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Summary

The diagnosis of brucellosis is mainly based on serological tests. All animals classified as serologically positive
are obligatorily slaughtered and subjected to bacteriological examination. B. abortus has not been reported in
Poland since the eradication of bovine brucellosis in 1980. On the other hand, B. suis biovar 2 is sporadically
isolated from cattle. In accordance with the instructions of the Chief Veterinary Officer, samples of feces from
animals slaughtered following positive serological results for brucellosis have been examined for the presence
of Yersinia enterocolitica O:9 since 2011. Because of the similarity of its O-polysaccharide component of S-LPS
with that of Brucella, this microorganism is considered to be a major contributory factor of false positive
serological reactions (FPSR). The paper presents the results of the bacteriological and molecular examination
of feces from 26 cows seropositive for brucellosis and 30 healthy cows, negative for brucellosis, for the presence
of Y. enterocolitica O:9. Y. enterocolitica O:9 was found in 7 of the positive cows, whereas all samples from
cows negative for brucellosis were free from this bacteria. These results indicate that Y. enterocolitica O:9 may
be responsible for some of the positive results for brucellosis in cattle.
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Bovine brucellosis is an infectious disease of world-
wide importance, usually caused by Brucella abortus,
less frequently by B. melitensis, and occasionally
by B. suis. Several countries in northern and central
Europe, Canada, Japan, Australia, and New Zealand
are believed to be free from the agent (10). According
to Directive 64/432/EEC, Poland, like most other
countries of the European Union, is recognized as
“officially free from bovine brucellosis”, and it ob-
tained this status in 2009 (3, 5). Nevertheless, cattle
herds have to be monitored for potential re-emergence
of the disease. The main role in these examinations
is played by serological tests. All animals monitored
for brucellosis are tested by the Rose Bengal test,
and all positives undergo a further examination with
the use of the serum agglutination test (SAT) and the
complement fixation test (CFT). Further examination
also involves the 2-mercaptoethanol test (2-Me), the
Coombs antiglobulin test (Coombs), and the indirect
ELISA. All animals classified as serologically positive
by the National Reference Laboratory for Brucellosis
(NRL) are obligatorily slaughtered and subjected to
bacteriological examination. In addition, this kind of
examination is performed in cases of abortions. The
results of surveys show that B. abortus has not been

reported in Poland since the eradication of bovine
brucellosis in 1980. On the other hand B. suis is spo-
radically isolated from cattle (13). When specimens
from 176 seropositive cows slaughtered in 2002-2011
were cultured for the isolation of Brucella, in 5 cases
B. suis biovar 2 was isolated. In cattle, the infection
caused by this biovar appears to be a noncontagious
disease with limited induced pathology and no in-
duction of abortion, but antibody response cannot be
readily differentiated from that caused by an infection
with B. abortus (4, 6, 11). However, the origin of the
vast majority of positive serological results for brucel-
losis in cows is still unknown.

Since some of these results can be regarded as
false positive serological reactions (FPSR) related
to Yersinia enterocolitica O:9, the Chief Veterinary
Officer ordered that feces samples from slaughtered
animals be examined for the presence of this micro-
organism in order to assess the scale of this pheno-
menon (1). Since 2011 these examinations have been
performed by the NRL.

The paper presents the results of bacteriological and
molecular research for the presence of Y. enterocoli-
tica O:9 in feces and in supramammary lymph nodes
from cows slaughtered because of positive serological
results for brucellosis.
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Material and methods

Material from cows. Fecal samples from 26 animals
slaughtered following positive serological reactions for bru-
cellosis were examined. In parallel, supramammary lymph
nodes from the same animals were tested. All samples were
cultured for the presence of brucellae with the use of Far-
rell’s medium, serum dextrose agar, and a liquid medium
(serum dextrose broth), as described previously (13), with
negative results. For comparison, 30 samples of feces from
healthy cows, negative in serological examinations for the
presence of anti-Brucella antibodies, were examined.

Bacteriological examination. The isolation of Y. entero-
colitica O:9 was performed according to ISO 10273:2003
by applying two enriched media: phosphate buffered saline
with sorbitol bile salts (PSB broth) and a modified ITC broth
containing irgasan, ticarcillin, a reduced amount (80%) of
magnesium chloride, malachite green, and no potassium
chlorate (ITC II). The homogenates of samples (0.5 ml)
were transferred to 25 ml of each broth. After 48 h incu-
bation at 25°C for ITC II and 14 days at 2-8°C for PSB,
the cultures were treated in a proportion of 10 ul to 100 ul
with 0.25% KOH in 0.5% saline for 10 s to enhance the
isolation of Y. enterocolitica, and then transferred onto cef-
sulodin-irgasan-novobiocin agar (CIN) plates and incubated
at 29-30°C for 24 or 48 hours, depending on the growth of
bacterial colonies. Typical Yersinia-suspected “bull-eye”
colonies were selected for further analysis with API-20E
and two PCR assays. The Y. eneterocolitica positive colonies
in API-20E were tested for the presence of the universal
Y. enterocolitica 16S TRNA gene (14), and then, if posi-
tive, for the presence of the per gene (9), characteristic of
Y. enterocolitica O:9 serotype only. The same PCR assays
were used for the examination of feces and lymph nodes.

DNA extraction. One individual colony of each isolate
was suspended in 50 pl of sterile, DNase, RNase-free de-
ionized water (ICN Biomedicals). The suspensions were
heated at 99°C for 5 min, chilled on ice, and then centri-
fuged at 13,000 x g for 1 min to pellet the cellular debris.
The supernatant (5 pl) was subsequently used as a source
of DNA template. When the specimens of feces and lymph
nodes had been examined, they were stored at 3-8°C for 24
h before DNA extraction. Next, the samples were added to
9 ml of saline and homogenised in a stomacher. The saline
suspensions (500 ul) of the samples were heated at 99°C for
5 min (Thermomixer Comfort, Eppendorf), then chilled on
ice, and centrifuged at 2,500 x g for 2 min. The supernatant
was used for the DNA extraction according to a commercial
protocol (DNeasy Blood&Tissue Kit, Qiagen).

PCR assays. Each DNA amplification was performed in
atotal volume of 50 pl of reaction mixture consisting of 5 pl
of DNA template, 1X PCR buffer (Fermentas), 200 uM of
dNTPs, 4 mM of MgClL,, 1 U of Tag DNA polymerase (Fer-
mentas), nucleotide primers at a concentration of 80 nM,
and water. Sequences, characteristics, and concentration
of the primers were used in accordance with Wannet et
al. (14) for the 16S rRNA gene and in accordance with
Lubeck et al. (9) for the per gene. PCRs were run in a ther-
mocycler (T3, Biometra) under the following conditions:
initial DNA denaturation at 94°C for 5 min, followed by
36 cycles at 94°C for 1 min, 62°C for 1 min, and 72°C for
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1 min (16S rRNA gene), and 30 cycles of 94°C for 1 min,
60°C for 1 min, and 72°C for 1 min (per gene). The final
extension step was done at 72°C for 5 min. After staining
with ethidium bromide (50 mg/ml) for 0.5 min and washing
in distilled water, the gels were visualised by UV light and
documented. The sizes of PCR amplicons were compared
with a 100 bp DNA marker (Fermentas).

Results and discussion

In the bacteriological examination of cows positive
in serological examination for brucellosis, typical
Yersinia “bull-eye” colonies were observed in feces
from 9 animals (Tab. 1). In all these cases, affiliation
to Y. enterocolitica was confirmed by using API-20E
and PCR for the amplification of the universal Y. en-
terocolitica 16S TRNA gene. Seven of these isolates
were identified as Y. enterocolitica O:9 serotype by
confirming the presence of the per gene in the second
PCR. Identical results were obtained when supra-
mammary lymph nodes were cultured. Also, when
DNA extracted directly from feces and lymph nodes
was tested in PCR, positive samples originated from
the same cows as the samples found positive in the
bacteriological examination.

As shown in Table 1, Y. enterocolitica O:9 was
isolated from 4 animals in whose sera anti-Brucella
antibodies were detected in all tests (samples no. 5, 8,
12, 22) and from 3 animals reacting only in the RBT,
SAT, and CFT (sample no. 4, 7, 11). On the other hand,
bacteria and genetic material of Y. enterocolitica were
detected in 3 feces samples originating from 30 animals
negative in serological examination for brucellosis, but
none was identified as Y. enterocolitica O:9.

As the diagnosis of brucellosis is primarily based
on the results of serological examinations, one should
always bear in mind that the classification of animals
as “positive” may not reflect the actual status of the
animal. This is a particularly important issue in coun-
tries in which the disease has become very rare, since
the misinterpretation of observed reactions results in
the imposition of unnecessary restrictions and waste
of resources. The absence of Brucella in the tissues of
slaughtered animals means that one needs to search
for other causative agents of positive reactions in
serological tests. Some of these reactions may be due
to nonspecific antibodies contained in bovine sera,
thought to be mainly of the IgM isotype, which reduces
the specificity of conventional tests. Another poten-
tial cause are cross-reactions demonstrated between
smooth Brucella species and some other microorgan-
isms, such as, most importantly, Y. enterocolitica O:9.
It is often found in pigs in different countries (17, 19),
as well as in cattle (7, 8, 16), and is known to cause
false positive serological reactions (FPSR). Because
of the similarity of the O-polysaccharide component of
S-LPS of Brucella and Y. enterocolitica O:9, routinely
used serological tests do not distinguish between anti-
bodies raised to these two infections (2). The results of
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Tab. 1. Detailed results of tests for the presence of Y. enterocolitica in cows positive in serological examination for brucellosis

1. - - - - - -
2. - - - - - -
3. - - - - - -
4. + + + + + +
5. + + + + + +
6. - - - - - -
1. + + + + + +
8. + + + + + +
9. - - - - - -
10. - - - - - -
1 + + + + + +
12 + + + + + +
13. - - - - - -
14. - - - - - -
15. - - - - - -
16. - - - - - -
17. - - - - - -
18. = = = = = =
19. - - - - - -
20. - - - - - -
21 + + + - + -
22 + + + + + +
23 + + + - + -
24. - - - - - -
25. - - - - - -
26. - - - - - -

+ +(287) +(134) - - -
+ +(102.5) +(33.5) - - -
+ +(36) = + = =
+ +(246.0) +(93.0) - - -
+ +(51.5) +(33.5) + +- -
+ +(61.5) +(33.5) = = =
+ +(205) +(67) = = =
+ +(102.5) +(46.5) + +- B
- +(205) +(160) = +- =
- +(51.5) +(40) - - -
+ +(123) +(20) - - -
+ +(31) +(46.5) + +- +
+ +(143.5) +(23.3) - - -
+ +(123) +(124) = = =
+ +(33.5) +(205) = = =
+ +(410.5) +(80) - - -
+ +(51,5) = + = =
+ +(123) +(106) + +- +
+ +(51.5) +/-(11.6) + +~ -
+ +(123) +(33.5) = = =
+ +(246) +(40) = = =
+ +(36) +(46.5) + +- +
+ +(123) +(23.3) - +- -
+ +(492.5) +(134) - +- -
+ +(82) +(40) + +- -
+ +(123) +(20) = = =

Explanations: *— international units per ml; ™ — international complement fixation test units per ml

our investigations show that Y. enterocolitica O:9 was
detected in specimens from 7 out of 26 animals slaugh-
tered because of positive results for brucellosis and,
with a high degree of probability, could be regarded as
responsible for these reactions. On the other hand, no
isolates were found in material from 30 serologically
negative animals.

Examinations for the presence of Y. enterocolitica
0:9 of animals positive in serological examination for
brucellosis and the isolation of this bacteria are very
important for accurate interpretation of the results.
They are particularly important in the case of cattle,
in which we usually have isolated reactions in the
herd and no information on other animals, whereas it
is easier to interpret results obtained on a serological
basis in the case of pigs, in which reactions are usually
observed in more animals and information is more
complete (12). In our previous studies we showed
that lymph nodes are good material for the isolation of

Y. enterocolitica O:9 (16). The results of the present
examinations indicate that similar results can be
obtained when feces are examined. These are only
preliminary findings, and we intend to continue our
studies of samples from animals slaughtered because
of positive results for brucellosis and from herds with
no history of serological reactions for brucellosis.
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