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endemic with seroprevalence of up to 40% in cattle

(1). Human brucellosis is one of the most common
bacterial zoonotic infections worldwide and a yearly
infection rate of 500,000 human cases is estimated (2,
3). Brucella melitensis is the principal cause of human
brucellosis (4). Sadly, brucellosis is also classified as
the most neglected human disease in terms of morbidity,
socioeconomic effects, and financial support for research
(5). The economic impact of brucellosis in animals
can be devastating (6), especially in developing coun-
tries where control of diseases is scarce and animals
have multiple roles, including constituting a substantial
part of the social security net for other disasters (7).
Brucellosis causes abortions and sterility in animals. The
burden of human disease adds to the economic impact
(6). Since the organism is shed in large numbers in
the animal’s urine, milk, and placental fluid, exposure to
infected animals and animal products causes brucellosis
in humans (8). It has been recognized that prevention of
brucellosis in humans relies on the control and eradica-

In many parts of the developing world, brucellosis is

tion of the disease in animals (2, 9). Brucella abortus has
been eradicated in many FEuropean countries but
B. melitensis is still endemic in the Mediterranean basin
(10, 6). Efforts to eradicate brucellosis can be hampered
by the fact that the serological screening tests widely
used sometimes give rise to a large proportion of false-
positive reactions (11). This is especially a problem in
low prevalence countries or countries free of brucellosis.
Brucellosis is by large an occupational disease with
shepherds, abattoir workers, veterinarians, and personnel
in microbiologic laboratories being over represented
among the patients (4, 12).

Brucellosis

Brucellosis is caused by gram-negative bacteria belonging
to the genus Brucella. To date, the genus consists of
10 species, each having a preferred animal host (9).
Of the 10 brucella-species so far recognized, B. melitensis,
B. abortus, Brucella suis, and Brucella inopinata have
high zoonotic potential. Brucella canis has a moderate
zoonotic potential and the remaining species, Brucella
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neotomate, Brucella ovis, Brucella ceti, Brucella pinnipe-
dialis, and Brucella microti, have no or unknown
zoonotic potential (9). However, reports of B. ceti and
B. pinnipedialis infecting humans are increasing and there
are also reports of possibly two new Brucella species,
one of them isolated from baboons (5). The main
pathogenic species causing reproductive and abortive
disorders in domestic animals worldwide are nevertheless
B. melitensis, which occur mainly in sheep and goats,
B. abortus in cattle, and B. suis in pigs (2, 13, 14). Despite
different Brucella species being relatively host specific,
B. melitensis emerges as an infection also affecting
cattle (4) as does B. suis (2, 9). In 2012, outbreaks
of B. abortus and B. melitensis in cattle have been
reported from France, whereas B. abortus and B. suis
were found in cattle in Belgium (http://www.promedmail.
org/?p=2400:1000, http://www.oie.int/en). In animals,
brucellosis mainly causes reproductive disorders such as
abortions, orchitis, and epididymitis (14). Systemic signs
and deaths are rare, except in fetuses and newborn
animals. The period between infection and abortion or
other reproductive signs is variable and the infection can
be latent and transmitted in utero by clinically unaffected
females (8). Apart from causing abortions, the infection
reduces fertility, causes weight loss, and lowers the milk
yield of animals (6). The typical signs in infected people
are acute febrile illness with non-specific flu-like signs,
such as fever, headache, malaise, back pain, myalgia, and
generalized aches (6). However, brucellosis in humans
can also be asymptomatic, and the course of the illness is
extremely variable, the clinical signs may appear insi-
diously or abruptly (12). Some patients recover sponta-
neously, while others develop persistent symptoms that
typically wax and wane (12). The mortality rate is low.
The bacteria can infect animals or humans via oral
and respiratory routes as well as through intact mucous
membranes and even intact skin (6). Following entry, the
bacteria migrate to the final destination, which can
be the spleen, heart, bones, brain, or the reproductive
system, where they colonize the tissue (6). Colonization
of the trophoblastic tissue of the placenta is often, but
not always, concomitant with abortion in pregnant
animals (6). Material from abortions, namely placenta,
fetus, fetal fluids, and vaginal discharges are highly
infectious with high loads of bacteria (14). The excretion
of Brucella in vaginal discharge can continue for up to
two months following delivery or abortion and may also
be found in milk, urine, semen, and feces (8). Asympto-
matic, but infected female animals, can also shed the
organism in milk and uterine discharges after delivery (8).
B. melitensis can be diagnosed by microscopic exami-
nation of stained smears or by culture from fetal mem-
branes, fetal stomach contents, vaginal swabs, semen, or
by serology (15). Definitive diagnosis is normally done
by isolation and identification of the causative agent,

which is time-consuming and hazardous and must be
performed by highly skilled personnel. For these reasons,
serological tests are normally preferred. In control pro-
grams, like the one described below, the surveillance is
performed by an annual serological screening of a large
number of blood samples from sheep and goats. Genetic
and immunological evidence suggests that all members
of the genus Brucella are closely related. Subsequently,
serological tests are not always completely specific and
they can also cause cross-reactions to other bacteria,
especially Yersina enterocolitica serotype O:9 (16). The
humoral immune response to Brucellae is dominated
by antibodies to the smooth lipopolysaccharide (S-LPS)
of Brucella spp. (17). The antibody response shows
a typical IgM/IgG shift with time after infection (18).
Cross-reactivity has been observed between Brucella
S-LPS and S-LPS of other bacteria, for example, Franci-
sella tularensis, Escherichia coli O:157 and O:116, and
Y. enterocolitica O:9. Especially Y. enterocolitica O:9
possesses an obstacle in the diagnostics, since the im-
munodominant O-chain of S-LPS of Y. enterocolitica,
serotype O:9, and Brucella spp. are identical (19).

Rose Bengal Test (RBT) and the Complement Fixation
Test (CFT) are some of the most commonly used
serological tests, which are also recommended by OIE
(20) as prescribed tests for international trade. They are
both based on the detection of antibodies to a solubilized
B. abortus antigen. The value of these tests in truly
infected sheep has been questioned, since sensitivities
vary between approximately 90 and 100%, being more
predictable in acute phases of brucellosis than in chronic
disease (21). The RBT is a rapid slide-type agglutina-
tion assay performed with a stained B. abortus suspension.
It is simple to perform, but sensitivity, especially in long
evolution, is lowered because of blocking IgA antibodies
or presence of non-agglutinating antibodies. RBT detects
S-LPS-specific IgM, IgG, and IgA (18). The CFT is a
more complex test, where antibodies are demonstrated
by agglutination when complement is attached to an
antigen-antibody complex in the presence of a system with
sensibilized sheep erythrocytes.

Y. enterocolitica

Y. enterocolitica serotype O:9 is one of the human
pathogenic Y. enterocolitica serotypes, which can also
infect animals (22), generally without causing any symp-
toms. Pigs, sheep, and cattle can be carriers of pathogenic
serotypes of Y. enterocolitica in their intestinal flora,
and pigs are well known reservoirs of Y. enterocolitica in
their tonsils (23-25). Prevalence of Y. enterocolitica seem
to be on the rise, at least in cattle, as it was rarely seen
before the 1990s and since then has been regularly
isolated within the European Union (EU) and also
other parts of the world such as New Zealand (11). Y.
enterocolitica O:9 can give rise to false-positive results in
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serological tests for brucellosis due to their identical O-
antigen structure with Brucella spp. (13). Y. enterocolitica
0:9 can be detected in healthy pigs, and according to
OIE, none of the serological tests for brucellosis can
be reliably used to diagnose individual pigs due to the
positive reactions caused by Y. enterocolitica O:9 (14).
Identification of Y. enterocolitica serotype O:9 can be
carried out using culture followed by slide agglutination
and a panel of biochemical tests. However, there exists
non-pathogenic Y. enterocolitica O:9 strains. If patho-
genicity is to be determined, the biotype of a strain (and
not only the serotype) can be demonstrated. Alterna-
tively, the virulence potential of an Y. enterocolitica
0:9 isolate can be shown. This can be carried out, for
example, by examination for presence/absence of the
chromosomally located gene ai/l by PCR (26) and by
stating presence/absence of the Y. enterocolitica virulence
plasmid (27).

The Swedish surveillance program for

B. melitensis

Brucellosis, an OIE-listed disease with severe zoonotic
implications, has never been diagnosed in Swedish sheep
or goats. Brucellosis in cattle was eradicated from the
Swedish cattle population during the first half of the last
century, and the last Swedish bovine case was recorded in
1957. Sweden’s bovine brucellosis-free status is officially
stated in EU legislation since 1994 (Decision 2003/467/
EC), and Sweden was declared officially free of brucel-
losis in sheep and goats in 1995 (Decision 94/972/EC).
Brucellosis in food-producing animals is included in the
Swedish Act of Epizootics (SFS 1999:657 with amend-
ments). Vaccination according to this law is prohibited
and notification of suspected cases is mandatory. Current
surveillance standards for brucellosis in sheep and goats
are given in the EU legislation, Directive 91/68/EEC.
Screening for brucellosis in sheep and goats have been
regularly conducted in Sweden since 1995 with approxi-
mately 10,000 samples tested each year, representing
approximately 5% of the sheep population. The purpose
of the surveillance is to document freedom from brucel-
losis in sheep and goats in Sweden, in accordance to
Directive 91/68/EEC. The Swedish Board of Agriculture
finances this surveillance program, which is planned and
performed by the National Veterinary Institute, SVA.
All diagnostic testing is performed at SVA. The diag-
nostic test in the program is the RBT. In case of positive
reaction with the RBT, the result is confirmed with CFT.
If these tests are both positive, the herd is considered a
suspected case of B. melitensis and further testing and
epidemiological investigations are performed. During
2011, 7,141 serum samples from 764 sheep flocks and
301 serum samples from 41 goat flocks were analysed
for B. melitensis in the surveillance program (28).

Serologically false-positive reactions Brucella melitensis

Case description

Sampling and results

In November 2011, three samples out of ten, originating
from a herd with 20 sheep, tested positive in the RBT
within the surveillance program for B. melitensis. The
results were confirmed with the CFT. Since the CFT
results were also positive, the herd was considered a
suspected case of B. melitensis and put under restrictions,
including movement of animals for sale and slaughter.
Epidemiological investigation revealed that the herd had
had neither clinical symptoms coherent with brucellosis
nor any known contacts that presumably could have
introduced the infection. The last animal introduced was
a ram in 2010. The herd from where the ram originated
had not experienced any symptoms of brucellosis. All 20
sheep were resampled three weeks later. In this sampling,
two out of the first three positive sheep plus three other
sheep tested positive in CFT (see Table 1). In parallel with
the second serological sampling, individual fecal samples
were taken from all sheep in the herd and the samples
were cultured for Y. enterocolitica. Five out of 20 fecal
samples were found positive for Yersinia spp. Four of
these were confirmed as Y. enterocolitica serotype O:9
(see Table 2). The entire herd was again serologically
tested in January 2012, five weeks after the second
sampling. All sera were tested both with the RBT and
the CFT. This time, all results were negative for both
tests. On receiving the negative results from the third
serological testing, all restrictions for the herd were
terminated. As for the previous lambing season, the
lambing-results of 2012 were normal and no symptoms
related to possible infection with B. melitensis were
observed.

Results from further characterization of

Y. enterocoloitica serotype 0:9

Professor Wauters at the Université Catholique de
Louvain in Brussels confirmed the strain characterization
by identifying the same four strains to Y. enterocolitica
serotype O:9. In addition, Wauters performed biotyping
of the strains and found them to belong to biotype 2.
Wauters also examined the pathogenicity of the strains,
that is, performed phenotypic tests using absorbed
specific antisera against the YadA protein (protein P1)
linked to the virulence plasmid, and the myf protein
(mucoid Yersinia factor) present in potential pathogenic
strains but not depending on the virulence plasmid.
The four biotype 2/serotype 9 strains were positive in
both tests. This correlated to the virulence test results
obtained at the National Food Agency in Sweden.
The non-serotype O:9 isolate was identified to Y. rohdei
biotype O:13,7.
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Table 1. Serological results from a herd of sheep within
the Swedish surveillance program for Brucella melitensis
and follow-up samples from the same herd

22.11.2011 16.12.2011 25.01.2012
Animal/date CFT CFT CFT
of sampling RBT IU/ml RBT IU/ml RBT IU/mi
2 neg - pos 80 neg neg
3 (ram) — - neg neg neg neg
4 pos 160" neg 40 neg  neg
6 pos 80’ neg neg neg neg
8 neg - neg neg neg neg
10 neg - neg neg neg neg
12 neg - neg neg neg neg
16 neg - neg neg neg neg
22 neg - neg neg neg neg
38 neg - neg neg neg neg
40 pos 80" neg 80 neg  neg
96 - - neg neg neg neg
98 - - neg neg neg neg
100 - - neg neg neg neg
102 - - neg neg neg neg
104 - - pos 80 neg neg
106 - - neg neg neg neg
108 - - neg neg neg neg
110 - - neg neg neg neg
112 - - pos 80 neg neg

Pos, positive; neg, negative.

On the first occasion, Rose Bengal Test (RBT) was performed
on all tested sera and Complement Fixation Test (CFT) was
performed only on sera positive in RBT.

"Indicated samples were confirmed positive in CFT by the EU
Reference laboratory (EU-RL) for brucellosis.

B. melitensis serology

Brucella RBT (Bio-Rad, Marnes-la-Coquette, France)
was performed according to the producer’s instruction.
Samples showing any degree of agglutination in the RBT
within four minutes were considered as positive and
subsequent analysis by CFT was performed. The CFT
was performed by the cold procedure as described in the
manual (Standard Operating Procedure, revision 3, 2010)
from the EU Reference Laboratory (EU-RL) for brucel-
losis at Anses in Maisons-Alfort Cedex, France. The
system was standardized to the B. abortus positive
International Standard Antiserum, OIEISS (Brucella
Reference Centre, AHVLA, Weybridge, United King-
dom), allowing the direct transformation of a given
endpoint, that is, the highest dilution showing 25%
inhibition of haemolysis, to the titer in International units.
Sera giving a titer equivalent to 20 IU/ml or more were
considered to be positive. Samples positive in the CFT
from the first sampling were confirmed by the EU-RL for
brucellosis.

Culturing of Y. enterocolitica

The method for detecting Y. enterocolitica was deter-
mined qualitatively by a combination of cold enrichment,
selective enrichment, and subculture on selective agar
media. The fecal samples were mixed with phosphate-
buffered saline containing 2% sorbitol and 0.15% bile
salts (PSB) in a dilution of 1:10. The remaining sample
materials were stored at 4°C for three weeks. The samples
in PBS were incubated at 20-25°C (room temperature)
for three hours, after which an aliquot was inoculated
onto a selective agar medium; Cefsulodin-Irgasan-
Novobiocin agar (CIN agar). The CIN-agar was incu-
bated at 30°C for 24 hours. The rest of the inoculated
PSB broth was enriched at 4°C. When the cold enrich-
ment cultures were 8 days old, 0.1 ml was taken for
selective enrichment in a modified Rappaport broth
(MRB) at 20-25°C for four days. The remaining PSB
broth was incubated again at 4°C for further two weeks.
After four days, an aliquot from MRB was streaked onto
CIN-agar and incubated at 30°C for 24 hours. MRB is a
selective broth, favoring the growth of serogroups O:3
and O:9 and inhibiting most other bacteria or other
Yersinia variants. After three weeks, the PSB were
thoroughly mixed and then an aliquot was streaked
onto CIN-agar and incubated at 30°C for 24 hours. A
sample from the remaining manure, which had been
stored at 4°C, was also streaked onto CIN-agar and
incubated at 30°C for 24 hours. Suspected colonies
from the CIN agar were sub-cultured onto horse
blood agar and incubated at 37°C for 24 hours. All sub-
strates were produced in-house according to the Nordic
Committee on Food Analysis (29).

Characterization of Y. enterocolitica

Gram staining and biochemical test (API 20E, Bio-
mérieux, Frankrike) were performed on suspected strains.
Strains identified as Y. enterocolitica were tested using
antisera against Y. enterocolitica O:3 and O:9 (Reagensia
AB, Sweden). Four out of the five examined Y. enter-
ocolitica isolates agglutinated with the O:9-serum, that is,
corresponded to Y. enterocolitica serotype O:9. The fifth
isolate did not agglutinate by serum 0O:9. The four
serotype O:9 isolates also gave positive PCR results
when analyzed using a TagMan probe-based real-time
polymerase chain reaction (PCR) method targeting the
ail gene (20). The non-serotype O:9 isolate gave a negative
PCR result. In addition, the same four isolates produced
pinpoint colonies while growing on CR-BHO medium
indicating the presence of the Y. enterocolitica virulence
plasmid (27). Further characterization was carried out as
described above.

Discussion
Ever since the start of using serology for diagnosing
brucellosis more than 100 years ago, it has been realized
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Table 2. Results of culturing of fecal samples for Yersinia spp. and typing of isolates in 20 sheep

Animal/date  Direct culture Enrichments in PSB Cold enrichment in PSB  Cold enrichment for 3

of results 26.12.2011 and MRB 4.1.2012 for 3 weeks 14.1.2012 weeks manure 14.1.2012 Serotype/biotype

21 neg neg neg neg

3 (ram) neg neg neg neg

4! neg neg neg neg

6’ neg neg neg neg

8 neg pos pos neg Y. rohdei biotype 0:13,7

10 pos pos pos pos Y. enterocolitica O:9/biotype 2
12 neg neg neg neg

16 neg neg neg neg

22 neg neg neg neg

38 neg neg neg neg

40" neg neg neg neg

96 neg neg neg neg

98 neg neg neg neg

100 neg neg neg neg

102 neg neg neg neg

104’ neg neg neg neg

106 neg neg neg neg

108 pos pos pos neg Y. enterocolitica O:9/biotype 2
110 pos pos pos neg Y. enterocolitica O:9/biotype 2
112! Neg pos pos neg Y. enterocolitica O:9/biotype 2

Pos, positive; neg, negative.

Six sheep were shown to be serologically positive for Brucella melitensis in a sampling adjacent or parallel in time with sampling for

Yersinia spp.

that this type of test is prone to false-positive reactions,
resulting from, for example, exposure to other micro-
organisms (30). Many gram-negative bacteria, such as
Vibrio cholerae O1, E. coli O:157, Escherichia hermani,
Stenotrophomonas maltophilia, Salmonella group N, and
Y. entercolitica O:9, have been incriminated for causing
false-positive reactions, but only Y. entercolitica O:9
seems to cause a reaction, which is strong and persistant
and thus interferes with the diagnosis of brucellosis
(31, 32). In an experimental oral infection of heifers
with Y. enterocolitica O:9, Garin-Bastuji et al. (16)
demonstrated a positive serological result for Brucella
spp. in two out of eight animals in RBT and CFT during
the 78-day experimental period. In one of the animals,
a positive reaction was demonstrated in 16 out of 21
samplings and in the other in 1 and 2 samplings (RBT
and CFT, respectively), showing large individual differ-
ences. All animals excreted Y. enterocolitica on one or
more occasions during the experimental period. It has
also been shown by Godfroid et al. (13) that none of
the serological tests commonly used manage to differ-
entiate infections with brucellosis from those with Y.
entercolitica O:9. According to Godfroid et al. (13),
only the brucellosis skin test, not described here and
not commonly used, is specific. Reports of infections
with Y. entercolitica O:9 interfering with control pro-

grams for brucellosis in bovines are numerous (13, 31),
the phenomena especially causing problems for countries
at the end of the eradication program or for countries
officially free from brucellosis, such as Sweden (13).
This is due to the fact that the positive predictive value
(the probability of a test positive animal to be truly
infected) decreases more and more with decreasing
assumed prevalence, causing higher levels of test positives
to be expected to be false positives as the prevalence
reaches zero. Godfroid and Kéasbohrer (11) highlight the
increasing prevalence of infection with Y. entercolitica
0:9 since the 1990s as one out of three factors seriously
hampering eradication of brucellosis in Europe. Yet,
despite the imperfect serological tests and the presence
of Y. entercolitica O:9 interfering with the results, the
absence of brucellosis from a herd or a country can be
proven — by in-depth epidemiological investigations and
the absence of isolation of Brucellae from positive
animals (13).

Despite Sweden’s relatively long history of testing
sheep and goats serologically for presence of antibodies
against B. melitensis, false-positive reactions have not
previously been a problem (28). Solitary positive reac-
tions have occasionally occured, but until the case
described here neither several in the same herd, nor with
antibody titers to a level that would suggest true infection
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with B. melitensis. The prevalence of Y. entercolitica O:9
in sheep in Sweden is unknown. However, recent studies
suggest that it is low as no bacteria could be cultured
from 99 sheep investigated from one of the areas with the
highest density of sheep in Sweden (33). Hilbink et al.
(31) observed the same phenomena in New Zealand in
1992 when 35 out of 1,071 deer in an export consignment
reacted positively with the RBT for B. abortus. B. abortus
was at the time just eradicated from the country, and
such false-positive reactions had not previously been
seen. Y. entercolitica O:9 was cultured from one of the
deers. Shortly after, false-positive reaction toward B.
abortus started to be common also in cattle herds, with
Y. entercolitica O:9 being identified as the cause. Whether
the results presented here, with the first identification of
Y. entercolitica O:9 as the cause of false-positive reactions
for B. melitensis in Swedish sheep, is an exception or
the beginning of a rising prevalence of infections with Y.
entercolitica O:9 in sheep in Sweden, as previously seen
for cattle and pigs in other parts of the world, remains
to be seen. As the Swedish surveillance program for B.
melitensis in sheep and goats continues, any changes in
the prevalence of agents causing false-positive reactions
will be well registered and reported. An increase in the
prevalence of Y. entercolitica O:9 might cause problems
as previously described in other countries. Epidemiologi-
cal investigation and culture of bacteriae will be used also
in the future to rule out any suspicious cases.

Conflict of interest and funding

The authors have not received any funding or benefits
from industry or elsewhere to conduct this study.

References

1. McDermott JJ, Arimi SM. Brucellosis in sub-Saharan Africa:
epidemiology, control and impact. Vet Microbiol 2002; 90:
111-34. Review.

2. Godfroid J, Cloeckaert A, Liautard JP, Kohler S, Fretin D,
Walravens K. et al. From the discovery of the Malta fever’s
agent to the discovery of a marine mammal reservoir, brucellosis
has continuously been a re-emerging zoonosis. Vet Res 2005; 36:
313-26. Review.

3. Pappas G, Papadimitriou P, Akritidis N, Christou L, Tsianos
EV. The new global map of human brucellosis. Lancet Infect Dis
2006; 6: 91-9. Review.

4. Corbel MJ. Brucellosis: an overview. Emerg Infect Dis 1997; 3:
213-21.

5. Pappas G. The changing Brucella ecology: novel reservoirs, new
threats. Int J Antimicrob Agents 2010; 36(Suppl 1): S§8-S11.

6. Gorvel JP. Brucella: a Mr “Hide” converted into Dr Jekyll.
Microbes Infect 2008; 10: 1010-13. Review.

7. Perry BD, Randolph TF, McDermott JJ, Sones KR, Thornton
PK. Investing in animal health research to alleviate poverty.
Kenya: International Livestock Research Institute Nairobi;
2002.

8. Castrucci G. Brucella melitensis infection. In: Aitken 1D, ed.
Diseases of sheep. 4th ed. Oxford: Blackwell publishing; 2007,
pp. 137-42.

11.

12.

13.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

. Godfroid J, Scholz HC, Barbier T, Nicolas C, Wattiau P, Fretin

D, et al. Brucellosis at the animal/ecosystem/human interface
at the beginning of the 21st century. Prev Vet Med 2011; 102:
118-31.

. Blasco JM, Molina-Flores B. Control and eradication of

Brucella melitensis infection in sheep and goats. Vet Clin North
Am Food Anim Pract 2011; 27: 95-104. Review.

Godfroid J, Kdsbohrer A. Brucellosis in the European Union
and Norway at the turn of the twenty-first century. Vet
Microbiol 2002; 90: 135-45.

Pappas G, Akritidis N, Bosilkovski M, Tsianos E. Brucellosis. N
Engl J Med 2005; 352: 2325-36.

Godfroid J, Saegerman C, Wellemans V, Walravens K,
Letesson JJ, Tibor A, et al. How to substantiate eradication
of bovine brucellosis when aspecific serological reactions
occur in the course of brucellosis testing. Vet Microbiol 2002;
90: 461-77.

. Godfroid J, Nielsen K, Saegerman C. Diagnosis of brucellosis in

livestock and wildlife. Croat Med J 2010; 51: 296-305.

. Poester FP, Nielsen K, Samartino LE, Yu WL. Diagnosis of

Brucellosis. Open Vet Sci J 2010; 4: 46-60.

. Garin-Bastuji B, Hummel N, Gerbier G, Cau C, Pouillot R,

Da Costa M, et al. Non-specific serological reactions in the
diagnosis of bovine brucellosis: experimental oral infection
of cattle with repeated doses of Yersinia enterocolitica O:9. Vet
Microbiol 1999; 66: 223-33.

. Cherwonogrodzky JW, Dubray G, Moreno F, Mayer H.

Antigens of Brucella. In: Nielsen K, Ducan R, eds. Animal
Brucellosis. Orlando: CRC Press; 1990, pp. 19-64.

Diaz R, Casanova A, Ariza J, Moriyon I. The Rose Bengal
test in human brucellosis: a neglected test for the diagnosis
of a neglected disease. PLoS Negl Trop Dis 2011; 5: €950.
Caroftf M, Bundle DRB, Perry MB. Structure of the O-chain of
the phenol-phase soluble cellular lipopolysaccharide of Yersinia
enterocolitica serotype 0:9. Eur J Biochem 1984; 139: 195-200.
OIE Manual of Diagnostic Tests and Vaccines for Terrestrial
Animals 2012, chapter 2.4.3. http://www.oie.int/international-
standard-setting/terrestrial-manual/access-online/  [cited 22
November 2012].

Blasco JM, Marin C, Jiménez de Bagués M, Barberan M,
Hernandez A, Molina L, et al. Evaluation of allergic and
serological tests for diagnosing Brucella melitensis infection n
sheep. J Clin Microbiol 1994; 32: 1835.

Bottone EJ. Yersinia enterocolitica: the charisma continues.
Clin Microbiol Rev 1997; 10: 257-76.

McNally A, Cheasty T, Fearnley C, Dalziel RW, Paiba GA,
Manning G, et al. Comparison of the biotypes of Yersinia
enterocolitica isolated from pigs, cattle and sheep at slaughter
and from humans with yersiniosis in Great Britain during
1999-2000. Lett Appl Microbiol 2004; 39: 103-8.

Milnes AS, Sayers AR, Stewart I, Clifton-Hadley FA, Davies
RH, Newell DG, et al. Factors related to the carriage of
verocytotoxigenic E. coli, Salmonella, thermophilic Campylobac-
ter and Yersinia enterocolitica in cattle, sheep and pigs at
slaughter. Epidemiol Infect 2009; 137: 1135-48.

Okwori AE, Martinez PO, Fredriksson-Ahomaa M, Agina SE,
Korkeala H. Pathogenic Yersinia enterocolitica 2/0:9 and
Yersinia pseudotuberculosis 1/0:1 strains isolated from human
and non-human sources in the Plateau State of Nigeria. Food
Microbiol 2009; 26: 872-5.

Lambertz ST, Nilsson C, Hallanvuo S, Lindblad M. Real-time
PCR method for detection of pathogenic Yersinia enterocolitica
in food. Appl Environ Microbiol 2008; 74: 6060-7.

Bhaduri S, Turner-Jones C, Taylor MM, Lachica RV. Simple
assay of calcium dependency for virulent plasmid-bearing clones
of Yersinia enterocolitica. J Clin Microbiol 1990; 28: 798-800.

Citation: Infection Ecology and Epidemiology 2012, 2: 19027 - http://dx.doi.org/10.3402/iee.v2i0.19027

(page number not for citation purpose)


http://www.oie.int/international-standard-setting/terrestrial-manual/access-online/
http://www.oie.int/international-standard-setting/terrestrial-manual/access-online/
http://www.infectionecologyandepidemiology.net/index.php/iee/article/view/19027
http://dx.doi.org/10.3402/iee.v2i0.19027

28.

29.

30.

31.

Anonymous. Surveillance of infectious diseases in animals and
humans in Sweden 2011. Uppsala, Sweden: National Veterinary
Institute (SVA).

Nordic Committee on Food Analysis (NMKL). Yersinia enter-
ocolitica detection in food No 117. 3rd ed. Oslo, Norway:
National Veterinary Institute, Department of Food and Feed
Hygiene; 1996.

Nielsen K. Diagnosis of brucellosis by serology. Vet Microbiol
2002; 90: 447-59.

Hilbink F, Fenwick SG, Thompson EJ, Kittelberger R, Penrose
M, Ross GP. Non-specific seroreactions against Brucella abortus
in ruminants in New Zealand and the presence of Yersinia
enterocolitica 0:9. N Z Vet J 1995; 43: 175-8.

32.

33.

Serologically false-positive reactions Brucella melitensis

Mainar-Jaime RC, Muiioz PM, de Miguel MJ, Grill6 MJ, Marin
CM, Moriyon 1, et al. Specificity dependence between serologi-
cal tests for diagnosing bovine brucellosis in Brucella-free farms
showing false positive serological reactions due to Yersinia
enterocolitica O:9. Can Vet J 2005; 46: 913-6.

Soderqvist K, Boqvist S, Wauters G, Thisted-Lambertz S.
Yersinia enterocolitica in sheep — a high frequency of biotype
1A. Acta Vet Scand 2012; 54: 39.

*Erika Chenais

National Veterinary Institute
SE-751 89 Uppsala, Sweden
Email: erika.chenais@sva.se

Citation: Infection Ecology and Epidemiology 2012, 2: 19027 - http://dx.doi.org/10.3402/iee.v2i0.19027

(page number not for citation purpose)


http://www.infectionecologyandepidemiology.net/index.php/iee/article/view/19027
http://dx.doi.org/10.3402/iee.v2i0.19027


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


