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Summary 

 

Yersiniosis is an important zoonose, causing disease to humans and animals. The 
available culture methods for detecting Y. enterocolitica in the samples obtained from 
different categories of waste waters need more time for performing and sometimes they offer 
satisfying results. By using methods based on DNA detection, as molecular techniques, this 
pathogenic agent can be detected quickly and with a higher accuracy. The purpose of this 
study was to establish a quicker and more accuracy PCR method for the detection of this 
bacterial species in waste water samples. There has been used a nucleotide target 
sequence for the PCR test, 5’ nuclease, the chromosomal gene ail, present in pathogenic 
strains of Y. enterocolitica. The sample was marked at 5’ end with a report dyeing substance 
and at 3’ end with an extinction substance. The reading was performed by RT-PCR, using a 
2 stage-work protocol consisting of 45 cycles. This qualitative PCR method demonstrated 
the procurement of specific results and with a high sensitivity, the detection rate of ail 
positive gene of Y. enterocolitica in 126 samples of waste waters being of 89 % by using 
PCR and 38 % for culture methods. 
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The timeliness and the general interest by Yersinia spp., are determined by 
the fact that these bacterial species generate a series of diseases which are 
frequently under the attention of bacteriologists, epidemiologists and clinicians. 
There have been published a large number of studies concerning the infection 
determined by these bacterial species, the research being an ample one. In the last 
decade of the former millennium, a large number of scientists mentioned that the 
bacterial species from Yersinia genus are frequently involved, at humans, in 
producing food poisoning outbreaks, manifested by acute diarrhea syndrome (3, 
10, 13, 15). The available culture methods for Y. enterocolitica detection in food 
samples needed more time for performing and only in a few occasions they give 
satisfying results. By using methods based on DNA detection, as PCR, this 
pathogenic agent can be quickly and accurately detected.  

Traditional detection methods for Y. enterocolitica in samples of biological 
products depend especially on culture methods, these being hardworking and time 
consuming, taking about 4 weeks to finalize. The majority of the isolates recovered 
from the biological products and from the samples obtained from the environment 
are not pathogens. The difficulties are associated to the isolation of pathogenic 
strain of Y. enterocolitica, from a small number of pathogenic strains and the high 
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number of microorganisms from the specific flora, especially in food products and 
in the samples prelevated from the environment. There are a few factors which 
determine the chromosomal and plasmidial virulence in case of Y. enterocolitica 
pathogenic strains, which have been used as a target for conventional PCR 
techniques. The expression of chromosomal and plasmidial genes is necessary for 
a strong pathogenity; however, it has been shown that the virulent plasmid (pYV) is 
difficult to maintain during the culture processing. One of the chromosomal genes 
necessary for Y. enterocolitica virulence is an annex attached to the locus invasion 
gene (ail). Ail gene codifies the Ail protein associated to membranes, which 
facilitate the invasion in the eukaryote cells and protects Y. enterocolitica from 
destruction. Moreover, ail gene is present only in the case of pathogenic strains.  

 
Materials and methods 

 
There has been investigated a total number of 126 samples of wastw 

waters: sewage and industrial waste waters. In the first stage there have been 
obtained young cultures (of maximum 24 hours) from purified strains, which were 
used to inoculating a series of liquid media (alkaline saline peptonated water – 
ASPW, saline glucose broth – SGB, phosphate-sorbitol-biliar salts broth, prepared 
after the formula of Mehlman and Aulision, irgasan-tyrcarciline-potassium chlorate 
– ITPC, prepared after the formula proposed by De Zuter and col) or solid media 
(SS agar, Hektoen Enteric agar and several lactose media, as MacConkey or 
Drigalski agar) (8, 11). The presumptive Yersinia strains were introduced in CIN 
agar plates (cefsulodine-irgasan-novobiocin), incubated at 30oC and other strains in 
blood agar plates, incubated at 37oC for 18-20 hours.  

The DNA extraction procedure used the chelating properties of Chelex 
resin. A 100 µl quantity from the enrichment medium, left overnight was centrifuged 
at maximum speed (13,000 x rpm) for a period of time of 10 minutes. The 
supernatant was discarded and the rest was suspended again in a 50 µl quantity of 
InstaGene (BioRad), incubated afterwards at 56oC for 30 minutes and then at 
100oC for 10 minutes. After the centrifuge stage, the supernatant was transferred 
carefully in another tube and a 2 µl quantity of this supernatant was used as a 
pattern. The RT-PCR test, developed in order to detect the ail-positive strains of Y. 
enterocolitica, used the 5’ - ACT CGA TGA TAA CTG GGG GAG-3' and 5'-CCC 
CCA GTA ATC CAT AAA GG-3' primers for ail gene elaborated by Nakajima, with 
a target for amplification on a fragment of 170 bp. The hydrolysis sample 5’ was an 
internal fluorogenic sample, labeled with 6-carboxyfluorescein at the 5’ end and 
interrupted with 6-carboxy-tetramethyl-rhodamine at 3’ end. The fluorescence was 
detected using an optic detection system. The data that refer to fluorescence were 
obtained during the stage of annealing/elongation of each PCR cycle. The software 
introduces in the graphic the relative fluorescence units and the number of the 
correspondent PCR cycle. The initial point of each cycle, used in order to 
determine the abundance of a certain sample of nucleic acid, represents the 
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number of amplification cycles necessary for the accumulated fluorescence in order 
to obtain a significantly higher value in comparison to the background one. A Ct 
value higher than 40 indicated a negative result.  

In this study there has been used the MasterMix 2X (a diagnosis kit with 
premixed substances) and the optimal primers, and the concentration of the 
samples was 200 nM, respectively 80 nM. The reading was performed on the Light 
Cycler thermo-cycler 2.0 (Roche). A 2 µl quantity was added over 23 µl of primary 
mix. The optimal temperature for 54oC normalization was determined using the 
gradient characteristic included in the thermo-cycler software. The specificity of the 
test considering the pure cultures. The specificity studies were performed using 32 
bacterial strains. Yersinia spp. pure cultures were maintained in BHI broth at 30oC 
and for other bacterial species at 37oC, for 16-18 hours. The bacterial DNA was 
extracted from 1 µl quantity, from enrichment medium left overnight, which was 
transferred in a 100 µl quantity of sterile distilled water and successively boiled for 
10 minutes, for the bacterial lysis to take place. A 2µl quantity from this bacterial 
suspension, subjected to the thermal treatment through boiling was used as a 
pattern for the PCR technique.  

The sensitivity studies which used pure Y. enterocolitica cultures, from 
serotype 4/O:3 were realized in order to identify the detection limit of 5’-nuclease 
test. The cultue was inoculated in 10 ml of BHI medium, incubated at 30oC for 18 
hours, afterwards being realized the serial decimal dilutions, in 3 copies and 
labeled with a number, in 2 copies, using the CIN agar plates and incubated at 
30oC for 18-20 hours. The DNA was isolated from 100µl from each dilution.  

 
Results and discussions 

 
The RT-PCR test, developed in order to detect the presence of Y. 

enterocolitica ail-positive strains, is a specific one for all the strains with pathogenic 
potential. Y. enterocolitica strains (approx. 104 bacteria for a single PCR test), that 
belong to the pathogenic serotype have showed a positive reaction at Ct values 
comprised between 25 and 26, meanwhile the nonpathogenic strains of Y. 
enterocolitica, Y. pseudotuberculosis and other Yersinia species,  concluded in 
obtaining of negative results. The specificity of the primers used in this study was 
tested by Nakajima et al. (14). These obtained similar results for the 14 pathogenic 
strains of Y. enterocolitica, 13 nonpathogenic strains of Y. enterocolitica, 31 for Y. 
pseudotuberculosis, 11 for Y. frederiksenii, 17 for Y. intermedia and other 12 
bacterial strains were tested through conventional PCR technique. The lowest 
detection limit of this PCR test in order to identify Y. enterocolitica ail gene in pure 
cultures was of 103-104 CFU/ml, because the DNA was extracted from a 100µl 
quantity of pure culture and a 2 µl quantity was used as a pattern. However, the 
detection limit of the PCR reaction was of 1-10 CFU for a PCR test. These data are 
correlated with the latest studies, performed on the same subject.  
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After the enrichment step through incubation for 16-18 hours at 25oC, the 
PCR method was able to detect 1-10 CFU/ml of liquid extract from biological 
product sample. The former enrichment step, before PCR technique application is 
necessary usually in order to raise the sensitivity when studying the naturally 
contaminated samples. Moreover, the enrichment step lowers the risk of obtaining 
false positive results, in case of PCR technique, due to the presence of dead cells. 
The detection rates for ail-positive Y. enterocolitica strains, especially considering 
the biological products or the exterior sources, naturally contaminated, were 
especially low by using both work methods. A reason for the high number of 
negative results can be the low number of pathogenic strains present in these 
samples. The 2 µl-pattern used in this study had low values. An alternative for 
raising the sensitivity could be the when using a 5 µl pattern, which can be 
afterwards added to a 45 µl quantity of primary mix. Another reason for obtaining 
negative results can be the high number of microorganisms which compose the 
microbial flora of the medium, considering the samples which are studied. The 
nonselective enrichment step used in this study allows the development of all 
bacteria and this fact can determine a decrease in the sensitivity of this test, if the 
microbial flora of the medium is present in a high concentration. It had been 
demonstrated that a high concentration of external DNA can represent the cause of 
a negative effect on the amplification efficiency. This fact could exist due to the 
different interactions between the bacterial DNA and the PCR reagents. In order to 
overcome this problem, it can be used a selective enrichment step, that doesn’t 
allow the inhibition of the necessary factors for PCR technique.  

An explanation for obtaining low detection rates in case of using PCR 
technique could be the presence of the enzymes with a bactericide and 
bacteriostatic effect, as well as other inhibiting substances naturally present in 
biological products, fact which leads to obtaining some false negative results. The 
DNA extraction procedure used in case of this study was a quick and easy one, but 
not necessarily the most efficient for discarding the inhibiting agents from the 
biological products. A positive internal control has to be elaborated as a step of this 
test, in order to monitor the possible false negative results.  

 
Conclusions 

 
The investigations that we performed, as a global view, after the statistical 

analysis and biomathematical interpretation, allow us to formulate the next 
conclusions: 

1. The prevalence of Yersinia enterocolitica species in waste waters samples, 
the ones naturally contaminated, was obviously higher when using RT-
PCR method in comparison with the culture methods (classical 
techniques); 

2. It has been described a RT-PCR technique for rapid detection and Y. 
enterocolitica pathogenic strains’ identification, by using the RT-PCR Light 
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Cycler 2.0 system. This technique is based on a fluorogenic sample, 
specific for ail gene, localized in the chromosome of Y. enterocolitica 
pathogenic strains. 

3. It has been imagined a work protocol for detecting the presence of Yersinia 
enterocolitica species in waste waters samples, a protocol which can be 
extended for the detection of this species and from different types of 
biological products, or from different types of samples obtained from the 
environment.  
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