Align-
ment Search Tool (BLAST) system in which 
the predicted PCR product and/or primers can 
be compared against the genome of interest or 
a similar genome to find related genes or esti-
mate primer quality (30-32). The sequenced 
PCR products matched mostly with types O: 8, 
or O: 9. Two isolates with more than 3% differ-
ent sequence profile were registered as poly-
morphic species in the National Center for Bio-
technology Information (NCBI Genbank http:// 
www.ncbi.nlm.nih.gov/) with accession num-
bers of DQ157767 and DQ003329, respectively. 
The results of this study allow us to tentatively 
conclude that the PCR assay methods described 
in this report offer a useful tool for the rapid, 
sensitive, and specific detection of pathogenic Y. 
enterocolitica. In addition, this assay can be 
performed in any laboratory equipped with ei-
ther conventional or fluorumetric PCR facilities, 
even without prior biotyping and serotyping. 
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