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Abstract: A 2-year-old, spayed female, Bichon Frise dog was presented with reluctance to exercise, back pain, and fre-
quent sitting down. Multiple osteolysis, periosteal proliferation, and sclerosis of the vertebral endplates of T11–13 were 
observed in the radiography, computed tomography, and magnetic resonance imaging. The bacterial culture of the urine 
specimen, the polymerase chain reaction (PCR) of the blood, and the antibody tests were positive for Brucella canis. 
Accordingly, discospondylitis caused by B. canis was diagnosed and doxycycline was administered. The clinical signs 
resolved and the culture and PCR results were negative afterwards. Doxycycline was discontinued after 6 months. 
The clinical signs recurred 2 weeks later, and the combination treatment of doxycycline and enrofloxacin was initiated. 
Though no clinical signs were observed after 9 months and the bacterial cultures and PCR were negative, the antibody 
titre remained at 1 :  200 or more. The dog will continue taking antibiotics until the antibody titre drops. To the best 
of our knowledge, this is the first case report of a clinical infection of B. canis associated with canine discospondylitis 
in the Republic of Korea. Although the clinical signs of brucellosis might improve with antibiotic treatment, the disease 
cannot be cured due to Brucella’s various strategies to evade host immune systems. Specifically, it can proliferate and 
replicate within the host cells, resulting in an environment that makes treatment less effective. Furthermore, owing 
to its zoonotic potential, owners and veterinarians should consider lifelong management or euthanasia.
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Discospondylitis is an inflammation of the inter-
vertebral discs associated with the end plates and 
nearby vertebral bodies. Several organisms can 
cause discospondylitis. The most common patho-
gen is Staphylococcus spp. and although Brucella 
canis is uncommon, it has also been detected occa-

sionally (Moore 1992; Thomas 2000). The haematog-
enous spread to the disc region is the most typical 
infection pathway. Dogs with discospondylitis dis-
play various clinical signs such as depression, anorex-
ia, reluctance to move, and neurologic dysfunctions 
(Kornegay and Barber 1980; Moore 1992; Thomas 
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Figure 1

2000). The radiographic signs of discospondylitis 
are the irregularity and erosion of the end plates 
and the lysis of the nearby bones. Subsequently, 
bone proliferation and sclerosis occur (Kornegay 
and Barber 1980; Jimenez and O’Callaghan 1995; 
Thomas 2000). Discospondylitis is generally con-
firmed through radiography. The presumed caus-
ative organism is typically identified through blood 
and urine cultures. Owing to Brucella’s zoonotic 
potential, at minimum, a Brucella serological test 
should be performed so that biosafety measures can 
be implemented (Santos et al. 2021).

B. canis is the most common brucellae isolated 
from dogs. In dogs, B. canis mainly causes repro-
ductive disorders in sexually intact animals; how-
ever, it can also cause discospondylitis regardless 
of sexual status (Thomas 2000). There are various 
diagnostic methods for canine brucellosis, includ-
ing serological tests such as the rapid slide-agglu-
tination test (RSAT), 2-mercaptoethanol RSAT 
(2ME-RSAT), agar gel immunodiffusion (AGID), 
and enzyme-linked immunosorbent assay (ELISA); 
blood and urine bacterial culture; and molecular 
diagnostic methods such as polymerase chain reac-
tion (PCR). Since the existing serological diagnostic 
methods have low specificity (i.e., may have false 
positive results), confirmatory tests such as a cul-
ture or PCR must also be performed (Wanke 2004; 
Mol et al. 2020). Direct exposure to bodily fluids 
from dogs infected with B. canis can lead to human 
infection. Oronasal exposure is the most common 
route (Santos et al. 2021). People most often ex-
perience fatigue, relapsing fever, and weight loss 
as clinical signs (Young 1995; Sayan et al. 2011; 
Santos et al. 2021). However, severe conditions, 
such as endocarditis, arthritis, and osteomyelitis, 
have been described in human patients as well (Tosi 
and Nelson 1982; Ying et al. 1999; Marzetti et al. 
2013; Santos et al. 2021).

On entering the animal’s body, Brucellae are phago- 
cytised by cells like macrophages, then move to the 
lymph nodes and circulate in the blood through-
out the body, causing clinical signs (Wanke 2004). 
Brucella is an intracellular bacterium with no cura-
tive treatment protocol and a high recurrence rate. 
There is no commercially available vaccine for the 
prevention of canine brucellosis.

We describe the first officially reported case 
of identifying and managing a B. canis infection 
in a companion dog diagnosed with discospondy-
litis in the Republic of Korea.

Case presentation

A 2-year-old, spayed female, Bichon Frise dog 
was presented with reluctance to exercise, pain 
response when picked up by the owner, and fre-
quent sitting down while walking. The dog was 
previously administered amoxicillin/clavulanate 
acid and cephalosporins for a long time to treat 
the recurrent cystitis. The physical examination 
showed increased muscle tone and back pain at the 
thoracolumbar junction. There were no neurologic 
deficits or any specific abnormalities detected dur-
ing the orthopaedic examination. Both the serum 
biochemistry panel and complete blood count 
revealed no abnormalities. Radiographs showed 
a ventral spur formation between the T12–13 ver-
tebral body, local bone lysis, and sclerosis between 
the T11–13 vertebral end plates (Figure 1).

Figure 1. Right lateral radiographs of the thoracic spine 
(A) at  presentation, (B) 6  months, and (C) 15  months 
after antibiotic administration
Local bone lysis, proliferation, and sclerosis are found 
on the T11–13 vertebral end plates (arrows). Smoothly 
marginated and osseous infilling of T12–13 vertebral end-
plates (arrowhead) over time

(A)

(B)

(C)
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Figure 3

Figure 2

No abnormalities were detected on the thoracic 
and abdominal radiographs and the abdominal ul-
trasound. The computed tomography (CT) showed 
multiple bone lysis between the T11–13 vertebral 
end plates and bone proliferation between the 
T11–13 vertebral bodies (Figure 2).

The magnetic resonance imaging (MRI) showed 
loss of shape and normal hyperintensity of the discs 
between T11–13 in the T1 W images. The irregular 
margin and hyperintensity of the T11–13 verte-
bral endplates and hyperintensity of the paraver-
tebral soft tissue around T12 were identified in the 
T2 W images (Figure 3).

A blood sample was aseptically obtained, and 
a urine sample was obtained through cystocente-
sis. To identify the pathogens of discospondylitis, 
the B. canis indirect fluorescent antibody (IFA) 
test (IDEXX Laboratories, Westbrook, ME, USA) 
and an aerobic and anaerobic blood (POBANILAB, 
Namyangju, Republic of Korea) and a urine bac-
terial culture (Neodin Biovet laboratory, Guri, 
Republic of Korea) were performed. A few days 
later, the pathogen suspected to be Brucella was 
cultured from the aerobic bacterial urine culture. 
Due to the risk of a zoonotic disease, the dog was 
reported to  the Animal and Plant Quarantine 
Agency (APQA) of the Republic of Korea. The se-
rological tests [2ME-RSAT, immunochromatog-
raphy test (ICT)] and bacterial culture and PCR 
for B. canis of the blood samples were performed 

by the APQA and all the tests were positive for 
B. canis. The B. canis IFA test was positive at over 
1 :  200 (Table 1).

Based on the above results, the dog was diag-
nosed with discospondylitis due to B. canis infec-
tion. The antibiotic sensitivity tests (Neodin Biovet 
laboratory, Guri, Republic of Korea) showed that 
this pathogen was sensitive to doxycycline and 
moderately sensitive to enrofloxacin.

The antibiotic therapy was initiated using doxy-
cycline (10 mg/kg, p.o., q24 h) according to the 
antibiotic sensitivity test. The owner agreed to con-
tinue to monitor the dog and quarantine the dog 
at home.

Two months after taking antibiotics, a blood 
culture, urine culture, and B. canis IFA test were 
performed. In APQA, the 2ME-RSAT, ICT, and 
Brucella PCR of  the blood samples were re-ex-
amined. The B. canis IFA test showed higher than 
1 :  200; however, the blood and urine culture tests 
were negative. The 2ME-RSAT and ICT were posi-
tive; however, the PCR was negative (Table 1). The 
dose of doxycycline was increased to 15 mg/kg (p.o., 
q24 h) in the second month of treatment. Follow-
up examinations were conducted two months and 
four months after the dose escalation. The B. canis 

Figure 2. Sagittal (A) and transverse planes (B, C) of bone 
window computed tomography (CT) at presentation
Osteolysis (arrows) and proliferation (arrowheads) with 
sclerosis of the T11–13 vertebral endplates can be seen

Figure 3. Sagittal (A) and transverse planes (B, C) of the 
T2 W images in the magnetic resonance imaging (MRI) 
at presentation
(A) The hyperintensity of  the T11–13 vertebral end-
plates (arrows). (B) The irregularity margin of the end plate 
(arrows). (C) The hyperintensity of the paraspinal soft tis-
sues around the lesion (arrows)

(A)

(B) (C)

(A)

(B) (C)
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antibody titre was still high and the 2ME-RSAT 
and ICT were positive. However, the blood cul-
ture, urine culture, and B. canis PCR were negative 
(Table 1).

The radiography showed mild radiographic im-
provement with the bone proliferation replaced lyt-
ic lesions (Ruoff et al. 2018) (Figure 1). Considering 
that the clinical signs resolved for six months, and 
the bacterial cultures were negative, the antibiotic 
was discontinued.

Back pain recurred after two weeks of the discon-
tinuation of doxycycline; therefore, a combination 
of enrofloxacin (10 mg/kg, p.o., q24 h) and doxycy-
cline (10 mg/kg, p.o., q12 h) were prescribed. The 
pain response significantly decreased a few days lat-
er, and antibiotics were continuously administered. 
Three months later, a B. canis PCR of the blood 
sample and a B. canis IFA test were performed, and 
the PCR was negative; however, the IFA test was 
higher than 1 :  200 (Table 1). There were no clinical 
signs for the next nine months and the radiography 
showed a marked radiographic improvement with 
smoothing and the loss of the lytic lesions (Ruoff 
et al. 2018) (Figure 1). In the blood and urine cul-
tures, pathogens were not detected. Since, in the 
B. canis IFA test, the antibody titre was still high, 
we decided to continue the antibiotics until the 
antibody titre was lower than 1 :  50 because it typi-
cally suggested previous exposure to the Brucella 
bacteria; however, it did not necessarily represent 
an ongoing infection.

The patient has been on antibiotic therapy for 
15 months since the diagnosis and remains as-
ymptomatic; however, the antibody titre remains 
elevated at >1 :  200, indicating that the brucellosis 
has not been cured even though the clinical signs 
are controlled.

DISCUSSION

The most prevalent cause of canine brucellosis 
is B. canis. Since Brucella is an intracellular bac-
terium, it is difficult to treat and has an extremely 
high recurrence rate (Wanke 2004). Additionally, 
owing to the possibility of transmission to humans, 
it is designated as a legally notifiable infectious dis-
ease in the Republic of Korea. In Japan, the 2020 ep-
idemiological survey showed that 2.9% of dogs were 
serologically confirmed with Brucella, of which 
3.6% were stray dogs, and 7.9% were in shelters 
(Kei et al. 2020). In 2019, a study on the preva-
lence of B. canis at a breeding kennel in Ontario, 
Canada, showed seropositivity in 127/1 080 cases 
(11.8%) (Weese et al. 2020). According to a sur-
vey of B. canis in Michigan, USA between 2007 
and 2016, seropositivity rates for purebred dogs 
possessed by non-commercial breeders were 0.4%, 
and production facilities ranged from 2/22 (9%) 
to 5/6 (83%) (Johnson et al. 2018). In the Republic 
of  Korea, 2  394  dogs (1  825 companions and 
569 strays) were surveyed in 2015–2016, 16 (0.9%) 
of the 30 positive dogs were companion dogs and 14 
(2.5%) were stray dogs (Jung et al. 2018). Previously, 
Brucella infections were mostly reported in stray 
dogs or kennel dogs; however, these findings show 
that non-breeding or neutered companion dogs 
can be infected with Brucella. As the pet industry 
grows rapidly, appropriate management methods 
for brucellosis are needed.

Brucellosis is difficult to treat, and a curative an-
tibiotic treatment regimen has not yet been found. 
Euthanasia can be proposed owing to the epidemic 
characteristic; however, guidelines for companion 
animals are ambiguous. In other countries, such 
as the United States or Canada, when Brucella in-

Table 1. Bacteriologic, serologic and polymerase chain reaction (PCR) results during the treatment period in this case

Month after treatment Blood culture Urine culture Blood PCR IFA 2ME-RSAT ICT

0 + + + ≥1 :  200 + +

2 – – – ≥1 :  200 + +

4 – – – ≥1 :  200 + +

6 – – – ≥1 :  200 + +

9 NA NA – ≥1 :  200 NA NA

12 NA NA – ≥1 :  200 NA NA
15 NA NA – ≥1 :  200 NA NA

(–) = negative; (+) = positive; 2ME-RSAT = 2-mercaptoethanol rapid slide-agglutination; ICT = immunochromatography 
test; IFA = indirect fluorescent antibody; NA = not assessed
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fection occurs in companion dogs, long-term an-
tibiotic treatment is often considered rather than 
euthanasia (Cosford 2018; Hensel et al. 2018) if the 
owner agrees to quarantine and continuously moni-
tor the dog. Many attempts to treat Brucella infec-
tions have been reported. In vitro, enrofloxacin and 
streptomycin were synergistic, and doxycycline 
and rifampicin were antagonistic in certain strains 
of B. canis (Mateu-de-Antonio and Martin 1995). 
In 10 females and 2 males, enrofloxacin (5 mg/kg, 
p.o., q12  h) was administered for 30  days, and 
9 females took additional enrofloxacin during the 
oestrus stage. The RSAT results of 10 dogs were 
negative after 14 months and the offspring born 
to the female dogs who had been infected and treat-
ed were healthy (Wanke et al. 2006). In dogs with 
endophthalmitis caused by B. canis, enrofloxacin 
(10 mg/kg, p.o., q24 h); doxycycline (15 mg/kg, p.o., 
q12 h); streptomycin (20 mg/kg, i.m., q24 h for 
7 days, every other week for 8 weeks); and rifampin 
(7.5 mg/kg, p.o., q24 h, after streptomycin is com-
pleted) have been used to treat brucellosis. B. ca-
nis could not be cultured from the blood samples 
and attained a seronegative status after a median 
of 96 weeks (range: 36–112 weeks) of treatment 
(Ledbetter et al. 2009).

While selecting antibiotics for the patient in our 
study, we considered the results of the antibiotic 
sensitivity test, the methods of taking drugs, and 
the side effects. Doxycycline and enrofloxacin were 
selected because both showed susceptibility to the 
bacteria, could be taken orally, and had minimal 
side effects. During the use of antibiotics, there 
were no clinical signs and the bacterial cultures 
and B. canis PCR were continuously negative; how-
ever, the serological antibody titre was consistently 
high. This suggests that the clinical signs might 
be managed in brucellosis; however, it is difficult 
to cure completely. Antibody titre may be positive 
if the infection is still present or if previously pro-
duced antibodies are present. In one study, three 
patients infected with B. canis were negative for 
both the culture and serological antibody tests, and 
the median value for that treatment period was 
96 weeks (range 36–112 weeks) (Ledbetter et al. 
2009). Therefore, a long-term follow-up is needed 
because the seronegative result takes a very long 
time to appear. In the USA, 100 to 200 occurrences 
of human brucellosis (caused by all Brucella spe-
cies) are reported each year (Cosford 2018). B. ca-
nis accounts for only 1% of the confirmed cases 

of human brucellosis; however, its stealthy nature 
in comparison to pathogenic smooth Brucella can 
contribute to  the underdiagnosis (Santos et al. 
2021). Thus, owners and veterinarians should re-
main vigilant for any potential disease transmission 
during the prolonged treatment of an infected dog.

Another problem is that there may be side effects 
from long-term antibiotics. The side effects of long-
term doxycycline and enrofloxacin use are poorly 
understood. An increase in liver enzyme activities 
and gastrointestinal signs were the most common 
side effects of doxycycline therapy. In particular, 
the alkaline phosphatase (ALP) activity is associ-
ated with the dose of doxycycline (Schulz et al. 
2011). The most frequent adverse effects of enro-
floxacin are digestive issues like nausea, abdomi-
nal pain, vomiting, and diarrhoea (Trouchon and 
Lefebvre 2016). In this study, the dog was given 
famotidine (0.5 mg/kg, p.o., q12 h), gastrointestinal 
protection, and silymarin (10 mg/kg, p.o., q12 h), 
a liver supplement, and gastrointestinal problems 
such as vomiting and diarrhoea have not yet ap-
peared. Doxycycline and enrofloxacin have been 
administered together for nine months and are well 
tolerated by the patient.

To the best of our knowledge, this is the first case 
report of managing a clinical infection of B. canis 
associated with canine discospondylitis in  the 
Republic of Korea. While controlling the clinical 
signs of brucellosis may not be difficult, curing 
the disease is very challenging. It requires long-
term treatment, is expensive to treat, and can eas-
ily reoccur. Therefore, owners and veterinarians 
must consider this aspect and decide the optimal 
approach for treatment. In addition, a consensus 
on the management of canine brucellosis is needed 
in the Republic of Korea.
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