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Three adult littermates were diagnosed with Brucella canis, two of which were diagnosed with discospondylitis. The first littermate, a 2-year-old spayed-female Labrador Retriever, was evaluated for progressive episodes of cervical pain, lethargy, reported circling to the right, and a right-sided head tilt. Magnetic resonance imaging (MRI) of the cervical spine revealed changes consistent with discospondylitis at C6-C7. MRI of the brain was unremarkable and cerebrospinal fluid analysis was declined. Brucella spp. was isolated from aerobic and Brucella blood cultures. PCR performed on the isolate identified Brucella canis and indirect fluorescent antibody (IFA) testing for Brucella canis also confirmed the species. Patient #1 was treated with doxycycline and marbofloxacin for 1 year. Clinical signs returned 2-years after diagnosis. Following the diagnosis of patient #1, a known littermate (patient #2) was tested for Brucella canis. Patient #2 was 2 years old and asymptomatic at the time of diagnosis. Aerobic and Brucella spp. cultures, PCR, and IFA were obtained and were diagnostic for Brucella canis. A 6-month course of marbofloxacin and doxycycline was implemented. The patient remained PCR positive following 4 months of treatment and repeat cultures were planned following 6 months of treatment; however, the patient was lost to follow-up. A third littermate (patient #3) was identified by the family of patient #1. Patient #3 was evaluated at 18 months of age for a 6-month history of progressive lumbosacral pain. Spinal radiographs revealed discospondylitis of the C3-C4, T12-T13, and L7-S1 vertebral endplates. Computed tomography (CT) of the lumbosacral spine was also consistent with discospondylitis at L7-S1. Brucella canis serologic testing consisting of rapid slide agglutination test, 2ME-rapid slide agglutination test, and cytoplasmic agar gel immunodiffusion was positive. Enrofloxacin was administered for 7 months and was discontinued thereafter based on radiographic evidence of healing and resolution of clinical signs. Although Brucella canis is not a rare disease in dogs, the documentation of two out of three adult littermates with associated discospondylitis is an interesting feature. In addition, this report highlights available diagnostic and treatment options, as each patient was managed differently based on clinical signs and the preference of the managing clinician.
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Introduction

Discospondylitis is a primary infection of the vertebral endplates with secondary extension into the intervertebral disc space (1–3). A majority of cases develop when an infectious organism spreads hematogenously to a vertebral endplate; however, in rare instances, the infection may start within the intervertebral disc and spread to the adjacent endplates (1). The most common bacterial species isolated is Staphylococcus; however, Streptococcus, E. coli, and Brucella canis have been identified as causative agents, among others (1–3). In any patient diagnosed with discospondylitis, blood and urine cultures are recommended; however, combined blood and urine culture yield a variable success rate in isolating the causative agent, ranging from 30 to 78% (2). Fluoroscopically guided percutaneous intervertebral disc aspiration has shown to be a valuable method of obtaining culture samples in patients with discospondylitis, especially in dogs with negative blood and urine cultures (4). Although known to be a cause of discospondylitis, Brucella canis is an uncommon bacterial isolate. In a retrospective study evaluating 135 dogs with discospondylitis, Brucella canis was deemed to be the causative agent in 14 dogs (5); although due to the difficulty in isolating the organism, this may have been an underestimation (6, 7). Serologic testing consisting of rapid slide agglutination test (RSAT), 2-mercaptoethanol rapid slide agglutination test (2ME-RSAT), and cytoplasmic agar gel immunodiffusion (AGID-cp) is a commonly utilized diagnostic method. RSAT is considered the most sensitive serologic test but may yield false positives (6). When RSAT is positive, a more specific 2ME-RSAT is recommended. AGID is the preferred confirmatory test when RSAT and 2ME-RSAT are positive (5–7). Tube agglutination testing (TAT), microagglutination testing (MAT), indirect fluorescent antibody (IFA) testing, and enzyme-linked immunosorbent assay (ELISA) are additional serologic tests that have also been performed for the diagnosis of Brucella canis (7).

To our knowledge, this is the first report of Brucella canis being isolated from multiple adult littermates, two of which were diagnosed with discospondylitis. While there is another case report documenting Brucella canis in two littermate puppies, both puppies were subclinical (8). Outbreaks of Brucella canis have also been documented within breeding kennels in various countries, though affected littermates were not specifically identified (9–11). This case report describes the diagnostic and treatment methods used in three adult littermates with Brucella canis, and the challenges to eliminate the infection. Out of the three littermates, two were diagnosed with discospondylitis, which serves as a reminder to consider Brucella canis in any dog with discospondylitis, regardless of age or neuter status.



Case descriptions, diagnostic interpretation, and therapeutic intervention


Patient #1

Patient #1, a 2-year-old spayed female Labrador Retriever, presented to the University of Illinois Veterinary Teaching Hospital for episodes of cervical pain and lethargy, which were first noted at 7 months of age. The episodes progressed to include circling to the right and a right-sided head tilt. Each episode lasted a few days in duration followed by complete resolution. Clinical signs were initially managed with carprofen (Rimadyl® Zoetis, Kalamazoo, MI) at 1.6 mg/kg PO q12h and methocarbamol (Robaxin® Zoetis, Kalamazoo, MI) at 16 mg/kg PO q12h. Approximately 3 months before the initial neurologic evaluation, the patient experienced another episode, during which a brief period of presumptive nystagmus was noted. Due to concerns of increased discomfort, gabapentin (10 mg/kg PO q8h) was prescribed. Video evidence of the nystagmus and circling episodes was unavailable. Due to the increase in severity and duration of clinical signs, the patient was referred for further evaluation. Upon presentation, the patient's physical and neurologic examinations were unremarkable. To yield the most useful diagnostic information, all medications were discontinued and the clients were instructed to return during the next episode for further evaluation and neurodiagnostic workup. The patient represented 6 weeks later as the signs returned and had been present for 10 days in duration. At this time, the neurologic exam revealed a slight right-sided head tilt (estimated 10–15 degrees), neck guarding with muscle fasciculations, and decreased range of motion in the dorsal direction. The remainder of the neurologic exam was unremarkable. Positional nystagmus was not appreciated during either of the examinations. Based on the examination findings, a problem affecting the cervical spine was considered. This could include pathology of the bones and/or soft tissues surrounding the cervical spine, pain from meningitis, or compressive spinal cord disease. While the patient did not demonstrate changes to support myelopathy, one consideration for the reported episode of nystagmus was pathology along the medial vestibulospinal tract within the parenchyma of the cervical spinal cord. An alternative consideration was an additional lesion in the central or peripheral vestibular system, though no other vestibular signs other than the head tilt, which can manifest in patients with cervical discomfort or vestibular dysfunction, were observed.

Based on this patient's examination findings and history, magnetic resonance imaging (MRI) of the brain and cervical spine was recommended. Before MRI, a venous blood gas, packed cell volume, and total solids were performed and were unremarkable. MRI of the cervical spine and brain was performed using a 3.0 Tesla magnet (MAGNETOM® Skyra, Siemens. Munich, Germany). Results of the cervical MRI revealed T2W hyperintensity, T1W mixed hypo-iso-intensity, and T1W post-contrast enhancement of the endplates of the caudal C6 and cranial C7 vertebral bodies with irregularity in the structure of the dorsal aspects of the endplates and the corresponding intervertebral disc (Figure 1). These findings were consistent with discospondylitis of the C6-C7 intervertebral disc space and associated vertebral bodies. The brain appeared unremarkable. A cause for the patient's head tilt, reported circling, and nystagmus was not determined based on these findings. Cerebrospinal fluid (CSF) analysis would have been beneficial and was recommended to evaluate for meningoencephalomyelitis, but the patient's family declined.
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FIGURE 1
 MR images of the cervical spine from patient #1. (A,B) T2W sagittal and T2W transverse (at the level of the C6-C7 intervertebral disc space). (C) T1W sagittal pre-contrast. (D) T1W sagittal post-contrast.


A blood sample was aseptically collected and submitted for aerobic, anaerobic, and Brucella spp. bacterial cultures. A urine sample was obtained via cystocentesis for culture. Pending culture and susceptibility results, generic cephalexin (Aurobindo Pharma, East Windsor, NJ) was prescribed (25 mg/kg PO q12h). Shortly after beginning treatment, the patient became increasingly painful, prompting the addition of enrofloxacin (Baytril® Elanco, Shawnee, KS) at 4.5 mg/kg PO q12h to increase the spectrum of coverage. The patient's clinical signs improved 3 days following this addition.

Aerobic and Brucella spp. blood cultures yielded Brucella spp. growth. A specific Brucella blood culture, consisting of plating on Brucella agar with 5% sheep blood, in addition to routine blood culture was performed. Polymerase chain reaction (PCR) of the isolate and indirect fluorescent antibody (IFA) testing for Brucella canis was used to identify the species. All tests were performed at the Veterinary Diagnostic Lab at the University of Illinois College of Veterinary Medicine and were performed by one of the authors (CM). Due to zoonotic potential and state reporting requirements, the state veterinarian was contacted. Following the diagnosis of Brucella canis, cephalexin was discontinued and doxycycline (5 mg/kg PO q12h) was administered concurrently with enrofloxacin, pending results of a susceptibility panel. The results of the panel showed that the Brucella canis organism was susceptible to marbofloxacin and had intermediate sensitivity to enrofloxacin; therefore, enrofloxacin was discontinued and marbofloxacin (Zeniquin® Zoetis, Kalamazoo, MI) was prescribed (3.3 mg/kg PO q24h). The panel also showed susceptibility to doxycycline. Based on the favorable response to treatment and susceptibility results, this patient was treated with doxycycline and marbofloxacin for 12 months, and whole blood cultures obtained 6, 12, and 18 months following diagnosis were negative. The patient remained subclinical until ~26 months following diagnosis, at which time she exhibited similar signs as before diagnosis. IFA for Brucella canis was submitted and was positive. Doxycycline and marbofloxacin were restarted, and the patient was lost to follow-up thereafter.



Patient #2

Following the diagnosis of patient #1, the family of patient #2 (who were acquainted with the family of patient #1) was notified and instructed to have patient #2 tested for Brucella canis. Patient #2 was not examined by the authors, though was examined by two other services at the same institution within 1 year of diagnosis. Patient #2 had a previous 10-month history of intermittent lumbar and coxofemoral joint pain. Radiographs of the lumbar spine were performed at the onset of signs and were unremarkable. Orthopedic evaluation attributed the joint pain to bilateral hip dysplasia, and no overt neurologic abnormalities were appreciated. In addition to intermittent lumbar and joint pain, this patient developed exophthalmia and a fever 6 months before being diagnosed with Brucella canis. A computed tomography (CT) of the head and culture of fluid from the retrobulbar space were consistent with an abscess. Enterococcus spp., Pasturella canis, and Actinomyces spp. were isolated and the abscess resolved following treatment with broad-spectrum antibiotics. After notification of patient #1's diagnosis, blood from patient #2 was submitted for aerobic and Brucella spp. cultures, PCR, and IFA. All submitted tests were positive for Brucella canis and the state veterinarian was notified. Anaerobic testing was not submitted due to the low clinical suspicion. Patient #2 was asymptomatic at the time of diagnosis. Susceptibility results were similar to those of patient #1; therefore, a 6-month course of marbofloxacin and doxycycline was prescribed. The patient remained PCR positive following 4 months of treatment and repeat cultures were planned following a total of 6 months of treatment. This patient was lost to follow-up before the culture recheck.



Patient #3

A third littermate (patient #3) was identified with the assistance of patient #1's family. Similar to patient #1, patient #3 was diagnosed with Brucella canis-associated discospondylitis. Patient #3 was not examined by the authors, though was evaluated and diagnosed at the institution of one of the authors (KA), making records and imaging results accessible. Patient #3 presented to the University of Tennessee College of Veterinary Medicine at ~18 months of age for a 6-month history of progressive lower back pain when squatting or jumping. Initial neurologic examination revealed hyperesthesia upon lumbosacral palpation and was otherwise unremarkable. In the absence of any other neurologic deficits, a precise neurolocalization was not possible, and a disorder of the lumbosacral region was suspected. Similar to patient #1, an alternative consideration was pathology in the bones, joints, or soft tissues surrounding the lumbosacral spine. Differential diagnoses for this patient included inflammatory disease, congenital malformation, unwitnessed traumatic injury, and less likely neoplasia.

Following patient #3's examination, radiographs of the cervical, lumbar, and thoracic spine were performed and revealed lysis of the vertebral endplates of C3-C4, T12-T13, and L7-S1, consistent with discospondylitis (Figure 2). A CT of the lumbosacral spine was performed. The reason for performing CT only of the lumbosacral spine was unclear upon review of available medical records. The CT scan showed lysis and irregularity within the vertebral endplates at L7-S1, further supporting the diagnosis of discospondylitis (Figure 2). The patient was initially prescribed amoxicillin/clavulanic acid (Clavamox® Zoetis, Parsippany, NJ) at 23 mg/kg PO q12h. Aerobic and anaerobic whole blood and urine (collected via cystocentesis) cultures were submitted in addition to Brucella canis serologic testing consisting of RSAT, 2ME-RSAT, and AGID-cp. While no growth was present on blood and urine cultures, all submitted serologic tests were positive for Brucella canis. Due to the positive serologic results and low clinical suspicion, fungal testing was not performed. Amoxicillin/clavulanic acid was discontinued in favor of enrofloxacin (5.5 mg/kg PO q24h). Spinal radiographs obtained 3 and 6 months following diagnosis showed evidence of osteoproliferation of the endplates at C3-C4 and L7-S1, while the lesion at T12-T13 remained static. In addition, no new lesions were observed and the patient was reportedly free of clinical signs. Enrofloxacin was administered at the initial dosage for a total of 7 months and was discontinued thereafter. At the time of discontinuation, the patient was asymptomatic and was lost to follow-up thereafter.
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FIGURE 2
 Radiographs from of the cervical, thoracolumbar, and lumbosacral spine, and CT of the lumbosacral spine (top to bottom) from patient #3.





Discussion

In this case report, we presented three adult canine littermates who tested positive for Brucella canis, two of which were diagnosed with discospondylitis. While a variety of diagnostic tests have been utilized for the detection of Brucella canis, it is often difficult to diagnose due to the low and variable number of infected leukocytes in circulation and the organism's tendency to reside in tissues (6, 7). Definitive diagnosis relies on isolating the organism from whole blood or other infected tissues and fluids; however, Brucella canis tends to grow slowly and is fastidious for culture (6, 7). In patients #1 and #2, blood cultures were not positive until 5 days of incubation. Based on author (a PhD microbiologist, CM) experience and available literature, Brucella agar and incubation in a 5% CO2 environment may also be required to encourage growth (12). Due to these diagnostic challenges, a single negative culture may not rule out Brucella canis (6, 7, 13) and some authors recommend submitting a series of three blood cultures collected at least 24 h apart before a negative result is confirmed (6). Serology and PCR are additional diagnostic options (7). Some of the most commonly utilized serologic tests include MAT, RSAT, 2-ME RSAT, and AGID. Sensitivity and specificity for MAT, respectively, are 66.7–88.9% and 100% (14, 15). The reported sensitivity and specificity for RSAT are 70.6% and 83.34%. For 2-ME RSAT and AGID, the sensitivity and specificity are 31.8% and 100%, and 52.9% and 100%, respectively (16). IFA is typically used as a screening test due to its high sensitivity, making RSAT the reference test to confirm or rule out positive IFA samples. ELISA has been utilized and sensitivity and specificity vary based on the antigen used (17, 18). While specific PCRs for Brucella canis have been developed, the sensitivity and specificity of PCR for Brucella canis have not been determined in canine populations (17, 19–21). Furthermore, PCR results may depend on whether patients are bacteremic at the time of sampling, have been treated with recent antibiotics, and whether PCR inhibitors are present in the sample (14, 18). Therefore, serology may be preferred as it can provide more rapid results and is more widely available over PCR.

Discospondylitis generally requires up to a year of antimicrobial treatment, with a reported mean duration of 53.7 ± 45.4 weeks (2) regardless of the etiologic agent. Brucella canis-associated discospondylitis tends to be even more challenging to treat as the organism may be harbored in tissues for extended periods of time and despite long-term treatment, and the patient may never clear the infection even after the resolution of clinical signs (5) and seronegative conversion (7). The organism's tendency to recrudesce was exemplified in patient #1 when signs returned over 2 years following initial diagnosis despite chronic treatment with doxycycline and marbofloxacin. Brucella canis-associated discospondylitis often requires multiple classes of antibiotics, and historically a combination of tetracyclines and aminoglycosides has been effective in the resolution of clinical signs (1, 5). Combination therapy with doxycycline and rifampicin combined with surgical resection of infected tissues is effective in treating Brucella suis in dogs (22). Current World Health Organization recommendations for human brucellosis are combination therapy with either doxycycline and rifampicin or doxycycline and streptomycin (23). As an alternative to combination therapy in dogs, monotherapy with enrofloxacin has demonstrated similar efficacy for Brucella canis, preserved fertility, and prevented bacterial dissemination in a group of dogs following a kennel outbreak (9). Based on susceptibility results, marbofloxacin was used in place of enrofloxacin, in patients #1 and #2, who were also treated with doxycycline. Patient #3 was treated with enrofloxacin alone. While treatment with fluoroquinolones has shown some success in managing clinical signs in dogs, judicious use is imperative due to the growing resistance to fluoroquinolones (24, 25). It should be noted that fluoroquinolones were unable to achieve long-term control in our patients as one patient remained bacteremic during treatment and another patient relapsed a year after discontinuation of treatment.

The patients presented in this case report varied from the common presentation of discospondylitis from other causes, being female, and <2 years of age at the time of diagnosis. Males are at least two times as likely as females to be diagnosed with discospondylitis (2, 5), and most patients are middle-aged or older, with a mean age of 6.8 years reported in one study (26) and an odd's ratio highest in dogs over 10 years in another (2). The two patients with discospondylitis in this report were noted to have lesions in the cervical spine (C6-C7 for patient #1 and C3-C4 for patient #3), which is typically the least common section of the spinal cord to be affected. Patient #3 also had lesions in the more commonly affected thoracic and lumbosacral regions. Thoracolumbar imaging was not performed in patient #1, therefore undiagnosed lesions may have been possible. In a retrospective study of 513 dogs diagnosed with discospondylitis, a majority of lesions were located in the thoracic and lumbar vertebral bodies with the L7-S1 segment being the most commonly affected site. Cervical vertebrae were affected in only 13.8% of the dogs in this study (2). In another study, lesions of the thoracic and lumbar spine were also more commonly reported than those in the cervical spine (26). Interestingly, a paper by Buhmann et al. also reported brucella-associated discospondylitis in 4 young females, ranging from 7 months to 2.5 years of age, and 3 of the 4 had lesions in the cervical spine (27).

We have documented three adult littermates who were diagnosed with Brucella canis, two of which developed discospondylitis. Despite its diagnostic challenges, Brucella canis was identified in all three littermates using various diagnostic methods (including blood culture, PCR, and multiple serologic tests). When dogs are diagnosed with Brucella canis, treatment can be challenging and requires chronic, and potentially life-long, antibiotic administration without guarantee of clearance of the organism. The need for a reliable and consistent diagnostic protocol for Brucella canis remains, and could prove beneficial for veterinarians should the need for testing one or multiple patients arise.
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