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Chapter 1 

Introduction 

Yersinia enterocolitica is a human pathogenic gram-negative bacillus 
belonging to the genus Yersinia of the family Enterobacteriaceae. 
Within the Yersinia genus several different species are recognised, of 
which most members are non-pathogenic for humans. The non-patho
genic strains which were termed as "atypical V. enterocolitica" or "У. 
enterocolitica-Wke" organisms,28 are presently seen as individual spe
cies. The three human pathogenic Yersinia species include Y. pestis, Y. 
pseudotuberculosis and У. enterocolitica, and they all share a common 
tropism for lymphoid tissue. У. pestis, the causative agents of the great 
plague pandemics in the middle ages and more recently the plague 
epidemic in 1994 in western India,1980 and in 1995 in Madagascar,121 is 
the most well known human pathogen. У pseudotuberculosis is less 
responsible for human cases of infection as У enterocolitica, but 
infections with У pseudotuberculosis are more severe.4,71 For their 
pathogenic behaviour the three human pathogenic Yersiniae harbour a 
plasmid (pYV) with a molecular weight of about 70 kb, also called the 
Yersinia Yop virulon. Several proteins are encoded by this plasmid, in
cluding the Ca2+ and temperature inducible Yersinia outer membrane 
proteins (Yops). The loss of the complete plasmid or of some Yops al
ways correlates with the loss of pathogenicity.23,27 In addition to plas-
mid-associated virulence, there are chromosomal loci involved in the 
pathogenicity of Yersiniae (i.e. the inv and ail genes) which encode 
proteins that facilitate the invasion of epithelial cells.94 
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Epidemiology 

Y. enterocolitica has been isolated world wide, but it's major distribution is in cooler 
climates. In consequence, most cases are reported from Japan, U.S.A. and Northern 
Europe.97 Grouping of the bacterium can roughly be done in "European" serogroups (se
rotype 0:3, 0:5,27 and 0:9) and "American" serogroups (serotype 0:8, 0:13 and 0:20). 
However, since the beginning of the 1980's serotype 0:3 is more frequently isolated in 
America while serotype 0:8 is more often isolated in Europe, indicating that this grouping 
is not straightforward. During the last years of the 1980's a global spread of different Y. 
enterocolitica strains has been seen. In the Netherlands in the middle of the 1980's the 
"American" serotype 0:8 was already responsible for 25% of all infections with Y. entero
colitica and Y. enterocolitica was isolated from 2.9% of 827 patients who were less than 
40 years old and who had enteritis.67 Presently, the "European" serotype 0:3 seems to be 
the predominant serotype in U.S.A.'5,28·67·128 The continent restriction of strains seems to 
disperse around the world. As an explanation for the global spread of Y. enterocolitica, a 
study from Japan can be used as an example. In this study the import of Y. enterocolitica 
contaminated meat into Japan as a source of new bacterial strains has been described.39 Since, 
Y. enterocolitica is considered to be a foodborne pathogen, the consumption of 
contaminated food and water is the main cause of infections in humans. Large outbreaks 
related to contaminated food have been described in the United States, Canada and Ja
pan.28,3'·72 Animal and plant products, such as raw milk, ice cream, beef, tofu, chocolate milk, 
beans, sprouts and poultry, may harbour the organism. Beside this, the organism is able to 
survive and even to grow under low temperature conditions (4°C) which means that even 
refrigerated food might by a source of infection.13·43 Environmental isolates of Y. entero
colitica differ mostly in biotype and serotype from commonly isolated strains from infected 
patients, except for serotype 0:8, of which untreated water has been the source of some 
outbreaks in the United States.28131 Pigs are considered to be an important source of 
pathogenic Y. enterocolitica in Europe.32·33·133 Since the pig is the only animal consumed by 
man that regularly harbours pathogenic Y. enterocolitica, hygienic measures during slaughter 
should improve the meat products quality.72,112 A study amongst slaughterhouse employees in 
Norway showed that exposure to pigs might be a risk factor for yersiniosis.100 Besides this, a 
recent study concerning healthy blood donors in Finland and Germany displayed a higher 
frequency of Yersinia antibodies then expected in a healthy population. Up to 31% and 43%, 
of Yersinia antibodies were detected in the two groups of healthy blood donors in Finland and 
Germany, respectively. This finding suggested that there are many subclinical Yersinia 
infections. Furthermore a significant difference in the frequency of Yersinia IgG antibodies 
between the two populations was noticed. The German population had more often IgG class 
antibodies than the Finnish population, suggesting a higher frequency of Yersinia infections 
in Germany.85 

As the majority of human infections with Y. enterocolitica will be sporadic cases, humans 
become accidental hosts of Yersinia after they ingest contaminated food. For the maintaining 
of the organisms in nature or in the transmission route, humans do not play an important role 
(Figure l).19 However, the transmission from person to person, via fecal-oral, oral-oral or 
blood transfusion have been reported and should be considered as a possibility.36,42,50·54,90 

Overall, person-to-person transmission is rare, and most familial cases might more probably 
be due to a common-source of contamination.18 
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Figure 1: Transmission of yersiniosis. Arrow thickness indicates the most common means of transmis-
,.;™ i ' 

Pathogenicity 

For infection, Y. enterocolitica uses several strategies based on plasmid and chromosomal 
regulated processes. During the whole infection process the plasmid of approximately 70 kb 
(pYV) plays one of the major roles. When the plasmid is lost or absent Y. enterocolitica is 
avirulent. In presence of the plasmid, several outer membrane proteins (Yops) are expressed 
at 37°C and low [Ca2+] but not at 25°C.23·27·1 " After ingestion Y. enterocolitica adapt its 
surface antigens to accommodate to an increase in temperature and starts via a stepwise 
fashion the invasion of the host.23 Subverting the host defence and establishing itself extra-
cellularly or within macrophages.25,27 The first step in Y. enterocolitica infection is attachment 
of the bacteria to the intestinal mucosa via chromosomal encoded invasion proteins (Inv, Ail) 
and the plasmid encoded YadA. YadA, as the other Yops, is only produced at 37°C and 
enhances attachment of the bacteria at the eukaryotic plasma membrane after which transition 
from the environment to the host cell can take place.'4*1,95·"4 Besides this, YadA plays an 
important role in the evasion of the non-specific immune response. YadA reduces the 
deposition of C3b at the bacterial surface by binding to factor H, leading to the degradation of 
C3b,21 inhibiting the complement membrane attack and preventing opsonisation and oxidative 
burst. In this way the bacterium escapes phagocytosis and killing.20 The entry of the intestinal 
mucosa seems to be an active process of "zippering" initiated by the bacteria themselves. The 
bacteria surround themselves with the apical membrane in a tight vacuole of the intestinal 
mucosa via selective binding of the bacterial attachment and invasion proteins with among 
other things, host integrins.29 M-cells overlying Peyer's patches are the preferential site of 
attachment and invasion. 

11 
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Figure 2: Modelled interaction between Yersinia and the eukaryotic target cell. Chromosomal invasion 
and adherence gene products and virulence plasmid derived gene products are depicted. Transcription of 
Ysc and Yop genes is regulated by the VirF/LcrF transcription activator depending on the temperature 
(37°C) and environmental richness. The outermembrane complex (YscC, YscJ) and the innermembrane 
complex (LcrD, YscN) of the Ysc secretion apparatus are installed.93"7'50 Together the chromosomal 
proteins ail and inv are translocated to the bacterial outer membrane promoting serum resistance and 
binding to target cell receptors. Until contact with an eukaryotic target cell a low level of Yops will be 
synthesised. Accumulation of LcrQ in the bacterial cytosol inhibits further yop gene transcription. At 
contact with the target cell the [Ca2+] sensing YopN stop-valve will interact with a receptor on the target 
cell and open the secretion channel. At this point secretion of LcrQ will relieve the feedback inhibition of 
yop gene transcription. Then Yop secretion via the Ysc secretion apparatus and translocation across the 
eukaryotic plasma membrane guided by YopB and YopD will take place. YadA reduces the deposition of 
C3b at the bacterial surface by binding of factor H which leads to a rapid degradation of СЗЬ.20,2' As a 
consequence, the formation of the membrane attack complex is prevented, resulting in inhibition of the 
phagocytosis and oxidative burst. Adapted scheme from25J7. 

Within 24 hours Y. enterocolitica can be demonstrated within the Peyer's patches from were a 

further dissemination via macrophages, granulocytes and lymphocytes takes place towards an 

invasion of the underlying tissues, lymphnodes, lymph and bloodstream.6 , 4'5 9 During this 

whole process virulent Y. enterocolitica is not killed. For evasion of the host immune defence 

Y. enterocolitica uses the plasmid encoded Yops. At the moment of attachment to the 

eukaryotic cell a whole cascade of plasmid derived proteins will be "injected" in the eukary

otic cell. One of the most critical Yops is the secreted protein tyrosine phosphatase (YopH), 

which acts to dephosphorylate eukaryotic proteins, especially in phagocytic cells.4 6"5 YopH 

dephosphorylation interferes with the signal transduction pathways of the target cell, thereby 
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obstructing phagocytosis. Together with YopE a contact dependent cytotoxin, which depo-
lymerises the actin microfilament network of the target cell, a further inhibition of phagocy
tosis occurs.124·125 For the actual transport of YopE and YopH the Yops В and D play a crucial 
role. Without these two Yops transport of YopE and H will be hampered. Furthermore, YopD 
shows an antiphagocytic function while YopB plays also an important role in the inhibition of 
the macrophage-derived cytokine, tumour necrosis factor alpha (TNF-α).11'52,53·55 Another 
important Yop, YopM, which binds thrombin, inhibits platelet aggregation and has an anti
inflammatory action, prevents the release of inflammatory mediators that would stimulate the 
activity of phagocytic cells and other cells of the immune system. YopM may therefore play 
an important role in persistence, protecting and hiding the bacteria from inflammatory 
reactions.I7,82 The YopO protein kinase, another Yop that interferes with the signal 
transduction of the host cell, but in contrast to YopH via phosphorylation of host cell proteins, 
also inhibits the defence against Y. enterocolitica.Al5i 

All together a cascade of released proteins is used by the bacterium for subverting the host 
defence and surviving in the patient. When intracellularly the bacteria are unable to express 
the Yop proteins.123126 An overview concerning the Yersinia Yop virulon and other 
pathogenicity factors is recently described.25,27, a summary of the pYV products is given in 
figure 2. 

Clinical manifestations 

Y. enterocolitica is a major gastrointestinal tract pathogen, although under the right conditions 
it can be the cause of several extraintestinal manifestations. The persons most affected appear 
to be children and young adults (Table l).28·62 

Table 1: Age distribution and clinical manifestation (surveillance 1982 -1991: η = 497). 
Disease N Age (years) + median (x) 

0 10 20 30 40 SO 60 70 

Enteritis 260 χ 
Pseudoappendicitis 56 χ 
Ileitis 15 χ 
Colitis 25 χ 
Extramesenteric 99 χ 

Lymphadenopathy 56 χ 
Septic form 20 χ 
Hepatitis 27 χ 
Other 22 χ 

Reactive arthritis 91 χ 
Erythema nodosum 37 χ 

Data from Hoogkamp-Korstanje et al.aM and extended with data up to n=497. Several patients had more 
than one form of clinical manifestation. 

As mentioned above, the manifestation of the disease depend to some degree on the age 
and physical state of the host. Infection of the gastrointestinal tract results in acute enteritis 
with fever and inflammatory, sometimes bloody, watery diarrhoea and is seen mainly in 
children. In young adults pseudoappendicitis is a more common clinical syndrome caused by 

13 



Chapter 1 

an acute terminal ileitis and mesenteric lymphadenitis. Generally, yersiniosis presents as 
enteritis and is self-limiting because the host's inflammatory response is usually able to 
eliminate the bacteria.62 Athough, many Y. enterocolitica infections are subclinical85 some 
may lead to the development of a persistent infection with or without immunopathological 
sequelae such as reactive arthritis (ReA) and erythema nodosum.m,M These immunological 
complications caused by Y. enterocolitica, might be induced by persistence of the organism in 
lymphnodes and the gut-associated lymphatic tissue (GALT). This has been proven to induce 
a prolonged stimulation of the immune response and subsequent inflammation.44,63,92 ReA 
is the most well known postinfectious immunological complication of yersiniosis and is 
mainly seen in adults. The frequency as reported for ReA differs between 20% to 30%.65,75 

Patients with ReA show in 60% to 80% of the cases the HLA-B27 antigen.66,75 As ReA, 
erythema nodosum is also seen in 30% of the cases during a persistent infection with Y. 
enterocolitica, but it is not associated with the HLA-B27 antigen." Persistence of the 
bacterium within lymphnodes and the GALT might take place for many years resulting in 
the above mentioned immunological complications or non-specific clinical symptoms 
which complicates diagnosis.64,65 In cases of recognition of the bacterium during a chronic 
yersiniosis, antibiotic treatment of patients has shown that the elimination of Y. 
enterocolitica is coupled with the disappearance of circulating antibodies against Y. 
enterocolitica.^^ Factors which determine the development of either an acute or a 
persistent infection are unknown. 

Host defence 

Infection with Y. enterocolitica may result in acute to chronic infections that may be 
accompanied by the development of sequelae.65,67 The initiation of difference between an 
acute and chronic infection with or without subsequent sequelae, depends merely on the 
immunologic status of the infected host (e.g. age, immunodepression). Moreover, the 
genetic predisposition might be of great importance for the development of a chronic 
infection with or without sequelae.28,40,44,45,65 Patients with self-limiting infections produce 
specific IgA and IgG antibodies to YopE, YopD and YopH, while patients with persistent 
infections produce a low level of anti-YopE antibodies, both IgA and IgG, and a high level of 
anti-YopH IgA antibodies. Since yersiniosis in rodents closely resembles Yersinia infection 
in humans, studies in rodents are used as a model for the study of the immune response 
during infection.58 Studies with rats show comparable antibody responses as seen in 
humans. Lewis and Fischer rats with a persistent infection also show a low level of YopE 
specific antibodies, while resistant Brown Norway rats recovering from a Y. enterocolitica 
infection do produce a high level of anti-YopE antibodies.30,40 Therefore, elimination of 
YopE by antibodies might induce resistance, interrupt spread and persistence, as YopE 
acts synergistically with YopH in its anti-phagocytic function. A high level of anti-YopE 
might be indicative for the extracellular stage, the primary stage of infection, and could 
predict cure, since Yops are not expressed by intracellular bacteria.123,126 Moreover, only 
the Lewis rats develop ReA after infection with Y. enterocolitica, while also persistently 
infected Fischer rats do not.30 Analogously, humans with the MHC class I antigen typing 
of HLA-B27 have in a higher frequency ReA.110,77 Therefore, the immunological status 
and the genetic predisposition of the patient are important factors during the course of 

14 



Introduction 

infection with Y. enterocolitica and the development of a chronic infection with or without 
subsequent immunological complications. 

Diagnosis 

Identification of virulent Y. enterocolitica strains from patient material with culture is only 
possible during the primary phase of the enteral infection. In case of pseudoappendicitis, 
ileitis and most of the extraintestinal complications, culture of the bacterium is not possi
ble.35,67 In those cases Y. enterocolitica disappears from the circulation and hides within the 
GALT.65 In this stage it is not cultivable any more from feces or blood, not even from its 
hiding place. For detection of the bacterium after this stage other diagnostic methods should 
be used. Serological detection of antibodies against the different Yops seems one of the best 
diagnostic methods. The Yops are Yersinia specific and the plasmid coding for these Yops is 
not restricted between the different virulent serotypes. The Yops can be regarded as universal 
Yersinia antigens and positive antibody respons to these Yops means that the patient had 
contact with a virulent Y. enterocolitica-stnin. However, we have to realise that presence of 
antibodies depends on the patient status. Conversely, IgM-, IgA- and IgG antibodies against 
different Yops can give an indication about the stage of an infection with virulent Yersi-
niae.iS·57 

A more direct method for the detection of Y. enterocolitica in different patient samples is 
the indirect immunofluorescence assay (IFA). With the use of specific antisera directed 
against cell wall components or Yops, IFA can detect Y. enterocolitica in the more severe and 
complicated cases when culture is negative.35 For the localisation of Y. enterocolitica in 
patient samples besides IFA, also detection of bacterial nucleic acids by polymerase chain 
reaction (PCR) amplification is used. The PCR is relatively sensitive, specific and can be used 
on different samples.51·70'74151 
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Outline of the thesis 

This thesis describes; (i) the characterisation of Y. enterocolitica strains for epidemiological 
surveys and detection of the bacterium in human samples, (ii) the immunological reaction of 
the host defence during infection with Y. enterocolitica. 

Discrimination between different unrelated Y. enterocolitica strains is generally low with 
the most commonly used phenotypic methods such as, biotyping, serotyping, phage typing 
and antibiogram typing. Chapters 2 and 3 describe a molecular typing method, with a higher 
discriminatory power than the established phenotypic methods, which is suitable for epide
miology surveys. 

Detection of Y. enterocolitica after the acute stage of infection is almost impossible by 
culturing. During chronic infection, detection of Y. enterocolitica is possible indirectly with 
serology, or with an immunofluorescence assay on tissue samples. In chapter 4 the detection 
of Y. enterocolitica, but also of the related species Y. pestis and Y. pseudotuberculosis by 
polymerase chain reaction is described. Chapter 5 describes the detection of different Y. en
terocolitica serotypes with a very sensitive ISH hybridisation. 

The host immune respons during infection with Y. enterocolitica determines whether the 
infected host is protected and clears the bacterium or is susceptible and develops an persistant 
infection. Based on a study with three rat strains30 the mRNA levels for different cytokines 
were studied during infection with Y. enterocolitica (chapter 6). 

In chapter 7 the results of the different studies are discussed. 
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Chapter 2 

PCR-based DNA fingerprinting discriminates between 
different biotypes of Yersinia enterocolitica 

Paul T. Odinot, Jacques F.G.M. Meis, Patrick J.J.C, van den Hurk, Jacomina 
A.A. Hoogkamp-Korstanje, Willem J.G. Melchers 

Polymerase chain reaction (PCR)-based fingerprinting is a new method 
for the genotypic characterisation of microorganisms. This method uses 
a single or a pairwise combination of primers to amplify target genomic 
DNA by PCR, resulting in specific arrays of DNA products. Two basi
cally different approaches have been presented, based on the type of 
primer used. Random amplified polymorphic DNA (RAPD) or arbitrary 
primer PCR (AP-PCR) uses short oligonucleotide primers of arbitrarily 
chosen sequences and results in de random amplification of polymor
phic DNA. Interrepeat PCR uses repeat motif primers and is based on 
the amplification of genomic regions known to be variable among lower 
eukaryotes.137 In principle, the genome of each individual bacterial 
strain is unique and PCR fingerprinting will lead to a specific banding 
pattern which is unique for each strain of microorganism or even a 
clone of such a strain. PCR fingerprinting has been used for the geno
typic characterisation of many different microorganisms.137·139,140 It has 
been proven to be a highly specific method for epidemiological surveys 
of bacterial outbreaks. In this paper we have used PCR fingerprinting to 
investigate its potential value for the genotypic characterisation of V. 
enterocolitica. 
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Chopter 2 

Materials and methods 

Yersinia enterocolitica isolates 
Seventeen clinical isolates which were identified as Y. enterocolitica with the API 20E 
(BioMérieux, Marcy l'Etoile, France) identification system were used for PCR finger
printing. The isolates were stored in 50% glycerin peptone broth at -80°C until required. 

Biotyping 
A simplified form of the biotyping scheme as described by Wauters et al.141 was used for 
biotyping the Y. enterocolitica isolates. Six of the most informative tests (lipase, esculine, 
salicine, indol, xylose and trehalose) were performed. 

Serotyping 
Isolates were serotyped by slide agglutination using commercially available O-antisera for 
0:3 and 0:9 (Sanofi Diagnostics Pasteur, Genk, Belgium) and with specific rabbit antisera 
for 0:5,27, 0:6,30 and 0:8.66·67 

DNA isolation 
A single colony from an overnight growth on blood agar at 37°C was suspended in 250 ml 
STET-buffer (0.1 M NaCl, 10 mM Tris-HCl pH 8.0, 0.1 mM EDTA, 0.5% Triton X-100) 
and 0.5 mg lysozyme (Sigma, St. Louis, U.S.A). Samples were incubated for 5 minutes at 
room temperature, boiled for 45 seconds and put on ice for 2 minutes. Sodium dodecyl 
sulphate at a final concentration of 1 % and 100 μg Proteinase К (Boehringer Mannheim, 
Germany) were added to the reaction-mixture and incubated for 2 hours at 56°C. DNA 
was extracted by phenol-chloroform. 150 μg RNase A (Boehringer) was added to the 
DNA solution and the mixture was incubated for 1 hour at 37°C. DNA was precipitated by 
ethanol precipitation87 and the DNA pellet was suspended in 100 μΐ distilled water. The 
concentration was determined using a Pharmacia GeneQuant RNA/DNA Calculator 
(Pharmacia LKB, Cambridge, UK). 

PCR-based fingerprinting 
PCR fingerprinting of bacterial DNA (50 ng) was performed in a 50 μΐ reaction volume 
containing 75 mM Tris-HCl (pH 9.0), 2.5 mM MgCl2, 20 mM (NH4)2S04, 0.01% Tween-
20, 0.2 mM dNTP's each, 50 pmol primer (see table 1 for primer sequences) and 0.2 U 
Taq DNA polymerase (Thermoperfectplus DNA polymerase, Integro, Zaandam, The 
Netherlands). A negative control, consisting of the same reaction mixture but with no 
template DNA added, was included in each reaction. A Perkin-Elmer 9600 thermal cycler 
was used for amplification running either of 3 programmes. All 3 programmes started with 
an initial denaturation step of 4 minutes at 94°C. The cycling programme when using 10-
nucleotide primers was 40 cycles of 94°C for 1 minute, 36°C for 1 minute and 72°C for 2 
minutes. The cycling program when using primer D8635 was 4 cycles of 94°C for 5 min
utes, 40°C for 5 minutes, 72°C for 5 minutes (low stringency amplification), 30 cycles of 
94°C for 1 minute, 55°C for 1 minute, 72°C for 2 minutes (high stringency amplification), 
and final incubation at 72°C for 10 minutes.2 The primers ERJC1R and ERIC2 required a 
program consisting of 35 cycles of 94°C for 1 minute, 25°C for 1 minute, 72°C for 2 min
utes and followed by a final extension step at 72°C for 10 minutes.139 Amplified DNA 
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(20μ1) was separated by gel-electrophoresis in 1.5% agarose gels and visualised by 
ethidium bromide staining (0.1 μg/ml). A molecular size marker (100 bp ladder; Pharma
cia, Roosendaal, The Netherlands) was used for reference. Gels were photographed and 
inventory and interpretation of banding patterns were performed by visual inspection. 

Table 1. Primers used for PCR-fingerprinting Yersinia enterocolitica. 
Primer 
ERIC1R 
ERIC2 
D8635 
1247 
1254 
1281 
1283 
1290 
RP1-4 
RP2 
Soy 
HLWL85 
HLWL74 

Nucleotide sequence 
5' - ATGTAAGCTCCTGGGGATTCAC - 3' 
5' - AAGTAAGTGACTGGGGTGAGCG - 3' 
5' - GAGCGGCCAAAGGGAGCAGAC - 3' 
5'-AAGAGCCCGT-3' 
5'-CCGCAGCCAA-3' 
5'-AACGCGCAAC-3' 
5'-GCGATCCCCA-3' 
5' - GTGGATGCGA - 3' 
5'-TAGGATCAGA-3' 
5'-AAGGATCAGA-3' 
5' - AGGTCACTGA - 3' 
5'-ACAACTGCTC-3' 
5'-ACGTATCTGC-3' 

%G+C 
50 
55 
67 
60 
70 
60 
70 
60 
40 
40 
50 
50 
40 

Reference 
145 
145 
2 
2 
2 
2 
2 
2 
81 
81 
149 
89 
89 

Results 

IR-PCR with the ERIC1R and ER1C2 primers yielded a low resolution which did not al
low an adequate differentiation between the 17 Y. enterocolitica isolates. In contrast, the 
arbitrary primers for RAPD-PCR generated several fingerprint patterns, which allowed the 
differentiation of the isolates. For isolates A to D, all belonging to biotype 1 A, RAPD-
PCR showed highly discriminative fingerprint patterns (figure 1). Similar discriminating 
patterns were observed with the other arbitrary primers except for primers RP1-4 and RP2 
which showed hardly any difference between the isolates of biotype 1 A. Although the 
resolution was acceptable, none of the arbitrary primers generated fingerprint patterns 
which showed enough discrimination between the isolates of biotype IB (isolates E to F) 
(figure 1) and biotype 4 (isolates L to Q) (figure 2). The isolates of biotype 2 (isolates H 
and I) and biotype 3 (isolates J and K) displayed different inter- and intrabiotypic fin
gerprints (figure 2). The best overall results were obtained with primers 1290 and 
HLWL85. Genotyping and biotyping showed similar results and all biotype groups could 
be differentiated with genotyping. Genotyping and serotyping on the other hand yielded a 
poor correlation. The genotyping of isolates with serotype 0:3 resulted in specific and 
discriminate fingerprint patterns which correlated well with the serotype. In contrast the 
serotypes O;6,30, 0:5,27, 0;7,8 and 0;9 showed no correlation with genotyping. The re
sults are summarised in table 2. 
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Primer 1290 1247 

biotype 1A 1B 1A I B 

Figure 1: Results of AP-PCR amplification with primers 1290 and 1247 of DNA extracted from Y. 
enterocolitica strains A to G. Molecular size markers are indicated on the left in base pairs. 

Primer 1281 

biotype 2 3 4 4 

strain H I J К L Μ N ref Ο Ρ Q 

Figure 2: Results of AP-PCR amplification with primer 1281 of DNA extracted from Y. enterocolitica 
strains Η to Q. Lane ref. is the 100 bp DNA ladder. Molecular size markers are indicated on the left in base 
pairs. 

Discussion 

Genotyping of bacteria by means of PCR fingerprinting of variable DNA stretches has 
now been described now for several medically relevant species.137 PCR fingerprinting has 
proven to be a rapid and reliable, easy to use, method for genotyping of different bacteria. 
In addition, this method does not depend on different subtests which are needed for bio-
typing and serotyping.15,73 For the genotypic discrimination of bacterial isolates several 
different molecular techniques have been described, such as restriction enzyme analysis of 
chromosomal (REAC) and plasmid (REAP) DNA,38,73 and restriction fragment length 
polymorphism of rRNA genes (ribotyping).15101 All these techniques have been used to 
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Table 2. Characterisation of 
Yersinia enterocolitica isolates. 

Strain Biotype Serotype Genotype 
(Primer) 

A 
В 
С 
D 
E 
F 
G 
H 
I 
J 
К 
L 
M 
N 
0 
Ρ 

9 

1A 
1A 
1A 
1A 
IB 
IB 
IB 
2 
2 
3 
3 
4 
4 
4 
4 
4 
4 

0;5,27 
0;7,8 
O;6,30 
0;8 
0;9 
0;9 
0;9 
0;5,27 
0;9 
O;6,30 
0;7,8 
0;3 
0;3 
0;3 
0;3 
0;3 
0;3 

1290 
A 
В 
С 
D 
E 
E 
E 
F 
G 
H 
I 
J 
J 
J 
К 
J 
J 

HL 
A 
В 
С 
С 
D 
D 
D 
E 
F 
G 
H 
F 
F 
F 
F 
F 
F 

distinguish between different Y. enterocolitica strains in epidemiological surveys.15,38·73 In 
this paper, we have described PCR fingerprinting for Y. enterocolitica. 

The use of the ERIC primers for IR-PCR yielded a resolution which was too low to dis
criminate between the Y. enterocolitica isolates. The AP primers in PCR fingerprinting 
showed a high resolution allowing the discrimination of the different isolates. This resolu
tion appeared to be dependent on the percentage of Guanine (G) and Cytosine (C) nucleo
tides in the primers. G and С rich primers (60% or more) showed high-resolution finger
print patterns, while primers with a lower amount of G and С nucleotides (50 % or less) 
showed a lower resolution in fingerprint patterns. However, primers with a low GC% pro
duced a better differentiation between biotypes, while primers with a high GC% resulted 
in a better discrimination of interbiotypes. For PCR fingerprinting of Y. enterocolitica, we 
therefore recommend to use at least two primers which should be a combination of a high 
and low GC% nucleotide primer. In this study, we used the combination of primers 1290 
and HLWL85 for genotyping Y. enterocolitica isolates. Recently Makino et al}6 showed 
similar results for the genotyping of Y. pseudotuberculosis. 

The degree of genetic polymorphism detected with PCR fingerprinting seems to corre
late better with the biotype of the Y. enterocolitica isolates than with the serotype. 

With this study, we have shown that PCR fingerprinting is a valuable tool for typing Y. 
enterocolitica isolates. The method allows discrimination between different biotypes and 
serotypes of Y. enterocolitica and is ready to be used in epidemiological studies. 
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PCR-based characterisation of Yersinia enterocolitica: 
comparison with biotyping and serotyping 

P.T. Odinot, J.F.G.M. Meis, P.J.J.C. van den Hurk, J.A.A. Hoogkamp-
Korstanje and W.J.G. Melchers 

PCR-based DNA fingerprinting was used to characterise 48 clinical iso
lates of Yersinia enterocolitica. The samples were examined by random 
amplified polymorphic DNA (RAPD-PCR) and inter-repeat PCR (IR-PCR). 
IR-PCR with two enterobacterial repetitive intergenic consensus primers 
resulted in patterns which were poorly discriminated; two of eleven 
arbitrary primers (RAPD-PCR) provided sufficient discriminatory power. In 
comparisons with serotyping and biotyping, RAPD-fingerprinting was the 
most discriminatory technique and may therefore be a valuable epide
miological tool for the study of У. enterocolitica infections. 
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Introduction 

Human infections due to Yersinia enterocolitica have increased dramatically during the past 
two decades and are associated with a wide variety of clinical symptoms.28 Children generally 
develop enteritis and mesenteric adenitis whereas extraintestinal sequellae such as reactive 
arthritis occur mainly in adults.65 Once infected with Y. enterocolitica, a patient may become 
an asymptomatic carrier, but latent infections have been described and may lead to chronic 
and recurrent illnesses such as chronic ileitis, hepatitis and arthritis.65 The incidence of Y. 
enterocolitica infections has been estimated at one quarter ofthat of Salmonella infections in 
The Netherlands. Types most common isolated are 0:3,0:9 and, exceptionally, 0:8.67 

A major reservoir for Y. enterocolitica serotype 0:3 and 0:9, are pigs.15,28 Animal 
products, such as raw milk, ice cream, beef and poultry, may also harbour the organism. 
Environmental sources of Y. enterocolitica differ in biotype and serotype of commonly 
isolated strains from infected patients, except for serotype 0:8, of which untreated water has 
been the source of some outbreaks in the United States. This route of infection may lead to 
severe outbreaks as has been described in the United States, Canada and Japan.28 

To distinguish different Y. enterocolitica strains in epidemiological surveys in human 
populations, different typing methods are used, including phenotypic characterisation such as 
biotyping,147 serotyping,3146 antibiogram typing,8 and phage typing.102 All share a common 
theoretical disadvantage since they depend upon the stability of gene expression in гТго.15,73 

Furthermore, their ability to discriminate between unrelated isolates is generally low. 
Recently, several molecular techniques have been described for genotyping, including re

striction endonuclease analysis of chromosomal (REAC) and plasmid (REAP) DNA38,73 and 
restriction fragment length polymorphism of rRNAgenes (ribotyping).'5·'01 The advantage of 
these molecular techniques over phenotypic methods is, that they detect genomic differences 
which are potentially unique for each individual organism, whereas phenotyping methods de
pend on the expression of genes.137 Plasmid analysis of Y. enterocolitica (REAP), however, is 
not useful for epidemiological studies, because pathogenic Y. enterocolitica strains only 
harbour a single plasmid, which is difficult to isolate and easily lost during cultivation.15'73 

Moreover, little genetic variation is evident in plasmids from different isolates.38 REAC, of Y. 
enterocolitica displays a higher level of discrimination than REAP, but in general very 
complex fingerprint patterns are found which hamper a reliable comparison.'5,73 In combinati
on with the use of rRNA gene-probes (ribotyping), fingerprint patterns can be simplified, but 
the technique is laborious, time-consuming and requires high quality DNA.88 

PCR-based fingerprinting can overcome these problems. Random amplified polymorphic 
DNA (RAPD)-fingerprinting is based on the random amplification of genomic DNA at low 
annealing temperatures, with a single primer of arbitrary nucleotide sequence88 and has been 
used for the typing of different bacterial species.137 Inter-repeat-PCR (IR-PCR) on the other 
hand, amplifies specific genomic regions known to be variable among different pro- and 
eucaryotic species, as for example Escherichia coli, Salmonella typhimurium but also 
Candida albicans™91*5 Both techniques result in PCR fingerprint patterns which can easily be 
visualised by agarose gel electrophoresis. Differences between fingerprints arise from the 
genetic diversity of the chromosomal DNA.137 Fingerprint patterns are in general simple to 
interpret and high quality DNA is not required, although the resolution is often higher with 
purified DNA. Furthermore, PCR-based fingerprinting is a rapid, easy to use, method with 
high discriminatory power for some species.137 PCR fingerprinting also discriminates between 
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close relatives among a variety of pro- and eucaryotic species.137 We investigated the ability 
of RAPD-PCR and IR-PCR to discriminate between clinical isolates of Y. enterocolitica and 
compared this with the standard biotyping and serotyping results. 

Materials and methods 

Yersinia enterocolitica isolates 
A total of 48 faecal isolates from 42 patients, with enteritis were studied. All patients lived in 
the province of Friesland in The Netherlands and most of the patients were epidemiologically 
unrelated. Two successive isolates were obtained from 6 patients, 5 isolates were obtained 
from 2 families (2 isolates, from family number 1, and 3 isolates from family number 2). The 
strains were identified by the API 20E identification system (BioMérieux, Marcy l'Etoile, 
France) and stored in 50% glycerol peptone broth at -80°C until required. 

Table 1. Primers used in RAPD-PCR and IR-PCR for Yersinia enterocolitica 

Primer Nucleotide sequence G + С % Reference 

Primer IR-PCR 

ERIC1R 
ERIC2 

5' - ATGTAAGCTCCTGGGGATTCAC - 3' 
5' - AAGTAAGTGACTGGGGTGAGCG - 3' 

Primers RAPD-PCR 

50 
55 

145 
145 

D8635 
1247 
1254 
1281 
1283 
1290 
RP1-4 
RP2 
Soy 
HLWL85 
HLWL74 

5' - GAGCGGCCAAAGGGAGCAGAC - 3' 
5' - AAGAGCCCGT - 3' 
5' - CCGCAGCCAA - 3' 
5' - AACGCGCAAC - 3' 
5' - GCGATCCCCA - 3' 
5' - GTGGATGCGA - 3' 
5' - TAGGATCAGA - 3* 
5' - AAGGATCAGA - 3' 
5'-AGGTCACTGA-3' 
5' - ACAACTGCTC - 3' 
5' - ACGTATCTGC - 3' 

67 
60 
70 
60 
70 
60 
40 
40 
50 
50 
40 

2 
2 
2 
2 
2 
2 
81 
81 
149 
89 
89 

Biotyping 
A simplified form of the biotyping scheme described by Wauters colleagues147 was used. 
Only the six most discriminatory tests (lipase, esculine, salicine, indol, xylose and trehalose) 
were performed. 

Serotyping 
Isolates were serotyped by slide agglutination using commercially available O-antisera for 
0:3 and 0:9 (Sanofi Diagnostics Pasteur, Genk, Belgium) and specific rabbit antisera for 
0:5,27,0:6,30 and 0:8.м·67 

27 



Chapter 3 

DNA isolation 
Isolates were grown overnight on blood agar at 37°C. A single colony was then suspended in 
250 ml STET-buffer (0.1 M NaCl, 10 rnM Tris-HCl pH 8.0,0.1 mM EDTA, 0.5% Triton Χ
Ι 00) and 0.5 mg lysozyme (Sigma, St. Louis, U.S.A). Samples were incubated for 5 minutes 
at room temperature, boiled for 45 seconds and put on ice for 2 minutes. Sodium dodecyl 
sulphate at a final concentration of 1% and 100 mg Proteinase К (Boehringer, Mannheim, 
Germany) were added to the reaction-mixture and incubated for 2 hours at 56°C. Following 
phenol-chloroform extraction, 150 mg RNAase (Boehringer) was added to the DNA solution 
and the mixture was incubated for 1 hour at 37°C. DNA was precipitated with ethanol and the 
pellet was dissolved in 100 ml distilled water.87 The concentration was determined using a 
Pharmacia GeneQuant RNA/DNA Calculator (Pharmacia LKB, Cambridge, UK). 

PCR-based fingerprinting 
50 ng of bacterial DNA was used for PCR fingerprinting in a 50 ml reaction volume 
containing 75 mM Tris-HCl (pH 9.0), 2.5 mM MgCl2,20 mM (NH4)2SO„, 0.01% Tween-20, 
0.2 mM each dNTP, 50 pmol primer (see table 1 for primer sequences) and 0.2 U Taq DNA 
polymerase (Thermoperfectplus DNA polymerase, Integro, Zaandam, The Netherlands). A 
negative control, consisting of the same reaction mixture but with no template DNA added, 
was included in each reaction. Amplification was started with an initial denaturation step of 4 
minutes at 94°C in a Perkin Elmer Cetus 9600 DNA Thermal cycler. This was followed by 
40 cycles of denaturation, annealing and extension with 1 minute at 94°C, 1 minute at 36°C 
and 2 minutes at 72°C for RAPD-PCR for the 10-nucleotide primers. The cycling program 
used with primer D8635 was 4 cycles of 94°C for 5 minutes, 40°C for 5 minutes, 72°C for 5 
minutes (low stringency amplification), followed by 30 cycles of 94°C for 1 minute, 55°C for 
1 minute, 72°C for 2 minutes (high stringency amplification), and a final incubation at 72°C 
for 10 minutes.2 For IR-PCR a cycling program of 35 cycles, consisting of 1 minute at 94°C, 
1 minute at 25°C and 2 minutes at 72°C. This was followed by a final extension step at 72°C 
for 10 minutes. A 20 ml aliquot of each reaction-product was analysed by electrophoresis in 
1.5% agarose after which gels were stained with ethidium bromide and photographed using a 
UV light source. A selection often epidemiologically unrelated isolates of Y. enterocolitica, 
representing all biotypes, was initially analysed by RAPD-PCR analysis using eleven arbitra
ry primers and IR-PCR with two enterobacterial repetitive intergenic consensus (ERIC) 
primers (table 1). Only RAPD-PCR primers 1290 and HLWL85 discriminated between the 
10 indicator isolates and were therefore used for the genotypic characterisation of all 48 
isolates. The other primers showed either a very low resolution (i.e. ERIC1, RP1-4 and 
HLWL74) or patterns too complex (i.e. 1247 and 1254) to interpret.110 Three repeated DNA 
isolations from the 10 indicator strains and successive PCR amplification, showed the same 
fingerprints. In the negative control no amplification was observed with any primer used. 
Interpretation of the fingerprints was based on visual inspection by three different observers 
and coded by letters. Closely related genotypes in which only minor-band differences were 
found were assigned the same letter and accompanied by a prime, for example С and C". 

28 



PCR-based characterisation 

В 

biotype 4 

Serotype 22 
Genotype J C J ' C J J J C J J J C J K J J J ' J 
Strain И 1 2 3 4 5 6 7 8 9 1011 1213 1415161718 M 

biotype 1A 

0:5,27 0:8 Serotype 
Genotype A B A C C C D E D' С F С 
Strain M 19 20 2122 26 27 29 30 3133 35 37 

0:6,30 0:7,8 

A B A C C C D E D ' С 

biotype 1B 

0:9 

С G G G 

40 42 43 44 M 

biotype 2 biotype 3 
0:5, 
27 0:9 Serotype 

Genotype н н c G 
Strain M 23 24 38 39 

0:6, 
30 

0:7, 
8 

С" I 

25 32 M 

Figure 1: RAPD analysis of Y. enterocolitica clinical isolates. (A) Isolates of biotype 4, (В) isolates of 
biotype IA and IB, (C) isolates of biotype 2 and 3. Genotypes are indicated as obtained using primer 
1290. The letters and numbers above the lanes indicate the designated genotype and isolate numbers 
respectively (see for details table 2). M indicates the lane of the size marker (100 bp ladder). 

Results 

RAPD-PCR using primer 1290 revealed 13 different fingerprints; the HLWL85 primer 14 
different fingerprints. The combined patterns from the 2 primers discriminated 22 genotypes. 
Serotyping and biotyping distinguished 6 serotypes, and 5 biotypes (table 2) respectively. 
Together 10 types could be differentiated. The correlation between serotypes 0:3,0:9 and 
genotyping (table 2) was weak. Most biotypes appeared to have a unique genotype; genotype 
C/J was associated with biotypes IB, 2 and 4 and genotype G/J, with biotypes IB and 2 (table 

2)· 
Fifteen isolates characterised as biotype 1A belonged to 10 different genotypes (figure IB; 

table 2). Biotypes IB and 3 showed two different genotypes (figure IB and 1С; table 2). The 
four isolates of biotype 2 were discriminated by 3 different genotypes (figure 1С; table 
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Genotype L B F G J M F ' G 

Strain M 45 464748 3428 3641M 

Genotype M H H ' J J N H J 

Strain M45 464748 3428 364Щ 

Figure 2: RAPD analysis of Y. enterocolitica clinical isolates which could not be typed by serotyping 
or biotyping. Genotypes are indicated as obtained using primer 1290 (A) and primer HLWL85 (B). 
Other details as in Figure 1. 

2), 18 isolates of biotype 4/serotype 0:3 belonged to 5 different genotypes (figure 1 A; table 

2). 
From 3 isolates non-typable by biotyping, belonging to serotypes 0:6,30, 0:8 and 0:9 re

spectively and 5 isolates non-typable by serotyping, belonging to biotypes 1 A, 2 and 4 
respectively, only 3 isolates showed genotypes which were seen for other isolates. The 
remaining 5 isolates showed genotypes not previously observed (figure 2; table 2). 
The two strains obtained from the members of family number 1 (strain 34 and 35) were iso
lated with a 3-months interval. They had different bio- and genotypes, and suggests two 
distinct strains (table 2). The strains obtained from the family number 2 (strains 40,41 and 
42) had the same serotype, but differed in genotyping. Strains 40 and 41 had been isolated 
from patient ai 10 days apart and had different genotypes. Strain 42 from patient aj was 
isolated 2 months after the isolation of strain 41 from patient ai. Strains 40 and 42, had 
identical bio- and serotypes but differed in genotype. Strain 41 was not biotypable but had the 
same serotype as strains 40 and 42; the genotype of strain 41 was identical to that of strain 42 
(table 2), suggesting that these isolates were related. 
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Table 2. Characterisation of Yersinia enterocolitica isolates 

Patient' Strains Biotype Serotype RAPDH 
genotype 

к 
1 
m 
η 

о 

Ρ 
q 
г 
s 
t 
u 
V 

w 
X 

У 
ζ 

ab 
ас 
ad 
ae 
af 
ag 
ah 

aj 
ak 
al 
am 
an 
ao 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
IA 
1A 
1A 
1A 
2 
2 
3 
1A 
1A 
NTI 
1A 
1A 
1A 
3 
1A 
4 
1A 
NT 
1A 
2 
2 
IB 
NT 
IB 
IB 
IB 
1A 
1A 
1A 
2 

0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 5,27 
0 5,27 
0 5,27 
0 5,27 
0 5,27 
0 5,27 
0 6,30 
0 6,30 
0 6,30 
0 6,30 
0 7,8 
0 7,8 
0 7,8 
0 7,8 
0 8 
NT 
0 8 
0 8 
0 8 
0 9 
0 9 
0 9 
0 9 
0 9 
0 9 
0 9 
NT 
NT 
NT 
NT 

J/J 
C'/J 
J'/J 
C'/J 
J/J 
J/J 
J/J' 
C'/J 
J/J 
J/J 
C/J" 
C/J 
J/J 
K/J 
J/J 
J/J 
J'/J 
J/J 
A/A 
B/B 
A/A 
C/C 
H/J 
H/J 
C"/K 
C/D 
C/E 
M/N 
D/F 
E/G 
D'/H 
I/L 
C'/D 
J/J 
F/D 
F'/H 
СЛ 
C/J 
G/J 
C/J 
G/J 
G/J 
G/J 
G/J 
L/M 
B/H 
F/H' 
G/J 

"From patients d, h, j , aa, ah, and ai two successive isolates were obtained 
Patients ad + ae and ai + aj belong to the same family 

HPattems obtained with pnmers 1290 and HLWL85, as shown in figures 
INT, not bio- or serotypable 
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Patients d, h, j , aa and ah each provided two strains after intervals of 1 year (strain 4 and 5), 
9 days (strains 9 and 10), 2 months (strains 12 and 13), 3 months (strains 30 and 31) and 1 
month (strains 38 and 39) respectively. Serotyping and biotyping showed no differences 
between the types, genotyping showed for all strains different genotypes, with the exception 
of strains 9 and 10 which had an identical genotype (table 2). 

Discussion 

The combination of PCR-fingerprints obtained with the primers 1290 and HLWL85 gave 
clear and distinct genotypes. Most biotypes were associated with one or more specific 
genotypes, the genotypes C/J and G/J were found in more than one biotype. The strains 
isolated from family one, showed beside different genotypes also different bio- and serotypes, 
which suggests that both members of this family were infected with a different strain of Y. 
enterocolitica. For family two, all isolates had the same bio- and serotype, but two different 
genotypes were observed. Similar results were seen with the successive isolates from patients 
d, j , aa and ah. The finding that strains from one family belonged to different genotypes 
suggests that the family members were infected with different strains, although they had the 
same bio- and serotype. It is also possible that either a patient is colonised with several strains 
and that during colonisation, one or other is selected or, minor genetic variation occurs in vivo 
perhaps as a result of the interaction between the host and the bacterium, as has been 
described for Legionella spp.ni This may also explain the observation that some successive 
isolates from single patients show variation. If these differences are a result of in vivo 
variation, then, the discriminatory power of PCR-fingerprinting might be too high for 
epidemiological surveys. Alternatively Y. enterocolitica can be acquired by eating contami
nated food or by other exogenous sources as surface water,28 leaving open that the feeding 
habits of patients can play an important role in acquiring Y. enterocolitica and equally with 
this the possibility of colonisation by more than one strain and / or successive infection 
grows. Further work is needed to clarify these possibilities. 

One may also conclude from our results that it is possible to recognise unrelated strains 
within a given serotype or biotype and may therefore yet be helpful in epidemiological 
studies. Also Makino and colleagues86 described the genetic characterisation of Y. 
pseudotuberculosis by PCR-fingerprinting, and supports the view that PCR-fingerprinting 
can be useful in epidemiological surveys of Yersiniae sp. in general. 

PCR-based DNA fingerprinting has been shown to be useful in transmission studies of dif
ferent infectious agents in human populations.l37·l39·",8 In this study, mainly epidemiologically 
unrelated Y. enterocolitica isolates were examined, but it has been shown that PCR-based 
DNA fingerprinting can be used to characterise isolates of Y. enterocolitica. 
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Two-step Polymerase Chain Reaction assay for detection 
of Yersinia species in general and of pathogenic Yersinia 
enterocolitica strains in specific 

Paul T. Odinot, Jacques F.G.M. Meis, Jo H.A.J. Curfs, Jacomina A.A. 
Hoogkamp-Korstanje and Willem J.G. Melchers 

Detection of Yersinia enterocolitica in clinical samples is still not sensi
tive and fast enough. Polymerase chain reaction (PCR) offers the ad
vantages of sensitivity, specificity and rapidity. A two-step PCR assay 
to detect pathogenic Y. enterocolitica in infected tissue has been de
veloped. In the first step of the PCR assay, a general primer PCR am
plification of the small subunit rDNA gene was used for the detection of 
a broad range of different Yersinia species. In the second step, the 
virulence plasmid encoded w'rF-gene of Y. enterocolitica was specifi
cally amplified in a nested PCR to identify pathogenic Y. enterocolitica. 
With this two-step PCR assay it was possible to detect Yersiniae in 
general as well as pathogenic Y. enterocolitica specifically. The assay 
was then applied to detect Y. enterocolitica in spleens of experimentally 
infected rats. This study shows the potential use of the PCR for the 
detection of pathogenic Y. enterocolitica, and its ability to detect Y. en
terocolitica in non seeded-samples. 
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Introduction 

Three Yersinia species are pathogenic for humans, namely Y. pestis, Y. pseudotuberculosis 
and Y. enterocolitis. Y. pestis is the causative agent of plague, whereas Y. 
pseudotuberculosis and Y. enterocolitica are the pathogens responsible for non-plague 
yersiniosis. Y. pseudotuberculosis is prominently involved in rodent infections,26 and Y. 
enterocolitica may be the cause of gastroenteritis in humans.28 

Pathogenic Yersiniae harbour a plasmid (pYV) with a molecular weight of about 70 kb. 
Several proteins are encoded by this plasmid, including Ca2+ and temperature inducible 
proteins, Yersinia outer membrane proteins (YOPs). The loss of the complete plasmid or 
of some YOPs always correlates with the loss of pathogenicity.23 Besides plasmid-
associated virulence, there are chromosomal loci involved in the pathogenicity of 
Yersiniae (i.e. the inv and ail genes) which encode proteins that facilitate the invasion of 
epithelial cells.94 

For the detection of pathogenic Y. enterocolitica a polymerase chain reaction (PCR) 
offers the advantages of maximum sensitivity, specificity and rapidity. Recently several 
PCRs have been described for the detection of pathogenic Y. enterocolitica} '·70·74·151 These 
methods depend on the detection of either chromosomal or plasmid sequences. With 
primers based only upon chromosomal sequences all Y. enterocolitica strains are detected, 
including those that do not contain pYV. In addition, with primers only based upon pYV 
sequences false-negative detection may occur. Nakajima et al. overcame these problems 
by using a mixture of primers against the plasmid encoded virF gene, the ail gene of Y. 
enterocolitica and the inv gene of Y. pseudotuberculosis." However, all described PCR 
assays for Yersiniae were performed on cultured bacteria and, in some cases, on Y. 
enterocolitica-seeded faecal samples.37'70·74'51 To date, only Norkina et al described a 
diagnostic PCR test for Y. pestis.'05 They were able to detect Y. pestis in blood of 
experimentally infected mice. 

In this report, a general-primer PCR assay is described using the 16S rDNA gene as 
target for the detection of Yersinia species. To specifically detect pathogenic Y. 
enterocolitica in clinical material, a nested PCR assay was developed with primers 
targeted to the v/rF-gene, which is considered to be the key regulator gene for the YOPs.26 

First, the specificity and the sensitivity of the PCR assay was tested. Secondly, the PCR 
assay was further validated on experimentally infected rats. 

Materials and Methods 

Organisms 
Yersinia ruckeri, Yersinia kristensenii (patient isolate). Yersinia frederiksenii (patient 
isolate), Yersinia pseudotuberculosis (patient isolate) and Yersinia enterocolitica 0:8 WA 
(ATCC 9610) were available for testing. In addition, a panel of other gram-negative 
micro-organisms chosen as controls included Bacteroides fragilis (ATCC 10584), 
Pseudomonas aeruginosa (ATCC 101145), Proteus vulgaris (ATCC 6380), Klebsiella 
pneumoniae (ATCC 10031), Enterobacter cloacae (ATCC 13047), Escherichia coli 
(ATCC 25922), Salmonella typhimurium (ATCC 13311), Shigella sonnei (ATCC 11060) 
and Shigella flexneri (patient isolate). Clinical isolates were identified with the API 20E 
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identification system (Bio Mérieux, Marcy l'Etoile, France). The DNA from the bacterial 
strains was purified as previously described.1" 

Selection of 16S rRNA gene primers and probe 
The Y. enterocolitica 16S rRNA gene sequence was aligned to sequences of other 
microorganisms, using the sequence analysis software package (Genetics Computer Group 
at the University of Wisconsin, Madison, WI, USA) implemented on a Vax computer. 
Yersinia genus-specific sequences were selected. The alignment resulted in two primers 
and a probe: Yel6Sl, 5'-AGTCGAGCGGCAGCGGGAAGT-3', located in variable 
region 1; Yel6S3, 5'-TCTGGGCACATCCGATGGCGT-3\ located in the variable region 
2 of the 16S rRNA gene. Positive PCR-amplification with these primers yielded a product 
of 179-bp. The probe: Yel6S2, 5'-TTTACTACTTTCCGGGCGAGC-3\ located in the 
variable region 1, was used for Southern blot hybridisation. 

Selection of virf primers and probe 
The Y. enterocolitica v/rF gene sequence,24 the transcriptional activator of the Yersinia 
virulence regulon, was used to select two pair of primers and a probe. The first pair of 
primers: YvirF2, 5'-GCTCTGCGCCATTTAGGCAAC-3' and YvirFwt2, 5'-ACTCATCT 
TACCAT TAAGAAG-3', yielded a 224-bp fragment. The second pair of primers targeted 
to the internal portion of the first amplification product resulted in a PCR product of 94-
bp: YvirF3, 5'-CCCAGAAGAACGGTTGCAGAAAT-3' and YvirF5, 5'-AGAATACGT 
CGCTCGCTTATCC-3'. Primer YvirFwt2 was previously described by Wren and 
Tabaqchali.151 The probe, used for hybridisation of Southern blots, was targeted to the 
internal portion of both amplification products: YvirF4, 5'-GTTAATCCCATGCCGAAT 
TCTCG-3'. 

Experimentally infected rats 
Nine Lewis rats (Central Animal Laboratory, Nijmegen, The Netherlands) were 
intravenously infected with 104 colony-forming units (CFU) of Y. enterocolitica 0:8 WA 
(ATCC 9610). A non-infected Lewis rat was used as a negative control. Fourteen days 
after infection, all rats were killed and their spleens were removed. The tissues were cut 
and divided into two portions. The first was used to inoculate CIN- (Cefsulon, Irgasan, 
Novobiocin) agar which then was incubated at 37°C for 3 days to isolate Y. enterocolitica; 
27 mm3 of the second portion was cut and homogenised with disposable pellet pestles and 
tubes (Kontes, Vineland, N.J., USA), in 200 μΐ PAS-buffer (6% p-aminosalicylic acid 
[Sigma, St. Louis, L.A., USA], 1% NaCl, 10 mM EDTA, pH 8). 100 μg Proteinase К 
(Boehringer, Mannheim, Germany) was added; and the samples were incubated for 2 
hours at 37°C. DNA was purified by successive phenol, phenol-chloroform-isoamyl 
alcohol (25:24:1), and chloroform-isoamyl alcohol extractions followed by precipitation 
with ethanol overnight at -20°C. The DNA was dissolved in 100 μΐ of distilled water.87 

DNA concentration was determined with a Pharmacia GeneQuant RNA/DNA calculator 
(Pharmacia LKB, Cambridge, UK). 
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Figure 1: Specificity of the 16S rRNA-gene 
PCR fir Yerisniae. PCR was performed on a 
number of bacterial species as indicated in the 
figure. The reactions were analyzed by gel 
electrophoresis (A) and southern blot 
hybridization (Β). M indicates the molecular 
weight marker (100 bp ladder). 

Figure 2: Sensitivity of the 16 rRNA-gene PCR for 
Yersiniae. Sensitivity of the detection of tenfold 
diluted purified Y. enterocolitica DNA. The DNA 
concentrations are indicated above the lanes. M 
indicates the molecular weight marker (100 bp 
ladder). 

PCR-amplification of 16S rDNA gene- and WrF-sequences 
Polymerase chain reaction assays were performed in 100 μΐ of reaction mixture 
containing: 200 ng of DNA, 75 mM Tris-HCl (pH 9.0), 2.5 mM MgCl2, 20 mM 
(NH4)2S04, 0.01 % Tween-20, 0.2 mM dNTP's, 50 pmol sense primer, 50 pmol antisense 
primer and 0.2 U Tag DNA polymerase (Thermoperfect plus DNA polymerase, Integro, 
Zaandam, The Netherlands). Amplification was performed in a Perkin-Elmer Cetus 9600 
thermal cycler (Perkin-Elmer, Norwalk, CT., USA). For 16S rDNA amplification, 
primers YelóSl and Yel6S3 were used. The reactions were subjected to 40 cycles of 
amplification by means of the following cycling program: 1 minute denaturation at 94°C, 
1 minute annealing at 60°C and 30 seconds extension at 72°C. For the virF nested PCR, 
the first 40 cycles were performed with primers YvirF2 and YvirFwt2 and by means of a 
cycling program of: 1 minute at 94°C, 1 minute at 55°C and 30 seconds at 72°C. After the 
last cycle, 10 μΐ of the reaction mixture was added to a new PCR mixture containing 
primers YvirF3 and YvirF5. Again 40 cycles of PCR-amplification were performed. Each 
cycle for the nested PCR-amplification reaction involved 1 minute at 94°C, 1 minute at 
65°C and 30 seconds at 72°C. All cycling programs started with an initial denaturation 
step of 4 minutes at 94°C. 
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Figure 3: Specificity of the v;VF-gene PCR of Y. 
enterocolitica. PCR was performed on a number 
of bacterial species as indicated in the figure. 
The reactions were analyzed by gel electropho
resis. M indicates the molecular weight marker 
(100 bp ladder). 

Figure 4: Sensitivity of the v/VF-gene PCR of Y. 
enterocolitica. Sensitivity of the detection of ten
fold diluted purified Y. enterocolitica DNA. The 
DNA concentrations are indicated above the 
lanes. (A) results of PCR amplification of the 
"single" PCR; (В) results of PCR amplification of 
the "nested" PCR. M indicates the molecular 
weight marker (100 bp ladder). 

Analysis of amplified samples 
Aliquots of amplified samples (10 μ1) were analysed by gel electrophoresis on a 1.5% 
agarose gel and stained with ethidium bromide. For Southern blotting, the agarose gel was 
depurated in 0.25 M HCl, denatured in 0.5 M NaOH-1.5 M NaCl, and transferred to a 
nylon membrane (Hybond; Amersham International, Amersham, UK) by overnight 
diffusion blotting in 0.5 M NaOH-1.5 M NaCl. The DNA was bound to the nylon 
membrane by baking at 80°C for 2 hours. The oligonucleotide probes, Yel6S2 for 
detection of 16S-rRNA gene PCR products and YvirF4 for detection of VÍ>F-PCR 
products, were З'-end labelled, with digoxigenin-11-dUTP, according the terminal 
transferase method in the manufacturer's instructions (Boehringer). Hybridisation was 
performed by standard techniques.87 The membranes were prehybridised in 6x SSC (lx 
SSC is 15 raM sodium citrate plus 150 mM sodium chloride) - 5x Denhardt solution (lx 
Denhardt solution is 0.02% polyvinylpyrolidone, 0.02% Ficoll, and 0.02% BSA), 0.1% 
SDS, 250 μg of denatured sonicated salmon sperm DNA per ml at 42°C for 2 hours. 
Hybridisation was performed for 16 hours at 42°C in 6x SSC, lx Denhardt solution, 0.1% 
SDS, 100 μg of denatured sonicated salmon sperm DNA per ml plus 5 μΐ of З'-end 
labelled oligonucleotide probes per 10 ml of hybridisation mix. The blots were washed 
two times for 15 minutes at 42°C in 5x SSC, 0.1% SDS, and twice for 15 minutes at 42°C 
in lx SSC, 0.1% SDS. The detection method used was in accordance with the 
manufacturer's instructions (Boehringer) for detection of digoxigenin-11-dUTP labelled 
oligonucleotides with chemiluminescence. 
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Figure 5: 16S rRNA-gene PCR on infected rat 
spleens. PCR reaction analysis of experimentally 
infected rats. DNA was extracted from spleen and 
subjected to a general primer PCR assay for Yer
sinia. 1, spleen of rat number 1 ; 2, spleen of rat 
number 2; 3, spleen of rat number 3; 4, spleen of 
rat number 4; 5 spleen of rat number 5 (uninfected 
control rat); Y. ent., Y. enterocolitica DNA; M 
indicates the molecular weight marker (100 bp 
ladder). 

Figure 6: virF PCR on infected rat spleen. 
PCR analysis of experimentally infected rats. 
DNA was extracted from spleens and subjected 
to Y. enlerocolitica-spccific PCR amplification. 
1, spleen of rat number 1; 2, spleen of rat num
ber 2; 3, spleen of rat number 3; 4, spleen of rat 
number 4; 5, spleen of rat number 5 (uninfec
ted control rat); Y.ent., Y. enterocolitica DNA. 
The A and the В above the lanes indicate a 
single PCR and a nested PCR, respectively. M 
indicates the molecular weight marker 
(pBR322 Hinf). 

Results 

Specificity of the Yersiniae 16S rDNA general PCR assay 
Polymerase chain reaction amplification was performed on a panel of gram-negative 
bacterial strains to exclude nonspecific primer annealing. Specific amplification was 
observed with four Yersinia species (Y. kristensenii, Y.frederiksenii, Y. 
pseudotuberculosis and Y. enterocolitica respectively), but not with Y. ruckeri. None of 
the other microorganisms showed a positive amplification, with the exception of S. 
flexneri, E. chacea and K. pneumoniae (figure 1). Nevertheless Southern blot analysis 
with the oligonucleotide probe, Yel6S2, showed only clear hybridisation with Y. 
kristensenii, Y. pseudotuberculosis and Y. enterocolitica (see figure 1). Y. frederibenii did 
not hybridise with the oligonucleotide probe. 

Sensitivity of the Yersiniae 16S rDNA general PCR assay 
Serial tenfold dilutions of purified Y. enterocolitica DNA were tested by PCR. A 
sensitivity of 100 fg of DNA was obtained, as detected by gel electrophoresis (figure 2). 
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Specificity of the Y. enterocolitica specific PCR assay 
Specificity testing for PCR amplification was performed on all previously mentioned 
gram-negative bacterial strains. Only Y. enterocolitica showed positive PCR-amplification 
(figure 3). 

Sensitivity of the Y. enterocolitica specific PCR assay 
To determine the sensitivity of the Y. enterocolitica specific nested PCR, serial dilutions 
of purified Y. enterocolitica DNA were tested by PCR amplification. With the "single" 
PCR, a sensitivity on the gel of 100 pg of Y. enterocolitica DNA was obtained. With the 
"nested" PCR assay a sensitivity on the gel of 1 pg of target DNA was obtained (figure 
4). 

Experimentally infected rats 
Yersinia enterocolitica was cultured from the dissected spleens of all nine infected rats. 
With the 16S rDNA PCR all spleens were positive (figure 5), while the VÍVF-PCR was 
positive for eight animals (figure 6). The control spleen was negative in culture and in 
both PCR assays. 

Discussion 

The detection of Y. enterocolitica in clinical samples is still hindered by the limitations of 
the available diagnostic methods. Immunofluorescense microscopy either alone or in 
combination with culturing is rather insensitive. Culturing the bacterium must be preceded 
by a cold enrichment, in case of faecal contamination, to obtain a higher sensitivity and is 
therefore time consuming. Since infection with Y. enterocolitica may lead to severe 
clinical sequellae and bacteria may persist in different organs of the human body, it is 
important to detect the bacterium in an early phase of the infection to start treatment. As 
with many other micro-organisms, PCR has the potential to contribute to a more efficient 
diagnosis. Indeed, several PCR assays for the detection of Y. enterocolitica already have 
been described. However, what they all have in common is that they have only been tested 
on cultured bacteria or seeded clinical samples.,7'70,7'U51 Apart from this, these assays only 
detect either pathogenic Yersiniae alone or Yersinia species in general. This is why the 
clinical value of the PCR for the detection of Y. enterocolitica remains to be evaluated. 

By contrast, in this report, the authors described a two-step PCR assay for the detection 
of both Yersiniae in general and pathogenic Y. enterocolitica specifically. Using the 
general small subunit ribosomal RNA (ssrRNA) primer PCR assay for the detection of 
Yersiniae, the authors were able to amplify four of five Yersinia species tested. No 
amplification was observed with Y. ruckeri. This may be because a limited chromosomal 
relatedness exists between Y. ruckeri and other Yersiniae?* which suggests an apposition 
of the taxonomy of this Yersinia species. Indeed, alignment of the ssrRNA sequence of Y. 
ruckeri with other sequenced Yersiniae revealed only a limited homology. Moreover, Y. 
ruckeri is not considered to be a human pathogen, but is found mostly in fish.122 The 
amplification product of Y. frederiksenii did not hybridise with the ssrRNA 
oligonucleotide probe Yel6S2. Alignment of the probe sequence revealed four 
mismatches, excluding hybridisation under stringent conditions, similarly as has been 
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observed with Aspergillus.^ However, Y. frederiksenii is more closely related to Y. pestis, 
Y. pseudotuberculosis and Y. enterocolitica in comparison to Y. ruckeri.69 No 
hybridisation of the Y. frederiksenii amplification product after general ssrRNA gene PCR 
with the ssrRNA probe can be accepted, since Y. frederiksenii is not seen as a human 
pathogen.26,28 Although, Y. pestis was not available for testing, alignment of the ssrRNA of 
this species with the other Yersinia species predicted that Y. pestis can be detected equally 
well by the primer set described. 

The virF PCR, in contrast to the ssrRNA PCR, detects only pathogenic Y. 
enterocolitica isolates. No amplification with any other Yersinia isolates was observed. 
The sensitivity of the v/>F-PCR assay, however, was 1 pg, which equals approximately 
500 genome equivalents, while the sensitivity of the 16S rDNA PCR is 100 fg., which 
equals approximately 50 genome equivalents. This difference in sensitivity was expressed 
when the two-step PCR assay was evaluated in experimentally infected rats. All nine 
spleens from the Y. enterocolitica-infected rats were found positive by the general PCR 
assay but only eight were found positive when the v;>F-gene PCR assay was used. In 
contrast, other studies showed a detection rate of 10 to 30 bacteria in seeded samples.74" 
Although, no information is available yet concerning the amount of bacteria present in 
tissue-samples from patients, it cannot be excluded that the sensitivity for the detection of 
pathogenic Y. enterocolitica is not sufficient. Therefore, further evaluation and validation 
of this technique on human biopsy samples should be performed. 
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In situ localisation of Yersinia enterocolitica by catalysed 
reporter deposition signal amplification 

Paul T. Odinot, Jacques F.G.M. Meis, Jacomina A.A. Hoogkamp-Korstanje, 
Willem J.G. Melchers 

Aim: The sensitive detection of pathogenic Yersinia enterocolitica in 
paraffin embedded tissue sections by in situ hybridisation (ISH). Me
thods: У. enterocolitica infected cell lines, rat spleens, and patient biop
sy specimens were used to compare conventional ISH, immune fluo
rescence assay (IFA) detection, and catalysed reporter deposition 
(CARD) signal amplification ISH. Results: CARD-ISH was shown to be 
more sensitive then conventional ISH and had a comparable sensitivity 
to IFA. In contrast to IFA, CARD-ISH preserved good tissue morphol
ogy. Conclusions: CARD-ISH appeared to be a fast and sensitive ISH 
method for detecting Y. enterocolitica in routinely processed tissue 
sections. Application of this method allows the combination of routine 
detection and cellular localisation of the pathogen within the infected 
tissue. 
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Introduction 

Yersinia enterocolitica is an enteric pathogen which usually causes of a self limiting 
gastrointestinal infection.28,67 In some cases infection with this agent can be responsible for 
chronic and recurrent disorders in humans, such as chronic ileitis, hepatitis and arthritis.65 

The presence of serum antibodies against Y. enterocolitica (IgG, IgM and IgA) may reflect 
the difference between a recently acquired infection, the persistence of the microorganism, 
or a past infection,18·85 but does not give information on the actual presence of the 
bacterium. Therefore, the detection of Y. enterocolitica in tissue specimens might be 
important because this could eventually decide which treatment strategy should be 
followed. Several different detection methods have been described. Most of the techniques 
rely on culturing the bacterium from the specimen, which is difficult in the chronic stage 
of the infection, or on the multiplication of specific DNA sequences. 

Polymerase chain reaction (PCR) detection of the bacterium is relatively sensitive and 
specific, although in the case of Y. enterocolitica a combination of culture and PCR is 
often required to increase the sensitivity of detection.5'·70,74''09''51 

An alternative is the immune fluorescence assay (IFA) detection with serotype specific 
antibodies.67 The IFA technique is highly sensitive, and detection of the pathogen in 
routinely fixed and paraffin embedded sections can be performed. Despite the 
disadvantages of IFA, such as loss of tissue morphology and the need for several different 
antibodies to detect the different Y. enterocolitica serotypes, it is the most commonly used 
technique for detecting Y. enterocolitica. 

The advantage of in situ hybridisation (ISH) is the detection of the pathogen within the 
tissue while the tissue morphology remains preserved. In spite of the fact that 
conventional ISH is very specific, its sensitivity is limited and additional amplification of 
the signal is often required. Several techniques have been described to increase the 
sensitivity of ISH. Amplification of ISH signal can be performed with normal 
immunohistochemical amplification methods such as avidin-biotin complexes or enzyme 
labelled antibodies, but sensitivity is often still not sufficient.68 PCR-ISH uses the 
principles of PCR by amplifying the target sequence directly in tissue sections and it 
appears to be highly sensitive.106·107 The catalysed reporter deposition (CARD) 
amplification method creates a deposition of biotinylated tyramine at the place of the 
hybridised probe and amplifies the hybridisation signal. The biotinylated tyramine can be 
visualised with a fluorochrome or enzyme labelled avidin.76 We applied the CARD-ISH 
technique for the detection of Y. enterocolitica in paraffin embedded tissue sections. 

Materials and methods 

Bacteria 
Y. enterocolitica serotype 0:8 strain WA (ATCC 9610) harbouring the virulence plasmid 
was grown overnight at 26°C in brain-heart infusion broth followed by growth four hours 
at 37°C. The culture was subsequently washed with phosphate buffered saline (PBS) 
before infection of Caco-2 cells and Fischer 344 rats. In addition, an overnight culture was 
directly used for the isolation of the 70 kb Y. enterocolitica virulence plasmid (pYV).23 
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Isolation was performed with the Wizard Plus minipreps DNA purification system 
according to the manufacturer's instructions (Promega, Madison, Wisconsin, USA). 

Caco-2 cell line 
Human colon carcinoma derived Caco-2 cells"6 were grown to confluency on surfactant-
free nitrocellulose membrane filters (12 mm diameter, 0.4 μτη pore size, Costar, 
Cambridge, Massachusetts, USA) placed in 24 well tissue culture plates (Costar) in 
Dulbecco's modified Eagle's medium (DMEM, Sigma, St. Louis, Missouri, USA) without 
antibiotics, supplemented with 20% heat inactivated fetal calf serum, and 1% non
essential amino acids. Cells were incubated at 37°C and 90% relative humidity in air 
containing 5% C0 2. The medium was added to both the apical and basolateral sides of the 
cells and was changed daily. 

PBS washed bacterial suspensions of 2 χ IO8 CFU/ml in DMEM without supplements 
were made and 0.5 ml of this suspension was added to the apical side (brush border) of 
Caco-2 cells. Cells with bacteria were incubated at 37°C for six hours and formalin fixed 
and paraffin embedded for light microscopy. 

Experimentally infected rat 
Fischer 344 rats (Central Animal Laboratory, Nijmegen, The Netherlands) were 
intravenously infected with 10" CFU in 0.2 ml 0.9% saline Y. enterocolitica WA 0:8 
(ATCC 9610).108 A control Fischer 344 rat was injected with saline. Fourteen days after 
infection, rats were killed and their spleens were removed. The tissues were formalin fixed 
and paraffin embedded for light microscopy. 

Human biopsy specimens 
Biopsy specimens from two patients with a proven Y. enterocolitica infection were 
formalin fixed and paraffin embedded for light microscopy. Positive Y. enterocolitica 
infection was proven by positive anti-Yop serology (as described earlier30) and positive 
immune fluorescence assay (IFA, see below). An abdominal lymph node biopsy from a 
patient with a mild infection (У. enterocolitica serotype 0:5,27 or 0:9), and a stomach 
biopsy from the other patient who had a severe infection (Y. enterocolitica 0:3) were 
available. Colon biopsies of two patients with Crohn's disease were used as negative 
control biopsy specimens. 

DNA probes for ISH 
The pYV plasmid and the pBR322 plasmid were biotin-14-dATP labelled by nick-
translation with the BioNick Labelling System according tot the manufacturer's 
instructions (GibcoBRL, Life Technologies, Gaithersburg, Maryland, USA), generating 
biotin labelled DNA fragments of 100 to 500 bp in size. 

Preparation and pre-treatment of samples for ISH 
Formalin-fixed, paraffin-embedded 4 μιτι tissue sections of the Caco-2 cell line, rat 
spleens, and human biopsy specimens were mounted on SuperFrost Plus coated and 
positively charged glass slides (Menzel-Gläser, Germany) and heated overnight at 60°C. 
After dewaxing in xylene and rinsing in methanol the endogenous peroxidase activity was 
blocked for 15 minutes at room temperature in 1% H202-methanol. Slides were then 
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rinsed in methanol and air dried. Samples were incubated for five minutes in 1M NaSCN 
at 80°C and five minutes in demineralised water at 37°C, and then with 8000 U/ml pepsin 
(Sigma) in 0.2 M HCl at 37°C to create good accessible target DNA for the ISH-probes. 
The optimal pepsin digestion time was checked for each paraffin embedded tissue sample 
individually, starting with a time range from 1 to 10 minutes. The digestion times are 
critical as loss of morphology owing to section digestion can occur. Next, the slides were 
rinsed in demineralised water and dehydrated in an increasing alcohol range. Again 
endogenous peroxidase was blocked with 1% H 2 0 2 in methanol, mainly to inactivate the 
endogenous enzymes within tissues red blood cells, polymorphonuclear leucocytes and 
macrophages. Subsequently the sections were air dried after rinsing in methanol. 

In situ hybridisation and immunochemical detection 
The Y. enterocolitica plasmid probe was hybridised to the paraffin sections at a probe 
concentration of 2 ng/μΐ hybridisation mixture (60% deionised formamide (Merck, 
Darmstadt, Germany), 10% dextran sulphate (Sigma), 2 χ SSC pH 7.0 (1 χ SSC = 0.15 M 
NaCl/0.015 M Na-citrate)), and 50 ng/μΐ herring sperm DNA (Boehringer Mannheim, 
Mannheim, Germany). Twenty microliters of probe mixture were applied to the sections 
under a coverslip (24 χ 50 mm) and sealed with rubber cement. Probe and target DNA 
were denatured at 80°C for 10 minutes in a moist chamber. After overnight hybridisation 
at 37°C, the coverslips were removed by immersing the slides in 2 χ SSC at 42°C. Post-
hybridisation washes were carried out twice in 60% deionised formamide in 2 χ SSC for 
five minutes and twice in 2 χ SSC for five minutes at 42°C. Next, the sections were rinsed 
in phosphate buffered saline with 0.05% Tween-20 (Sigma) (PBST) at room temperature. 

The horse radish peroxidase labelled ABC method was applied for the detection of the 
biotinylated probe in the sections,68 using the Elite ABC kit (Vector Laboratories, 
Burlingame, California, USA). Incubations were performed for 30 minutes at 37°C. PBST 
containing 1% non-fat dry milk (Protifar, Nutricia, The Netherlands) (PBSTM) was used 
for all incubation steps. All washing steps between the incubations were three times in 
PBST for five minutes at room temperature. For blocking non-specific signals the tissue 
sections were preincubated with PBSTM for 15 minutes at 37°C. Next, mouse antibiotin 
(1:100, Boehringer Mannheim), biotinylated horse antimouse (1:200, HsaM-bio, Vector), 
and ABC (avidin 1:100, biotin-peroxidase 1:100, Vector) were applied. After rinsing in 
PBST and PBS, demonstration of horse radish peroxidase was accomplished by 
precipitating 3,3'-diaminobenzidine tetrahydrochloride (DAB, Pierce, Rockford, Illinois, 
USA) through the reaction of H 2 0 2 (Merck) and horse radish peroxidase. Sections were 
incubated with 0.05% DAB/0.15% H 2 0 2 in PBS with 0.65% imidazole (Merck) for five 
minutes. After rinsing in demineralised water, the DAB signal was amplified with 0.5% 
CuS04 in 0.9% NaCl for one minute and sections were again rinsed in demineralised 
water. Sections were counterstained with Mayer's haematoxilin and eosin. Finally, 
sections were mounted in Permount (Fisher Scientific, Fair Lawn, New Jersey, USA). 

Catalysed reporter deposition (CARD)-ISH signal amplification 
A normal ISH and ABC method (as described above) was used up to the DAB detection. 
Before amplification with the CARD-ISH signal amplification method, biotinylated 
tyramine (BT) was made up as previously described by Kerstens et al.16 For the CARD-
ISH signal amplification, BT was precipitated through the enzymatic reaction of horse 
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radish peroxidase . The specimens were incubated with BT-PBS and 0.01% H202 for Five 
minutes at room temperature. The BT concentration was 0.7 μΜ. After rinsing in PBST, 
the biotin precipitate was detected with a second incubation of ABC (dilute ABC complex 
1:4) for 20 minutes at 37°C. After rinsing in PBST and PBS, horse radish peroxidase was 
demonstrated as described above. 

Immune fluorescence assay (IFA) 
Sections from the same tissues as described above were deparaffmated and treated with 
protease XIV (0.0125%, Sigma) in PBS for 30 minutes at 37°C. Mouse monoclonal 
antibodies against Y. enterocolitica serotypes 0:8 and 0:3, and a cross reactive antibody 
against serotypes 0:3, 0:5,27, and 0:9, in dilutions of 1:25, 1:20 and 1:20 respectively in 
PBS, were added, followed by addition of fluorescein isothiocyante (FITC) conjugated 
rabbit antimouse immunoglobulins (1:100, Dakopatts, Glostrup, Denmark).67 Both 
monoclonal antibodies showed a clear, sharp cell wall fluorescence. 

Results 

The CARD-ISH detection of Y. enterocolitica in infected Caco-2 cells and rat spleen was 
compared with ISH and IFA on parallel sections (figure 1). When using ISH with the 
conventional ABC method, weak hybridisation signals were observed in both infected 
Caco-2 cells and rat spleen (figure 1, В and F). After application of the CARD-ISH 
method, clear hybridisation signals and additional hybridisation signals were observed 
(figure 1, С and G). IFA showed a similar sensitivity as CARD-ISH, although with IFA a 
loss of tissue morphology was observed (figure 1, D and H). When biotinylated pBR322 
was used as control probe no hybridisation signals were observed in infected Caco-2 cells 
and rat spleen (figure 1, A and E). 

Figure 2 shows the results of CARD-ISH and IFA on parallel human biopsy tissue 
sections of two patients infected with Y. enterocolitica. Patient 1 (figure 2, Α-C) had a 
mild infection in an abdominal lymph node, and patient 2 (figure 2, D-F) had a severe 
infection in the stomach. A CARD-ISH control with biotinylated pBR322 as probe is 
shown in figure 2, panels A and D. No hybridisation signal was observed in either panel. 
The CARD-ISH with the Y. enterocolitica virulence plasmid as probe is shown in figure 2, 
panels В and E. Panel В shows a small focus of infection and some solitary bacteria, while 
panel E shows a large focus of infection. Panels С and F in figure 2 show the IFA 
detection of Y. enterocolitica. This IFA detection showed similar results to the CARD-ISH 
detection, but with loss of tissue morphology. 

As negative controls, colon biopsies of two patients with Crohn's disease were 
analysed. IFA was performed to compare the signals with the CARD-ISH. Both IFA and 
CARD-ISH were negative. No CARD-ISH signal was observed in the surrounding tissue 
or in normal intestinal flora (data not shown). 
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Figure 1: Results of ISH, CARD-ISH, and IFA on paraffin wax sections of infected Caco-2 cells and 
rat spleen. (A)-(D), Y. enterocolitica serotype 0:8 strain WA (ATCC 9610) infected Caco-2 cell line; 
(E)-(H), Y. enterocolitica serotype 0:8 strain WA (ATCC 9610) infected rat spleen; (A) and (E), 
control CARD-ISH with pBR322 probe; (B) and (F), normal ISH with pYV probe; (C) and (G), 
CARD-ISH with pYV probe; (D) and (H), IFA with a Y. enterocolitica serotype 0:8 mouse 
monoclonal antibody. All preparations were briefly counterstained with Mayer's haematoxilin and 
eosin. 
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Figure 2: Results of CARD-ISH and IFA on paraffin wax sections of clinical biopsy specimens from 
two patients with a Y. enterocolitica infection. (A)-(C), lymph node biopsy specimen from a patient 
with a mild Y. enterocolitica infection; (D)-(F), stomach biopsy specimen from a patient with a more 
severe Y. enterocolitica infection; (A) and (D), control CARD-ISH with pBR322 probe; (B) and (E), 
CARD-ISH with pYV probe; (C) and (F), IFA with a Y. enterocolitica serotype cross reactive 
antibody against serotypes 0:3, 0:5,27, and 0:9. All preparations were briefly counterstained with 
Mayer's haematoxilin and eosin. 
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Discussion 

The detection of bacteria in routinely fixed tissue samples for light microscopy is still 
hampered by low sensitivity and specificity of the methods available. IFA is still the most 
commonly used routine method for detecting of Y. enterocolitica. However, IFA requires 
different Y. enterocolitica serotype specific antibodies,67 and tissue morphology is 
completely lost. For ISH a single probe can be used to detect different serotypes, while 
tissue morphology is generally well preserved. On the other hand, the sensitivity of ISH is 
limited. To improve the sensitivity of this method several immunohistochemical 
amplification methods have been developed. Sequential incubations with various 
antibodies are performed or else the most sensitive immunohistochemical signal 
amplification technique - the horse radish peroxidase labelled avidin-biotin complex 
(ABC) technique - is applied to increase the sensitivity.68 Although both methods result in 
a higher sensitivity, it is still often insufficient. 

Another option is to combine immunohistochemical amplification with a multicopy 
target or with probes ranging from several kilobases up to the size of the total bacterial 
genome.9,142 This combined ISH method has already been applied successfully for the de
tection of different human pathogens, for example. Helicobacter pylori, Chlamydia tra
chomatis, Leishmania, Plasmodium falciparum and various different viruses.5,12·'36,141,10 

However, in cases when only probes of 30 to 50 bases can be used or when the accessi
bility of the DNA target is poor, the sensitivity of ISH remains a limiting factor. In addi
tion, in order to detect bacteria long enzyme digestions are generally required to obtain 
good accessible target DNA; while this results in optimal hybridisation it also leads to a 
loss of tissue morphology. To circumvent these problems enhanced amplification is neces
sary. 

Recently, amplification methods have been described which increase the sensitivity of 
the ISH. The PCR-ISH is based on the amplification of nucleic acids in the tissue section, 
directly followed by a normal ISH.106 The CARD-ISH on the other hand, starts with a 
normal ISH, after which the detection signal is amplified.76,118 Both methods allow the 
detection of a single copy of the human papilloma virus (HPV) 16 in SiHa cells with 
similar sensitivity, while normal ISH was limited by a threshold of 20 copies per cell.106,118 

Furthermore, both CARD-ISH and PCR-ISH can be performed within 24 hours. Although 
the sensitivity of both methods is similar and both are rapid, expensive equipment and 
reagents are required for PCR-ISH while for CARD-ISH, normal ISH and 
routine immunohistochemical reagents and equipment can be used, making the CARD-
ISH method more applicable for routine settings. 

Zehbe et al recently described a modified CARD-ISH method in which they used a 
nanogold label with silver acetate autometallography to visualise the probe.152 With this 
modified CARD-ISH method the sensitivity for the detection of HPV 16 in SiHa cells was 
similar to that achieved when enzymatic detection was used for visualisation. However, 
the signals were sharper and contrast was increased compared with enzymatic detection, 
resulting in better ability to judge positivity. Moreover, for pathofysiological studies, this 
modified CARD-ISH can be very useful since gold and silver are very electron-dence, 
which allows the use of the CARD-ISH in electron microscopy. 

Detection of Y. enterocolitica in cases of chronic infection and extraintestinal 
complications is almost impossible.35,67 In these cases organism disappears from the 
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circulation and hides withm the gut associated lymphoid tissue and other lymphoid tissues.6 

The only direct detection of the bacterium then possible is in biopsy samples. The CARD-
ISH system appears to be a good molecular tool to demonstrate Y enterocohtica within 
infected tissues and to provides direct information of the presence of Y enterocohtica in 
such tissues. Furthermore, the CARD-ISH can be used to gain knowledge about the 
pathofysiology of Y enterocohtica infections. 
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Chapter 6 

Local expression of cytokine m RNA in spleen and 
Peyer's patches of rats is involved in resistance against 
infection with Yersinia enterocolitica 

P.T. Odinot, J.H.A.J. Curfs, J.F.G.M. Meis, W.J.G. Melchers and J.A.A. 
Hoogkamp-Korstanj e 

The immune-response against infection with Yersinia enterocolitica was 
studied in a rat model which resembles yersiniosis in humans. Lewis, 
Fischer and Brown Norway rats were inoculated with У. enterocolitica 
and the cytokine mRNA expression in spleen and Peyer's patches was 
determined. In Brown Norway rats the infection was mild and Yersinia 
enterocolitica was fully cleared. In these rats the highest anti
inflammatory cytokine expression was found probably resulting in a 
protective host defence against the infection. In both the Lewis and 
Fischer rats У. enterocolitica persisted. The anti-inflammatory cytokine 
expression was less pronounced in these two rat strains. The authors 
conclude that progression of disease, persistence of the infection and 
development of reactive arthritis, may be related to the local expression 
of specific cytokines. 



Chapter 6 

Introduction 

Yersinia enterocohtica is a common human enteric pathogen The most common form of 
invasive yersimosis is mesenteric adenitis, sometimes with subsequent abscesses in liver 
and spleen 2 8 , 2 ? 129 w Yersinia enterocohtica may also cause chronic diseases such as 
lymphadenitis, ileitis, hepatitis and arthritis, occurring in about 30% of the patients with 
yersimosis 4 0 n i 

Factors that determine the development of either an acute or a persistent infection are 
unknown Persistence of Y enterocohtica has proven to be due to a prolonged stimulation 
of the immune response and the subsequent inflammation ' 2 Beside this, genetic 
predisposition may play a role in the development of reactive arthritis, because reactive 
arthritis has been found to be associated with the major histocompatibility complex 
(MHC) class I antigen HLA-B27 z 8 4 0 " « 6 5 

Recently we described the infection pattern of Y enterocohtica in a rat model with 
Lewis, Fischer 344 (F344) and Brown Norway (BN) rats3 0 These rat strains reacted 
differently upon the infection with Y enterocohtica which closely paralleled the human 
situation30 65 Y enterocohtica persisted in Lewis and F344 rats, but only the Lewis rats 
developed reactive arthritis Abscesses could be found in liver and spleen of all three rat 
strains, persisting for more then 21 days in Lewis and F344 rats In contrast, m BN rats, 
abscesses started to disappear after 21 days and the infection was cleared within 28 days 

Since cytokines are directly involved in the regulation of the host immune response 
against bacterial infections,5 7 1 6 83 8 4 1 3 2 we used the above rat model to investigate the local 
immune response in the target organs for Y enterocohtica, spleen and Peyer's patches 
(PP) and its possible role in disease development Our results indicate that differences in 
cytokine expression may explain differences in the course of infection with Y 
enterocohtica 

Materials and methods 

Infection of rats 
Three different rat strains were used in all experiments Lewis and Fischer 344 were 
obtained from colonies maintained at the Central Animal Laboratory, University of 
Nijmegen and Brown Norway rats were obtained from TNO, Rijswijk, The Netherlands 
From each rat strain 27 male rats, weighting at least 300 g, were used The rats were 
housed m plastic cages under specific pathogen-free conditions and received water and 
food ad libitum 

All rats were infected intravenously with approximately 10" cfu Yersinia enterocohtica 
serotype О 8 WA, which contained the virulence plasmid pYV 23 26 Before infection, the 
bacteria were cultured overnight in Brain Heart Infusion (BHI) broth at 26°C Three rats 
from each rat strain were killed at 0,4, 6, 24 hours, and 7, 14, 21, 28 and 61 days after 
infection Spleen and Peyer's patches (PP) were removed and immediately frozen in liquid 
nitrogen for the detection of cytokine mRNA Sections of these tissues were also assayed 
for live bacteria 
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Bacterial culture 
Y. enterocolitica was cultured from homogenised tissue samples (spleen and PP) on 
Columbia blood agar plates and selective CIN plates (Cefsulodin Irgasan Novobiocin, 
Oxoid). Colonies were identified as Y. enterocolitica with an API 20E or 50 SH assay 
(Bio-Mérieux, Marcy l'Étoile, France). From each cultured plate colonies were counted 
and estimates were made of the number of cfu/g tissue. 

Selection of primers and probes 
Primers and probes were selected from the literature (IL-4 and ß-actin103104) or designed 
by alignment of cytokine cDNA sequences from the Genbank/EMBL database, by using 
the sequence analysis software package from the Genetics Computer Group at the 
University of Wisconsin (IL-Iß, IL-lRa, IL-6, IL-10 and TNF-a). Primers and probes 
were purchased by Pharmacia Biotech (Roosendaal, The Netherlands). For primer and 
probe sequences see table 1. 

RNA purification and reverse transcription of RNA 
For RNA extraction tissue sections were cut with sterile scalpels and homogenised with 
sterile disposable pellet pestles and tubes (Kontes, Vineland, N.J., USA). RNA was 
extracted according to the single-step RNA isolation method as described by 
Chomczynski and Sacchi.22 RNA pellets were washed with 75% ethanol, air dried and 
dissolved in diethyl pyrocarbonate (DEPC, Sigma, St. Louis, USA) treated sterile water 
containing 0.3 U/ml RNAguard (Pharmacia Biotech AB, Uppsala, Sweden). The RNA 
concentration was determined with a Pharmacia GeneQuant RNA/DNA calculator 
(Pharmacia LKB, Cambridge, UK). 3 mg of isolated RNA from each sample was reverse 
transcribed to cDNA in 25 ml reverse transcriptase (RT) buffer (50 mM Tris-HCl pH 8.3, 
50 mM KCl, 10 mM MgCl2, 5 mM spermidine) containing 4.8 mg random primer pd(N)6 

(Boehringer, Mannheim, Germany), 15 U AMV reverse transcriptase (Promega, Madison, 
WI, USA), 1.67 mM dNTPs and 20 mM dithiotreitol. The reaction was incubated at 42°C 
for 1 hour. cDNA was stored at -20°C until use. 

PCR amplification and autoradiography 
PCR-reactions were performed in 50 ml of reaction mixture containing 2 ml of cDNA, 75 
mM Tris-HCl pH 9.0, 2.5 mM MgCl2, 20 mM (NH4)2S04, 0.01 % Tween-20, 0.2 mM 
dNTPs, 25 pmol forward primer, 25 pmol reverse primer (table 1) and 0.2 U Taq DNA 
polymerase (Thermoperfect plus DNA polymerase, Integro, Zaandam, The Netherlands). 
Amplification was performed in a Perkin-Elmer Cetus 9600 thermal cycler. The reactions 
were subjected to 35 cycles of amplification for the different cytokines, and 30 cycles of 
amplification for ß-actin (30 seconds denaturation at 94°C, 2 minutes annealing of primers 
at 55°C, followed by 2 minutes of »r*.p:;fn.cii:on at 72°C). After the last cycle, aliquots of 
10 ml were analysed by gel electrophoresis on a 1.5% agarose gel stained with ethidium 
bromide. Southern blotting and hybridisation was performed as previously described.144 

All probes were end-labelled ν ith [y-32P]-dATP (Amersham Life Science, Amersham, 
UK) and were diluted to a concentration of 1x106 counts/ml hybridisation buffer.87 

Overnight exposure of X^t signals of all the Southern blots was done simultaneously on 
Kodak X-ray films (Kodak XAR-5, Eastman-Kodak, Rochester, NY, USA). The signals 
were semi-quanti*.»ced by digitising the autoradiograms and analysing the digitised 
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autoradiogram data with the ImageQuant™ (Molecular Dynamics) densitometer 
computer-program. Results of cytokine mRNA copies were expressed as a percentage of 
ß-actin mRNA copies. 

Table 1. Primer and probe sequences for the amplification and detection of cytokine and ß-actin cDNAs. 

primer specificity sequence product size source 
IL-1 β forward rat, mouse 5'-TGACCTGGCTGTCCAGATGAGAGCAT-3' 

IL-lß reverse 5'-TGTCCATTGAGGTGGAGAGCTTTCAGC-3' 
IL-1 β probe 5'-GCTACCTATGTCTTGCCCGTG-3' 
IL-IRa forward rat, mouse 5'-TCTCTCTCCTTCTCATCCTTCTGT-3' 
IL-1 Ra reverse 5 '-GGCACCATCTCTATCTTTTCTTCT-3 ' 
IL-IRa probe 5'-TTACAAGGACCAAATACCAAACT-3' 
IL-4 forward rat 5'-ACCTTGCTGTCACCCTGTTCTGC-3' 

IL-4 reverse 5'-GTTGTGAGCGTGGACTCATTCACG-3' 

IL-4 probe 5'-TTACGGCAACAAGGAACACCACGG-3' 
IL-6 forward rat, mouse 5'-CCAGTTGCCTTCTTGGGACTGATG-3' 
IL-6 reverse 5'-AATTTCAATAGGCAAATTTCCTG-3' 
IL-6 probe 5'-GGAGAGGAGACTTCACAGAGG-3' 
IL-10 forward ral, mouse 5'-TGCAGGACTTTAAGGGTTACTTGGGTT-3' 
IL-10 reverse 5'-GCTTCTATGCAGTTGATGAAGATGTCA-3' 
IL-10 probe 5 '-TGTGAGAATAAAAGCAAGGCAGTGG-3 ' 

TNF-a forward rat 5'-ATGAGCACAGAAAGCATGATC-3' 
TNF-a reverse 5'-TTGGGAACTTCTCCTCCTTG-3' 
TNF-a probe 5'-CTCTTCTGTCTACTGAACTTC-3' 
ß-actin forward rat 5'-AGAAGAGCTATGAGCTGCCTGACG-3' 
ß-actin reverse 5 '-CTTCTGCATCCTGTCAGCCATGC-3 ' 
ß-actin probe 5'-CACTATCGGCAATGAGCGGTTCCG-3' 

339 bp 

192 bp 

352 bp 

308 bp 

298 bp 

196 bp 

236 bp 

Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Refs 103,104 
Refs 103,104 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 
Genbank/EMBL 

Refs 103,104 
Refs 103,104 
Genbank/EMBL 

Results 

Characteristics of infection 
Yersinia enterocolitica infection in the three different rat strains resulted in abscesses in 
the spleen of all animals and in some animals also in the liver and lungs. Yersiniae were 
recovered from all abscesses. Bacteria could be demonstrated within the PP of Lewis rats 
and sporadically within the PP of the F344 and BN rats. PP were enlarged and histological 
examination showed proliferation of lymphatic tissue. After day 21 only the BN-rats 
showed regression of the abscesses and all organs became culture negative on day 28. 
After 14 days the Lewis rats showed reactive arthritis, which was cleared at day 61. A 
detailed overview of the characteristics of infection is described previously.30 

Expression of the local cytokines in different rat strains 
The expression of locally produced cytokine mRNA's of IL-IRa, IL-lß, IL-4, IL-6, IL-10 
and TNF-a in the spleens and PP of the three different rat strains is shown in figures 1-3. 
In BN Peyer's patches an early and constant relatively high expression of mRNA of the 
anti-inflammatory cytokines IL-IRa, IL-4 and IL-10 was observed throughout the whole 
period. The pro-inflammatory cytokines IL-lß and IL-6 were expressed at a lower level. 
Expression of TNF-a mRNA was relatively high and similar to the expression of IL-IRa, 
IL-4 and IL-10. Furthermore, an increase in TNF-a expression at days 21 and 28 post 
infection (figure 1) was observed. 
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Figure 1: Expression of IL-lß, TNF-α, IL-6, IL-lRa, IL-4 and IL-10 in Peyer's patches of Lewis, 
Fischer 344 and Brown Norway rats. Results are expressed as the mean percentages ± standard 
deviations (errorbars) (three rats) of cytokine mRNA expression in rat Peyer's patches in percentages 
of ß-actin mRNA expression. 

All cytokines in BN spleen, with the exception of IL-10 and IL-lß which showed a 
peak expression, were expressed at a low expression level. However, the expression of 
cytokines TNF-α and IL-4 increased at 28 days post infection, coinciding with the 
resolution of the splenic abscesses. IL-10 mRNA expression was only found at 6 hours 
post infection (figures 2 and ЗА). 

In the Peyer's patches of F344 rats the mRNA of the pro-inflammatory cytokines IL-lß 
and IL-6 were not or moderately expressed at 4 - 24 hours post infection. TNF-α was 
expressed at a low level. A low IL-lRa and IL-10 expression was found at 4 - 24 hours 
post infection. IL-lRa and IL-10 expression increased between 21 and 61 days post 
infection. Remarkably no IL-4 expression was found (figure 1). 

All cytokine mRNAs, except IL-10, were expressed constitutively in the spleen of 
F344, although a decreased expression of IL-lß and IL-6 was found from day 21 to day 61 
post infection. Also, no expression of IL-4 mRNA was found in the spleen of the F344 
rats (figures 2 and 3B). 

IL-6, IL-lRa and IL-4 expression in Lewis Peyer's patches gradually increased up to 61 
days post infection. A peak expression at 7 days post infection was found for IL-lß. TNF-
α was constitutively expressed during the whole infection period. IL-10 expression was 
relatively high although no expression was found at 4 and 6 hours post infection (figure 
1). 
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IL-1ß TNF-a IL-6 IL-1ra IL-4 IL-10 

Figure 2: Expression of IL-Iß, TNF-a, IL-6, IL-IRa, IL-4 and IL-10 in spleen of Lewis, Fischer 344 
and Brown Norway rats. Results are expressed as the mean percentages ± standard deviations 
(errorbars) (three rats) of cytokine mRNA expression in rat spleen in percentages of ß-actin mRNA 
expression. 

In Lewis spleen all cytokines were constitutively expressed during the whole infection 
period. TNF-a and IL-6 slightly increased over the infection period. A peak expression of 
IL-4 was found at 6 hours post infection. At 14 to 28 days post infection again an increase 
in IL-4 expression was observed (figures 2 and 3C). 

Overall in the Lewis and F344 rats PP and spleen a higher level of expression of the 
pro-inflammatory cytokines was found, while in the BN rats a lower level of pro
inflammatory cytokines in PP and spleen and a higher level of anti-inflammatory 
cytokines in PP was found (figures 1 and 2). 

In general, an increase in IL-Iß and IL-6 and a moderate increase in IL-IRa was found 
in the Peyer's patches of Lewis and F344 rats. A constitutively high expression of TNF-a, 
IL-IRa, IL-4 and IL-10 was observed in the BN Peyer's patches. The expression was high 
for the cytokines IL-10, IL-IRa, IL-Iß and TNF-α in Lewis and F344 spleens compared 
to BN rats, except for IL-4 that was not expressed in F344 spleens. In BN spleens all 
cytokines were expressed at a low level except, IL-4 and TNF-α, which peaked at day 28 
post infection. 
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A. BN Peyer's patches 
0 hours 4 hours 6 hours24 hours 7davs 14 days 21 days 28 days 61 days 

B. Fischer 344 spleen 
0 hours 4 hours 6 hours24 hours 7davs 14 days 21 days 28 days 61 days 

C. Lewis spleen 
0 hours 4 hours 6 hours24 hours 7days 14 days 21days 28 days 61 days 

IL-4 m · · 

Figure 3. Southern blot analysis of PCR amplification of cytokine mRNA expression of IL-Iß, TNF-
α, IL-6, IL-IRa, IL-4, IL-10 and ß-actin: (A) Brown Norway spleen, (B) Fischer 344 spleen and (C) 
Lewis spleen. Times indicated above the figures are sample times after inoculation of the rats. In front 
of the figures the different cytokines are indicated. 
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Discussion 

Infection with Y. enterocolitica may result in acute to chronic infections that may be 
accompanied by the development of sequellae.65·67 Since yersiniosis in rats closely 
resembles Yersinia infection in humans, studies in rats may be a good model for the study 
of the immune response after infection. 

In this study, clear differences in infection characteristics and in cytokine mRNA 
expression between the three rat strains was found. In the BN rat with the mildest disease, 
a constant high expression of the anti-inflammatory cytokines was found in the PP, while 
the spleen showed a lower expression of anti-inflammatory cytokine mRNA. Interestingly, 
IL-4 mRNA expression increased around day 14 to 28 in the spleen, which happened at 
the same time as the increase in antibody response30 and the disappearance of the 
abscesses. The low pro-inflammatory cytokine mRNA expression, may account for the 
milder disease in the BN rats. The high and increasing TNF-a mRNA expression in both 
PP and spleen, seem to be in conflict with the above finding. However, Autenrieth et al.1 

and Bohn et al.|6 showed that TNF-α expression is an essential mediator of a protective 
host response against Yersiniae and is of importance in resistance against Y. enterocolitica 
infections in mice. Thus, high TNF-α expression might also account for resistance against 
Y. enterocolitica in the BN rats. Remarkably, IL-4 expression was completely absent in PP 
as well in the spleen of F344 rats. Compensation for this lack of IL-4 expression in the 
F344 rats may be an increase of IL-IRa and IL-10 mRNA expression in the spleen and 
peak expression of IL-10 at 6 - 24 hours in the PP during the infection. Furthermore, it has 
been described that IL-4 knock-out mice appear to be healthy and a normal Τ and В cell 
development occurs.79 This may suggest that, although F344 rats show no detectable IL-4 
expression, a normal but weaker immune response may occur. This may therefore account 
for the persistence of Y. enterocolitica in the F344 rats. Apart from this, a high mRNA 
expression of pro-inflammatory cytokines in the spleen of F344 rats may contribute to a 
prolonged inflammation of the spleen, but is unlikely to contribute to the development of 
clinical sequellae such as reactive arthritis. 

The Lewis rats, on the other hand, show no clear differences in expression between pro-
and anti-inflammatory cytokines. Apart from this, the expression of most cytokines 
increases after the acute phase (until day 7) of the infection. Enhanced expression of all 
cytokines during infection may be indicative of a persistent infection. Continuous higher 
expression of these cytokines may also be responsible for the development of reactive 
arthritis in this strain. The differences that we observed in the course of infection may vary 
between rat strains which results from differences in genetic background, that contribute 
to differences in immune response. Indeed, the same was found in previous studies with 
those rat strains. Herbort et al.60 challenged Lewis, F344 and BN rats with Salmonella 
endotoxin and showed a similar severity in disease between the three rat strains as in this 
study. Lewis rats showed a maximal inflammation, F344 rats a less severe inflammation 
and BN rats the least profound inflammation. Beside this, Peers et α/."3 found that the 
antibody titres in response to Mycobacterium tuberculosis and ovalbumin were the lowest 
in the Lewis rats while the BN rats showed the highest titers and, the F344 rats showed an 
intermediate antibody titre, tending to the lower titres of the Lewis rats. Similar results 
were obtained with our infection model30 when looked at the antibody response with 
immunoblotting. Lewis and F344 rats showed a lower antibody response against the YOPs 
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(Yersinia outer proteins, released proteins) than the BN rats. In contrast, Gaede et al.w 

found a more vigorous antibody response in the Lewis rats and a delayed antibody 
response against YOPs in F344 rats. In their study, Lewis rats developed reactive arthritis, 
whereas F344 rats did not. Also, in our experiments30 Lewis rats developed reactive 
arthritis in contrast to F344 rats but no evidence of a delayed antibody response was found 
in F344 rats, which makes it unlikely that a relatively early antibody response may explain 
the development of reactive arthritis in Lewis rats. 

As described by Hill et al.6ì the development of reactive arthritis after infection of rats 
with Y. enterocolitica is closely linked to the presence of the responsible organism 
somewhere in the infected host. They indicated that the persistence of bacteria in the 
Lewis rats might be the reason for the development of reactive arthritis. In addition, 
experiments with SHR rats (Spontaneously Hypertensive Rats)92 suggested that the 
development of reactive arthritis depended on persistence of the bacteria in the infected 
host. As described in human reactive arthritis the genetic background (MHC type) may 
play a role.10 However, SHR and WKY rats (Wistar Kyoto, the normotensive strain of 
SHR) that share the same histocompatibility antigens differ in their susceptibility to Y. 
enterocolitica-induced arthritis.135 Furthermore, the microbial status of the host may play a 
role as described by Gripenberg-Lerche and Toivanen.47,48 This indicates that the 
development of reactive arthritis following a persistent infection with Y. enterocolitica 
may depend on the immune-status rather than on the MHC type. 

Here we have demonstrated that three rat strains react differently to an infection with Y. 
enterocolitica. The patterns of mRNA expression for cytokines and consequently the 
immune response is strain dependent which affects the course and outcome of the 
infection. 
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Summary and general discussion 

The Yersinia genus comprises a number of different species, of which 
most members are non-pathogenic for humans. The three human 
pathogenic Yersinia species are Y. pestis, Y. pseudotuberculosis and 
Y. enterocolitica, which all share a common tropism for lymphoid tissue. 
They all harbour a plasmid (pYV), also called the Yersinia Yop virulon 
or virulence plasmid, which determines pathogenicity. The loss of the 
complete plasmid or of some Yops always correlates with a loss of 
pathogenicity. This thesis focuses on V. enterocolitica. Usually, Y. 
enterocolitica causes acute infections that are either subclinical or 
cause mild enteritis. Some infections, however, may lead to the 
development of a persistent infection with or without immunopathological 
sequelae such as reactive arthritis (ReA) and erythema nodosum. A more 
detailed overview of the epidemiology, infection and pathogenesis of V. 
enterocolitica is given in chapter 1. 

The studies described in this thesis have focused on (i) the molecular 
epidemiology and diagnosis of Y enterocolitica infections and (ii) the 
immunological response against Y. enterocolitica infections and its role 
in microbial persistence. 



Chapter 7 

Molecular epidemiology and 
diagnosis of Y. enterocolitica infections 

Typing methods based on detecting genetic differences between microorganisms make use 
of the unique individual genetic constitution of these organisms which in contrast to, for 
example, phenotypic methods, are not influenced by environmental factors. 

Chapter 2 describes the potential value of a relatively new molecular typing method, 
the polymerase chain reaction (PCR) fingerprinting, for epidemiological surveys. A more 
detailed evaluation of this method is presented in chapter 3 in which PCR-fingerprinting 
is used for the genetic characterisation of clinical isolates of Y. enterocolitica combined 
with a comparison of conventional phenotypic typing methods. The high discriminatory 
power of PCR-fingerprinting to differentiate a large number of clinically unrelated Y. 
enterocolitica strains, shows that PCR fingerprinting is a potential powerful tool for 
epidemiological surveys of Y. enterocolitica infections or outbreaks. 

It is evident that PCR-fingerprinting has proved its value for the genetic 
characterisation of many different microorganisms, including bacteria, parasites and 
fungi.1''7 However, although PCR-fingerprinting has already been used to genetically 
characterise a large number of different microorganisms, the technique still requires 
further optimalisation. This mainly concerns inter- and intra-laboratory reproducibility. 
However, it should be noted that although reproducibility of the fingerprints obtained 
remains to be a problem, outbreak strains are generally recognised as is recently shown in 
a multicentered analysis oí Staphylococcus aureus isolates.13" Apart from this, PCR-
fingerprinting is a fast and easy to perform technique which can be integrated in routine 
evaluations in microbiological laboratories. PCR-fingerprinting should therefore be 
considered as a good alternative for both the genetic and phenotypic typing methods 
currently available in medical microbiology. 

The detection of Y. enterocolitica in clinical samples is still hampered by the sensitivity 
of the available techniques. Only during the early phase of infection, it is possible to 
culture the bacterium from faeces. In case of persistent Y. enterocolitica infections, the 
direct detection of the bacterium within clinical specimens is the sole mean of detection of 
the pathogen. During persistent infections, the detection of Y. enterocolitica is generally 
based upon detecting Yop specific antibodies with immunoblotting. Although 
immunoblotting is sensitive and specific, it is only an indication that the patient had been 
infected with Y. enterocolitica. Therefore, in these cases, detection of Y. enterocolitica via 
invasive techniques is warranted. Chopter 4 describes a two steps PCR assay for the 
detection of human pathogenic Yersiniae in general and pathogenic Y. enterocolitica 
specifically in clinical specimens. The specific detection of pathogenic Y. enterocolitica 
strains is based upon detecting the pYV plasmid, while the detection of human pathogenic 
Yersiniae is directed against the 16S ribosomal DNA sequence. In chopter 5, an in situ 
hybridisation technique is described with a signal amplification step (catalysed reporter 
deposition, CARD) for detecting Y. enterocolitica in paraffin embedded tissue sections. 
CARD-ISH detects the pathogen within the tissue, remaining the morphology intact and 
therefore additional pathofysiological information can be obtained. The ability to use 
additional probes containing different labels enables the detection of the pathogen 
combined with specific gene expression in the infected cells simultaneously. For example, 
the cytokine response due to Y. enterocolitica infection in macrophages or the influence of 
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different Yops on the cell-signalling pathways in the infected cells can be analysed, giving 
direct information on the presence of Y. enterocolitica in the infected and the cellular 
response of the infected cell. 

Although the established molecular typing and molecular detection methods have 
shown their value in molecular diagnostics, a new development in molecular research 
promises to be one of the major molecular typing and molecular diagnostic break-throughs 
for the future. This newly developed technique is based on the production of microchips, 
but with specific nucleotide sequences or peptide sequences instead of electronics attached 
to the silicon base.120 The detection of target sequences with this technique is based on the 
hybridisation of the target sample to so-called Bio- or DNA-chips followed by the 
detection of the probe-target hybrid with fluorescence confocal microscopy. Beside this, 
the DNA-chip technology enables the detection of thousands of different sequences 
simultaneously, while the amount of fluorescence is a measure for the amount of target 
sample or gene expression. Furthermore, the DNA-chip technology makes it possible to 
simultaneously detect diverse individual sequences in complex DNA samples. For the 
(epidemiological) screening of microorganisms this means that it will be possible to detect 
a large number of different microorganisms quantitatively and qualitatively in a single 
clinical sample in a single assay. Furthermore, the DNA-chip technology enables the 
characterisation of the complete bacterial genome. This feature combines not only the 
identification of individual bacterial strains but also allows direct accurate typing ofthat 
typical strain. Not only typing can be performed but also genetic mutations can be 
detected accurately. For the microbiologist this might, among many other possibilities, 
result in an antibiotic resistance-screening test. Mutated genes or acquired foreign DNA 
(e.g. plasmids or phages) resulting in an antibiotic resistant phenotype can be detected in a 
single assay. Promising results have already been described for the occurrence of 
polymorphisms in the HIV-1 protease gene in patients who had not been exposed to 
protease inhibitors.78 Combination of the above possibilities might in the near future result 
in a single test that predicts the type of infectious microorganism and the resistance of the 
microorganism to particular antibiotics. Moreover, this technique enables to study the 
effect of the infectious agent and the reaction of the host response upon the infection. For 
example, quantitations of the expression of different cytokines next to cell-signalling 
features induced or inhibited by the infectious agent can be determined. For instance, 
screening of clinical specimens for detecting Y. enterocolitica might in the same test 
reveal the type of strain present next to the cytokine response initiated by the infectious 
agent, which might result in a more adequate treatment. For the microbiologist the DNA-
chip technology will be one of the major tools for the future. 

Immune response against У. enterocolitica 

To study the pathogenesis of yersiniosis, experimental Y. enterocolitica infections in 
rodents can be used which parallel the human situation. Recently, a rat model was 
described which displayed the characteristics of human Y. enterocolitica infection in 
Lewis, Fischer 344 (F344) and Brown Norway (BN) rats.30 In this model, Lewis rats 
develop a persistent infection followed by reactive arthritis, F344 rats develop a persistent 
infection without additional sequelae, and BN rats show a transient infection only. 
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To obtain insight in the immunological responses that are involved during infections 
with Y. enterocolitica, cytokine mRNA expression was determined in the spleen and 
Peyer's patches in these three rat strains upon infection with Y. enterocolitica (chopter 6). 
In BN rats, showing the highest anti-inflammatory cytokine expression, the infection was 
mild and bacteria were fully cleared. In both Lewis and F344 rats Y. enterocolitica 
persisted. The anti-inflammatory cytokine expression was less profound in these latter two 
rat strains. Remarkably, in the F344 rat no expression of IL-4 mRNA was measured. The 
patterns of mRNA expression for several cytokines and consequently the immune 
response appeared to be rat strain specific, and seem to affect the course and outcome of 
the infection. 

The differences between the three rat strains may give an important indication that the 
construction of the immune response plays a role in how the infection develops. For 
example, the BN rats with the most well defined anti-inflammatory immune response of 
the three rat strains, showed an additional antibody-response against two Yop-proteins 
(YopP and YopE), that was not observed in both Lewis and F344 rats. The effect of Yop 
proteins of the yersiniae during infection may subvert the host defence. An extra antibody 
response against both YopE, a cytotoxin capable of destroying the actin-microfilament 
network of the target cells,130 and YopP, might obstruct the function of both proteins 
during infection leading to elimination of the bacteria. The function of YopP is very 
recently described as an apoptosis inducing effector protein with functional and sequential 
homology with its Y. pseudotuberculosis counterpart YopJ.96,98 This suggests that, when 
an extra antibody response against YopP and YopE is an important factor to prevent the 
persistence of bacteria in BN rats, immunisation of Lewis and F344 rats with YopP and 
YopE should result in a transient infection in these strains as well. On the other hand, it 
can be assumed that an additional antibody response against YopP and YopE will be 
insufficient to develop a transient infection in the Lewis and F344 rats since the BN rats 
also showed the most well defined anti-inflammatory cytokine response of the three rat 
strains. This suggests that for clearance of the bacteria an adequate antibody response 
against the bacterium as well as a well-defined anti-inflammatory cytokine response is 
needed. This is further supported by the observation that F344 rats lack the expression of 
the anti-inflammatory cytokine IL-4. IL-4 is important for the antibody production by B-
cells and plays a major role together with other anti-inflammatory cytokines in the 
modulation of the Τ helper response. In a pilot study, the effect of immuno-modulation of 
the immune response was studied after intraperitoneal administration of recombinant rat 
IL-4 (rrIL-4) and subsequent infection of the rats with Y. enterocolitica (WA 0:8). In two 
out of three rrIL-4 treated F344 rats a transient infection and an additional antibody 
response against both Yops Ρ and E was observed, 28 days after infection (unpublished 
results). In contrast, the persistently infected Lewis rats and the transiently infected BN 
rats did not react on rrIL-4 treatment. Thus, an antibody response against either YopP or 
YopE, seems to be inadequate to promote a transient infection in the F344 or Lewis rats. 
This suggests, that although the antibody response against Y. enterocolitica is involved in 
clearing the bacterium, antibodies against both Yops Ρ and E are at least necessary for 
control of the infection. 
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Samenvatting 

Yersinia enterocolitica behoort tot het genus Yersinia van de familie der 
Enterobacteriaceae. Het Yersinia genus bestaat grotendeels uit niet 
humaan pathogène soorten. Echter drie soorten binnen dit genus zijn 
wel humaan pathogeen, namelijk У. pestis, Y. pseudotuberculosis en 
У. enterocolitica. Gemeenschappelijk vertonen deze drie humaan pa
thogène soorten een tropisme voor lymfoïde organen en bezitten ze 
ook een plasmide. Dit plasmide (pYV) wordt ook wel het "Yersinia YOP 
virulon" of virulentie plasmide genoemd. Het plasmide zelf codeert voor 
verschillende Ca2+ en temperatuur geïnduceerde eiwitten, de "Yersinia 
outer membrane proteins" (YOPs). Het verlies van enkele van deze 
YOPs of van het hele virulentie plasmide resulteert in het verlies van 
het ziekteverwekkend vermogen van de bacterie. Infectie van de mens 
door Y. enterocolitica gebeurt hoofdzakelijk door het eten van besmet 
voedsel. In de meeste gevallen wordt een infectie met Y. enterocolitica 
niet eens opgemerkt of beperkt zich tot een lichte darmontsteking. In 
sommige gevallen kan een infectie met Y. enterocolitica echter leiden 
tot een persisterende infectie met of zonder immunologische complica
ties, zoals reactieve artritis (ReA) en erythema nodosum. Een overzicht 
van de epidemiologie, infectie en Pathogenese van Y. enterocolitica 
wordt gegeven in hoofdstuk 1. 

In dit proefschrift wordt onderzoek verricht naar (i) de genetische karak-
terisatie en moleculaire diagnostiek van Y. enterocolitica infecties en (ii) 
de afweerreactie tegen Y. enterocolitica tijdens een infectie. 
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In hoofdstuk 2 wordt de potentiële bruikbaarheid van een relatief nieuwe moleculair 
epidemiologische typeringsmethode, de polymerase ketting reactie (PCR) fingerprinting, 
beschreven. Een meer gedetailleerde evaluatie van deze techniek wordt beschreven in 
hoofdstuk 3, waarbij de PCR fingerprint karakterisatie van klinische isolaten van Y. 
enterocolitis wordt vergeleken met bestaande typerings methoden. De kracht van PCR 
fingerprinting bleek te liggen in het hoge onderscheidend vermogen tussen verschillende 
klinisch niet gerelateerde Y. enterocolitica isolaten. De PCR fingerprint techniek bleek 
mede door zijn snelheid en eenvoud zeer goed bruikbaar om epidemiologisch onderzoek 
mee uit te voeren. 

Hoofdstuk 4 en hoofdstuk 5 beschrijven onderzoek betreffende de moleculaire 
diagnostiek van Y. enterocolitica. Het onderzoek in hoofdstuk 4 richt zich in het 
bijzonder op de detectie van persisterende Y. enterocolitica stammen met behulp van de 
PCR. De beschreven methode maakt gebruik van een twee traps-PCR, waarbij de drie 
genera in een keer kunnen worden gedetecteerd en de pathogène Y. enterocolitica 
stammen afzonderlijk. In hoofdstuk 5 wordt een in situ hybridisatie (ISH) techniek 
beschreven voor de detectie van Y. enterocolitica in paraffine ingebedde weefsels waarbij 
het hybridisatie signaal versterkt wordt (catalysed reporter deposition, CARD) en een 
verhoogde gevoeligheid wordt bereikt ten opzichte van de conventionele ISH techniek. 
Beide detectie methoden bieden een snelle diagnose van een persisterende Y. 
enterocolitica infectie. Verder bleek dat met de toepassing van de CARD-ISH techniek de 
combinatie van routine detectie en cellulaire lokalisatie van het pathogeen in het 
geïnfecteerde weefsel mogelijk werd. 

Omdat infecties met Y. enterocolitica een breed spectrum van klinische verschijnselen 
vertonen, is het verloop van een infectie met Y. enterocolitica bekeken aan de hand van 
de afweerreactie in drie verschillende ratten stammen (hoofdstuk 6). Van het gebruikte 
diermodel was bekend dat het gelijkenis vertoonde met het humane ziektebeeld bij een 
infectie met Y. enterocolitica: de Lewis ratten vertonen een persisterende infectie met 
reactieve artritis, de Fischer (F344) ratten vertonen alleen een persisterende infectie, 
terwijl de infectie bij de Brown Norway (BN) ratten van voorbijgaande aard is. Om de 
immuunreactie in de drie ratten stammen te bepalen werd in twee organen, de platen van 
Peyer en de milt, het cytokine mRNA niveau bepaald tijdens het verloop van de infectie. 
In de BN rat werd de hoogste ontstekings remmende cytokine expressie gevonden. 
Hiermee correleerde ook de milde infectie van de BN ratten en de voorbijgaande aard van 
de infectie. De Lewis en F344 ratten met de persisterende Y. enterocolitica infectie, bleken 
daarentegen een slechtere ontstekings remmende cytokine expressie te vertonen. De 
cytokine mRNA patronen en daarmee samenhangend de afweer reactie van de 
verschillende ratten stammen tegen Y. enterocolitica bleken het verloop van de infectie te 
voorspellen. De relatie tussen de lokale expressie van specifieke cytokinen en de 
progressie van de infectie met eventuele persistentie van de bacterie en mogelijke 
ontwikkeling van reactieve artritis lijkt in belangrijke mate met elkaar verbonden te zijn. 

Tenslotte worden in hoofdstuk 7 de resultaten in de verschillende voorgaande 
hoofdstukken van dit proefschrift in een breder perspectief bediscussieerd. 
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