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Summary
Brucella canis has been isolated for the first time in Italy in a commercial breeding kennel. 
It was diagnosed after a deep investigation related to the onset of reproductive disorders. 
Animals were tested with direct and indirect techniques. The agent was first detected in two 
Chihuahua aborted foetuses by direct culture. Further, it was also isolated from blood samples 
of dogs hosted in the kennel, which also showed reaction to conventional serological tests 
(microplate serum agglutination test). The isolates were identified as B. canis by standard 
microbiological methods and a Bruce‑ladder multiplex PCR. To investigate the genomic 
diversity, whole genome sequencing was used, applying the core genome Multilocus 
Sequence Typing (cgMLST). In a first round of serological testing performed on 598 animals, 
269 (46.1%) tested positive. In the second round of laboratory testing carried out 4‑5 weeks 
apart, the number of serologically positive dogs was 241 out of 683 tested (35.3%), while the 
number of dogs positive to isolation was 68 out of 683 tested (10.0%). The PCR showed a 
lack of sensitivity when compared to direct isolation. The epidemiological investigation did 
not identify the source of the infection, given the time elapsed from the onset of abortions 
to the definitive diagnosis of B. canis infection in the kennel. The genomic analyses featured 
the strains as ST21 and, according to the cgMLST, revealed the presence of a tight cluster 
with a maximum diversity of four allelic differences. The observed limited genomic variation, 
largely within the known outbreak cut‑offs, suggests that the outbreak herein described 
was likely caused by a single introduction. Moreover, in a broader scale comparison using 
the public available genomes, we found that the closest genome, isolated in China, differed 
by more than 50 alleles making not possible to find out the likely origin of the outbreak. The 
lack of updated data on B. canis genome sequences in the public databases, together with 
the limited information retrieved from the epidemiological investigations on the outbreak, 
hampered identification of the source of B. canis infection.

First Isolation of Brucella canis from a
breeding kennel in Italy

First identified in 1966 (Carmichael 1966), B.  canis 
is a Gram‑negative non‑motile aerobic intracellular 
coccobacillus with rough colony morphology when 
grown on artificial medium. Dogs and wild Canidae 
are the only animal species that act as reservoirs 
of B.  canis under natural conditions (Shin and 
Carmichael 1999). 

Canine Brucellosis due to B.  canis is a contagious 
disease characterized by abortions in females and 

Introduction
Brucellosis is a zoonosis, widespread all over the 
world, caused by bacteria belonging to the genus 
Brucella. The most clinically relevant Brucella species 
are Brucella melitensis, B. abortus, B. suis and B. canis. 
They tend to be host‑adapted, although infections 
may occur in other animal species, including humans 
(Michaux‑Charachon et al. 2002).
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Unlike many bacterial infections, canine brucellosis 
is not amenable to treatment with antibiotics 
(NASPHV 2012, Carmichael and Greene 2013). Its 
intracellular persistence makes B.  canis a difficult 
target for antibiotics, despite its susceptibility 
in vitro. Treatment failures or relapses are common 
(Carmichael and Greene 2013), leading some entities 
to recommend that infected dogs, regardless of 
whether they are treated or not, should not be 
rehomed from infected facilities (USDA 2015).

Canine brucellosis due to B.  canis is considered 
a zoonosis (Blankenship and Sanford 1975). 
The disease is underestimated in man due to 
general lack of serological testing facilities and 
misconceptions concerning its prevalence. 
Confirmed cases of human illness due to B.  canis 
are relatively uncommon, with roughly 50 cases 
identified in the US since 1973 (Daly et  al. 2020). 
However, because of the vague symptoms and 
effects in infected people, it is likely that human 
cases of canine brucellosis are under‑diagnosed 
and underreported (NASPHV 2012). Those working 
closely with potentially infected animals, such 
as in breeding kennels or with stray animals, are 
considered at higher risk than others (Hensel et al. 
2018). Culture‑positive cases have been reported 
in laboratory personnel, animal technicians and 
persons known to have close and frequent contact 
with infected dogs (Carmichael et al. 1980).

B.  canis is considered endemic in Southern USA, 
in Central and South America and in Mexico 
(Flores‑Castro et al. 1977, Brower et al. 2007, Küster de 
Paula Dreer et al. 2013, Krueger et al. 2014, Keid et al. 
2017). It has been also reported in Canada (Cosford 
et  al. 2018). Infections with B.  canis have been 
reported from Asian countries such as China (Di et al. 
2014), Japan (Hayashi and Ysayama 1977), India (Yoak 
et al. 2014) and from African countries such as Nigeria 
(Cadmus et al. 2011) and Zimbabwe (Chinyoka et al. 
2014). New Zealand and Australia appear to be free 
of B.  canis; however, Australia has reported some 
B. suis infections in dogs, mainly in animals used to 
hunt feral pigs. (Mor et al. 2016, Rovid Spickler 2018, 
Gardner and Reichel 1997). Cases have been reported 
also from European countries, such as Austria (Hofer 
et al. 2012), Germany (Von Kruedener 1976, Nöckler 
et al. 2003), Hungary (Gyuranecz et al. 2011), Sweden 
(Holst et  al. 2012, Kaden et  al. 2014), Switzerland 
(Egloff et  al. 2018), and the United Kingdom (Taylor 
1980, Whatmore et al. 2017). The only report recorded 
in Italy so far has been a presumptive B. canis infection 
in a dog with chronic prostatitis and discospondylitis, 
detected by PCR (Corrente et al. 2010).

Aims of this paper are to report the first isolation of 
B. canis from a commercial breeding kennel in Italy, 
to describe the case, and to inform about results 
of testing.

epididymitis, testicular atrophy, prostatitis and 
infertility in males (Wanke 2004). The disease is 
insidious, and many dogs do not have prominent 
signs, otherwise some dogs with generalized 
infection could show uveitis, discospondylitis 
and other more chronic conditions such as 
lymphadenomegaly, osteomyelitis, polyarthritis, 
meningoencephalitis, and pyogranulomatous 
dermatitis (Carmichael and Greene 2013). The 
disease is of particular importance for dog breeders 
since infection with B.  canis usually ends a dog's 
reproductive career (Carmichael 1990).

The most common routes of transmission of B. canis 
to humans are through contact with infected dogs, 
which may disseminate the bacteria with their 
secretions for many months after bacteraemia has 
ceased, and through direct laboratory exposure 
(Carmichael and Shin 1996).

Dog to dog transmission occurs during breeding, 
or through oronasal contact with reproductive 
discharges following abortions. B.  canis may also 
be shed with urine, feces, and nasal and ocular 
secretions. Pups may be infected in utero or 
perinatally (Carmichael and Greene 2013).

These bacteria may be transmitted either by the 
venereal or oral route, more frequently infection 
occurs following contact with abortive material. 
In males, urine and seminal fluid represent an 
important source of infection (George et  al. 1979). 
Prolonged bacteraemia is a typical sign of canine 
brucellosis that persists from 6 months to 5 years 
(Carmichael et al. 1984).

Prevalence and spreading of B.  canis infection in 
canine populations depend upon several individual 
factors, including age and reproductive status 
(Carmichael and Greene 2013, Kaufmann and 
Petersen 2019). In endemic countries, infection 
rates are typically higher in stray animals, as they are 
more likely to be reproductively intact and active 
compared to owned pets. Breeding kennels can 
also be sites of higher‑than‑normal infection rates 
(Carmichael and Greene 2013).

Identifying brucellosis‑infected dogs is often 
challenging. Definitive diagnosis requires the 
culture of B. canis from the blood of infected dogs, 
a process that has a relatively low sensitivity, 
is time‑consuming, and somewhat technically 
impractical to apply to large populations of dogs. 
Some serological methods have been developed 
as commercial kits and test services are available 
at diagnostic laboratories. False‑positive and 
false‑negative results may occur with these tests 
(Keid et  al. 2009), however, in many situations 
they are the tests of choice for screening larger 
populations, such as stray dogs or those entering 
shelters (Carmichael and Greene 2013).
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the NRC, IZSAM. Four‑five weeks later, a second 
round of sampling involved 683 animals and this 
time both serum and EDTA blood were collected 
from each animal. Overall, serum samples were 
collected from 683 dogs and submitted to the 
NRC, IZSAM. Serological analyses were carried 
out using a microplate serum agglutination test 
(mSAT). The test was carried out modifying the tube 
agglutination test described by Alton and colleagues 
(Alton et  al. 1988), and volumes were adapted to 
be performed in 96‑well U‑shaped microplates. 
Briefly, B.  canis strain RM66 was used to prepare 
mSAT antigen as previously described (Alton et  al. 
1988). Before testing, serum samples were diluted 
1:10 in Tris‑maleate buffer (TMB) pH 9.0 ± 0.5. The 
assay was performed by dispensing equal volumes 
(50 µl) of sera 2‑fold serially diluted with TMB and 
B.  canis antigen in a 96 well U‑shaped microplate, 
to obtain a final dilution ranging from 1:20 to 1:640. 
Plates were incubated at 37 ± 2 °C for 48 h. Samples 
displaying 100% agglutination at a dilution ≥ 1:20 
were considered as positive. Serology titres were 
indicated as the highest dilution of serum showing 
100% agglutination.

Furthermore, in order to acquire information on 
specificity of mSAT, a panel of 143 samples from 
owned dogs non‑related to the outbreak was also 
tested with this method.

Bacteriological investigation
A total of 683 dogs of different breed were sampled 
and a whole blood sample was taken from each of 
them and submitted to the NRC, IZSAM. Whole blood 
samples were cultured for detection of Brucella spp. 
according to the literature methods (Carmichael 
and Greene 2006, CFSPH 2018, GDA 2020). Briefly, 
samples were both streaked onto selective Farrell’s 
Brucella Agar (IZSAM) and inoculated in enrichment 
broth supplemented with equine serum (Brucella 
Broth, IZSAM). All media were incubated at 37 ± 1 
°C. Subcultures in Farrell’s Brucella Agar of all the 
broth cultured samples were made weekly for a 
month. Plates were examined daily for evidence 
of growth and were considered negative when no 
colonies were seen neither from direct culture nor 
from all subcultures. Typical Brucella spp. colonies 
were subjected to specific PCR assay for species 
identification (OIE 2016).

PCR assay
DNA was extracted from all the samples (whole 
blood and suspected colonies) using the Maxwell® 
16 Blood & Cell DNA Purification Kit (Promega 
Italia Srl, Milan, Italy), following the manufacturer’s 
specifications. After extraction, DNA was collected 
in DNA/RNA free tubes and stored at 4 ± 2 °C until 

Materials and methods

Background and diagnostic screening
In April 2020, two Chihuahua aborted foetuses 
were submitted to the Ancona Laboratory of the 
Istituto Zooprofilattico Sperimentale dell'Umbria 
e delle Marche (IZSUM) for the detection of canine 
reproductive pathogens. These specimens were 
collected from a kennel where several months of 
abortion, infertility and reproductive disorders 
were reported by the private veterinarians caring 
for the kennel. At time of sampling, the kennel 
hosted approximately 600 dogs, mostly Chihuahua 
breed, but also some Pomeranian, Maltese and Toy 
Poodle breeds. Samples collected from the two 
foetuses were subjected to standard bacteriological 
investigations and molecular tests for the following 
pathogens: Canine Herpes virus (CHV; real‑time 
PCR); Brucella spp. (real‑time PCR); Leptospira spp. 
(real‑time PCR); Chlamydia spp. (real‑time PCR); 
Mycoplasma spp. (PCR); Canine Parvovirus (CPV; 
real‑time PCR). Brucella spp. were isolated in sheep 
blood agar, after incubation overnight at 37  °C 
(± 2 °C). Cultures were carried out from brain, spleen, 
stomach and lung. Identification of Brucella genus 
was confirmed by MALDI‑TOF and PCR, both from 
colonies and pooled viscera. The strain isolated 
was submitted for identification to the National 
Reference Centre for Brucellosis (NRC), Istituto 
Zooprofilattico Sperimentale dell'Abruzzo e del  
Molise (IZSAM), where Bruce‑ladder assay identified 
B.  canis (OIE 2016). Following the confirmation of 
B. canis isolation in the kennel, a bacteriological and 
serological survey was carried out, to investigate 
on the magnitude of the outbreak. Samples were 
collected by Local Veterinary Services according 
to Italian and European regulations for animal 
welfare. Samples were taken from the radial vessel 
with the Vacutainer™ system in anticoagulant 
tubes, preventing blood from clotting. After 
collection, blood samples were kept refrigerated 
until delivered to the laboratory and then stored at 
4 ± 2 °C until analysis. 

Population data
All dogs were identified with a microchip; data 
regarding age, gender, and breed were collected 
from the National and Regional Databases for the 
identification and registration of dogs.

Serological investigation
After the confirmation of B.  canis outbreak in the 
kennel, a first round of serological sampling was 
carried out on 598 animals and submitted to 
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were ignored in the calculation of distance between 
pairs of sample profiles. All sequences were 
additionally typed using the Brucella 9 locus MLST 
scheme available at https://pubmlst.org/brucella/ 
(Whatmore et  al. 2007) accessible through Ridom 
SeqSphere+.

Statistical analysis
Data from Laboratory Information Management 
System were imported in MS Access® (Microsoft 
Access 2019, Redmond, Washington, DC, USA), 
which was used for cleaning and normalizing the 
dataset. To take into account the uncertainty of 
the proportion of positive laboratory results over 
the total tests performed, a beta distribution was 
used to define the 95% confidence interval of 
the proportion accuracy. The uncertainty interval 
was defined as the difference between upper 
and lower 95% confidence limits. The 95% lower 
and upper credibility levels (L.C.I. and U.C.L., 
respectively, composing the Credibility Interval, CI) 
of the distribution frequency of positive results were 
calculated using a Bayesian approach (Sivia 1996) 
with a beta distribution (n + 1; n - s + 1), where n 
is the total number of tested samples and s are the 
tested positive samples.

Results

Population data
The total number of dogs considered in this study 
was 683. Out of them, 475 (69.5%) were females 
and 208 (30.5%) were males. The distribution of 
dogs by age at the time of sampling is shown in 
Figure 1. The dogs in the kennel were 2.8 years old 
in average, with the oldest dog being 8.5 year old. 
The most represented breed was Chihuahua (605 
dogs, 88.6%), followed by Spitz (37 dogs, 5.4%), 

analysis. The reaction mix was prepared using the 
Brucella genus (all species) Genesig™ Advanced 
Kit (Genesig, York House, School Lane, Chandler's 
Ford, UK) in a final volume of 20 µl consisting of 
5 µl of extracted DNA and 15 µl of master mix, 
according to the manufacturer's instructions. The 
samples were analyzed by real‑time PCR. PCR was 
run in a QuantStudio™ 7 Pro real‑time PCR System 
(Applied Biosystems, CA, USA) under the following 
conditions: enzyme activation step at 95 °C for 
2 min, 50 cycles of denaturation at 95 °C for 10 s and 
data collection at 60 °C for 60 s. A positive control 
(K+) and a No‑Template Control (NTC) were included 
in each run. Data were analyzed by Design and 
Analysis Software 2.4.3.

Whole‑genome sequencing (WGS)
A total of 67 B. canis strains each isolated from a single 
dog were submitted to WGS. The genomic DNA 
extracted from bacterial colonies was quantified 
with the Qubit fluorometer (QubitTM DNA HS 
assay; Life Technologies, Thermo Fisher Scientific 
Inc., Waltham, MA, USA). Sequencing libraries were 
prepared using Nextera XT library preparation 
kit (Illumina Inc., San Diego, CA, USA) according 
to the manufacturer’s instructions. The libraries 
were sequenced using the Illumina NextSeq 500 
platform, producing 150‑bp paired‑end reads. After 
demultiplexing and removal of adapters, reads were 
trimmed from 50 and 30 ends using Trimmomatic 
tool version 0.36 to discard the nucleotides with 
quality scores of less than 25. Reads shorter than 
36 bp were automatically discarded. Scaffolds 
were assembled with SPAdes version 3.11.1 with 
the careful option selected (Bankevich et  al. 2012). 
Read sequences were submitted to Sequence Read 
Archive of the National Center for Biotechnology 
Information (NCBI) under the BioProject accession 
number PRJNA748851.

Multilocus sequence typing (MLST) and 
core genome (cg)MLST Analysis
Genome assemblies produced in our study, along 
with 67 public genomes available at GenBank 
(accessed on 28 October 2020), were genotyped 
using cgMLST. The cgMLST profiles were assigned 
using the task Template B. melitensis/suis/canis/
abortus cgMLST with 2076 targets core genes in 
Ridom SeqSphere+ software, v4.1.1 (Ridom GmbH, 
Münster, Germany) as described by Janowicz and 
colleagues (Janowicz et al. 2018). Multiple spanning 
tree (MST) was generated by pairwise comparison 
of cgMLST target genes using default parameters. 
The Neighbour‑Joining Tree was constructed by the 
distance allele table and circular tree was visualized 
using iTol (Letunic and Bork 2019). Missing values 
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Figure 1. Age distribution of dogs at the time of sampling.
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identified 138 samples as negative, demonstrating a 
specificity of 96.5% (CI 92.1%‑98.5%).

The distribution of seropositivity was different 
between males and females. Overall, 48 males were 
positive out of 208 (23.1%), while 193 females were 
positive out of 475 (40.6%). This difference was 
found as significant (χ2 = 19.52; p < 0.01).

When age classes were considered, the distribution 
of seropositivity was higher in the classes from 2 to 
7 years. Lower rates of seropositivity were recorded 
above and under that age interval (Table II). When 
considering the credibility intervals, the number of 
seropositives under one year of age was significantly 
lower than the other age classes.

The distribution of seropositivity according to breed 
is shown in Table III. The seropositivity in Poodle 
breed was significantly higher than the seropositivity 
recorded for Chihuahua breed (χ2 = 9.38; p < 0.01).

Brucella isolation and identification
Out of the 683 whole blood samples collected, 
68  were positive for microbiological isolation. 
All strains isolated were confirmed as B.  canis by 
PCR assay. Moreover, 61 samples grew on direct 
sowing, while seven strains were detected only by 
subcultures from enrichment broth. Furthermore, 
real‑time PCR allowed the identification of 
32 positive dogs. Results are summarized in Table IV. 
When analysing the performances of the two 
tests, the Cohen’s Kappa value obtained was 0.381, 

Poodle (29 dogs, 4.2%), Maltese (7 dogs, 1.0%), Pug 
(3 dogs, 0.4%), Tibetan mastiff (1 dog, 0.1%), and a 
cross‑breed dog (1 dog, 0.1%).

Serology
In the first round of sampling, 269 tested positive 
out of 598 animals sampled. Given that 15 sera were 
not analysed because haemolytic, the apparent 
seroprevalence was 46.1%. In the second round of 
sampling, out of the 683 serum samples collected, 
241 were positive, for an apparent prevalence 
of 35.3%. Among the 241 seropositive animals, 
64  were also positive to blood culture (26.6%). In 
four seronegative animals, B.  canis was isolated 
from blood cultures (Table I). When analysing the 
performances of the two tests, the Cohen’s Kappa 
value obtained was 0.307, considered as fair in the 
interpretation of strength of agreement suggested 
by Landis and Kock (Landis and Kock 1977).

Comparing the results of serological testing during 
the first and second round of sampling, 220 animals 
remained serologically positive, 45 animals became 
negative, while 15 animals became seropositive. 
When considering the same group of animals for the 
first and second round of sampling, seroprevalence 
decreased from 46.1% to 40.0%.

We also calculated the specificity of mSAT on 143 sera 
from owned dogs not‑related to the outbreak. mSAT 

Table I. Comparison of positive and negative results obtained by 
B. canis microplate serum agglutination test (mSAT) and Brucella spp. 
isolation method.

Serology (mSAT)
Positive Negative Total

Isolation
Positive 64 4 68

Negative 177 438 615
Total 241 442 683

Table II. Distribution of seropositivity by age classes.

Age class N. tested N. positive % positive L.C.L. U.C.L.
0 - 1 120 5 4.2% 1.8% 9.4%

1 - 2 120 40 33.3% 25.5% 42.2%

2 - 3 194 87 44.8% 38.0% 51.9%

3 - 4 97 43 44.3% 34.8% 54.3%

4 - 5 54 26 48.1% 35.4% 61.2%

5 - 6 51 22 43.1% 30.5% 56.8%

6 - 7 36 15 41.7% 27.1% 57.9%

7 - 8 7 2 28.6% 8.5% 65.1%

8 - 9 4 1 25.0% 5.3% 71.6%

Total 683 241 35.3% 31.8% 38.9%

Table III. Distribution of seropositivity by breed.

Breed N. tested N. positive % positive L.C.L. U.C.L.
Chihuahua 605 207 34.2% 30.5% 38.1%

Spitz 37 13 35.1% 21.8% 51.4%

Poodle 29 18 62.1% 43.9% 77.3%

Maltese 7 1 14.3% 3.2% 52.7%

Pug 3 2 66.7% 19.4% 93.2%

Cross-Breed 1 0 0.0% 1.3% 84.2%
Tibetan 
Mastiff 1 0 0.0% 1.3% 84.2%

Total 683 241 35.3% 31.8% 38.9%

Table IV. Comparison of positive and negative results obtained on EDTA 
blood samples by isolation and real-time PCR for B. canis identification.

Real-time PCR
Positive Negative Total

Isolation
Positive 21 47 68

Negative 11 604 615
Total 32 651 683
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strains fell in the ST21 group, identifying that closest 
genome was isolated in China on an unspecified 
date (Figure 3).

Discussion and conclusions
This is the first report of the isolation of B.  canis 
in dogs in Italy, as well as the first report of the 
occurrence of an outbreak in an Italian commercial 
breeding kennel. Moreover, and to the best of our 
knowledge, this is also the first report worldwide of 
an outbreak of B. canis infection involving very high 
number of dogs.

Until the bacterial isolation described in this study, 
brucellosis due to B. canis was considered a foreign 
disease for Italy. Previous recordings were based on 
serological evidence only, with the exception of a 
single report of B.  canis identification by PCR, in a 
dog with chronic prostatitis and discospondylitis 
(Corrente et  al. 2010). Private veterinarians or 

considered as fair in the interpretation of strength 
of agreement suggested by Landis and Kock (Landis 
and Kock 1977).

The distribution of dogs positive to B. canis isolation 
was different between males and females. Overall, 
13 males were positive out of 208 (6.3%), while 
55 females were positive out of 475 (11.6%). This 
difference was found as significant (χ2  =  4.58; 
p  <  0.05). When age classes were considered, the 
percentage of dogs positive to bacteriology was 
higher in the classes from 2 to 3 years, and from 7 
to 8 years (Table V). However, when considering the 
credibility intervals, no significant difference was 
recorded between age classes.

The distribution of positivity to isolation according 
to breed is shown in Table VI. The rate of isolation in 
Poodle breed was significantly higher than the rate 
recorded for Chihuahua breed (χ2 = 19.92; p < 0.01)

Genomic analysis
Genome assemblies were used to retrieve MLST 
profiles, which identified for all the strains analysed 
the Sequence Type (ST) 21. The assignation of the 
cgMLST profiles comprising 2074 targets retrieved 
at least 98.7% of them for all the strain analysed. 
The cluster analysis from the outbreak revealed that 
all the strains belong to the same cluster (Figure 2). 
The maximum distance observed between strains 
isolated in the outbreak was four allelic differences, 
thus confirming the hypothesis that the outbreak 
has been generated by a single introduction of 
B. canis in the kennel.

The comparison of the cgMLST profiles against the 
public genomes revealed that the B. canis population 
was divided in two main groups corresponding to 
ST20, which was previously linked to South, Central 
and North America, and ST21 mostly linked to 
Asia and Europe (Vicente et al. 2018). The outbreak 

Table V. Distribution of dogs positive to B. canis isolation according to 
age classes.

Age class N. tested N. positive % positive L.C.L. U.C.L.
0 - 1 120 6 5.0% 2.4% 10.5%

1 - 2 120 13 10.8% 6.5% 17.7%

2 - 3 194 26 13.4% 9.3% 18.9%

3 - 4 97 11 11.3% 6.5% 19.2%

4 - 5 54 3 5.6% 2.0% 15.1%

5 - 6 51 5 9.8% 4.4% 21.0%

6 - 7 36 3 8.3% 3.0% 21.9%

7 - 8 7 1 14.3% 3.2% 52.7%

8 - 9 4 0 0.0% 0.0% 45.1%

Total 683 68

Table VI. Distribution of dogs positive to B. canis isolation by breed.

Breed N. tested N. positive % positive L.C.L. U.C.L.
Chihuahua 605 54 8.9% 6.9% 11.5%

Spitz 37 4 10.8% 4.4% 24.8%

Poodle 29 10 34.5% 19.9% 52.8%

Maltese 7 0 0.0% 0.3% 36.9%

Pug 3 0 0.0% 0.6% 60.2%

Cross-Breed 1 0 0.0% 1.3% 84.2%
Tibetan 
Mastiff 1 0 0.0% 1.3% 84.2%

Total 683 68 10.0% 7.9% 12.4%
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brucellosis control and eradication in ruminants 
would not be acceptable for application in dogs, 
both for animal welfare and ethical reasons. On the 
other hand, due to possible health implications, 
either for dogs and their owners, actions are 
required to acquire data on distribution of this 
underhanded zoonosis of pets, as well as for 
controlling his spread in situations where it occurs. 
Thus, protocols are necessary for proper detection, 
control, and eradication of the infection in kennels 
and in owned dogs.

Laboratory tests are a cornerstone for B.  canis 
diagnosis and control. Serological testing represents 
a valid screening tool for evaluating the presence of 
B.  canis in breeding kennels. Based on serological 
results, apparent seroprevalence during the first 
round of sampling (598 animals) was 46.1% while 
in the second round of sampling (683 animals) 

public health authorities have rarely investigated 
this zoonosis, also due to the lack of regulations 
on canine brucellosis surveillance or provisions 
for specific controls in dog international trade for 
this disease. This contributed to the current lack 
of data on B. canis diffusion among the Italian dog 
population, and to the limited knowledge about 
the disease distribution in the European Union (EU) 
canine population. Furthermore, considering its 
zoonotic potential, uncontrolled spread of B.  canis 
may have important public health implications.

In Italy, the veterinary regulations do not provide 
specific restrictive measures for canine brucellosis 
caused by B. canis. Actually, brucellosis and agents 
thereof are included in the list of the zoonosis 
requiring surveillance on Annex I of the so‑called 
“Zoonoses Directive” (EU 2003). However, in the 
context of canine brucellosis, current rules for 
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than in males, both for serology and isolation tests. 
Actually, in a free‑living dog population and in a 
situation of uncontrolled spread of the disease, it 
would be expected to have a similar prevalence in 
both genders. However, giving that the outbreak 
occurred in a commercial breeding kennel, this 
finding could be the result of breeding practices. 
In fact, one hypothesis is that to maintain a good 
bloodline not all males were allowed to mate and 
then only a fraction of them was actually exposed to 
the infection from the venereal route.

The rate of positivity was distributed evenly across 
age classes, except for dogs aged one year or under. 
This is suggestive of an infection that remained 
uncontrolled for a long period of time, favouring the 
disease spread among dogs of all age classes, both 
through mating and environmental contamination. 
Similar observations on the low susceptibility of 
animals under the age of reproduction to brucellosis 
were also reported in other animal species (Nicoletti 
1980). However, it is not clear if this resistance or 
lower susceptibility of young animals is related to 
immature reproductive system, a reduced time of 
exposure to infection, or other factors that remain 
to be investigated.

When looking at the breed involved in the B. canis 
outbreak, positivity was found significantly higher 
in Poodles, even if this breed was low in numbers 
compared to Chihuahuas. This may suggest that 
the infection was introduced in the kennel with this 
breed and then was transmitted to other dogs due 
to environmental contamination after abortion.

The fair agreement recorded between isolation and 
PCR testing procedures (Cohen’s Kappa value 0.381), 
considering that the isolation gave positive results 
in a higher number of specimens with respect to 
PCR, suggests that the PCR assay has difficulties in 
performing on blood matrix. In the literature the 
sensitivity of PCR for Brucella is very variable when 
performed on blood matrix, ranging from 3.26% 
(Kauffman et  al. 2012) to 97.14% (Keid et  al. 2010). 
This may be due to the presence of PCR‑inhibitory 
molecules like haemoglobin (Sidstedt et  al. 
2018), which may affect the amplification process 
through different mechanisms or lead to a failure 
of amplicons detection. Not only the presence of 
inhibitors, but also the use of antibiotics and heparin 
blood sampling could alter the sensitivity of the PCR 
results (Mol et al. 2020). To improve the performance 
of the method, it is possible to proceed with 
centrifugation of the blood sample and extraction of 
the DNA from buffy coat. However, larger quantities 
of blood are required for this purpose, and often they 
are not available from dogs due to the breed size. 
Also because Brucella is a facultative intracellular 
bacterium, the DNA yield during extraction may 
be low. This critical point may be solved by sowing 

decreased to 35.3%. These data resemble or 
even exceed the highest values reported in the 
literature (Hensel et al. 2018), giving a clear number 
of the impact the disease may have in a kennel. 
The high seroprevalence is probably related and 
consequent to the high density dog population 
hosted in the kennel, in addition to inadequate 
kennel management, both factors contributing to 
B. canis spreading. We observed a reduced apparent 
seroprevalence between the first and second 
sampling. This result is partially explained with the 
increased number of animal tested during the second 
sampling. Actually, the additional population tested 
in second sampling was composed by young animals, 
and most of them resulted seronegative. Someone 
may also argue that the decreased prevalence 
observed was related to the antibody isotype 
switching that does occur as the disease progresses, 
when the most prevalent B. canis specific antibodies 
found in serum after infection shift from IgMs to 
IgGs. IgGs are characterised by lower agglutination 
properties compared to IgMs. In the hypothesis 
that mSAT mainly detect IgMs, mSAT would have a 
reduced sensitivity on sera with high concentrations 
of B. canis specific IgGs but low IgMs. In our opinion, 
this was not the case and previous studies in human, 
performed on similar test, showed that even when 
IgMs are removed, serum agglutination capacity, 
despite reduced, was maintained by IgG and IgA 
antibodies (Marrodan et al. 2001). This suggests that 
also animals with lower amount of IgMs compared 
to IgGs should test positive to mSAT. On the other 
hand, these observations support the use in parallel 
of serological tests that evaluate IgG antibodies, 
in addition to IgMs, this in order to maximize the 
chance of detecting seropositive animals. Finally, 
the non‑optimal specificity observed for mSAT may 
have influenced the different prevalence observed 
between the first and second sampling. In fact, 
32  animals that tested positive to mSAT during 
the first sampling, with an antibody titer around 
the cut‑off value, turned negative few weeks later. 
A fair agreement was recorded between isolation 
and mSAT testing procedures (Cohen’s Kappa 
value 0.307). During the outbreak investigation, 
we identified four cases of active infection and 
bacteraemia that tested negative to serological 
tests. As previously described (Carmichael 1990, 
Carmichael and Greene 2006) antibody response 
only appears 5‑8 weeks after infection and animals 
with ongoing bacteraemia may result negative 
to serological tests for 3‑4 weeks post infection. 
Similarly, animals with chronic infection may also 
result negative to serological screening (Carmichael 
and Greene 2006). 

The study also evaluated the disease prevalence 
among gender and age. The rate of positivity to 
laboratory tests was significantly higher in females 
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Further circumstances prevented the identification 
of the source of infection in the kennel under study. 
Dogs were kept in a commercial breeding kennel, 
where epidemiological investigation on movements 
of breeding dogs were not conclusive. Furthermore, 
from the occurrence of abortions to the diagnosis of 
canine brucellosis several months elapsed, allowing 
the infection spreading largely in the kennel, thus 
hampering the possibility to identify the origin of 
the infection and, therefore, to trace back its source.

Public and private veterinarians should be trained 
in canine brucellosis diagnosis, prevention and 
control, and should investigate the causes of 
abortion in dogs considering also B.  canis. More 
research on the proper use of antimicrobials in 
affected dogs is advisable, at least until a reliable 
vaccine will become available. This highlights also 
the importance of reminding breeders of the clinical 
signs of canine brucellosis and their responsibility 
to prevent intra‑population and inter‑population 
spread of the disease and possible human infections. 
Surviving puppies can be an important source of 
B.  canis infection, as they can become permanent 
carriers and shedders of the pathogen. All cases of 
canine abortion should be examined for brucellosis 
by bacterial culture of the foetuses and placentas. 
Commercial breeding kennels should be regularly 
checked for causes of abortion and international 
trade rules should foresee testing for B.  canis of 
imported breeding dogs.

Finally, more researches are required in order to 
enhance the performances of the diagnostic tests in 
terms of sensitivity and specificity, as well as more 
survey data are needed to determine the current 
spread of B. canis in Italy, in the light to identify the 
related epidemiological patterns and burden of the 
disease on Italian canine populations, as well as on 
public health.

in enrichment broth and extracting DNA from the 
one‑week incubation culture.

The genomic analysis of strains isolated from the 
outbreak revealed that they all belong to the same 
cluster (Figure 1). The maximum distance observed 
between strains isolated in the outbreak was only 
of four allelic differences, thus confirming the 
hypothesis that the outbreak under study has been 
generated by introduction of a single of B.  canis 
strain in the kennel. The number of allelic differences 
was within the published cut‑off of genomic cluster 
found out in a B. melitensis outbreak (Janowicz et al. 
2018). Moreover, these limits were also reasonable if 
compared with several bovine brucellosis outbreaks. 
These observations strengthen the idea that a single 
B.  canis introduction led to unrestrained spread 
within the kennel, affecting many dogs and puppies. 
Importantly, by surveilling B.  canis sequences from 
the worldwide database, it was not possible to 
trace back this strain; however, the availability of 
the genomes generated by the present study will 
allow the trace forward and the surveillance of 
the infection spread from this outbreak. This study 
highlights the need of further data for an updated 
genomic surveillance with the aim to avoid public 
health consequences related to a poor mitigation 
strategy in fighting the spread of this disease at 
national and international level.

The scarce information about B.  canis contained in 
the international Brucella genomic databases has 
made not possible to give further details on the 
genomic differences of the strains isolated, which 
would have been useful to trace back the infection 
source. Indeed, to better help epidemiological 
investigations in B.  canis outbreaks, it would be 
needed to genotype as much B.  canis isolates as 
possible worldwide, in order to improve the quantity 
and quality of information stored in the international 
genomic databases.
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